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R E V IE W  A R T IC L E
THE APPLICATION OF SOME ANTHELMINTICS IN 

VETERINARY PRACTICE
By R . B. G r iffith s , B .V .Sc., M .R .C .V .S .

From the Department o f Entomology and Parasitology, Liverpool School o f 
Tropical Medicine, and the Faculty o f Veterinary Science, University o f Liverpool

H elm inthological C onsiderations

A  comparison o f  the com prehensive accoun t o f  the use o f  anthelm intics 
in  veterinary  practice by C h o p ra  an d  C hand ler1 w ith  the recent review o f 
p resent-day trea tm en ts o f  p arasitic  infections by F o ste r ,2 illustrates th a t 
th e  p as t 25 years have w itnessed som e rem arkab le advances in  the chem o
therapy  o f  the diseases o f  an im als caused by helm inths. P rogress has 
been m ade in  several directions w hich include n o t only the developm ent 
o f  new  an thelm in tic  drugs, b u t also advances in  the ir app lication  in  the 
ligh t o f  advancing  know ledge o f  the epizootio logy o f  som e o f  the m ore 
im p o rtan t parasitic  diseases.

A nthelm in tics in  veterinary  practice a re  used in  tw o im p o rtan t w a y s ; 
nam ely, as ad juncts to  the co n tro l o f  parasitic  disease, an d  as curative 
agents w hen prophylax is has n o t been practised  o r w hen it has failed. 
A t the ou tset, how ever, it m ust be realised th a t an thelm intics do  n o t 
represen t the com plete answ er to  the  co n tro l o f  helm inths o f  stock. They 
have the ir lim ita tions, an d  though  a  few drugs a re  effective against the 
im m ature  stages o f  som e w orm s, m ost fail in  th is respect especially against 
larval stages w hich m igrate w ith in  the  body. Such a lim ita tion  is serious 
in  the m any cases w here im m ature  form s are m ore im p o rtan t pathogens 
th a n  the sexually m atu re  adults. M oreover, few an thelm intics are 100 
p er cent, efficient even against ad u lt helm inths. F o r  m any reasons, 
therefore, it will be clear th a t the aim  in con tro l should  be to  prevent 
in fection  by a com bination  o f  several m ethods. In  the  case o f  the im p o rt
an t strongyloid  nem atode infections, em phasis m ust be p laced on  m easures 
to  reduce the chances o f  acquisition  by th e  grazing ho st o f  the infective 
stages o f  the parasite  th ro u g h  im provem ents in  an im al husbandry  an d  
g rassland  m anagem ent. W e m ust recognise, how ever, th a t w ith  these 
parasites, the ho st ra th e r th a n  the pastu re  is the  reservoir o f  in fection  and  
an thelm in tics have a very im p o rtan t p a r t to  play in  con tro l, since their 
ra tio n a l use represents an  a ttack  on  the con tam ination  phase o f  the life- 
cycle3. As prophylactic  agents, therefore, the principle o f an thelm in tic  
usage com prises the e lim ination  o f  significant bu rdens o f  harm fu l parasites 
an d  the p revention  o f  the ir fu rth e r accum ulation  to  clinical o r  even sub- 
clinical levels. O ne m ethod  by w hich th is m ay be achieved consists in  the 
periodical dosing o f  an im als constan tly  exposed to  infection . In  this way 
gross con tam ination  o f  the  grazing by helm in th  eggs and  larvae, which 
under present-day conditions o f  intensive stocking m ight otherw ise lead 
to  epizootics o f  severe disease, is avoided an d  susceptible young  stock are 
thereby protected .
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I t is ap p ro p ria te  to  refer a t th is stage to  a n  entirely  new  m ethod  fo r the 
con tro l o f  m any o f  th e  im p o rta n t strongylo id  nem atodes o f  stock w hich 
has been developed w ith in  the last 10  years o r  so consequen t up o n  the 
in troduc tion  o f  phenothiazine. E arly  in the developm ent o f  the use o f  the 
drug, S horb  and  H ab erm an n 4 show ed th a t although  small sub-therapeutic 
doses o f  the drug  in  sheep h ad  no im m ediate lethal effect on  ad u lt sus
ceptible w orm s, they caused m arked  suppression  o f  egg-laying by the 
fem ale helm in ths an d  the few eggs th a t were p roduced  w ere rendered  non- 
viable. T aylor an d  Sanderson5 also recorded  inh ib ition  o f  developm ent 
o f  trichostrongylid  eggs excreted by goats receiving sm all doses o f pheno 
thiazine. These observations opened  a new  field fo r p rophylaxis because 
it  becam e clear th a t if  low-level adm in is tra tion  could  be m ade a  co n 
tinuous rou tine , w ithou t toxic effects, a  very m arked  reduction  in pastu re  
co n tam ination  cou ld  be effected, an d  young  susceptible anim als grazing 
along  w ith  older stock could  be given a considerable degree o f  pro tection . 
This m ethod  o f  adm in istra tion  has now  been developed as a  p ractical 
p rocedure fo r certa in  species o f  hosts. F o r  exam ple, w here sheep have 
a  sufficiently high sa lt requ irem en t the  adm in istra tion  o f  phenoth iazine 
an d  salt m ixtures, fed continuously , is widely p ractised  in  som e countries 
in  the con tro l o f  certain  strongyloid  nem atode infections. This princip le 
o f  prophylaxis has also been developed fo r horses, in  w hich the daily 
adm in istra tion  o f  sm all doses o f  phenoth iazine causes a reduction  to  very 
low  levels in  the  egg o u tp u t o f  strongylid  w orm s. This phenom enon, 
toge ther w ith  the  failure o f  excreted eggs to  develop in to  infective larvae, 
has resu lted  in  such a degree o f  p ro tec tio n  for foals runn ing  w ith  m ares 
th a : it is now  practically  possible to  rea r these young  anim als nearly  o r 
com pletely w orm -free as far as the strongylid  w orm s are  concerned.

So far, o u r d iscussion o n  an thelm in tic  usage in  prophylaxis has  been 
concerned  w ith the  strongyloid  nem atode infections o f  grazing anim als, 
b u t it will be apprecia ted  th a t in  the rem ain ing  m any an d  varied  helm in
thiases the principles involved in  con tro l will vary  considerably, an d  no 
h a rd  an d  fast rules can  be la id  dow n since the epizootiological factors 
involved are n o t co n stan t fo r all the  parasites concerned. L im ita tion  o f  
space does n o t perm it a  detailed  accoun t o f  these m anifo ld  considerations, 
b u t one fu rth e r exam ple m ight be taken  in  o rder to  outline som e general 
principles. In  selecting Fasciola hepática, a  very im p o rta n t parasite  in  
rum inan ts, ou r purpose is to  stress th a t reliance on  an thelm in tics alone 
ca n  be regarded  as no  m ore th a n  a  co n tribu to ry  fac to r in  the fundam ental 
p rob lem  o f  co n tro l o f  fascioliasis. T he helm in th  concerned is m ollusc- 
transm itted  and  clearly  th e  aim  m ust be to  prevent infection, p referably  
by  elim inating  the vector. B ut as long as snails abound , rou tine  an th e l
m intic trea tm en t will con tinue to  prov ide a  very valuab le m eans o f  reducng 
the  losses from  chronic fascioliasis and, by elim inating  the parasites from  
infected anim als, such a rou tine  will reduce pas tu re  con tam ination  w ith 
the eggs o f  the parasite . I t m ust be recognised, how ever, th a t an thelm intics 
against F. hepática  have the ir lim itations. In  som e areas the  drugs p rove 
to o  toxic fo r general use. M oreover, in  epizootic years, w hen the snail 
popu la tions increase m arkedly  there is the possibility  o f severe losses from
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acu te  fascioliasis caused by the m ass m igra tion  o f  im m atu re  flukes th rough  
the  liver substance. T he know n therapeu tic  agents are generally co n 
sidered to  be o f  little value against these im m ature  form s. I t will be clear 
th a t an  a ttack  upon  the snail in term ediate  hosts, w herever possible, is a 
p rim ary  necessity in  effecting a  reduction  in  the  incidence o f  fascioliasis. 
Effective m olluscicidal developm ent an d  app lica tion  m ust accom pany 
advances in  chem otherapy.

T he A dm inistration  of A nthelm intics

I t  is n o t possib le w ith in  th e  scope o f  this review to  discuss the 
adm in istra tion  o f  an thelm in tics in  detail, because the num erous species 
o f  anim als involved have the ir ow n special requirem ents fo r p articu la r 
drugs. T he rum inan ts, how ever, do  m erit special a tten tio n  in this 
respect since research  during  the p ast 20 years on  the oesophageal groove 
reflex has constitu ted  one o f  the im p o rta n t advances in  an thelm in tic  
developm ent, particu larly  in  sheep. I t  is well know n th a t som e an th e l
m intics, fo r exam ple, ca rb o n  te trach lo ride , phenoth iazine , hexachlorethane 
an d  lead arsenate  are effective no  m a tte r w hether they are sw allow ed in to  
the rum en o r in to  the abom asum , b u t o thers, w hich include te trach lo r- 
ethylene, copper su lphate, soluble arsenical com pounds an d  nicotine 
sulphate, a re  ineffective if swallowed in to  the rum en, an d  m ust be sw all
ow ed directly  in to  the a b o m a su m ; a n  effect w hich can  only  be achieved 
by closure o f the oesophageal groove. I t follows, therefore, th a t closure 
o f  the groove by stim ulating  substances adm inistered  before, o r  in  som e 
cases toge ther w ith, the an thelm in tic  agent increases the activity  o f  the 
la tte r  against w orm s in  the abom asum  and  sm all intestine.

A considerab le am o u n t o f  research has been carried  o u t in  sheep. I t is 
now  well know n th a t the o ral adm in istra tion  o f  a n  aqueous so lu tion  o f 
copper su lphate and  certain  o ther copper salts will stim ulate closure o f  the 
groove in  a high percentage o f  these anim als, b u t it is im p o rta n t to  recog
nise th a t th is does n o t occur in  all cases, an d  som e instances o f  failure o f 
an thelm in tics know n to be effective w hen swallowed directly  in to  the 
abom asum  are a ttr ib u tab le  to  this fac t6.

R o b e rts7 has discussed the position  in cattle. H ere there is a  pressing 
need to  test critically an thelm in tics o th e r th a n  phenoth iazine which, 
th ough  effective against som e helm in ths o f  ca ttle  such as H cem onchus 
c o n fo rm s, C E sophagostom um  ra d ia tu m  an d  to  som e ex ten t O ste r ta g ia  
o s te r ta g i  an d  T rich o s tro n g y lu s  a x e i, leaves m uch  to  be desired in the 
trea tm en t o f  certain  o ther nem atodes, such as C o o p eria  spp. an d  B unos- 
to m u m  p h le b o to m u m . B ut tests w ith  an thelm intics, o the r th a n  p h en o 
th iazine, in  cattle  have been im peded  by a lack o f  know ledge concerning 
the  stim uli causing closure o f  the  groove in  these anim als. C opper 
sulphate, in  co n tra s t to  its efficacy in sheep, has  little effect on  the bovine 
oesophageal groove. As long ago as 1930, how ever, W ester8 show ed 
th a t closure o f  the groove cou ld  be induced  by the adm in istra tion  o f  
various sodium  salts includ ing  sodium  b icarbonate . R iek9 recently 
confirm ed this observa tion  and  found  th a t 60 m l. o f  a  10  per cent, aqueous 
so lu tion  o f  sod ium  b icarbonate  w as effective in  closing the groove o f
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93 per cent, o f  110 an im als used. These developm ents shou ld  now  enable 
critica l tests to  be m ade on  those  an thelm in tics w hich are effective only 
w hen sw allow ed in to  the abom asum .

A n t h e l m in t ic  S u b s t a n c e s

T he review w hich follow s concerns som e o f  the m ore im p o rta n t an th e l
m intics in cu rren t use in  veterinary  practice. In  o rd er to  lim it the extent 
o f  the  article, p articu la r reference will be m ade to  the m ore recently 
in troduced  drugs. R eference to  m any o f  th e  o lder p repara tions m ust 
needs be om itted  and , therefore, ce rta in  w ell-tried an thelm in tics w hose 
p roperties a re  well know n  are  n o t discussed. These include co p p er 
su lphate , copper su lphate-sodium  arsen ite  an d  copper su lphate-arsenic 
pen tox ide m ixtures used in the  trea tm en t o f ovine haem onchosis; copper 
su lphate-n ico tine su lphate  m ix tures w hich are effective against H. con- 
tortus and , to  a lesser extent, against Ostertagia an d  Trichostrongylus spp. 
an d  possibly against Nematodirus spp. an d  M oniezia infections in sheep; 
an d  sod ium  arsenite enem ata against CE. columbianum, the ovine n o d u la r  
w orm . G o rd o n 3 10 has given a concise accoun t o f  th e  use o f  these 
an thelm intics in  the  co n tro l o f  sheep diseases. C opper su lphate and  
copper su lphate-n ico tine m ixtures are also used to  a lim ited ex ten t 
aga inst trichostongylids in  cattle, b u t fu rth e r critical w ork is necessary 
to  determ ine the ir efficacy in  th is host.

N o  detailed  reference will be m ade to  tetrach lorethy lene, a  d rug  which, 
i f  p receded by copper su lphate in  o rder to  close the  oesophageal groove, 
is o f  value aga inst H . contortus, B. trigonocephalum, an d  fairly effective 
against Ostertagia spp. an d  Trichostrongylus spp. in sheep. The efficacy 
o f  th is d rug  against re la ted  helm in th  species in ca ttle  requires fu rth e r 
investigation. T etrach lorethy lene finds a w ide use in the trea tm en t o f 
dogs an d  cats suffering from  ascarid  an d  hookw orm  infections against 
w hich it is highly efficient. C arbon  te trach loride, w hich is a  highly 
effective agent against Fasciola hepatica in sheep, an d  also o f  value against 
Ascaridia  in  fowls, Amidostomum  in  geese and , to  som e extent, in  the 
trea tm en t o f  equine strongylidosis, has  also been om itted.

C erta in  useful agents against ascarids, such as oil o f  chenopodium  and  
ca rbon  disulphide, are so well know n th a t detailed discussion is unnecess
ary. Oil o f  chenopodium  is still widely used against ascarids in  pigs 
and , to  a  lesser extent, against roundw orm s in  dogs, b u t fo r the  la tte r  
hosts  m ore sa tisfactory  drugs are now  available. C arbon  disulphide, 
though  possessing several disadvantages, rem ains the d rug  o f  choice for 
th e  co n tro l o f  ascariasis in  horses an d  fo r the trea tm en t o f  gastric m yiasis 
caused by Gastrophilus larva;.

Som e reference will be m ade to  d iethy lcarbam azine as an  an thelm in tic  
aga inst ascarids in dogs an d  cats, b u t the filaricidal p roperties o f  th is d rug  
are  n o t discussed in  detail. C ertain  o th e r agents used in  canine filariasis 
including an tim onia ls an d  arsenam ide are beyond  the scope o f  th is 
article. U seful recen t reviews on  the use o f  these drugs in  the trea tm en t 
o f Dirofilaria immitis infection o f  dogs have been p repared  by O tto  and 
M aren 11 an d  O tto12.
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As regards the trea tm en t o f  cestode infections m any  o f  th e  o lder an the l
m intics a re  now  obsolete an d  they have been  om itted . F o r  exam ple, 
ex tract o f  m ale fern  is rarely  used now adays fo r dogs, its place being taken  
by m ore effective agents.. In  the pages w hich follow , reference will be 
m ade to  som e o f  these new er p repara tions, b u t the areco line-acetarsol 
com pounds are n o t discussed because the ir h igh  efficiency is well know n 
an d  widely recognised.

P h e n o t h ia z in e

U ndoub ted ly  the m ost im p o rta n t developm ent in  an thelm in tics has 
been the  in tro d u c tio n  o f  phenoth iazine . This d rug, first used in  193413 
as an  insecticide, was recognised in 1938 to  have m arked  an thelm in tic  
p ropertie s14, an d  since then  it has been investigated extensively and  
em ployed widely in  the  trea tm en t an d  con tro l o f  infections o f  anim als 
w ith  several species o f  nem atodes. T he litera tu re  on  pheno th iaz ine  has 
becom e so extensive th a t it is beyond  the scope o f  the presen t article 
to  a ttem p t to  cover the w hole o f  it. B ut several im p o rta n t reviews 
o f  the uses and  p roperties o f  pheno th iaz ine  have appeared  w ithin the last 
12 years15’16, the m ost recen t being th a t o f  H arw ood17.

Pharm acology and Toxicology. T he fate o f  the d rug  in  the verteb rate  
body has a ttrac ted  considerab le a tten tio n  fo r several reasons. I t  is well 
know n th a t pheno th iaz ine  is relatively costly to  use, the dosage required  
is bulky and  the  p rep a ra tio n  is therefo re som ew hat inconvenien t to  
adm inister. W ith  a view to  reducing  the  cost and  the bu lk  o f  the drug  
necessary to  achieve success, a ttem p ts  have been m ade to  determ ine 
w hether pheno th iaz ine  itself o r  som e derivative o f  pheno th iaz ine  is 
necessary fo r an thelm in tic  activity, b u t the evidence still po in ts  to  the 
fo rm er as the active agent. A n o th er reason fo r research  in to  the p h arm a
cology o f  th is d rug  is rela ted  to  one o f th e  earliest recognised effects o f  
pheno th iaz ine  in  the an im al body, nam ely the  red  d isco louration  w hich 
appears w hen the  urine an d  m ilk  o f  trea ted  an im als are exposed to  air. 
I t  is now  well know n th a t colourless leuco com pounds (ox idation  p ro 
ducts o f  abso rbed  pheno th iaz ine) a re  excreted in  the urine, becom ing 
converted  in to  red  dyes on exposure to  the atm osphere . W hen p h en o 
th iazine is spilled o n  the co a t o r fleece o f  an im als during  adm in istra tion  
a sim ilar effect occurs, because pheno th iaz ine  undergoes ox ida tion  
readily, even ou tside the an im al body, especially when m oist. These 
constitu te  m ino r d isadvantages o f  the  drug. R esearch o n  ox idation  
p roducts has  been fu rth e r stim ulated  by the recognition  o f  a  photosensi- 
tised kera titis  w hich appears in  som e anim als, especially in  young  cattle, 
w hen exposed to  sun ligh t follow ing trea tm en t. This phenom enon  can 
now  be explained  an d  reference will be m ade to  it la ter. In  general, 
pheno th iaz ine  is a  w ell-to lerated  drug, b u t toxic effects are occasionally  
seen, especially in horses an d  cattle, an d  th is h as  led to  considerab le 
investigations o n  toxicology, b u t despite m uch  research  there are still m any 
gaps in  o u r knowledge.

T he fate  o f  the d rug  has been studied  in  several species o f  anim als. 
A lthough  the details o f  its m etabolism  show  a varia tio n  betw een species,

ANTHELMINTICS IN VETERINARY PRACTICE

925



R. B. GRIFFITHS

it appears th a t w hen phenoth iazine is adm inistered  by m ou th  som e o f  it 
is absorbed  as such from  the alim entary  trac t (though  in  ru m in an ts  som e 
o f  it m ay also be absorbed  as oxidised derivatives), and  the rest is elim inated 
w ith  the  faeces. T he am o u n t o f  phenoth iazine w hich rem ains unabso rbed  
is a  very im p o rta n t fac to r as regards an thelm in tic  activity. D avey an d  
Innes15 consider th a t there is little evidence th a t a  derivative o f pheno
th iazine is the an thelm intic . They believe th a t phenoth iazine itself is the 
essential substance, an d  suggest th a t particles o f  the drug  are  taken  in 
th ro u g h  the m o u th  o f  the nem atode, so th a t fo r the dose to  be effective a 
certa in  co n cen tra tio n  o f  particles o f  phenoth iazine has to  be a tta in ed  in  
the  a lim en tary  con ten t. In  sup p o rt o f  th is they express the view th a t the 
p ronounced  an thelm in tic  activity  o f  the drug against helm in ths in  the 
abom asum  an d  large in testine o f  rum inan ts, as com pared  w ith  the low er 
efficiency against w orm s in  the sm all in testine, is re la ted  to  the speed o f  
passage o f  th e  d rug  th ro u g h  the a lim en tary  trac t. In  connection  w ith  the 
u p tak e  o f  the d rug  by the  parasite  they sta te  th a t phenoth iazine will n o t 
pene tra te  the  cuticle, b u t L azarus an d  R ogers18’19 have investigated  the 
m ode o f  ac tion  o f  pheno th iaz ine  as an  an thelm in tic  by using th e  drug  
labelled  w ith  Sulphur-35. They have show n th a t pheno th iaz ine  can  
en ter the  nem atode th ro u g h  the  cuticle an d  suggest th a t th is m ay be the 
im p o rta n t ro u te  o f  entry . U sing  Ascaridia galli, th e  large roundw orm  
o f  the fowl, they dem onstra ted  th a t the  u p tak e  o f  phenoth iazine by the 
w orm  w as m ore rap id  an d  m uch g rea ter th an  th a t by  the ad jacen t m ucosa 
o f  the h o st’s gut, a  resu lt w hich appears to  ind icate differential selection 
o f  the  drug  by the parasite . As regards the active agent, H a rp u r e t a l .20 

believe th a t the  an thelm in tic  activity  o f  th e  drug  is a ttr ib u tab le  to  the 
unabso rbed , b u t n o t necessarily, unaltered  fraction  o f  the  d rug , an d  
E sserm an21 concluded  th a t phenoth iazine an d  n o t its ox ida tion  derivatives 
is the an thelm intic .

In  sheep, Swales an d  Collier22 found  th a t roughly  equal parts  o f  the 
drug  are excreted in  the fasces an d  lost in  the  urine, ab o u t 40 per cent, 
being excreted th rough  the kidneys. B ut the p ro p o rtio n  o f  pheno th iaz ine  
abso rbed  from  the  a lim entary  tra c t in  rela tion  to  the  quan tity  excreted 
in  the  fasces varies w idely in individuals an d  in d ifferent anim al species. 
I t  has been suggested th a t th e  ra te  o f  ab so rp tio n  o f  pheno th iaz ine  is 
influenced by the particle  size o f  the drug. C ollier et a ! . 23 show ed th a t 
the m icronised  form  is absorbed  m ore readily  than  the  o rd inary  com 
m ercial phenoth iazine . O n the o ther hand , H arp u r et a /.20 found  th a t 
increasing the particle  size does n o t necessarily cause any  decrease in 
the am o u n t o f  phenoth iazine w hich is absorbed . I t  shou ld  be po in ted  
o u : th a t it is n o t yet clear w hat partic le  size will give m ost an thelm in tic  
efficiency. I t has been suggested th a t increasing the particle  size m ay 
decrease the  efficacy o f  the drug, b u t G u th rie  an d  H arw o o d 24 found  no 
difference in  efficacy between m icronised  an d  coarsely g round  p h en o 
th iazine against H eterakis  an d  Ascaridia  in chickens. I t  has also been 
show n th a t recent increases in particle size in com m ercial pheno th iaz ine  
has n o t reduced the an thelm in tic  efficiency o f  the  d rug  against T. axe i 
in sheep25.
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W ithin  recen t years m ost w ork  on the m etabolism  o f phenoth iazine 
afte r ab so rp tio n  has been carried  o u t in rum inan ts, an d  although  the 
position  is still som ew hat confused th e  recent w ork  o f  H arp u r et a /.20’26 has 
helped to  clarify the situation . A ccording to  these investigations, the 
fate  o f  pheno th iazine in  sheep is as follows. I t was found  th a t the drug  is 
ab so rbed  as such an d  is norm ally  n o t oxidised to  pheno th iazone in  the 
rum en  o f  sheep, a  finding in co n tra s t to  th a t o f  Swales and C ollier22 and  
C ollier et a lP ,  w ho cam e to  the conclusion th a t phenoth iazine undergoes 
rap id  ox ida tion  in  the rum en to  pheno th iazone w hich allows increased 
solubility, ready  ab so rp tio n  and  rap id  appearance o f  o x ida tion  derivatives 
in  the b lood  an d  urine o f  the trea ted  anim al. O n the o ther hand , C lare27 
found  phenoth iazine sulphoxide in  the rum en o f  sheep an d  cattle, b u t 
H arp u r et a lP  com m enting on th is finding, sta te  th a t it seems possible 
th a t the ex ten t o f  ox ida tion  in  the rum en is variable, and  suggest th a t 
phenoth iazine in the rum en  co n ten t m ay undergo  ox ida tion  if it com es in 
co n tac t w ith  air in  the  presence o f  alkaline saliva during  rum ination . 
They believed th a t th is w ould  explain the occurrence o f  phenoth iazine 
sulphoxide in  the rum en.

A fter abso rp tion  m uch  o f  the pheno th iazine undergoes ox ida tion  
w ith in  the  body, th e  derivatives being excreted m ainly in  the u rine  an d  
bile, an d  to  som e ex ten t in  the m ilk o f  lacta ting  anim als. C lare an d  his 
colleagues27’28, w orking in  N ew  Z ealand, have been particu larly  in terested  
in  the  ox ida tion  p ro d u cts  o f  pheno th iaz ine  w ith in  the body o f  cattle, 
especially since photosensitised  kera titis  is a p t to  occur under certa in  
cond itions particu larly  in young  ca ttle29. T heir results, sum m arised  by 
W hitten30, show  th a t in  cattle  an d  sheep pheno th iaz ine  sulphoxide, w hich 
they regard  as a  com m on ox ida tion  p ro d u ct o f  pheno th iaz ine  in the 
alim entary  trac t, is ab so rbed  and  carried  by the p o rta l b lood  to  the liver, 
w here it is norm ally  converted  in to  leu co p h en o th iazo n e ; th is  derivative 
is then  excreted in  the  bile an d  urine. In  young  calves, the  liver m ay fail 
to  convert all o f  the  su lp h o x id e ; excess passes in to  the  system ic c ircu lation  
an d  som e reaches the aqueous h u m o u r o f  the  eye. P henoth iazine 
sulphoxide is the only know n derivative o f  phenoth iazine w hich is excreted 
in  the  lachrym al fluid an d  constitu tes the  photosensitising  agent. K e ra 
titis m ay occur if  the an im al is exposed to  d irect sunlight 12 to  36 hours 
afte r dosing. W avelengths o f  320 to  360 mp. are the  active ones. By 
keeping the  an im als ind o o rs  an d  p ro tec ted  from  sunlight on  the  day 
follow ing trea tm en t th is h azard  can  be avoided. In  sheep, the  conversion 
o f  abso rbed  pheno th iazine sulphoxide is m ore efficient, an d  as th e  su lph
oxide does n o t norm ally  ap p ear in  the  system ic c ircu lation , kera titis  is 
n o t usually  seen afte r trea tm en t except possibly follow ing the use o f  very 
large doses, b u t G o rd o n  an d  G reen31 have rep o rted  pho tosensitisation  
in  lam bs in  T asm an ia  afte r 15 g. do ses; the ir cases show ed skin lesions 
o n  the  m uzzle an d  ears as well as kera titis  in  som e anim als. Enzie and  
W hitm ore32 have described photosensitised  keratitis in  goats afte r no rm al 
the rapeu tic  doses, an d  pho tosensitisa tion  o f  th e  skin an d  co rnea  have 
been  repo rted  on  several occasions in  pigs. C lare33 has given a succinct 
accoun t o f  these phenom ena.
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A s has been ind icated , considerab le a tten tio n  has been given to  the 
ox ida tion  derivatives w hich appear in  the  urine, an d  H arw ood 17 has given 
a  sum m ary  o f  th e  p resen t s ta tus o f  know ledge. In  add ition  to  pheno- 
th iazine itself, the  p roducts w hich ap p e ar in  the  u rine  vary  in com position  
an d  relative p ro p o rtio n  in  different an im al species, b u t as already  ind icated  
th e  colourless leuco com pounds, leucopheno th iazone an d  leucoth ionol, 
free o r  conjugated , a re  excreted. O n exposure to  th e  a ir  these fo rm  the  
fast red  dyes, pheno th iazone an d  th ionol. C o loured  derivatives o f  pheno- 
th iazine also  occur in  th e  m ilk  o f  lac ta ting  an im als afte r trea tm en t. 
A lthough  they have n o t been investigated  very extensively, they do  n o t 
ap p ear to  be harm fu l w hen ingested  along  w ith  m ilk ; how ever, they 
render the  m ilk  aesthetically undesirab le fo r m an, an d  in  view o f  th e  
varia tio n  in susceptibility  o f  m an  to  phenoth iazine , such m ilk  should  n o t 
be used fo r  h u m an  consum ption34. I t  m ay be used fo r stock feeding, 
how ever, as long  as co lo u ra tio n  persists. In  ad d itio n  to  excretion  in  th e  
urine an d  m ilk, ox ida tion  p ro d u cts  o f  pheno th iaz ine  a re  also excreted 
in  the bile an d  derivatives have been  identified in  several an im al species.

A s regards the  possib le harm fu l effects o f  pheno th iaz ine  on th e  trea ted  
an im al we have already  sta ted  th a t th e  drug  is generally w ell-tolerated, 
b u t in  som e species the re  a re  tox ic hazards an d  som etim es the re  is in d i
vidual susceptibility  even w ith in  an  an im al species. D avey an d  Innes15, 
in  the ir review, have considered  toxicity  a t leng th  because, as they rem ark , 
it is th is fac to r w hich determ ines w hether the  substance can  be regarded  
as a  good  an thelm intic . H arw ood 17 cites m any references to  rep o rts  o f 
toxicity  in  m am m als. H aving  regard  to  the  w idespread use o f  pheno 
th iazine in  veterinary  m edicine, how ever, tox ic effects, a p a r t from  pho to - 
sensitised keratitis , have been observed on  com paratively  few occasions. 
N evertheless, th e  occasional occurrence o f  poisoning, especially in  horses 
an d  cattle , can n o t be d isregarded  an d  care  m ust be exercised in  the  
trea tm en t o f  deb ilita ted  an d  anaemic anim als. E dw ards16 has suggested 
th a t it w ould  be p ru d en t also  to  refra in  from  adm inistering  pheno th iaz ine  
to  very young  anim als.

I t  is p ertin en t to  consider the  reactions o f  th e  various an im als to  the 
toxic effects o f  phenoth iazine . Since the  in tro d u c tio n  o f  the  d rug  large 
num bers o f  horses have been trea ted  and , as long  as the  dose is k ep t low, 
toxic effects a re  n o t o ften  seen. N evertheless, in tox ica tion  in  the  fo rm  
o f  m ark ed  haemolytic anaemia has been rep o rted  several tim es, usually  
afte r large doses, b u t even stan d ard  the rapeu tic  doses have on  occasion 
p roduced  toxic effects.

T he cause o f  haemolytic anaemia has n o t been fully explained b u t 
H arw ood 17 believes th a t the  lysolecithin theory  o f  Collier an d  A llen35 
m erits fu rth e r study. These w orkers have show n th a t pheno th iazine 
a n d  som e o f  its ox idation  derivatives have no  d irect ac tion  o n  red  cells, 
b u t in vitro they  accelerate the lysis o f  ho rse  ery throcytes by lysolecithin, 
a no rm al constituen t o f  ho rse  blood.

Cases o f  m arked  haemolytic anaemia have also been recorded  from  som e 
ind iv idual h u m a n  beings, ca ttle  an d  dogs follow ing pheno th iaz ine  therapy. 
As pheno th iaz ine  is considered  now  to  be to o  toxic fo r use in m an  and
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there a re  no  ind ications fo r its app lica tion  in  th e  trea tm en t o f  dogs, we 
need only consider cattle. T he toxicity  o f  the drug  fo r  cattle  is well 
recognised, b u t it is generally considered  th a t p rov ided  a  dosage ra te  o f  
0-2 g ./lb. o f  body  w eight up  to  a  m axim um  o f 60 to  80 g. is n o t exceeded, 
tox ic system ic effects shou ld  be m inim al. This observa tion  does n o t 
app ly  to  the ra th e r  frequen t occurrence in  som e countries, such as A ustra lia  
an d  N ew  Z ealand , o f  photosensitised  kera titis  in calves to  w hich reference 
has already  been m ade.

C o n tra ry  to  the  position  in  cattle, sheep are  h ighly resis tan t to  in tox ica
tio n  by phenoth iazine . T hough  B ehrens36 h as  recorded  a red u c tio n  in  
the ery throcyte co u n t an d  a decrease in  haem oglobin follow ing the adm in is
tra tio n  o f  phenoth iazine , i t  is generally agreed th a t haemolytic anaemia is 
n o t observed in  sheep follow ing trea tm en t. T he only  im p o rta n t reserva
tio n  w ith  regard  to  sheep concerns its use in  la te  pregnancy. A s there are 
a  few records o f  ab o rtio n  in  ewes follow ing trea tm en t adm inistered  during  
the  last m o n th  o f  gestation , it is usually  considered  advisable th a t tre a t
m en t o f  such an im als should  be avoided  du ring  th a t period . G oats  
ap p ear to  be nearly  as resis tan t as sheep.

T he use o f  pheno th iaz ine  in  p igs has  n o t revealed haemolytic anaemia 
follow ing trea tm en t b u t young  pigs do  som etim es exhibit tox ic effects in  
th e  fo rm  o f a tax ia  an d  paralysis, a lthough  th is is usually  tem porary . 
E dw ards16 considers th a t th e  d rug  has acquired  a n  undeserved rep u ta tio n  
fo r toxicity  in  pigs, p robab ly  because early  experim ental trea tm en ts were 
o ften  m ade w ith  excessive doses. H e po in ts o u t th a t very large num bers 
o f  pigs, infected w ith the  n o d u la r w orm , CE. dentatum , have been trea ted  
in A m erica w ith  few instances o f  poisoning.

Birds to le ra te  pheno th iaz ine  very well indeed, and  there are few refer
ences to  toxic effects, b u t it is in teresting  to  no te  th a t C lapham 37 records 
reduced  grow th rates in  pheasan ts kep t continuously  on m ash  con tain ing  
4 per cent, o f  pheno th iaz ine , an d  keratitis occurred  if  the b irds were 
exposed to  sunlight.

Anthelm intic uses o f  pheno th iazine : H a rw o o d 17, w hose excellent review 
has been o f  m ateria l help in p reparing  th is section, describes the  effective
ness o f pheno th iaz ine  by tak ing  the  helm in th  parasites in  system atic 
o rder. This m ethod  will be follow ed here.

T here is no  reliable evidence th a t pheno th iaz ine  is o f  any value against 
he lm in th  parasites belonging to  the  phylum  platyhelm inthes. Its useful
ness lies in  its activity  aga inst ce rta in  nem atodes. I t  is n o t effective 
against Strongyloides  n o r is it effective aga inst helm in ths belonging to  the 
o rd er T richinello idea, an d  there is n o t m uch  evidence fo r activ ity  in 
sp iru ro id  o r filarioid nem atode infections.

T he ch ief value o f  the  d rug  lies in  its efficacy against certain  w orm s 
belonging to  the o rd er A scaro idea an d  m any nem atodes in  the  o rder 
S trongyloidea.

Its  efficiency aga inst w orm s in  th e  o rd er A scaro idea shows considerab le 
varia tion . I t is highly effective in elim inating  H eterakis gallince, the 
caeca 1 w orm , from  chickens an d  turkeys. A nd since H . gallince is o f  
g rea t im portance in  the epizootio logy o f  h istom oniasis (“ b lack h ead ” ) o f
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turkeys, fowl an d  o ther b irds, the p ro to zo an  p arasite  being transm itted  
in  large m easure from  b ird  to  b ird  th rough  the eggs o f  the  nem atode, the 
use o f  pheno th iaz ine  as a m easure o f p rophylax is o f  b lackhead  by elim inat
ing H eterakis  has been advocated15. R epo rts  a re  conflicting as to  the 
value o f  th is m easure even th o u g h  successful reduction  o f  H eterakis  can 
be achieved by frequently  repeated  trea tm en t. W ehr an d  O livier38 show ed 
th a t p ro longed  feeding o f  pheno th iaz ine  to  b ird s d id  n o t con tro l h isto- 
m oniasis. T heir w ork  ind icated  th a t pheno th iaz ine  given to  turkeys in a 
concen tra tion  o f up  to  2 per cent, in  the m ash, fo r 4 to  6 weeks, d id  n o t 
prevent the  H eterakis  infection, although  it d id  resu lt in the subsequent 
expulsion o f  th e  w orm s before o r soon  afte r they reached  m aturity . 
B ut this effect w ould  be to o  la te  to  afford  pro tec tion  against h istom oniasis.

A gainst A . galli, the large roundw orm  o f  fowls, the  action  o f  p h en o 
th iazine is m uch  less m arked , b u t H arw ood  an d  G u th rie39 have shown 
th a t in com bination  w ith  n ico tine-benton ite , a  synergistic effect was 
p roduced  w hich resulted  in the rem oval o f  a  very high percentage of 
Ascaridia. S im ilar results w ere ob ta ined  by Jaq u ette  and  W ehr40, an d  
H arw ood  an d  S tunz41 found  pheno th iaz ine  an d  n ico tine-benton ite  effective 
against Ascaridia  an d  H eterakis  in turkeys. A gainst oxyurids the drug 
is variab le in  action . A lthough  it is effective against som e o f  the oxyurids 
o f  roden ts an d  aga inst Enterobius vermicularis o f  m an, it is n o t o f  m uch 
value in  O xyuris equi infection  o f  horses. P heno th iazine has a  lim ited 
value as fa r as the im p o rtan t roundw orm s in  the fam ily Ascaridae are 
concerned, b u t th is does n o t m erit discussion since m ore effective an th e l
m intics are available fo r these infections.

T he ch ief value o f  phenoth iazine in  veterinary  practice lies in  its efficacy 
aga inst m any o f  the strongyloid  nem atodes. In  horses an d  o th e r equidae, 
pheno th iaz ine  has a  m arked  an thelm in tic  value against w orm s belonging 
to  the fam ily Strongylidas, helm in ths responsible fo r serious losses 
especially in young  horses. W ith in  th is fam ily the drug  is very efficient 
in  doses o f  30 g. fo r adu lt horses, against Trichonema  spp. an d  o ther 
sm all strongyles. G ibson42 h as  show n th a t it is especially effective against 
the ad u lt w orm s, b u t its efficacy against im m atu re  w orm s does no t appear 
to  be so high. H e considers, how ever, th a t its efficiency against the large 
strongyles (Strongylus  spp.) is low. In  the early  days o f  w ork  on pheno 
th iazine th e  d rug  was th o u g h t to  have a m arked  an thelm in tic  value 
against these large strongyles, b u t G ibson ’s w ork  and  the  studies o f  
P oyn ter43 ap p ear to  ind icate th a t the conclusions o f  earlier w orkers were 
som etim es to o  o p tim is tic ; it seems th a t a  very large dose m ay be highly 
efficient b u t there is a  danger o f  toxicity. N evertheless, s tan d ard  th e ra 
peutic  doses o f  pheno th iaz ine  have som e an thelm in tic  value against the 
ad u lt w orm s belonging to  th is genus and , a t p resent, pheno th iaz ine  
p robab ly  represents the drug  o f  choice, a lthough  it has been suggested 
th a t glycarsam ide m ay have a  high therapeu tic  value ,44 b u t fu rthe r 
investigation is necessary.

T he use o f  periodical full therapeu tic  doses o f  phenoth iazine given 2 o r 
3 tim es a  year rem ains the cu rren t m ethod  o f  con tro l o f  strongyle w orm s 
o f  horses in  m any countries. I t is generally recognised as being im perfect,
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how ever, largely because it does n o t elim inate infection  entirely , an d  in  th e  
in tervals betw een trea tm en ts, eggs a re  p roduced  by those  helm in ths w hich 
have escaped an thelm in tic  a c tio n ; infective larvæ  are  p roduced  on  the 
pas tu re , an d  w hen susceptible horses ingest these the  developing form s o f  
som e species undergo  the ir usua l body  m ig ra tion  w here they m ay cause 
serious lesions. Successful co n tro l shou ld  aim  a t  preventing  dam age by 
larvæ . This can  only be achieved by grazing clean pastures, b u t un til 
recen tly  it has been difficult to  apply  th is concept in  practice. D u rin g  the 
p as t few years m uch  a tten tio n  has been given to  prophylax is by  m eans o f 
con tinuous low  level pheno th iaz ine  adm in istra tion , the  princip le being 
to  reduce pas tu re  co n tam ination  by depression o f  egg p roduction  by the 
w orm s in  the  h o st an d  inh ib ition  o f  larval developm ent o f  any  excreted 
eggs. F o ste r a n d  H ab e rm an n 45 gave 5 g. o f  pheno th iaz ine  weekly in  the 
feed o f  horses an d  no ted  a  reduction  in  the  egg-production  o f  strongyle 
w orm s. T o d d 46 in  A m erica has sum m arised  his w ork  in  th e  fu rth e r 
developm ent o f  th is m ethod  w hich involves the  daily  ad m in istra tio n  o f  
sm all doses. H e describes its p rac tica l app lications an d  recom m ends 
th e  adm in istra tion  o f  2  g. doses o f  pheno th iaz ine  daily  fo r  the  first 
21 days o f  each m o n th . T here  a re  several repo rts  in  th e  litera tu re  
w hich confirm  the  results o f  th is m ethod , b u t in  adop ting  th is regim en 
fears have arisen  th a t long-continued  dosage m ight have adverse 
effect o n  the  h o rse  th ro u g h  a possib le cum ulative ac tion  o f  the  drug. 
T his has  n o t been  substan tia ted47. A n o th er d o u b t arose  concern ing  th e  
possib le developm ent o f  pheno th iaz ine-resistan t strains o f  helm in ths 
th ro u g h  con tinued  sub-therapeu tic  dosage, b u t there is no  evidence th a t 
th is occurs. A  w arn ing  has been  sounded , how ever, by G ibson48 th a t the 
p ro d u c tio n  o f  near w orm -free foals, such as th is m ethod  allows, m ay n o t 
be entirely  desirab le since such an  an im al if  exposed to  heavy infection, 
w hen older, m ay suffer severely from  strongylidosis, as a resu lt o f  its 
hav ing  been deprived o f  an  earlier o p p o rtu n ity  to  acquire a  degree o f  
infection  w hich w ould  stim ulate resistance. This hypothesis depends, 
o f  course, up o n  the  assum ption  th a t resistance against helm in ths is 
dependen t n o t only  u p o n  age b u t also  u p o n  prev ious infection.

I t  is often  questioned  if  p ro longed  low  level adm in is tra tion  will elim inate 
th e  w orm s them selves from  existing infections in  horses. T o d d 46 believes 
th a t they are g radually  elim inated  over a period  o f  tim e, b u t D ru d g e  et 
a /.49, follow ing u p o n  a long-term  study, cam e to  the  conclusion th a t 
th e  m eth o d  w as relatively ineffective in  rem oving strongyles from  the 
in testinal tr a c t;  m oreover, it w as relatively ineffective in  preventing  the 
developm ent o f  w orm s from  ingested infective larvæ . T he im p o rta n t 
effect o f  low  level adm in is tra tion  lies in  the  sterilising ac tion  on the  fem ale 
w orm , the  inh ib ition  o f  developm ent o f  excreted eggs, an d  the  consequent 
reduction  in  p as tu re  con tam ination .

P heno th iazine  has a  m arked  ac tion  on certa in  o ther helm in ths in  the 
fam ily S trongylidæ . I t  is highly effective against the  cesophagostom es 
in all an im al hosts , regardless o f  species, an d  it has proved  a m ost valuable 
an thelm in tic  in the  trea tm en t o f  n o d u la r  w orm , Œ. columbianum, in sheep, 
a  serious cond ition  an d  the  cause o f  severe losses in  som e countries. I ts
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value aga inst the  large-m outhed  bow el w orm , Chabertia ovina, is n o t clear 
an d  repo rts  a re  conflicting. T he drug  is o f  no  value in  the  trea tm en t o f  
Stephanurus dentatus in fection , th e  k idney  w orm  o f  pigs, b u t T hrelkeld  
an d  Jo h n so n 50 have suggested the  possib ility  o f  using pheno th iazine to  
co n tro l Stephanurus by scattering  the  drug  o n  infected  faeces to  p revent 
the  developm ent o f  th e  larvae. A gainst Syngamus in  b irds, therapeu tic  
trea tm e n t w ith  pheno th iaz ine  given orally  to  rid  th e  b ird s o f  ad u lt w orm s 
has n o t been successful, b u t C lapham 37 h as  ob ta in ed  successful p ro p h y 
laxis in  pheasan ts by  feeding 4 per cent, o f  pheno th iaz ine  in  m ash  co n 
tinuously  w hich ensures des truc tion  o f  the  infective larvas before they 
m igrate from  the  alim en tary  canal.

T he hookw orm s (fam ily Ancylostom idae) a re  no t, in  general, successfully 
con tro lled  by pheno th iaz ine  w ith  the  exception o f  B . trigonocephalum in  
sheep, in  w hich a  h igh  percen tage o f  th e  w orm s can  be rem oved  by 
ap p ro p ria te  dosage. R esults in  the  trea tm en t o f  hookw orm  o f  cattle, 
B. phlebotomum, are  d isappoin ting . R ecent w ork  by R iek51 indicates 
th a t pheno th iaz ine  given to  calves a t dose rates o f  OT to  0-3 g./lb. o f  body  
w eight failed to  show  any m ark ed  efficiency against th is species. Som e 
slight efficiency w as recorded  w ith  0-2 g ./lb. o f  body  w eight, b u t it is o f  
in te rest th a t an  increase to  0-3 g./lb. o f  body  w eight was n o t m ore efficient 
against th is w orm . A  possib le use fo r pheno th iaz ine  in  contro lling  
Bunostomum in  cattle  has been suggested by the  w ork  o f  M ayhew 52 w ho 
has show n th a t, a lthough  the  daily  adm in istra tion  o f  sm all doses o f
1-5 g. o f  pheno th iaz ine  in  the grain  ra tio n  d id  n o t affect egg p roduction , 
it p revented  the  developm ent o f  infective larvae in  the  faeces; in  th is way 
som e degree o f  co n tro l m ay be expected b u t m ore  d a ta  are necessary.

In  ad d itio n  to  its value in  strongylidosis o f  equines an d  cesophagosto- 
m iasis in  rum inan ts, pheno th iaz ine  represen ts the  drug  o f  choice fo r the 
trea tm en t an d  co n tro l o f  m any  o f the trichostrongy lid  infections in 
rum inants.

W e will consider firstly the value o f  fu ll therapeu tic  doses. In  sheep, 
pheno th iaz ine  has a  very h igh  value as an  an thelm in tic  b u t, w ith  the 
exception o f  H . contortus, is effective largely aga inst ad u lt w orm s. H. 
contortus is very susceptible, an d  doses from  6 to  10  g. give nearly  100  per 
cent, efficiency53. T he d rug  is effective aga inst b o th  th e  m atu re  an d  the 
im m atu re  w orm s, w hich represen ts a  m arked  superiority  over o the r agents. 
A gainst Ostertagia the  d rug  is n o t so efficient b u t doses o f  20 g. have been 
recorded  as elim inating  90 per cent, o f  the  w orm s. F u rth e r  w ork  is 
necessary, how ever, to  determ ine th e  an thelm in tic  efficacy o f  p h en o th ia 
zine aga inst th is genus. T. axei, the  sm allest o f  the  trichostrongylid  w orm s 
in  the  abom asum  o f  rum inan ts, is m ore  resis tan t th a n  Hcemonchus, 
b u t G ibson54 has show n th a t doses o f  20 g. will give 96 per cent, efficiency 
against the  w orm s, an d  40 g. doses give 100 per cent, efficiency. T he drug  
has a  variab le efficiency against trichostrongylids in  the sm all in testine. 
I t  is p ractically  inefficient against Nematodirus spp. b u t efficiency can  be 
ob ta ined  aga inst Trichostrongylus spp. an d  Cooperia spp. prov ided  th a t 
full doses o f  u p  to  40 g. are given to  ad u lt sheep64. I t  has been suggested 
th a t the  failu re o f  pheno th iaz ine  in  som e o u tb reaks o f  trichostrongylosis
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is possib ly  due to  developm ent o f  p heno th iaz ine  resistance by  the  w orm s, 
b u t th is has n o t been substan tia ted . S inclair56 w as unab le to  p ro d u ce  it 
experim entally  in  T. colubriformis infections in  sheep. H e em phasises 
th a t th e  custom ary  dose o f  20 g. is to o  low. G ibson54 has suggested th a t 
th e  tru e  exp lana tion  o f  so-called resistance lies in  failu re to  adm in ister 
sufficiently large doses.

In  goats pheno th iaz ine  h as  p roved  to  be a  useful an thelm in tic , b u t 
H arw o o d 17 has po in ted  o u t th a t, because these an im als seem to  be fav o u r
ab le  hosts fo r the  in testinal species o f  Trichostrongylus, large therapeu tic  
doses up to  37-5 g. should  be used.

In  ca ttle  pheno th iaz ine  is useful aga inst certa in  trichostrongylids, b u t 
its efficacy aga inst som e species in the  bovine host, as com pared  w ith  o ther 
rum inan ts, is o f  a  com paratively  low  o rder. R iek51 has prov ided  a  co n 
cise review  o f th e  lite ra tu re  on  the  value o f  the  d rug  aga inst nem atodes in 
cattle. H e finds th a t a  dosage ra te  o f  0-1 g./lb . o f  body  w eight is effective 
aga inst H. contortus (and  CE. radiation) b u t a dosage ra te  o f  0-2 g./lb . o f 
body  w eight is necessary fo r the  rem oval o f  Trichostrongylus spp. T he 
h igher dose, how ever, has little  effect against Ostertagia an d  is only 
slightly efficient aga inst Cooperia  spp. C au th en 57 has also  review ed th e  
lite ra tu re  w ith  special reference to  the  use o f  pheno th iaz ine  aga inst
O. ostertagi an d  T. axei. E xperim ental w ork  recorded  by th is  au th o r  
show s th a t doses o f  approx im ate ly  0-2 g. give a b o u t 75 per cent, efficiency 
aga in st O. ostertagi an d  nearly  100 p er cent, aga inst T. axei. M ost 
w orkers agree th a t the  m axim um  dose w hich can  be given reasonably  
safely consists o f  0-2 g./lb . o f  body  w eight up  to  a m axim um  o f  60 to  
80 g. b u t even a t th is level, occasional tox ic effects a re  no ted  in  an im als 
in  p o o r  cond ition . A t th is dosage rate , how ever, tak ing  in to  considera
tion  all th e  susceptible nem atodes o f  cattle, it appears th a t a  sa tisfactory  
degree o f  efficiency can  be ob ta ined  aga inst H . contortus, T. axei an d  
CE. radiatum, b u t its efficacy is low  against B . phlebotomum  an d  Cooperia 
spp. F u rth e r  investigation  is requ ired  to  determ ine th e  value o f  
pheno th iaz ine  in  Ostertagia infections.

W e have a lready  referred  to  the  developm ent o f  p heno th iaz ine  an d  salt 
the rapy  fo r rum inan ts, an d  it  is ap p ro p ria te  a t th is  p o in t to  refer to  th is 
new  concept in  m ore  detail.

F o llow ing  o n  the  d em o n stra tio n  o f  the value o f  sm all doses o f  p h en o 
th iazine in  inh ib iting  larval developm ent o f  ce rta in  strongylo id  nem atodes 
in  the faeces o f  trea ted  anim als, H ab e rm an n  an d  S ho rb58 developed the 
princip le o f  low  level con tinuous adm in istra tion  fo r sheep. T hey found  
th a t the  daily  ingestion  o f 0-5 g. per an im al was necessary. T he details o f 
ad m in is tra tio n  as recom m ended  by various au th o rs  differ slightly, b u t 
m ost w orkers seem to  be agreed th a t, early  in  spring, the an im als should  
be trea ted  w ith  full the rapeu tic  doses o f  the  d rug  follow ed by the  use o f  
pheno th iaz ine  a n d  salt m ixtures a t concen tra tions o f  1 :9  to  1 :1 4  which 
are  kep t before the sheep a t all tim es an d  p ro tec ted  from  the  w eather. 
C on tinuous in take  is necessary in  o rd er to  ensure dependable prophylaxis. 
Successful results arise in  p a r t from  th e  effect o f  pheno th iaz ine  in causing 
som e reduction  o f  egg o u tp u t o f  w orm s p resen t in  the bow el (though  w ith
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so m e species th is  effect m ay  b e  in c o n s ta n t)  b u t chiefly  f ro m  th e  su p p re ss io n  
o f  d ev e lo p m e n t o f  th o se  eggs w h ich  a re  ex c re ted  in  th e  faeces. I f  an y  
ev id en ce  o f  fa ilu re  a p p e a rs  fu ll th e ra p y  m u s t be  in s titu te d , a n d  in  an y  case  
a  fu ll tr e a tm e n t sh o u ld  b e  g iven in  th e  ea rly  w in te r.

I t  h a s  been  suggested  th a t  th ird  stag e  larvae o f  tr ic h o s tro n g y lid  w o rm s 
w h ich  a re  in g es ted  d u r in g  th is  m e th o d  o f  p ro p h y la x is  fa il to  dev e lo p  
fu r th e r  w ith in  th e  h o s t. B u t a u th o r i tie s  d iffer a n d  m a n y  believe th a t  low  
level t r e a tm e n t d o es  n o t necessarily  p re v e n t th e  e s ta b lish m e n t o f  in fec tive  
larvae w ith in  th e  h o s t. G ib s o n 59 sh o w ed  th a t  w h en  a  da ily  d o se  o f  1 g. 
o f  p h e n o th ia z in e  w as g iven  to  la m b s  w ith in  a  few  m in u te s  o f  a  d o se  o f  
in fec tive  T. axei larvae, th e  t r e a tm e n t a p p e a re d  to  h a v e  som e effect :n  
red u c in g  th e  n u m b e r  o f  larvae w h ich  d ev e lo p ed  to  m a tu r ity . W h e n , 
h o w ev e r, th e re  w as a n  in te rv a l o f  several h o u rs  be tw een  th e  p h e n o th ia z in e  
a n d  th e  larvae, th e  tr e a tm e n t h a d  n o  effec t o n  th e  e s ta b lish m e n t o f  th e  
larvae in  th e  h o s t. I t  d id  n o t p re v e n t th e  d ev e lo p m e n t o f  p a ra s itic  g a s 
tr i t is  in  sheep  co n tin u o u s ly  ex p o sed  to  in fec tio n , w h en  severa l h o u rs  
e lap sed  b e tw een  p h e n o th ia z in e  a n d  la rv a l a d m in is tra tio n . G ib s o n 59 
suggests th a t  th e  g o o d  resu lts  re p o r te d  f ro m  th e  field  m u s t b e  d u e  e ssen 
tia lly  to  a  re d u c tio n  in  th e  p a s tu re  la rv a l c o u n t by  p h e n o th ia z in e  in h ib i tio n  
o f  egg  d e v e lo p m e n t in  th e  fasces. F o s te r60 h a s  em p h as ised  th a t  th e  
t r e a tm e n t m u s t be  s ta r te d  o n  th e  firs : d ay  o n  w h ich  th e  sheep  a re  tu rn e d  
o n to  sp rin g  p a s tu re s , a t th e  b eg in n in g  o f  th e  g raz in g  season .

T h e  a c tu a l w o rm  b u rd e n  o f  a d u lt  sheep  d o es n o t a p p e a r  to  be  m u ch  
affec ted  by  low  level a d m in is tra tio n , b u t  o p in io n s  d iffer ac co rd in g  to  
w h e th e r  th e  m e th o d  d o es  a c tu a lly  red u c e  th e  b u rd e n  o f  an  in fec tio n  w h ich  
w as in  ex is ten ce  w hen  th e  reg im e w as s ta rted . G ib so n 59 fo u n d  th a t  th e re  
w as n o  sig n ifican t re d u c tio n , b u t  i t  is in te re s tin g  to  n o te  th a t  P ag e61, 
w o rk in g  w ith  la m b s w ith  p u re  in fec tio n s  o f  H . contortus, fo u n d  th a t  0-5 g. 
o f  p h e n o th ia z in e  ad m in is te re d  da ily  h a d  a  m a rk e d  a n th e lm in tic  effect on  
la m b s w ith  h eavy  in fec tio n . I t  seem s th a t  th e re  m ay  b e  som e species 
d iffe rences in  th is  effect.

In  B rita in , H a rb o u r  el al.62 a n d  P c  H ard et al,63 h av e  re p o r te d  th e  value  
o f  p h e n o th ia z in e  a n d  sa lt m ix tu re s  in  red u c in g  p a s tu re  c o n ta m in a tio n , 
b u t th e  a p p lic a tio n  o f  th is  m e th o d  as a  ro u tin e  h a s  n o t been  a d o p te d  
b ecau se  th e  a d d it io n a l sa lt re q u ire m e n ts  o f  sheep  in  th is  c o u n try  a re  to o  
low to  e n su re  th e  a d e q u a te  in g e s tic n  o f  su ffic ien t q u a n titie s  o f  p h e n o 
th ia z in e  by  th is  device. In  A m eric a  th e  m e th o d  is w idely  u sed  in  th e  c o n tro l  
o f  n o d u la r  w o rm  a n d  tr ic h o s tro n g y L d  in fec tio n s . F o s te r64 h a s  g iven an  
a c c o u n t o f  an  11-year e x p e rim en t in  h e lm in th  c o n tro l  in  a  flock  o f  sheep  
u sin g  th is  m e asu re , a n d  h is re su lts  sh o w  th a t  a l th o u g h  h e lm in th s  a re  n o t 
e ra d ic a te d , th e y  a re  a d e q u a te ly  c o n tro lle d  a n d  n o  c lin ica l o u tb re a k s  
o c c u rre d  in  h is  ex p e rim en ta l a n im a ls  ex cep t w h en  th e  d ru g  w as w ith d ra w n  
fo r  a  p e r io d  o f  a b o u t  5 m o n th s . H e fo u n d  n o  ev id en ce  th a t  p h e n o th ia z in e -  
re s is ta n t s tra in s  deve loped .

L ow -level a d m in is tra tio n  o f  th e  d ru g  h as  n o t ye t been  a d o p te d  as  a  
ro u tin e  p ro c e d u re  in  c a ttle  p rac tice . E x p e r im e n ta l ev idence  suggests 
p ro m is in g  re su lts  b u t  its  p ra c tic a l a p p lic a tio n  needs fu r th e r  in v es tig a tio n . 
M u c h  w ill d e p e n d  o n  th e  s ta tu s  o f  th e  a n im a ls  c o n c e rn ed  in  re la tio n  to
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sa lt a n d  m in e ra l r e q u ire m e n t b e fo re  fre e -ch o ice  m e th o d s  c a n  b e  u tilised . 
F o s te r65 h a s  rev iew ed  re c e n t e x p e rim en ta l w o rk  w ith  ca ttle .

H exachlorethane

T h is  d ru g  w as in v e s tig a ted  as lo n g  ag o  as 1925 w h en  H a ll a n d  C ra m m 66 
te s te d  it, w ith o u t success, fo r  a n th e lm in tic  ac tiv ity  a g a in s t h o o k w o rm s  
in  d o g s. I t  w as firs t u sed  in  th e  t r e a tm e n t o f  fasc io liasis  in  c a ttle  in  
G e rm a n y  by  T h ie n e l67, a n d  D e  B lieck  a n d  B a u d e t68 an d  H ilz  a n d  S cheub le69 
a lso  re p o r te d  fa v o u ra b ly  on  its  efficacy. I ts  fasc io lic id a l p ro p e r tie s  w ere 
n o t  w idely  reco g n ised , ho w ev er, u n ti l  O lse n 70 ca rr ie d  o u t p re lim in a ry  
tr ia ls  w ith  th e  d ru g  a g a in s t F . hepatica in  c a ttle  in  A m erica . T h e  resu lts  
o f  m o re  ex tensive  tr ia ls  by  O lsen 71-72 es tab lish ed  h e x a c h lo re th a n e  as a 
re la tiv e ly  safe  d ru g  w ith  a  h ig h  d eg ree  o f  efficiency fo r  th e  tr e a tm e n t o f  
F . hepatica in  ca ttle . T h is  c o n s titu te s  a n  im p o r ta n t  a d v a n ce  fo r  it is 
w ell k n o w n  th a t  h ith e r to  th e  tre a tm e n t o f  fasc io liasis  in  c a ttle  h a d  b een  
very  u n sa tis fac to ry . I t  is a lso  rec o m m e n d e d  a g a in s t F . gigantica73.

H e x a c h lo re th a n e  is a lso  u sed  in  fasc io lia s is  o f  sh e ep 74, b u t  its  a n th e l
m in tic  ac tiv ity  d o es  n o t a p p e a r  to  be  su p e rio r  to  th a t  o f  c a rb o n  te t r a 
c h lo rid e  in  th is  h o s t  u n less th e  d o se  is in c re a se d  f ro m  15 g. to  30 g. fo r  an  
a d u l t  sh e ep 75. S o u th c o tt76, h o w ev e r, fo u n d  th a t  th e  in c re a se d  a n th e l
m in tic  ac tiv ity  f ro m  th e  la rg e  d o se  w as m o re  th a n  o ffse t by  th e  en h a n ce d  
to x ic ity  d an g e r . In  co n n e c tio n  w ith  th e  re la tiv e  efficiency o f  th e se  tw o  
d ru g s  i t  is in te re s tin g  to  n o te  th a t  C h a n ce  a n d  M a n s o u r77 w h o  m a d e  a  
k y m o g ra p h ic  s tu d y  o f  th e  a c tio n  o f  c e r ta in  d ru g s  o n  th e  liver fluke, fo u n d  
th a t  c a rb o n  te tra c h lo r id e  a n d  h e x a c h lo re th a n e  a t  low  c o n c e n tra tio n s  
a c te d  as  s tim u la n ts , b u t  a t  h ig h  c o n c e n tra tio n s  th ey  w ere  le th a l to  th e  
w o rm s, a n d  h e x a c h lo re th a n e  w as b elieved  to  h av e  a  m o re  p ro n o u n c e d  
effect th a n  th e  o th e r  d ru g s  te sted . H e x a c h lo re th a n e  is a lso  o f  v a lu e  fo r  
th e  tr e a tm e n t o f  fasc io lia sis  in  g o a ts78.

In  th e  ru m in a n t  th e  d ru g  is a b s o rb e d  f ro m  th e  bo w el, p asses  by  th e  
p o r ta l  b lo o d  to  th e  liver, a n d  is ex c re ted  in  th e  b ile  w h ere  i t  ex e rts  its  
effects o n  m a tu re  o r  n ea rly  m a tu re  flukes. K a p la n  a n d  S a k e lla r io u s79 
c la im ed , h o w ev e r, th a t  th e  d ru g  is effective a g a in s t im m a tu re  flukes, b u t 
m o s t w o rk e rs  b e lieve  th a t  th e  d ru g  is effective o n ly  a g a in s t m a tu re  o r  
n ea rly  m a tu re  flukes in  th e  b ile  d u c ts  a n d  im m a tu re  m ig ra tin g  flukes a re  
u n a ffec ted . B u t ev en  a g a in s t a d u l t  F . hepatica, th e re  is a  re se rv a tio n  
a b o u t  th e  efficacy o f  th e  d ru g . I t  is n o w  w ell reco g n ised  th a t  w h ere  
m a rk e d  c irrh o s is  ex ists , h e x a c h lo re th a n e  m a y  n o t  b e  effective a g a in s t 
flukes ly in g  in  g ro ssly  th ic k e n e d  b ile  d u c ts 78-80, e x c re tio n  o f  th e  d ru g  
b e in g  in a d e q u a te  th ro u g h  th e  d am ag e d  tissues so  th a t  som e w o rm s escape  
th e  an th e lm in tic  effect. In  g en e ra l, th o u g h  th e  to x ic ity  o f  h e x a c h lo re th a n e  
a p p e a rs  to  b e  lo w  (O lsen 74, L ap a g e  et a l.81 a n d  S tau ffe r et a l.80 fo u n d  
h e x a c h lo re th a n e  to  b e  w ell to le ra te d )  n ev erth e less , to x ic  m a n ife s ta tio n s  
d o  o c c u r  o cca s io n a lly  in  ru m in a n ts , espec ia lly  in  th o se  o n  a  h ig h  p ro te in  
d ie t. In to x ic a tio n  is ev id en ced  by  in c o o rd in a tio n  o f  g a it, d ro w zin ess  
a n d  la ck  o f  a p p e ti te  w h ich  g en e ra lly  p asses off, b u t  som e d e a th s  h av e  
b ee n  rec o rd e d . S o u th c o tt76 re p o r te d  to x ic ity  in  sheep  a f te r  tr e a tm e n t 
w ith  d o se s  o f  15 to  30 g . ; so m e a n im a ls  re c o v e red  a f te r  th e  p a re n te ra l
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a d m in is tra tio n  o f  ca lc iu m  b o ro g lu c o n a te , b u t  th e re  w ere  so m e d e a th s  
a m o n g s t a n im a ls  rece iv in g  30 g. doses. I t  is in te re s tin g  th a t  h is ex p e ri
m e n ta l sh eep  to le ra te d  c a rb o n  te tra c h lo r id e  w ith o u t ill-effect. I t  w o u ld  
seem , th e re fo re , th a t  c a u tio n  sh o u ld  b e  exerc ised  b e fo re  th e  m ass t r e a t 
m e n t o f  a n im a ls  is u n d e r ta k e n  since h e rd  id io sy n crac ies  m ay  ex ist. C a re  
m u s t a lso  b e  ta k e n  w hen  d e b ilita te d  an im a ls , p a r tic u la r ly  th o se  w ith  
severe liv e r d am ag e , a re  tre a te d .

H e x a c h lo re th a n e  h a s  a lso  b e e n  in v e s tig a ted  fo r  ac tiv ity  a g a in s t o th e r  
h e lm in th s . K a p la n  a n d  S ak e lla r io u s79 c la im ed  th a t  th e  d ru g  w as effective 
a g a in s t Dicrocoeliuin dendriticum in  sheep , b u t  th is  d o es  n o t a p p e a r  to  
h av e  b een  co n firm ed . O lsen82 sh o w ed  th a t  h e x a c h lo re th a n e  w as effec tive 
a g a in s t a d u lt  ru m en  flukes in  c a ttle  a n d  sheep , b u t  G o rd o n  (u n p u b lish e d )  
p o in ts  o u t  th a t  th e  e v a lu a tio n  o f  h e x a c h lo re th a n e  a g a in s t im m a tu re  
Paramphistomum  sp p . in  th e  d u o d e n u m  o f  c a ttle  is a  p ress in g  need , 
b ecau se  th is  s tag e  o f  th e  p a ra s ite  is p ro b a b ly  o f  m u c h  g re a te r  im p o rta n c e  
th a n  th e  a d u lt  ru m e n -in h a b itin g  w o rm s.

O lsen 83 rev iew ed  th e  l i te ra tu re  o n  th e  u se  o f  h e x a c h lo re th a n e  a g a in s t 
th e  n e m a to d e  p a ra s ite s  o f  c a ttle . T h e  d ru g  is  u se fu l in  th e  tr e a tm e n t 
o f  H . contortus in fec tio n  a n d , to  a  le sser ex ten t, a g a in s t T. axei, b u t  it  
a p p e a rs  to  be  ineffec tive a g a in s t Ostertagia spp . a n d  B . phlebotomum. 
R o b e rts  et a / .84 fo u n d  th e  d ru g  to  b e  o f  little  v a lu e  in  c a ttle  a g a in s t species 
o f  n e m a to d e s  o th e r  th a n  H . contortus. O n  th e  o th e r  h a n d , D a u b n e y 85 
rem o v e d  n ea rly  100 p e r  cen t, o f  h o o k w o rm s  f ro m  a  sheep  w ith  h ex a 
c h lo re th a n e . O lsen  a n d  W a d e 86 in v e s tig a ted  its  efficacy ag a in s t c e r ta in  
n em a to d e s  in  sheep  a n d  g o a ts , a n d  fo u n d  th e  d ru g  to  b e  h ig h ly  effective 
a g a in s t H . contortus b u t its  efficiency w as v a r ia b le  a g a in s t Ostertagia spp . 
I t  w as ineffec tive a g a in s t in te s tin a l tr ic h o s tro n g y le s , n o d u la r  w o rm s a n d  
w h ip w o rm s. K in g sb u ry 87, h o w ev e r, h a s  re p o r te d  th a t  th e  d ru g  is o f  som e 
v a lu e  in  th e  tr e a tm e n t o f  Nematodirus in fec tio n s  in  lam bs.

Sodium  F luoride

T h e  in tro d u c tio n  o f  so d iu m  f lu o rid e  fo r  th e  tre a tm e n t o f  Ascans 
lumbricoides in fec tio n  o f  p igs88 h a s  s im p lied  th e  a n th e lm in tic  tre a tm e n t 
o f  these  an im a ls . I t  is h ig h ly  effective, rem o v in g  o v er 90 p e r  cen t, o f  
a sca rid s  a n d  su rp asses  o il o f  c h e n o p o d iu m  in  efficiency89. T h e  d ru g  
rem o v es  b o th  m a tu re  a n d  im m a tu re  w o rm s. I t  is a lso  fa ir ly  effective 
a g a in s t som e o f  th e  s to m ac h -w o rm s o f  p igs, fo r  ex am p le , Ascarops a n d  
Physocephalus; so m e  re p o r ts  a lso  in d ic a te  th e ra p e u tic  ac tiv ity  a g a in s t 
Hyostrongylus90.

M o s t a u th o ritie s  ag ree  th a t  th e  d ru g  sh o u ld  b e  ad m in is te re d  in  d ry  
g ro u n d  feed, e i th e r  as  1 p e r  cen t, o f  th e  a m o u n t  o f  feed  w h ich  th e  p ig  w ill 
c o n su m e  in  1 day , o r  th e  d o sag e  m ay  b e  c o m p u te d  a c c o rd in g  to  b o d y  
w eig h t a t  a  d o sag e  ra te  o f  0 T  to  0 T 5  g. o f  so d iu m  flu o rid e /lb . o f  b o d y  
w eigh t, th is  q u a n tity  b e in g  m ixed  w ith  th e  a m o u n t o f  feed  n o rm a lly  
co n su m ed  by  th e  p ig  in  1 day.

T h e  re c o m m e n d a tio n s  as  reg a rd s  d o sa g e  u su a lly  ap p ly  to  th e  c o m 
m erc ia l g rad e  o f  so d iu m  flu o rid e  w h ich  is 73 p e r  cen t. p u re 91. L u k e  a n d  
G o rd o n 92 h av e  d ra w n  a t te n t io n  to  p o ssib le  d an g e rs  in  u s in g  p re p a ra tio n s
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w ith  a  h ig h e r  so d iu m  f lu o rid e  c o n te n t su ch  as  th e  te ch n ic a l g ra d e  w hich  
h a s  a  p u r ity  o f  a b o u t  98 p e r  ce n t., a n d  th e y  suggest th a t  so m e d e a th s  
w h ich  h a v e  o c c u rre d  a f te r  tr e a tm e n t m ay  h av e  re su lted  f ro m  u sin g  th e  
p u re r  p ro d u c t  a t  th e  s ta n d a rd  d o sag e  ra te .

T o  e n su re  sa fe ty , th e  a im  sh o u ld  b e  to  a llo w  th e  p igs to  ingest sm all 
q u a n titie s  o f  th e  m ed ica te d  feed  o v e r  th e  w h o le  day , a n d  by  m ix in g  th e  
d ru g  w ith  d ry  feed , w h ich  is th e re b y  re n d e re d  so m e w h a t u n p a la ta b le , 
excessive in g e s tio n  is av o id ed . If, ho w ev er, so d iu m  f lu o rid e  is g iven  to  
p ig s u n d e r  a  w e t feed in g  sy stem , th e  to x ic  h a z a rd  o f  th e  d ru g  is  in c reased  
b ec au se  w e t m e d ica te d  feed is m o re  ra p id ly  co n su m ed . I t  is, th e re fo re , 
im p o r ta n t  th a t  th e  d ru g  sh o u ld  b e  u sed  on ly  fo r  p igs k e p t o n  a  d ry  feed ing  
system . W ith  s ligh t o v e rd o sa g e , p igs gen era lly  v o m it a n d  th e  d a n g e r  o f  
excessive in ta k e  is th e re b y  lessened , b u t w ith  g ro ss  o v e rd o sag e  a  rap id ly  
fa ta l h aem orrhag ic  g a s tro -e n te r itis  fo llow s. W h e n  so d iu m  f lu o rid e  is 
u sed  p ro p e r ly  th e  d ru g  is safe  fo r  p igs. I t  h a s  a  d is t in c t a d v a n ta g e  over 
o th e r  a n th e lm in tic s  fo r  th e se  a n im a ls  b ecau se  it  c a n  be g iven in  m ed ica te d  
feed  as a  m ass tre a tm e n t. T h e  m ed ica te d  feed  sh o u ld  be su p p lied  to  p igs 
in  b a tc h e s  o f  even  size, a n d  it  is u su a l to  re c o m m en d  th a t  n o t  m o re  th a n  
e ig h t p ig s b e  in c lu d ed  in  each  g ro u p , b u t  to  av o id  excessive c o n s u m p tio n  
b y  a n y  1 o r  2 p ig s in  a  p a r tic u la r  g ro u p  it  is ad v isab le  to  lim it th e  n u m b e r  
to  a  m a x im u m  o f  4.

W h e n  H a b e rm a n n  et a / .88 te s te d  so d iu m  f lu o rid e  a g a in s t h e lm in th s  in  
p igs th ey  a lso  in v e s tig a ted  th e  u se  o f  th e  d ru g  in  c e r ta in  o th e r  h o s ts , an d  
ev idence  o f  ac tiv ity  a g a in s t Parascaris equorum in  h o rses  w as o b ta in ed . 
C ritica l te s ts  w ith  th e  d ru g  in  h o rse s , m a d e  b y  T o d d  et a!.93 sho w ed  th a t  a  
d o se  o f  2-5 g./lOO lb . o f  b o d y  w eigh t, ad m in is te re d  in  a q u e o u s  so lu tio n , 
gave  a  v ery  h ig h  d eg ree  o f  efficiency a g a in s t m a tu re  a n d  im m a tu re  a sca rid s , 
o v e r  99 p e r  ce n t, o f  th e  w o rm s b e in g  expe lled  f ro m  th e  sm all in te s tin e . 
T h e  d ru g  w as fa ir ly  w ell to le ra te d  a n d  a lth o u g h  m o d e ra te  to  severe 
d ia rrhoea  o cc u rre d  in  so m e o f  th e  an im a ls  w ith in  48 h o u rs  a f te r  tre a tm e n t, 
n o  d e a th s  o c c u rre d  a n d  reco v ery  so o n  fo llo w ed  tre a tm e n t. T h e  a u th o rs  
co n s id e re d  th a t  th e  efficacy o f  th e  d ru g  m o re  th a n  offse t th e  te m p o ra ry  
g a s tro - in te s tin a l d is tu rb a n c e . In d ee d , th e  m o d e ra te  d ia rrhoea  u su a lly  
e n c o u n te re d  w as re g a rd e d  as  s a lu ta ry  in  th e  p rev e n tio n  o f  p o ssib le  
a b s o rp tio n  o f  to x ic  m a te r ia ls  f ro m  d is in te g ra tin g  h e lm in th s . T h e  d ru g  
su rp asses  c a rb o n  d isu lp h id e , th e  p re se n t d ru g  o f  ch o ice  in  h o rse s , b o th  in  
efficiency, since i t  is effective a g a in s t im m a tu re  w o rm s in  th e  g u t as  w ell 
a s  a g a in s t sexually  m a tu re  w o rm s, a n d  in  th e  ease  o f  a d m in is tra tio n  
b ec au se  i t  c a n  be  g iven  w ith o u t p re lim in a ry  s ta rv a tio n . I t  c a n n o t be  
rec o m m en d e d  fo r  th e ra p e u tic  p u rp o se s , h o w ev e r, u n til fu r th e r  in v e s tig a 
tio n s  h av e  been  m a d e  c o n c e rn in g  th e  o c c a s io n a l severe d ia rrhoea  a n d  
haem olytic ch an g es  in  th e  b lo o d  w h ich  so m e tim es  fo llo w  its  use.

T oluene

T h is  d ru g  w as p rev io u sly  te s te d  in  d o g s  b y  H a ll a n d  W ig d o r94 in  
a  lim ited  s tu d y . L a te r  E nzie95 ex am in ed  th e  a n th e lm in tic  a c tio n  o f  
to lu e n e  to g e th e r  w ith  c e r ta in  h a lo g en  su b s t i tu tio n  p ro d u c ts  in  th e  dog . 
H e  fo u n d  th a t  a l th o u g h  to lu e n e  itse lf  c o n s ti tu te d  a  very  effective ag en t
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a g a in s t a sc a rid s  a n d  h o o k w o rm s , th e  in tro d u c tio n  o f  h a lo g en s  u su a lly  
re su lte d  in  a  re d u c tio n  o f  efficiency espec ia lly  a g a in s t  h o o k w o rm s. 
E n z ie  a n d  C o lg laz ie r96 re c o rd e d  th e  re su lts  o f  m o re  ex tensive  tr ia ls  a n d  
sh o w ed  th a t  to lu e n e  a t  a  d o sa g e  ra te  o f  0-1 m l./lb . o f  b o d y  w e ig h t a f te r  
18 to  24 h o u rs  fa s t w as  w e ll- to le ra ted  a n d  h ig h ly  effective a g a in s t a sca rid s  
a n d  h o o k w o rm  in  d o g s. T h e  d ru g  p ro v e d  to  b e  eq u a lly  effective a g a in s t 
th e se  w o rm s in  c a ts . C o m p a ra tiv e  s tu d ies  sh o w ed  th a t  i t  c o m p a re d  very  
fa v o u ra b ly  in  efficacy a n d  sa fe ty  w ith  « -b u ty l ch lo rid e . T o lu e n e , b e in g  
ea s ie r  to  ad m in is te r , m a y  rep la ce  « -b u ty l c h lo rid e  as  a n  an th e lm in tic  fo r  
d o g s  a n d  ca ts . T h e  d ru g  is so m e tim es  g iven  to g e th e r  w ith  th e  ce s to d e  
an th e lm in tic , d ic h lo ro p h e n , in  th e  fo rm  o f  a  p ro p r ie ta ry  p re p a ra t io n 97-98.

S evera l s tu d ies  h av e  b een  c a r r ie d  o u t  o n  th e  use  o f  to lu e n e  a g a in s t 
a sc a rid s  a n d  Gastrophilus larvae in  h o rse s99-100-101. C r itic a l te s ts  
h a v e  sh o w n  th a t  th e  d ru g  is w e ll- to le ra ted  a n d  a  h ig h  d eg ree  o f  efficacy 
h a s  b ee n  o b ta in e d  a g a in s t a sca rid s , b u t  th e  re su lts  a re  n o t  u n ifo rm ly  g o o d  
a g a in s t b o t-fly  larvae. G. intestinalis a p p e a rs  to  b e  e lim in a te d  m o re  
re a d ily  th a n  so m e  o th e r  species a n d  successfu l re su lts  h av e  b ee n  re c o rd e d  
b y  G ra h a m  a n d  A lfo rd 102.

T o lu e n e  a s  a n  a n th e lm in tic  fo r  h o rse s  is still in  th e  ex p e rim en ta l s tag e  
a n d  fu r th e r  w o rk  is necessary  b e fo re  i t  c a n  b e  re c o m m en d e d  fo r  u se  in  
ro u t in e  th e ra p y . I t  w o u ld  a p p e a r , h o w ev e r, th a t  th e  d ru g  p ro m ise s  to  b e  
a  m o re  su itab le  a g e n t a g a in s t a sca rid s  th a n  c a rb o n  d isu lp h id e , th e  p re se n t 
d ru g  o f  cho ice , since i t  c a n  be  ad m in is te re d  m o re  read ily  a n d  fa s tin g  o f  th e  
a n im a l, a n  im p o r ta n t  c o n s id e ra tio n  in  y o u n g  s to c k , is n o t  essen tia l. 
M o reo v e r, severe g a s tritis  w h ich  so m etim es o ccu rs  u n d e r  c a rb o n  d isu lp h id e  
is n o t  a  fe a tu re  o f  to lu e n e  th e ra p y .

«-butyl C hloride

T h is  su b s ta n c e  w h ich  is w idely  u sed  in  c a n in e  p rac tice , espec ia lly  in  
A m eric a , w as ex am in ed  critica lly  to g e th e r  w ith  o th e r  c h lo rin a te d  alky l 
h y d ro c a rb o n s  b y  W rig h t a n d  S chaffer103 w h o  fo u n d  it  to  b e  a  very  
effective asca ric id e , rem o v in g  98-7 p e r  cen t, o f  a sca rid s . T h e  d ru g  w as 
84-3 p e r  cen t, effective a g a in s t h o o k w o rm s , b u t  its efficacy a g a in s t w h ip - 
w c rm s  av e rag e red  o n ly  18-2 p e r  cen t. I t  w as ineffec tive a g a in s t tao e - 
w c rm s . T h e  d ru g  w as w ell to le ra te d . H a rw o o d  et a l.104 co n firm ed  th e  
h ig h  efficiency o f  th e  d ru g  a g a in s t a sca rid s  a n d  h o o k w o rm , a n d  re p o r te d  a n  
efficiency o f  a b o u t  52 p e r  cen t, ag a in s t Trichuris vulpis, th e  w h ip w o rm  o f  d cg s .

A  lim ited  a m o u n t  o f  in v e s tig a tio n  co n c e rn in g  its  v a lu e  in  h o rse s  h as  
b ee n  rec o rd e d . H a rw o o d  et a /.105 te s te d  th e  d ru g  o n  3 h o rses  a n d  fo u n d  
th a t  a  d o se  o f  0-1 m l./lb . o f  b o d y  w e ig h t rem o v e d  u p  to  100 p e r  cen t, o f  
sm a ll s tro n g y le s  (cy lico s to m es), a n d  b e tw een  74 a n d  100 p e r  cen t, o f  
la rg e  stro n g y les . T ru m 106 fo u n d  th a t  th is  d o se  effectively  rem o v e d  sm all 
s tro n g y le s  a n d  Oxyuris equi f ro m  o n e  an im a l.

D iethylcarbamazine

T h is  p ip e ra z in e  c o m p o u n d  h a s  b een  ex tensively  te s ted  in  th e  tre a tm e n t 
i f  Dirofilaria immitis in fec tio n  in  th e  dog , in  w h ich  i t  is h ig h ly  effective 
a g a in s t m icrofilarias, b u t ind iffe ren tly  ac tiv e  ag a in s t a d u lt  w o rm s.11
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I t  is h ig h ly  effective, h o w ev e r, a g a in s t a sc a rid s  o f  d o g s  a n d  ca ts . H e w itt 
et a / .107 te s te d  th e  d ru g  a g a in s t th e se  in fec tio n s  in  dogs, a n d  fo u n d  th a t  
s ing le  o ra l  doses o f  50 m g ./k g . w ere  n ea rly  100 p e r  cen t, e ffec tiv e ; 2  o ra l 
d o se s  o f  25 m g ./k g . w ith in  a  24  h o u r  p e r io d  re m o v in g  100 p e r  cen t, o f  th e  
w o rm s. I t  w as  a lso  effective w h en  ad m in is te re d  in tra p e r ito n e a lly . T h e  
d ru g  w as  ineffec tive a g a in s t h o o k w o rm s , w h ip w o rm s a n d  ta p ew o rm s. 
F a s tin g  b e fo re  t r e a tm e n t a n d  p u rg a tio n  a f te r  tr e a tm e n t w ere  u n n ecessa ry  
a n d  th e  d ru g  w as  w e ll- to le ra ted , a l th o u g h  v o m itin g  o c c u rre d  in  som e 
a n im a ls . H a rn e d  et a / .108 h a v e  sh o w n  th a t  d o g s  w ill to le ra te  d o se s  m a n y  
tim es  th o se  n ecessary  fo r  th e  re m o v a l o f  a sca rid s . K an eg is109 u sed  th e  
a n th e lm in tic  fo r  th e  t r e a tm e n t o f  c a ts  a n d  k itte n s  in  o ra l do ses o f  25 
m g ./lb . o f  b o d y  w eigh t, a n d  co n firm e d  its  h ig h  efficiency a g a in s t a sca rid s . 
O th e r  r e p o r ts  o f  successfu l tr ia ls  in  do g s a n d  c a ts  h av e  been  re c o rd e d 110.

I t  h a s  b een  u sed , a p p a re n tly  successfu lly , a g a in s t Spirocerca lupi in  th e  
d o g 111, a n d  in  o n e  ca se  o f  c a n in e  s tro n g y lo id ias is112.

Barium  A ntim onyl  T artrate

B each  a n d  S te w a rt113 d esc rib ed  th e  p re p a ra t io n  o f  th is  co m p o u n d . 
I t  w as firs t u sed  th e ra p e u tic a lly  by  W e h r  et al.iu  w h o  sho w ed  th a t ,  w h en  
in h a le d  as a  d u s t, i t  w as 98 p e r  cen t, effective a g a in s t S . trachea, gape- 
w o rm  in fec tio n  in  ch ickens. L a te r , W e h r  a n d  O liv ie r115 d esc rib ed  its  
u se  fo r  p h e a sa n ts  a n d  sho w ed  th a t  it  w as as effective in  th e se  b ird s  as 
in  ch ick en s. M o y n ih a n  a n d  M u sfe ld t116 co n firm e d  th e se  resu lts . T h e  
d ru g  is effective a lso  a g a in s t Syngamus in fec tio n  in  tu rk ey s .

A recoline H ydrobromide

H a ll a n d  S h illin g e r117 a n d  R o s s118 d e sc rib ed  ex p e rim en ts  o n  th e  efficiency 
o f  a re co lin e  a g a in s t c e s to d e  in fec tio n  in  th e  a lim e n ta ry  t r a c t  o f  th e  dog . 
B a th a m 119 c o n d u c te d  a  m o re  ex tensive  s tu d y  a n d  p ro v id e d  so m e  in te re s tin g  
in fo rm a tio n  c o n c e rn in g  th e  a c tio n  o f  a re co lin e  h y d ro b ro m id e  ag a in s t 
ta p e w o rm s  in  th e  dog . H is  w o rk  sh o w ed  th a t  th e  d ru g  given o ra lly  w as 
h ig h ly  effective a g a in s t Echinococcus granulosus a n d  a g a in s t th e  la rg e r  
tasn io id  cesto d es. W h e n  th e  d ru g  w as g iven  b y  su b c u ta n e o u s  in jec tio n  
o n ly  a  p u rg a tiv e  a c tio n  re su lted  b u t  w h en  th e  d ru g  w as ad m in is te red  
o ra lly  b o th  a n  an th e lm in itic  a c tio n  a n d  p u rg a tio n  fo llow ed . F ro m  in 
vitro w o rk  w ith  so m e o f  th e  la rg e r  tasn io id  cesto d es, h e  c o n c lu d e d  th a t  
th e  d ru g  exe rts  its  a n th e lm in tic  a c tio n  b y  cau sin g  th e  m uscles o f  th e  
ta p e w o rm  to  u n d e rg o  p ro lo n g e d  re la x a tio n  so  th a t  th e  h o ld  o n  th e  in te s tin e  
is lo s t a n d  th e  d e ta c h e d  w o rm s a re  th e n  expe lled  b y  th e  p u rg a tiv e  a c tio n  o f  
th e  d ru g . T h e  h ig h  efficiency o f  a re co lin e  h y d ro b ro m id e  a g a in s t E .  
granulosus m a k es  th e  d ru g  a  v a lu ab le  a n th e lm in tic  in  c o u n trie s  w h ere  a n t i
h y d a tid  m easu res  a re  v ig o ro u sly  p u rsu e d , b u t  it  sh o u ld  b e  a p p re c ia te d  
th a t  it  m ay  fa il to  e lim in a te  th e  ce s to d es  in  a  sm a ll p ro p o r t io n  o f  cases.

D ichlo rophen

T h is  c o m p o u n d  h a s  b ee n  in tro d u c e d  fo r  th e  tr e a tm e n t o f  Tcenia a n d  
Dipylidium  in fec tio n s  in  d o g s120. I ts  a c tio n  u p o n  th e se  ta p ew o rm s 
is o f  p a r t ic u la r  in te re s t b ec au se  i t  cau ses d is in te g ra tio n  o f  th e  w o rm
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in situ  w ith in  th e  bow el, a n d  th e  p ro g lo ttid s  a re  u su a lly  ex c re ted  in 
a n  u n rec o g n isab le  fo rm . T h e  d ru g  is gen e ra lly  w e ll- to le ra ted  b y  d o g s, 
a l th o u g h  v o m itin g  so m e tim es  fo llo w s its  use . R e p o r ts  as  to  its  efficiency 
a s  a  taen iacide a re  con flic ting . S o m e a u th o rs  h av e  c o m m en ted  very  
fa v o u ra b ly  o n  its  va lu e120-121, b u t  th e  experience  o f  o th e rs  in d ic a te s  th a t  
d ic h lo ro p h e n  d o es  n o t  c o m p a re  in  efficiency w ith  a re co lin e  h y d ro b ro m id e  
o r  th e  a re c o lin e -a c e ta rso l c o m p o u n d s . D ic h lo ro p h e n  a p p e a rs  to  be o f  
lo w  efficiency a g a in s t E . granulosus122; i t  th e re fo re  d o es  n o t  fulfil th e  
re q u ire m e n ts  o f  a  ro u tin e  c e s to d e  a n th e lm in tic  fo r  h y d a tid  c o n tro l  in  
dogs.

H a rrie s123 o b ta in e d  sa tis fac to ry  re su lts  in  th e  tr e a tm e n t o f  Moniezia 
expansa. in fec tio n  in  sheep  w ith  d ic h lo ro p h e n , b u t  E nzie  et a / .124 o b se rv e d  
th a t  th e  d ru g  is n o t  as  re liab le  as  o th e r  a v a ila b le  ag e n ts  fo r  ".he re m o v a l 
o f  th is  ta p e w o rm . O lsen 125 in v e s tig a ted  th e  use  o f  d ic h lo ro p h e n  a g a in s t 
Thysanosoma actinioides in fec tio n  o f  th e  liver o f  lam b s. V a ria b le  re su lts  
w ere  o b ta in e d , h o w ev e r, a n d  th e re  w as no  ev idence  th a t  tr e a tm e n t w as 
ju s tif ied  b ec au se  th e  d eg ree  o f  efficiency o f  th e  d ru g  w as to o  low  to  m ak e  
its  u se  e co n o m ica l. A llen  a n d  J a c k so n 126 a lso  n o te d  lit tle  ap p re c ia b le  
effect.

L ead A rsenate

T h is  d ru g  w as firs t re p o r te d  as  a  ce s to d e  a n th e lm in tic  by  H a rw o o d  
a n d  G u th r ie 127 w h o  u sed  it successfu lly  to  rem o v e  ta p ew o rm s f ro m  
ch ick en s , b u t  fo u n d  th a t  it  w as to o  to x ic  fo r  g en e ra l use . M c C u llo c h  
a n d  M c C o y 128 sh o w ed  it  to  b e  effective fo r  th e  tr e a tm e n t o f Moniezia 
in fec tio n  o f  sheep , a n d  R a d e le f f129 re p o r te d  o n  its  u se  in  la m b s , k id s  a n d  
ca lves, in  a ll o f  w h ich  it  p ro v ed  to  b e  a  g en e ra lly  sa tis fac to ry  ag e n t. C a lves 
so m etim es sh o w ed  ev id en ce  o f  co lic , b u t  th is  w as re lieved  by  th e  a d m in is 
t r a t io n  o f  c a s to r  oil o n e  h o u r  a f te r  d o s in g  w ith  th e  a n th e lm in tic . H a b e r-  
m a n n  a n d  C a rlso n 130 a n d  W a rd  a n d  Scales131 h av e  co n firm ed  th e  v a lu e  o f  
th e  d ru g  a g a in s t M . expansa.

A s th e  ta p e w o rm  is gen e ra lly  co n s id e red  to  b e  v ir tu a lly  h a rm le ss  to  th e  
h o s t, so m e a u th o ritie s  d o u b t  th e  n ecessity  fo r  th e  tr e a tm e n t o f  th is  in fec 
tio n  in  ru m in a n ts  b u t F o s te r  a n d  H a b e rm a n n 132 c o n s id e r  th a t  its  rem o v a l 
causes a  d ec id ed  im p ro v e m e n t in  th e  h e a lth  o f  in fec ted  an im a ls . In  
d iscu ssin g  th e  m e rits  o f  th e  d ru g , th ey  believe th a t  th e  d ru g  ca n  b e  u sed  
safe ly , b u t  th ey  em p h asise  th a t  o u r  k n o w led g e  o f  th e  to x ic ity  is in c o m p le te  
a n d  ca u tio n  m u s t be  exerc ised  espec ia lly  in p re g n a n t a n im a ls  A llen  a n d  
Jo n g e lin g 133 rec o rd e d  m ild  e n te r itis , lo ss o f  a p p e tite  a n d  o n e  d e a th  fo llo w 
in g  tre a tm e n t. M o rg a n  et al.13i fo u n d  a  d o se  o f  1 g. to  be  :.00 p e r  cen t, 
effic ien t a g a in s t M . expansa in  sheep , w h ile  0-5 g. red u c ed  its  efficiency 
to  62 p e r  cen t. T hey  c o n s id e r  th a t  th e  o p tim u m  d o se  a n d  th e  p o ss ib ility  
o f  c u m u la tiv e  to x ic  effects m e rit fu r th e r  in v e s tig a tio n . L ea d  a rs e n a te  is 
c o m p a tib le  w ith  p h e n o th ia z in e  a n d  th e  tw o  d ru g s  can  b e  ad m in is te re d  
to g e th e r135. D esp ite  a  h igh  d eg ree  o f  efficiency a g a in s t M o n :ezia, H a b e r 
m a n n  a n d  C a rlso n 130 h av e  sh o w n  th a t  le ad  a rse n a te  is ineffec tive a g a in s t 
th e  frin g ed  ta p e w o rm  o f  ru m in a n ts , T . actinioides, w h ich  lives in  th e  b ile  
duc ts .
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W hile c o n s id e rab le  p ro g re ss  h a s  been  m a d e  in  th e  d isco v ery  a n d  fo rm u la 
tio n  o f  new  o in tm e n t bases, m u c h  h a s  still to  b e  le a rn t o f  th e ir  effects on  
th e  sk in . A n  o in tm e n t co n s is ts  o f  tw o  d is t in c t p a r ts — th e  b ase  its e lf  
a n d  th e  in c o rp o ra te d  m e d ica m e n t. A b so rp tio n  o f  th e  m e d ic a m e n t 
th ro u g h  th e  sk in  m ay  o r  m ay  n o t  be  d es irab le , a n d  i t  w ill b e  in fluenced  
by  th e  n a tu re  o f  th e  b ase  a n d  by  th e  ch em ica l a n d  p h y sica l p ro p e r tie s  o f  
th e  d ru g  itself.

M a n y  d iffe ren t m e th o d s  h av e  b een  d e sc rib ed  fo r  s tu d y in g  th e  a b s o rp tio n  
o f  d ru g s  a p p lie d  to  th e  in ta c t  sk in , b u t  m o s t o f  th e m  a re  o p e n  to  critic ism . 
T h e ir  u se fu lness  c o m p a re d  w ith  clin ical s tu d ies  a re  a lso  d o u b tfu l, b u t  th ey  
p ro v id e  v a lu ab le  in fo rm a tio n  in  c o m p a rin g  th e  re la tiv e  effec tiveness o f  
d iffe ren t o in tm e n t bases. In vitro1 m e th o d s  c a n  be  d ism issed  as b e in g  
q u ite  useless in  p ro v id in g  re liab le  in fo rm a tio n  o n  sk in  ab so rp tio n . E a rly  
m e th o d s  fo r  s tu d y in g  sk in  a b s o rp tio n  w ere  b ased  o n  th e  u r in a ry  ex c re tio n  
o f  so m e easily  reco g n ised  su b s tan ce  su ch  as  p o ta ss iu m  io d id e  o r  a 
sa licy la te .2-3’4.5 T h ey  c a n n o t b e  very  sensitive a n d  th e  re su lts  a re  in flu 
en ced  by  m a n y  ex tra n eo u s  fac to rs . T h e  in tro d u c tio n  o f  ra d io a c tiv e  
tra c e r  su b stan ces , w h ich  ca n  b e  read ily  d e tec ted  even  in  m in u te  q u a n titie s , 
p ro v id e s  a  n ew  lin e  o f  a p p ro a c h  w ith  g re a t p o te n tia litie s .3 U n fo r tu n a te ly  
few  p eo p le  h av e  th e  spec ia l e q u ip m e n t a n d  fac ilities  fo r  h a n d lin g  r a d io 
ac tiv e  m a te r ia l. H is to lo g ica l s tu d ie s6’7 h av e  g iven  im p o r ta n t in fo rm a tio n  
o n  sk in  p e n e tra tio n , b u t  th ey  d o  n o t give a  m e asu re  o f  system ic a b s o rp tio n . 
T h ey  h av e  sh o w n  th e  d is tr ib u t io n  o f  th e  m a te r ia ls  w ith in  th e  sk in  s tru c 
tu res , a n d  h av e  in d ic a te d  th a t  th e  m o s t im p o r ta n t  ro u te  o f  a b s o rp tio n  is 
th ro u g h  th e  seb aceo u s  g lands.

P h a rm ac o lo g ic a lly  ac tiv e  d ru g s , su ch  as  m o rp h in e  a n d  s try ch n in e , h av e  
b een  ap p lie d  to  th e  sk in  o f  m ice a n d  th e ir  p h y sio lo g ica l effects o b se rv e d .8 
W e  h av e  dev ised  su ch  a  m e th o d , b a sed  o n  th e  a c tio n  o f  eserin e  in  d e p re ss 
ing  th e  ac tiv ity  o f  th e  enzym e c h o lin e s te ra se  in  th e  r a t .  T h e  r a t  w h en  
in jec ted  w ith  ac e ty lch o lin e  secre te s  o p a q u e  red d ish  b ro w n  tears . T h is  
p h en o m e n o n  o f  ch ro m o d a c ry o rrh o sa  w as firs t d esc rib ed  by  F re u d ,9 a n d
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i t  w as sh o w n  th a t  th e  sensitiv ity  o f  th e  r a t  is  in c re a se d  c o n s id e rab ly  by  
e serin e .10 T h e  re sp o n se  h a s  been  u sed  fo r  a n  a c c u ra te  q u a n ti ta t iv e  assay  
o f  a n tic h o lin e s te ra se  d ru g s .11 W e  h av e  fo u n d  i t  to  b e  a  co n v e n ie n t 
m e th o d  fo r  m e a su r in g  p e rc u ta n e o u s  a b s o rp tio n  a n d  w e a re  u s in g  i t  to  
s tu d y  th e  a b s o rp tio n  o f  e se rin e  a n d  its  sa lts  f ro m  v a rio u s  o in tm e n t bases. 
T h is  p a p e r  d escribes  th e  m e th o d  a n d  so m e  o f  th e  re su lts  w h ich  w e hav e  
o b ta in e d .

PERCUTANEOUS ABSORPTION IN THE RAT

M aterials

M a le  a lb in o  r a t s  w eigh ing  100 to  200 g. w ere  u sed , since th e se  h av e  b een  
re p o r te d  to  g ive th e  m o s t sa tis fac to ry  a n d  c o n s is te n t resu lts . T h e  
s ta n d a rd  ace ty lch o lin e  so lu tio n  w as p re p a re d  b y  d isso lv in g  100 m g . o f  
a ce ty lch o lin e  ch lo rid e  a n d  100 m g. o f  K H ,P 0 4,1 2 H 20  in  100 m l. o f  a 
0-8 g./lOO m l. so lu tio n  o f  so d iu m  c h lo rid e . T h is  so lu tio n  h a s  p H  4 T  
to  4-3 a n d  is s ta b le  fo r  severa l w eeks i f  k e p t in  th e  re fr ig e ra to r . F re sh  
d ilu tio n s  o f  th is  s ta n d a rd  so lu tio n  w ere  p re p a re d  in  0-9 p e r  cen t, so d iu m  
c h lo rid e  so lu tio n  each  tim e  th e  in je c tio n s  w ere m ad e .

M ethod

T h e  h a ir  w as re m o v e d  o v er a n  a re a  o f  a p p ro x im a te ly  25 sq. cm . o f  th e  
s k in  o f  th e  b a c k  o f  th e  r a t ,  u s in g  c lip p e rs  to  av o id  t r a u m a  o f  th e  sk in  w h ich  
is c o m m o n  a f te r  sh av in g  o r  u s in g  d e p ila to ry  p as te s . T h e  ra ts  w ere  p laced  
in to  se p a ra te  tin s  to  p re v e n t c o n ta m in a tio n  b y  c o n ta c t  w ith  e ach  o th e r. 
T h e  in it ia l sensitiv ity  o f  th e  r a ts  w as d e te rm in e d  b y  in jec tin g  su b c u ta n e 
o u sly  a  d o se  o f  50 /¿g./100 g. o f  ace ty lch o lin e  so lu tio n  a n d  an y  ra ts  w h ich  
p ro d u c e d  red  te a rs  w ere  re g a rd e d  as  to o  sensitive  a n d  n o t  u sed  in  th e  
ex p e rim en t. A  w eighed  a m o u n t  o f  th e  o in tm e n t b a se  (250 m g .), c o n ta in 
in g  a  k n o w n  c o n c e n tra tio n  o f  eserine , w as ap p lied  to  th e  w ho le  a re a  o f  
d e n u d e d  sk in  a n d  ru b b e d  w ell in  fo r  30 seco n d s u s in g  th e  finger en c lo sed  
in  a  ru b b e r  finger sta ll. T h e  ra ts  w ere  th e n  k e p t  u n d e r  c o n s ta n t o b se rv a 
tio n  to  p re v e n t th e m  lick in g  th e ir  b ac k s . I n  m o s t ex p e rim en ts  24 ra ts  
w ere  u sed , 3 g ro u p s  o f  4  fo r  th e  te s t p re p a ra tio n  a n d  3 g ro u p s  o f  4  fo r  th e  
s ta n d a rd . 3 c o n c e n tra tio n s  o f  eserine  w ere  a p p lie d  in  th e  o in tm en ts , in  th e  
sam e  r a tio  0-5, 0-25 a n d  0 T 2 5  p e r  cen t. E se rin e  b a se  d isso lved  in  w h ite  
so ft p a ra ff in  w as  u sed  as  th e  s ta n d a rd  fo r  c o m p a riso n  in  m o s t o f  th e  ex p e ri
m e n ts  w h ich  w e h av e  so  f a r  c a rr ie d  o u t  o n  th e  o ily  bases . T h e  re sp o n se  
to  50 |U.g. o f  ac e ty lch o lin e  w as m e a su re d  a g a in  30, 60 a n d  120 m in u te s  a f te r  
th e  in u n c tio n . T h e  red  te a r  re sp o n se  w as m e asu red  by  in se rtin g  a  sm a ll 
p iece  o f  f ilte r p a p e r  in to  th e  c o rn e r  o f  e a ch  eye a n d  i t  w as c o n v e n ie n t to  
s tick  th e se  p ieces o n  to  a  sh ee t o f  g ra p h  p a p e r  b e fo re  assessing  th e  re sp o n se  
o b ta in e d . T h e  m a g n itu d e  o f  th e  re sp o n se  w as  sc o re d  a s  fo llow s11:—  
a  v ery  re d  a n d  c o p io u s  sec re tio n , 4 ;  a  re d  b u t  n o t  c o p io u s  sec re tio n , 3 ; 
p in k  o r  a  tra c e  o f  p in k , 2 ;  a  s lig h t tra c e  o f  p in k , 1.

E xperimental

Sensitivity to acetylcholine. S u itab le  doses o f  ace ty lch o lin e  fo r  th e  
ex p e rim en ts  w ere  firs t d e te rm in e d . B u rg en 11 re p o r te d  300 ¡xg./lOO g. o f  
b o d y w e ig h t to  g ive a  red  te a r  re sp o n se  in  n o rm a l ra ts  a n d  a f te r  e se rin e
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th e  th re sh o ld  fell to  35 fig. o f  ace ty lch o lin e  o r  less. W e fo u n d  a  d o se  o f  
50 fig. o f  ace ty lch o lin e  to  be  m o s t su itab le  fo r  o u r  ex p e rim en ts . T h is  d o se  
d id  n o t g ive a  re sp o n se  in  n o rm a l ra ts , ex cep t w h en  th ey  w ere u n d u ly  
sensitive . I f  a  red  te a r  re sp o n se  w as o b ta in e d  a t  th is  d o se  level in  th e  
p re lim in a ry  te st, th e  r a t  w as n o t  u sed  in  th e  ex p e rim en t. A n  o cc as io n a l 
r a t  d id  n o t give a  r e d  te a r  re sp o n se  even  w ith  la rg e  doses o f  a ce ty lch o lin e , 
so  a ll new  ra ts  w ere  firs t te s te d  a t  a  d o se  level o f  300 pg./lO O  g. a n d  
d isc a rd e d  as b e in g  in sen sitiv e  i f  n o  re sp o n se  w as o b ta in e d .

Contamination effects. A b so rp tio n  o f  eserine  can  o cc u r  b y  th e  o ra l  ro u te  
d u e  to  th e  ra ts  lick in g  th e ir  b ack s . T h is  c o u ld  o n ly  be  p rev e n ted  by  
k ee p in g  th e  ra ts  u n d e r  c o n s ta n t o b se rv a tio n  d u r in g  th e  te st. C o v e rin g  
th e  sk in  p ro v e d  im p ra c tic ab le  w ith  la rg e  n u m b e rs  o f  ra ts , a n d  th e re  w as 
th e  o b je c tio n  th a t  a  r ise  in  sk in  te m p e ra tu re  w o u ld  o c c u r  w h ich  w o u ld  
in c rease  th e  r a te  o f  a b s o rp tio n . N o  rea lly  sa tis fac to ry  w ay  o f  re s tra in in g  
th e  r a ts  h a s  b een  fo u n d , a n d  anaesthesia  a ffec ted  th e  resu lts .

Frequency o f  injections. A ce ty lch o lin e  sh o u ld  n o t b e  g iven  m o re  
fre q u e n tly  th a n  o n ce  in  30 m in u tes . In jec tio n s  a t  30, 60 a n d  120 m in u tes  
a f te r  ap p ly in g  th e  o in tm e n t w ere  fo u n d  to  be  m o s t sa tis fac to ry .

Repeating the experiments. T h e  in h ib itio n  o f  ch o lin e s te ra se  by  eserin e  
is reve rsib le  an d  th e  r a ts  co u ld  be u sed  a g a in  w ith  w eek ly  in te rv a ls  b e tw een  
th e  tests .

Evaluation o f  the response. T h e  lo w erin g  o f  th e  b lo o d  ch o lin es te rase  
w ill b e  d e te rm in e d  b y  3 m a in  fa c to rs— th e  c o n c e n tra tio n  o f  eserine  in  th e  
o in tm e n t b a s e ;  th e  tim e  o v er w h ich  th e  o b se rv a tio n s  a re  m a d e  a n d  th e  
r a te  o f  a b s o rp tio n  th ro u g h  th e  sk in . A  m a x im a l effect is o f te n  o b ta in e d  
in  30 m in u te s  w ith  th e  h ig h e s t c o n c e n tra tio n  o f  eserine, b u t  n o t  w ith  th e  
lo w er co n c e n tra tio n s . T h e  re sp o n se s  fo r  e ach  r a t  w ere  th e re fo re  su m - 
m a te d  o v er th e  2 -h o u r p e r io d  a n d  th e se  to ta ls  u sed  in  th e  final c a lc u la tio n s .

Calculation o f  the results. I t  w as n o t  ex p ec ted  th a t  a c c u ra te  q u a n t i
ta tiv e  assays co u ld  b e  m a d e  o f  a ll o in tm e n t bases. D iffe ren t b ases  in fluence  
th e  r a te  a n d  m a g n itu d e  o f  a b s o rp tio n  o f  eserin e  a n d  th e  s ta n d a rd  a n d  
te s t h av e  n o t th e  sam e  c o n s titu tio n . T h ese  d ifferences c o n fo u n d  th e  
b as ic  p r in c ip les  o f  b io lo g ica l assay 12 w h ich  s ta te  th a t  th e  ac tiv e  p rin c ip le  
m u s t b e  th e  sam e  in  th e  s ta n d a rd  a n d  te s t a n d  th a t  n e ith e r  sh o u ld  c o n 
ta in  a n y  su b s ta n c e  w h ich  in  an y  w ay  m odifies th e  b eh a v io u r  o f  th e  ac tiv e  
p rin c ip le . H o w ev er, so m e  fo rm  o f  s ta tis tic a l e v a lu a tio n  o f  th e  re su lts  
o b ta in e d  w as  d es irab le , a n d  th e  ex p e rim en ts  w ere  d es ig n ed  to  en a b le  th is  
to  be  d one .

T ab le  I  show s th e  re su lts  o b ta in e d  in  a n  ex p e rim en t c o m p a rin g  a ra ch is  
o il ( te s t)  w ith  w h ite  so ft para ffin  (s ta n d a rd ) .  T h ese  re su lts  h av e  been  
an a ly se d  (T ab le  I I )  by  th e  u su a l p ro c e d u re  fo r  a  6 -p o in t a s say ,13 a n d  th e  
su m s o f  sq u a re s  b e tw een  doses su b d iv id ed  b y  th e  u se  o f  p o ly n o m ia l 
coeffic ien ts. W e  m a y  co n c lu d e  t h a t :— (a) th e re  is a  sig n ifican t reg ress io n  
b e tw een  th e  re d  te a r  re sp o n se  a n d  th e  log . c o n c e n tra tio n  o f  eserin e  in  th e  
o in tm e n t;  (b) th e re  is n o  sig n ifican t d ev ia tio n  f ro m  p a ra lle lism  b e tw een  
th e  tw o  se p a ra te  re sp o n se  lin e s ; a n d  (c) th e  c u rv a tu re  o f  th e  c o m b in e d  
reg ress io n  lin e  is n o t sig n ifican t a n d  th e  d iffe rence  in  c u rv a tu re  o f  th e  tw o  
re sp o n se  lines is n o t  sign ifican t.
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TABLE I
T o t a l  r e d  t e a r  r e s p o n s e  o f  r a t s

Standard Test

Base White soft paraffin Arachis oil

Concentration o f eserine (per cent.) 0125 0-25 0-50 0125 0-25 0-5

Response (total red tear secretion 5 6 8 8 12 10
per rat) 10 9 12 4 4 101 6 4 4 4 121 5 8 7 5 12

Dose totals 17 26 32 23 25 44

TABLE II
A n a l y s is  o f  v a r ia n c e  o f  t h e  d a t a  o f  t a b l e  i

Source o f variation

Degrees
of

freedom
Sum of 
squares

Mean
square F P

Between doses 5 107-7 __
Difference between preparations . . 1 12 12 1-37 >0-2
Linear regression 1 81 81 9-27 <0-01
Departure from parallelism 1 2-25 2-25 0-26 >0-2
Curvature o f combined curve 1 408 4-08 0-47 >0-2
Differences o f curvatures . . 1 8-33 8-33 0-95 >0-2

Within doses (error) . . 18 157-3 8-74 — —

Total 23 265

T h e  te s t th e re fo re  p ro v id e s  a  v a lid  a ssay  a n d  c a lc u la tio n  o f  th e  re la tiv e  
p o te n c y  o f  th e  tw o  p re p a ra tio n s  gave  a  ra tio  o f  1 to  1-5. T h e  v a lu e  o f  s 
— th e  s ta n d a rd  d ev ia tio n  o f  a  sing le  o b se rv a tio n — w as 2-95 a n d  th e  v a lu e  
fo r  b— th e  slo p e  o f  th e  reg ress io n  line— w as 30. T h e  v a lu e  fo r  sjb  o r  
A, w h ich  is th e  in d e x  o f  p rec is io n , w as 0 T , w h ich  is h ig h . C a lc u la tio n  
gav e  fid u c ia l lim its  o f  e r ro r  (P  =  0-05) f ro m  45 to  341 p e r  cen t. T h u s  a  
la rg e  n u m b e r  o f  an im a ls  w o u ld  h a v e  to  b e  u sed  to  o b ta in  a  h ig h  d eg ree  
o f  p rec is io n . R e p e a tin g  th is  ex p e r im en t gave a  r a tio  o f  s ta n d a rd  to  te s t 
o f  T 45  w h ich  is in  very  g o o d  ag re e m e n t w ith  th e  firs t re su lt. T h ese  
e x p e rim en ts  su g g est th a t  th e  a b s o rp tio n  o f  eserin e  b a se  is b e t te r  fro m  
a ra c h is  oil th a n  f ro m  w h ite  so f t p ara ffin , a  re su lt w h ich  m ig h t b e  ex p ec ted .

U n fo r tu n a te ly  n o t  a ll ex p e rim en ts  h av e  b ee n  as  successfu l as  these. 
O n e  p a r tic u la r  d ifficu lty  h a s  b een  th e  o cc u rre n ce  o f  o n e  o r  m o re  ra ts  in  a  
g ro u p  w h ich  d id  n o t g ive a  red  te a r  re sp o n se  a f te r  eserine . T h is  o c c u rre d  
m o s t f re q u en tly  in  th e  g ro u p s  rece iv in g  th e  lo w es t c o n c e n tra tio n  o f  eserine. 
O n e  so lu tio n  is to  co n v e r t th e  re su lts  to  q u a n ta l  re sp o n se s  a n d  to  use  th e  
p ro b it  tra n s fo rm a tio n , b u t  th is  w as n o t  sa tis fac to ry  d u e  to  a  m a rk e d  
d ev ia tio n  f ro m  p a ra lle lism  b e tw e en  th e  re sp o n se  lines. I f  th e  O  resp o n se s  
o c c u rre d  o n ly  in  th e  lo w es t c o n c e n tra tio n  g ro u p s  th e se  g ro u p s  c o u ld  be  
o m itte d  a n d  th e  c a lc u la tio n s  m a d e  fo r  a  2 p lu s  2  d o se  assay . A n o th e r  
d ifficu lty  w h ich  so m e tim es  o c c u rre d  w as a  sig n ifican t d ev ia tio n  f ro m  
p a ra lle lism  b e tw een  th e  s ta n d a rd  a n d  te s t re sp o n se  fines. I t  o c c u rre d  
m o s t f re q u en tly  w h en  th e  s ta n d a rd  a n d  te s t b ases  w ere  very  d iffe ren t f ro m  
ea c h  o th e r . S uch  te s ts  d id  n o t give v a lid  q u a n ti ta t iv e  e s tim a te s  a n d  n o  
q u a n ti ta t iv e  co n c lu s io n s  c o u ld  b e  m ad e .

947



Results with other bases. C o m p a riso n s  h av e  b ee n  a lso  m a d e  o f  th e  
a b s o rp t io n  o f  eserin e  b ase  f ro m  so lu tio n s  in  w h ite  so f t para ffin  a n d  in  la rd . 
A b s o rp tio n  w as b e t te r  f ro m  la rd , th e  r a t io  b e in g  1-5 to  1-0. A  d irec t 
c o m p a riso n  o f  th e  a b s o rp tio n  o f  e se rin e  b ase  f ro m  a ra c h is  o il a n d  f ro m  
c a s to r  o il sh o w ed  b e t te r  a b s o rp tio n  to  o c c u r  f ro m  c a s to r  o il, th e  r a tio  
b e in g  1-7 to  1. In v es tig a tio n s  o n  th e  a b s o rp tio n  o f  eserin e  a n d  its  sa lts  
f ro m  o th e r  o in tm e n t b ases  a re  in  p ro g re ss .

C o n c l u s io n s

E x p e rim e n ts  w e h a v e  ca rr ie d  o u t  so  fa r  h a v e  sh o w n  a b s o rp tio n  o f  
e se rin e  b ase  to  b e  b e t te r  f ro m  la rd , a ra c h is  o il a n d  c a s to r  o il th a n  f ro m  
w h ite  so ft p ara ffin . A b so rp tio n  w as b e t te r  f ro m  c a s to r  o il th a n  f ro m  
a ra ch is  oil.

J. W. HADGRAFT AND G. F. SOMERS

Summary

1. A method is described for comparing the absorption of eserine 
from ointment bases.

2. It is based on the potentiating action of eserine on the red tear 
response of the rat to acetylcholine.

3. Absorption of eserine base was better from lard, arachis oil and 
castor oil than from white soft paraffin.
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DISCUSSION
T h e  p a p e r  w as p re se n ted  by  D r . G . F . So m er s .

T h e  C h a ir m a n  sa id  th a t  D r. S o m e rs ’s m e th o d  w as a  p ro m is in g  o n e  
a n d  w o u ld  n o  d o u b t  b e  a p p lie d  to  th e  n ew er o in tm e n t bases.

D r . K . B u l l o c k  (M a n c h e s te r)  su g g ested  th e  a lte rn a tiv e  m e th o d  by  
th e  m a n o m e tr ic  W a rb u rg  e s tim a tio n  o f  b lo o d  ch o lin es te rase s . A lso  
in h ib i tio n  by  ese rin e  w as rev e rs ib le  a n d  ese rin e  w as slow ly  d e s tro y e d  by  
th e  ch o lin e s te ra se . W o u ld  it  n o t  h av e  b ee n  b e t te r  to  h av e  u sed  o n e  o f  th e  
ir rev e rs ib le  a n tich o lin e s te ra se s  su ch  as  th e  d o u b le  q u a te rn a ry  c o m p o u n d s  
o r  so m e o f  th e  p h o s p h o ru s  c o m p o u n d s , a l th o u g h  th e  la t te r  w ere 
d ifficu lt to  h a n d le ?
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M r . D . N . G o r e  (D o rk in g )  suggested  th e  a l te rn a tiv e  a p p ro a c h  o f  th e  
u se  o f  la b e lled  iso to p es .

D r . J . G . D a r e  (L eeds) sa id  th a t  w ere  D r . S o m ers  to  lo o k  o n  h is ex p e ri
m e n t as q u a n ti ta t iv e  p h a rm a c o lo g y  as  d is t in c t f ro m  a b io lo g ica l assay  h is 
m e th o d  w as q u ite  v a lid  a n d  b e y o n d  re p ro a c h .

M r . K . L . Sm it h  (N o ttin g h a m )  sa id  th a t  h e  a lw ays u se d  th e  figu re  
b2/s2 as  th e  in d ex  o f  p rec is io n . T h e  a u th o r  sa id  th a t  th e  v a lu e  s/b w as 0-1 
“ w h ich  w as h ig h ” ; d id  h e  m e a n  th a t  0-1 w as h ig h  o r  th a t  th e  p rec is io n  o f  
th e  ex p e rim en t w as h ig h ?  A  figu re  o f  0T  w as q u ite  g o o d  fo r  a  b io lo g ica l 
assay  a n d  fo r  a n  a c cu rac y  o f  p lu s  o r  m in u s  10 p e r  cen t, o n ly  100 an im a ls  
w o u ld  b e  n eed ed . H e  th o u g h t th a t  th e  e x p e rim en t co u ld  p ro p e r ly  be  
co n s id e re d  a  va lid  b io lo g ica l a ssay  as  th e  a u th o rs  w ere  try in g  to  see w h e th e r  
e se rin e  w as a b s o rb e d  b e t te r  f ro m  o n e  o in tm e n t b a se  th a n  f ro m  a n o th e r  
a n d  th e irs  w as th e  o n ly  m e th o d .

D r . So m er s , in  rep ly , sa id  th ey  in te n d e d  to  u se  th e  m e th o d  fo r  e v a lu a tio n  
o f  th e  n ew er o in tm e n t b ases  b u t  th e y  h a d  tr ie d  it  o u t firs t o n  w e ll-e s tab 
lish ed  bases. I t  w o u ld  be  ap p lie d  n o t  o n ly  to  o ily  b ases  b u t a lso  to  
em ulsified  b ases  c o n ta in in g  w a te r . R ep ly in g  to  D r. B u llo ck , h e  sa id  th a t  
W a rb u rg  m a n o m e te rs  w ere  expensive  a n d  th e re  w o u ld  b e  e x p e rim en ta l 
d ifficu lties w ith  th e  m e th o d . E se rin e  h a d  been  u sed  b ecau se  its  a c tio n  w as 
rev e rs ib le  a n d  th e  ra ts  c o u ld  th e re fo re  b e  u sed  a g a in  as , a f te r  a b o u t  a  
fo r tn ig h t,  th ey  red ev e lo p e d  th e ir  ch o lin es te rase s . I f  ir rev e rs ib le  c o m 
p o u n d s , su ch  as  “ p a r a th io n ,”  w ere  u sed , th e  r a ts  co u ld  n o t b e  u sed  ag a in . 
R a d io a c tiv e  m e th o d s  o ffe red  a  p ro m is in g  field, b u t m a n y  p eo p le  w ere 
u n a b le  to  a c q u ire  th e  spec ia l a p p a ra tu s  needed . R a d io a c tiv e  tra c e rs  
co u ld  be  u sed  in  a n im a ls  a n d  a lso  clin ically . R e p ly in g  to  M r. S m ith , h e  
sa id  th a t  h e  h a d  a lw ays u sed  s/b, w h ich  h e  re g a rd e d  as th e  e s tab lish ed  
m e th o d . I t  w o u ld  n o t b e  p ra c tic a b le  to  use  100 ra ts  in  o n e  ex p e rim en t.

PERCUTANEOUS ABSORPTION IN THE RAT
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T h e  p ro b le m  o f  fin d in g  su itab le  o r  m o re  sa tis fac to ry  m e th o d s  fo r  th e  
an a ly s is  o f  p h a rm a c e u tic a l p re p a ra tio n s  is a n  ev e r-g ro w in g  on e . T h e  
c r itic a l p u r ity  o f  m a n y  o f  th e  raw  m a te ria ls  a n d  in te rm ed ia te s , in  a d d it io n  
to  th e  e x a m in a tio n  o f  th e  fin ished  p h a rm a c e u tic a ls , p rese n ts  to  th e  an a ly s t 
a  w ide  v a rie ty  o f  p ro b lem s. In  o rd e r  to  b e  ab le  to  in v es tig a te  su ch  
p ro b lem s a d e q u a te ly  i t  is essen tia l to  h av e  a v a ila b le  th e  necessary  eq u ip 
m e n t fo r  th e  a p p ro p r ia te  a n d  b es t m e th o d  o f  an a ly s is , ir re sp ec tiv e  o f  its 
sp ecia lised  n a tu re  a n d  th e  in itia l cost.

L ig h t a b s o rp tio n  m e th o d s  in  th e  u ltra -v io le t a n d  v isib le  reg io n s  o f  th e  
sp e c tru m  h av e  p ro v e d  to  b e  o f  such  g re a t v a lu e  fo r  ro u tin e  a n a ly tic a l 
te ch n iq u e s  th a t  no  p h a rm a c e u tic a l la b o ra to ry  is n o w  co m p le te  w ith o u t a 
sp e c tro p h o to m e te r . T h e  in c re a s in g  co m p lex ity  a n d  m u lti-c o m p o n e n t 
n a tu re  o f  m a n y  m ed ic in a l p re p a ra tio n s , ho w ev er, a n d  th e  need  to  an a ly se  
m ix tu re s  o f  iso m ers a n d  o f  co m p o u n d s  w h ich  a re  d ifficu lt to  se p a ra te  
chem ically , a re  b eg in n in g  to  expose  th e  lim ita tio n s  o f  th e  u ltra -v io le t a n d  
v isib le  reg io n s. I t  is fo r  su ch  p ro b le m s  as th e se  th a t  th e  a b s o rp tio n  in  th e  
in fra -re d  reg ion  is p o te n tia lly  so  useful.

T h e  in fra -re d  te c h n iq u e  h a s  fo r  m a n y  y ea rs  h e ld  a n  e s tab lish ed  p o s it io n  
in  m o s t u n iv e rs ity  a n d  som e in d u s tr ia l la b o ra to r ie s  fo r  in v e s tig a tin g  
p ro b lem s o f  a  re se a rch  n a tu re , b u t  in  th is  co u n try , a p a r t  p o ss ib ly  f ro m  th e  
p e tro le u m  in d u s try , its  d ev e lo p m e n t fo r  ro u tin e  an a ly tic a l w o rk  h a s  in  th e  
p a s t b een  p ro ce ed in g  ex trem ely  slow ly. T h is  is d u e  p a r tly  to  th e  fac t th a t  
o n ly  recen tly  h a s  th e  necessary  eq u ip m e n t b eco m e  sufficiently  re liab le  fo r  
ro u tin e  in d u s tr ia l u se  o n  q u a n tita tiv e  p ro b lem s, a n d  p a r tly  to  th e  h ig h  
in it ia l co s t o f  th e  eq u ip m en t. T h e  rap id ly  g ro w in g  im p o r ta n c e  o f  in fra -re d  
sp ec tro sc o p y  as  a n  an a ly tic a l to o l, ho w ev er, is ev id en ced  by  th e  in c reas in g  
n u m b e r  o f  in d u s tr ia l la b o ra to r ie s  w h ich  a re  n o w  b eg in n in g  to  a p p ly  th is  
m e th o d  o f  an a ly s is  to  m a n y  o f  th e ir  p ro b lem s. T h e  field  o f  p h a rm a c e u tic a l 
an a ly sis , w ith  its  co m p lex  o rg an ic  m o lecu les , m u lti-c o m p o n e n t m ix tu re s  
a n d  s tru c tu ra l  iso m ers , p ro v id es  a b u n d a n t  o p p o r tu n itie s  fo r  th e  ex p lo ita 
t io n  o f  th is  c o m p a ra tiv e ly  new  tech n iq u e . O u r  la b o ra to ry  h as  b e e n  
d ev e lo p in g  in fra -re d  te ch n iq u es  fo r  p ro b le m s  o f  a  p h a rm a c e u tic a l n a tu re  
fo r  a  lit tle  o v er a  yea r. T h e  w ide v a rie ty  o f  m e th o d s  evo lved  fo r  p ro b lem s 
w h ich , i f  a t  a ll, co u ld  o n ly  b e  in v es tig a ted  a t  le n g th  a n d  w ith  d ifficu lty  b y  
o th e r  m o re  e s tab lish ed  ch em ica l o r  p hysica l te ch n iq u es , is sufficien t 
ju s tif ic a tio n  fo r  th e  in it ia l expensive  o u tla y  o n  eq u ip m en t.

T h e  fa c t th a t  every  o rg an ic  c o m p o u n d  h a s  its  o w n  ch a ra c te r is tic  in f ra 
red  sp e c tru m  is  th e  b as is  o f  in fra -re d  an a ly sis , b o th  q u a lita tiv e  a n d  
q u a n tita tiv e . Q u a li ta t iv e  p ro b lem s co n s is t u su a lly  o f  a  c o m p a riso n  o f  
sp e c tra , th a t  o f  th e  sam p le  w ith  o n e  o r  m o re  re fe ren ce  sp e c tra  o f
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p u re  c o m p o u n d s . S u ch  a  c o m p a r iso n  m a y  b e  u sed  to  id en tify  sing le 
co m p o u n d s , m ix tu re s , im p u rit ie s  p re se n t, a n d  to  e s tab lish  o r  verify  
m o le c u la r  s tru c tu re s . I t  is th e  u se fu ln ess  o f  th e  te c h n iq u e  in  th e  
q u a n ti ta t iv e  an a ly s is  o f  m ix tu re s  o f  co m p o u n d s  w h ich  a re  d ifficu lt to  
s e p a ra te  chem ically , h o w ev e r, w h ich  is ra p id ly  m a k in g  a n  in fra -re d  s p e c tro 
m e te r  su ch  a n  e ssen tia l p a r t  o f  a n y  p h a rm a c e u tic a l la b o ra to ry . T h ese  
q u a n ti ta t iv e  p ro b le m s  re q u ire  a n  in it ia l p e r io d  o f  in v e s tig a tio n  to  e s tab lish  
a  p ro c e d u re  a n d  w o rk in g  c o n d itio n s  w h ich  c a n  b e  re p ro d u c e d  ea ch  tim e  
a n  an a ly s is  is req u ired . A lth o u g h  a ll th e  q u a n ti ta t iv e  m e th o d s  u sed  a re  
b a se d  o n  B eer’s L aw  re la tin g  a b s o rb a n c e  a n d  c o n c e n tra tio n , e ach  p ro b le m  
p rese n ts  its  o w n  d ifficu lties a n d  h a s  to  be  tr e a te d  en tire ly  in d ep en d en tly .

Sa m pl e  P r e p a r a t io n

B efo re  a  sp e c tru m  m ay  be  rec o rd e d , th e  sa m p le  h a s  to  b e  p re p a re d  in  a  
su itab le  m a n n e r . F o r  a  q u ic k  q u a lita tiv e  c o m p a r iso n  o f  a lm o s t a ll so lid  
sam p le s  th e  p ara ffin  m u ll te c h n iq u e  is by  fa r  th e  m o s t p o p u la r . A s little  as 
5 m g. o f  sam p le  is g ro u n d  w ith  a  rep u rified  p a ra ffin  o il, a n d  th e  p a s te  
o b ta in e d  is squeezed  even ly  b e tw een  tw o  ro c k -sa lt p la te s . T h e  ease  a n d  
sp eed  o f  sa m p le  p re p a ra tio n , th e  sh a rp n e ss  a n d  d e fin itio n  o f  a b s o rp tio n  
b a n d s  d u e  to  th e  c ry s ta llin e  fo rm  o f  th e  sam p le , a n d  a p a r t  f ro m  fo u r  
a b s o rp tio n  b a n d s , th e  excellen t tra n sp a re n c y  o f  th e  rep u rif ied  p a ra ff in  o il 
o v e r  th e  2p to  15¡x re g io n  a re  d ec id ed  ad v a n ta g e s  o v e r  so lu tio n  w o rk .

W h e n  a  so lu tio n  sp e c tru m  is re q u ire d , m a n y  d ifficu lties h av e  in  m o s t 
cases to  b e  o v erco m e. A  so lv en t m u s t b e  ch o sen  w h ich  h a s  lit tle  o r  n o  
a b s o rp tio n  in  th e  re g io n  w h ere  th e  in te re s t lies, a n d  th e  sa m p le  m u s t be  
sufficien tly  so lu b le  in  th a t  so lv en t to  g ive a  sa tis fac to ry  sp e c tru m . I f  th e  
so lu b ility  p ro b le m  p ro v es  d ifficu lt, a  th ic k e r  ce ll m ay  b e  u sed , b u t  as th is  
a lso  in c reases  th e  so lv en t a b s o rp tio n , i t  m a y  th e n  b e  n ecessary  to  in c rease  
th e  a m o u n t o f  en e rg y  re a ch in g  th e  d e te c to r  b y  w id en in g  th e  slits o f  th e  
m o n o c h ro m a to r ,  w ith  a  c o n se q u e n t lo ss o f  re so lu tio n . H en c e  in  th e  
m a jo r ity  o f  cases, a  co m p ro m ise  h a s  to  b e  rea ch ed  b e tw e en  ch o ice  o f  
so lv en t, cell th ick n ess  a n d  s lit w id th , a n d  th is  m a y  en ta il a  co n s id e rab le  
p e r io d  o f  p re lim in a ry  in v es tig a tio n .

A n  e v a p o ra te d  film  o n  a  ro c k -sa lt p la te , o r  a  silver ch lo rid e  p la te  in  th e  
ca se  o f  w a te r-so lu b le  m a te r ia ls , is so m etim es a  c o n v e n ie n t w ay  o f  p re p a r in g  
a  sam p le , a n d  a  m o re  re c e n t d e v e lo p m e n t fo r  so lid s is th e  p ressed  d isc  
te ch n iq u e , w h ere  th e  sam p le  is finely  g ro u n d  a n d  m ix ed  w ith  p o ta ss iu m  
b ro m id e  o r  p o ta s s iu m  ch lo rid e  p o w d er. W h e n  p ressed  u n d e r  v a c u u m  a  
so lid  a n d  ro b u s t  g la ss-like  d isc  is p ro d u c e d 1’2.

Q u a l it a t iv e  A n a ly sis

Identification o f  Compounds. A  p o sitiv e  te s t fo r  th e  id e n tity  o f  a  
c o m p o u n d  is th e  specific ity  o f  its  in fra -re d  sp e c tru m 3. T h e  ftp. to  15/x 
re g io n  o f  th e  sp e c tru m  is c o m m o n ly  ca lled  th e  f in g e rp rin t reg io n , a n d  th e  
a b s o rp tio n  b a n d s  h e re  m a y  b e  c o n s id e red  a s  c h a ra c te r is tic  o f  e a c h  p a r 
tic u la r  c o m p o u n d . F o r  c o m p a r iso n  p u rp o se s , i t  is necessary  to  h av e  
sp e c tra  o f  p u re  c o m p o u n d s , a n d  a  lib ra ry  o f  su ch  re fe ren ce  sp e c tra  is a n  
e ssen tia l p a r t  o f  a n y  in fra -re d  la b o ra to ry .

INFRA-RED SPECTROSCOPY

951



D. C. GARRATT AND P. G. MARSHALL

F o r  ex am p le  a  sy n th e tic  c o m p o u n d  w as rece ived  w ith  a  re q u e s t fo r  its  
id en tif ic a tio n  as  oestrone. I ts  sp e c tru m  w as re c o rd e d  in  rep u rif ied  p a ra ffin  
o il o v e r  th e  8/x to  15/x re g io n  a n d  w as c o m p a re d  w ith  th e  sp e c tru m  o f  
n a tu ra l  oestrone. I t  w as fo u n d  to  b e  id e n tic a l a n d  th e  w av e len g th s  o f  
14 c h a ra c te r is tic  a b s o rp tio n  b a n d s  co rre sp o n d e d  as  sh o w n  in  T a b le  I.

O th e r  k e to -s te ro id s  a n d  a lk a lo id a l 
p la n t e x tra c ts  h av e  sim ila rly  been  
id en tif ied  b y  d ire c t c o m p a riso n  o f  
sp ec tra .

Criteria o f  Purity. T h e  l ib ra ry  o f  
sp e c tra  o f  p u re  su b s tan ce s  m ay  b e  
u sed  to  e s tab lish  th e  p u r ity  o r  o th e rw ise  
o f  a  p a r tic u la r  u n k n o w n  sam p le . T h e  
sp e c tru m  o f  a  p a r tic u la r  sam p le  o f  
o -ch lo rp h en o l w as ru n  o v er th e  8/x to  
15/x reg io n  a n d  c o m p a riso n  w ith  th e  
sp e c tru m  o f  p u re  o -ch lo rp h en o l 
in d ic a te d  a d d itio n a l a b s o rp tio n s  a t
6-67, 9-12, 9-89, 11-73 a n d  13-89/*. 
R e fe ren ce  to  sp e c tra  o f  o th e r  ch lo ro -  
su b s titu te d  p h en o ls  sho w ed  th a t  th e

6-67, 9-12 a n d  9-89/*. a b s o rp tio n s  w ere  d u e  to  p -c h lo rp h e n o l a n d  th e  11-73 
a n d  13-89/x a b s o rp tio n s  w ere d u e  to  2 : 4 -d ic h lo rp h e n o l w h ich  w ere  p re se n t 
a s  im p u ritie s .

I f  th e  im p u rit ie s  in  th e  sam p le  a re  o f  to o  sm all a  c o n c e n tra tio n  to  show  
w h en  a  n o rm a l sp e c tru m  is ru n , th e n  th e  te c h n iq u e  o f  re c o rd in g  th e  
sp e c tru m  o f  th e  sam p le  w ith  th e  p u re  su b s tan ce  in  th e  b la n k  b eam  o f  a  
d o u b le -b e a m  sp e c tro m e te r , w ill in  m o s t cases  sh o w  ev id en ce  o f  an y  
im p u ritie s . C o n c e n tra tio n s  o f  im p u rit ie s  o f  as  sm all as 0-05 p e r  cen t, o f  
th e  m a jo r  c o n s ti tu e n t h av e  b ee n  fo u n d , o b se rv ed  a n d  e s tim a ted  q u a n t i
ta tiv e ly  by  th is  te ch n iq u e .

Molecular Structure. T h e  im m en se  v o lu m e  o f  w o rk  w hich h a s  been  
ca rr ie d  o u t  in  th e  p a s t  b y  sp ec tro sc o p is ts  o n  th e  c o r re la tio n  o f  in fra -re d  
sp e c tra  w ith  m o le c u la r  s tru c tu re  en ab le s  o n e  to  d e te rm in e  th e  p resence  o r  
o th e rw ise  o f  a  p a r t ic u la r  s tru c tu ra l  g ro u p in g  w ith in  a  m o lecu le4. S tre tch in g , 
b en d in g  a n d  ro ck in g  v ib ra tio n s  a re  th e  m o s t c o m m o n  o f  th e  m a ry  d iffe ren t 
m o d es  o f  v ib ra tio n  w h ich  g ive rise  to  a b s o rp tio n s  in  th e  2/x to  15/x reg io n  
o f  th e  sp e c tru m . A  p a r tic u la r  v ib ra t io n  o f  a  specific m o lecu la  - g ro u p in g  
h a s  a n  a b s o rp tio n  b a n d  a t  a  c h a ra c te r is tic  w av e len g th , a n d  fo r  w o rk  o f  a  
re se a rc h  o r  in v e s tig a tio n a l n a tu re , th e  in te rp re ta t io n  o f  a  sp e c tru m  in  
te rm s  o f  specific s tru c tu ra l  g ro u p s  c a n  o f te n  p ro v id e  m o s : v a lu a b le  
in fo rm a tio n .

A  p a r tic u la r  re se a rc h  in v e s tig a tio n  w as o r ig in a te d  to  p re p a re  a n a lo g u e s  
o f  th e  a n tih is ta m in e  an ta z o lin e  ( I )5. T h e  s ta r t in g  p o in t  w as 2 -py ridy l- 
a m in o a c e to n itr ile  ( I I ; R  =  H ) , w h ich  o n  b e n z y la tio n  in  c h lo ro fo rm  
so lu tio n  a ffo rd e d  tw o  m o n o b e n zy l d eriv a tiv e s , m .p t. 83° to  84° C . a n d  
100° C . resp ec tiv e ly , a n d  a  d ib en zy l d e riv a tiv e , m .p t. 144° C .

TABLE I
ŒSTRONE ABSORPTION BANDS

Wavlength (pi)

Natural oestrone Synthetic oestrone

7-80 7-79
805 8 048-66 8-66
9-20 9-20
9-47 9-47
9-96 9-97

10-39 10-38
10-69 10-69
10-89 10-89
11-17 11-18
11-42 11-44
11-74 11-7412-21 12-26
12-71 12-71
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T h e  in fra -re d  sp e c tru m  o f  th e  b en zy l d e riv a tiv e , m .p t. 83° to  84° C . 
sh o w ed  a n  a b s o rp tio n  b a n d  a t  4-45/x in  c h lo ro fo rm  so lu tio n , d u e  to  th e  
— C = N  g ro u p , b u t  th is  b a n d  w as a b se n t f ro m  th e  sp e c tru m  o f  th e  benzy l 
c o m p o u n d , m .p t. 100° C . T h is  w as in  a c c o rd a n c e  w ith  th e  chem ica l 
ev id en ce  th a t  th e  m o n o b e n zy l c o m p o u n d  o f  lo w er m .p t. w as  A -benzy l- 
A -2 -p y rid y la m in o ac e to n itr ile  ( I I ; R  =  P h .C H 2), a n d  th a t  th e  o th e r  
m o n o b e n zy l d e riv a tiv e , m .p t. 100° C . w as 5 - b e n z y la m in o p y r id in o ( r :2 '-  
1 : 2 )g ly o x a lin e  w ith  th e  s tru c tu re  ( I I I ;  R  =  R "  =  H , R '  =  P h .C H 2). 
T h is  la t te r  p o ss ib ility  a ro se , as  d id  th e  d ib en zy l d e riv a tiv e , f ro m  th e  
c a p a c ity  o f  2 -p y rid y lam in o ac e to n itr i le  to  re a c t  a lso  in  th e  ta u to m e ric  fo rm  
( I I I ;  R  =  R ' =  R "  =  H ). A b sen ce  o f  th e  — C = N  g ro u p  w as likew ise 
in d ic a te d  fo r  th e  ace ty l d e r iv a tiv e  o f  2 -p y rid y lam in o ac e to n itr ile , 5 -ace ta - 
m i d o p y r i d i n o ( l ' : 2 ' - l : 2 )g ly o x a lin e  ( I I I ;  R  =  R "  =  H , R '  =  A c ). T h e  
p re se n ce  o r  ab sen c e  o f  N H  o r  N H 2 a b s o rp tio n s  a t  a b o u t  2-9/x p ro v id e d  
a d d it io n a l ev id en ce  th a t  2 -p y rid y la m in o a c e to n itr i le  ( I I ; R  =  H )  c a n  re a c t 
a lso  as  5 - a m in o p y r id in o ( r : 2 ' - l : 2 )g ly o x a lin e  ( I I I ;  R  =  R ' =  R "  =  H ).

S p e c tra  c o r re la tio n s  h av e  a lso  a ss is ted  in  id e n tify in g  u n k n o w n  e x tra c ts  
a n d  in  d is tin g u ish in g  b e tw e en  d iffe ren t c ry s ta llin e  fo rm s  o f  th e  sam e 
su b s tan ce . A n  in v e s tig a tio n  in to  th e  in f ra - re d  sp e c tru m  o f  c o r tiso n e  
a c e ta te  succeeded  in  id e n tify in g  5 d iffe ren t c ry s ta llin e  fo rm s . T h e  sp e c tra  
o f  7 sam p les , A , B , C , D , E , F , G , in  c h lo ro fo rm  so lu tio n  w ere  re c o rd e d  
o v e r  th e  5/x to  15/x reg io n . T h ese  so lu tio n  sp e c tra  w ere  id e n tic a l, a n d  in  
th e  d o u b le -b o n d  reg io n , th e  p o s it io n s  o f  th e  4 c a rb o n y l a n d  th e  C  =  C  
s tre tc h in g  v ib ra t io n  w av e len g th s  w ere in  ag re e m e n t w ith  th e  re su lts  o f  th e  
w o rk  o f  Jo n e s  et al. o n  th e  s ide  c h a in s  o f  C  — 21 s te ro id s6. (T a b le  I I . )

TABLE II
A b s o r p t io n  b a n d s  o f  c o r t is o n e  a c e t a t e  in  t h e  6 /t r e g io n

Functional group

Wavelength (p.)

Chloroform solution Paraffin mull

Acetate C = 0 5-73 5-7320-ketone 5-8D 5-8011 -ketone 5-86 5-87
3-ketone 601 5-97

6-05
4 -5 C = C 619 6-20

H o w ev er, b y  g r in d in g  th e  sam p les w ith  rep u rif ied  p a ra ff in  o il, m u lls  
w ere  o b ta in e d  a n d  th e  sp e c tra  re c o rd e d  w ere  th e n  th o se  o f  th e  sam p les in  
th e ir  c ry s ta llin e  fo rm s . In  th e  c a rb o n y l reg io n  th ey  a ll sh o w ed  5 C  =  O  
b a n d s ; th e  3 -k e to n e  b a n d  a p p e a re d  to  h av e  sp lit, a n d  all th e  b a n d s  w ere  
v ery  m u c h  sh a rp e r  th a n  th e  c o r re sp o n d in g  so lu tio n  b a n d s . T h e  re la tiv e  
in te n s itie s  o f  th e  5 b a n d s , h o w ev e r, d iffe red  c o n s id e rab ly  f ro m  sa m p le  to  
sam p le , a l th o u g h  F  a n d  C  w ere  s im ila r, as  w ere  a lso  E  a n d  B.
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T h e  m a in  d iffe rence  in  th e se  so lid  s ta te  sp e c tra  w as in  th e  re la tiv e  
in te n s itie s  o f  th e  tw o  c o m p o n e n ts  o f  th e  3 -k e to n e  a b s o rp tio n  a t  6-05/z a n d
5-97/li respective ly . In  th e  sp e c tra  o f  E  a n d  B, th e se  w ere  o f  ap p ro x im a te ly  
e q u a l in te n s ity , in  th e  sp e c tra  o f  F , C  a n d  D  th e  5-97/a a b s o rp tio n  w as th e  
m o re  in ten se , th e  6-05/x a b s o rp tio n  a p p e a r in g  as  a  s tro n g  sh o u ld e r  o n  th e  
cu rv e , a n d  in  th e  sp e c tra  o f  G  a n d  A  th e  6-05/x a b s o rp tio n  w as th e  s tro n g e r  
o f  th e  tw o , m o re  so  fo r  A  th a n  fo r  th e  G  sam p le . (T a b le  I I I . )  A sso c ia te d

w ith  th e  re la tiv e  in c rease  o f  th e  6-05/a 
a b s o rp tio n  w as a  c o r re sp o n d in g , 
a l th o u g h  less p ro n o u n c e d , in c re a se  
in  th e  re la tiv e  in te n s itie s  o f  th e  5-73/u, 
a n d  5-80/x a b s o rp tio n s . A ll a b s o rp 
tio n s  w ere  m e asu red  re la tiv e  to  th e  
11-k e to n e  a b s o rp tio n  a t  5-87/u,, w h ich  
w as th e  s tro n g e s t o f  th e  5 C  =  O  
b a n d s .

T h e  d ifferences in  re la tiv e  in te n s i
tie s  o f  th e  b a n d s  suggested  s tro n g ly  
th e  p resen ce  o f  m o re  th a n  o n e  
c ry s ta l m o d if ic a tio n , th e se  p ro b a b ly  
b e in g  p re se n t in  d iffe ren t p ro p o r tio n s  
in  d iffe ren t sam p les . X -ra y  d iffra c 
t io n  p a t te rn s  p ro v id e d  a d d itio n a l 

ev idence  o f  th is , a s  a lso  d id  rec ry s ta llis in g  ex p e rim en ts , w h ich  p ro d u c e d  
id e n tic a l m o d if ic a tio n s  a n d  sp e c tra  f ro m  o rig in a lly  d iffe ren t sam ples.

Q u a n t it a t iv e  A n a ly sis

Single Component Analysis. T h e  d e te rm in a tio n  o f  p h e n o b a rb ito n e  
p ro v id e s  a n  ex am p le  o f  th e  s im p les t fo rm  o f  q u a n ti ta t iv e  ana ly sis . T ab le ts  
o f  a n  a lk a lo id a l e x tra c t  (2 m g .)  a n d  p h e n o b a rb ito n e  (15 m g .)  a re  ex am in ed  
fo r  th e ir  p h e n o b a rb ito n e  co n te n t. P h e n o b a rb ito n e  h a s  tw o  ch a ra c te r is tic  
c a rb o n y l a b s o rp tio n  b a n d s  a t  5-75/x a n d  5-84/ix w h ich  o cc u r  in  th e  fo rm  o f  
a  d o u b le t. T h e  p ro c e d u re  is to  e x tra c t th e  p h e n o b a rb ito n e , a n d  w ith  it  th e  
a lk a lo id a l e x tra c t, f ro m  th e  ta b le ts  a n d  to  c o m p a re  th e  a b s o rb a n c e  w ith  
th a t  o f  a  s ta n d a rd  so lu tio n  o f  p h e n o b a rb ito n e  a t  5-75/x. A t th e  c o n c e n tra 
tio n  u sed , th e  a lk a lo id a l e x tra c t  h a s  n o  a p p re c ia b le  a b s o rp tio n  a t  th is  
w av e len g th , a n d  a  s tra ig h t lin e  c a lib ra t io n  b e tw e en  a b s o rb a n c e  a n d  p h e n o 
b a rb ito n e  c o n c e n tra tio n  o v e r  th e  ra n g e  0  to  1 p e r  cen t, verifies B eer’s law  
fo r  th is  p a r t ic u la r  b a n d . A  d irec t c o m p a riso n  m a y  th e re fo r ;  b e  m a d e  
b e tw een  th e  a b so rb a n c e s  o f  th e  sam p le  a n d  th e  s ta n d a rd .

T h e  s ta n d a rd  is p re p a re d  b y  d isso lv in g  75 m g. o f  p h e n o b a rb ito n e  in  
10 m l. o f  c h lo ro fo rm . T h e  ta b le ts  a re  finely  g ro u n d  a n d  th e  eq u iv a le n t 
w eig h t o f  5 ta b le ts  p u t  in to  a  s in te red  fu n n e l. 8 x  15 m l. c h lo ro fo rm  
e x tra c ts  a re  d raw n  th ro u g h  th e  s in te r  b y  su c tio n  a n d  ta k e n  to  d ry n ess. 
T h e  re s id u e  is d isso lv ed  in  10 m l. o f  ch lo ro fo rm . T h e  a b so rb a n c e s  o f  
b o th  s ta n d a rd  a n d  sam p le  so lu tio n s  a re  th e n  m e asu red  a t  5-75/a, u s in g  
a  0-15 m m . cell th ic k n ess  a n d  a  s lit w id th  o f  0-08 m m ., a n d  th e  p h e n o 
b a rb ito n e  c o n te n t o f  th e  sa m p le  so lu tio n  th e re b y  d e te rm in e d . T h e
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TABLE III
T h e  r e l a t io n s h ip  b e t w e e n  d if f e r e n t
CRYSTAL MODIFICATIONS OF CORTISONE 
ACETATE AND THE RATIO OF THE INTENS
ITIES OF THE TWO COMPONENTS OF THE 

3-KETONE ABSORPTION

Sample of Ratio o f absorbances
cortisone acetate at 5-97fx and 605p.

F 1-61
C 1-59

D 1-44

E 101
B 101
G 0-87

A 0-62
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av e rag e  tim e  fo r  a  c o m p le te  p h e n o b a rb ito n e  d e te rm in a tio n  is less th a n  
o n e  h o u r , a n d  th ro u g h o u t  th e  p a s t  6 m o n th s  p ro d u c tio n  b a tch es  o f  th e se  
ta b le ts  h av e  b een  ex am in ed  sa tis fac to rily  by  th is  m e th o d .

F u r th e r  ex am p le s  o f  th is  s ing le  c o m p o n e n t an a ly s is  a re  th e  d e te rm in a tio n  
o f  d ie ld r in 7 a n d  a ld r in 7, b o th  in sec tic id a l m a te r ia ls  in  a g r ic u ltu ra l  a n d  
h o r tic u ltu ra l  p re p a ra tio n s . A  co lo rim e tr ic  m e th o d  h a s  b ee n  d e sc rib ed 8 
fo r  d e te rm in in g  a ld r in  w h ich  is lo n g  a n d  te d io u s , a n d  w h ich  req u ire s  ca re  
a n d  a c c u ra te  c o n tro l  o f  c r itic a l c o n d itio n s  d u r in g  th e  d e te rm in a tio n  p ro 
ced u re . A  h y d ro g en  b ro m id e  m e th o d  fo r  d e te rm in in g  d ie ld rin  in  fo rm u la 
tio n s  is s im ila rly  tim e-co n su m in g , a n d  b o th  m e th o d s  a re  su scep tib le  to  
in te fe ren ce  f ro m  e x tra n e o u s  m a te r ia ls . T h e  in fra -re d  te c h n iq u e  is  specific 
fo r  b o th  d ie ld r in  a n d  fo r  a ld r in , en ta ils  a  s tra ig h tfo rw a rd  e x tra c tio n  
p ro c e d u re  a n d  a  s im p le  c o m p a r iso n  d e te rm in a tio n .

D ie ld rin  is so lu b le  in  c a rb o n  d isu lp h id e  a n d  a  re c o rd  o f  its  sp e c tru m  show s 
a  b a n d  a t  12-37/x su itab le  fo r  a n  an a ly sis . T h e  d ie ld rin  is e x tra c te d  w ith  
e th e r  f ro m  a  sa m p le  o f  th e  p re p a ra tio n , th e  e x tra c t e v a p o ra te d  to  d ry n ess, 
a n d  th e  re s id u e  d isso lv ed  in  c a rb o n  d isu lp h id e . T h e  a b s o rb a n c e  o f  th is  
so lu tio n  is c o m p a re d  w ith  th a t  o f  a  s ta n d a rd  so lu tio n  o f  d ie ld rin  a t  12-37/x, 
th e re b y  g iv ing  th e  c o n c e n tra tio n  o f  th e  so lu tio n  a n d  h en ce  th e  a m o u n t o f  
d ie ld r in  in  th e  sam p le . A  s im ila r  m e th o d  is u sed  fo r  a ld r in , a  ch a ra c te r is tic  
b a n d  a t  8-47/x b e in g  u sed  in  th is  case.

Multi-component Analysis. T h e  s im p les t te c h n iq u e  o f  m u lti-c o m p o n e n t 
an a ly s is  is a  d irec t d ev e lo p m e n t o f  th e  c o m p a r iso n  m e th o d  d e sc rib ed  ab o v e  
fo r  d ie ld rin  a n d  fo r  p h e n o b a rb ito n e . E ssen tia lly  i t  en ta ils  c o m p a rin g  th e  
a b so rb a n c e s  o f  a n  e x tra c t o f  th e  c o m p o n e n ts  w ith  th e  a b so rb a n c e s  o f  a  
m u lti-c o m p o n e n t s ta n d a rd . E a c h  c o m p o n e n t h a s  its  c h a ra c te r is tic  key  
w av e len g th  a t  w h ich  th e  o th e r  c o m p o n e n t(s )  h av e  lit tle  o r  n o  a b s o rp tio n . 
T h e  d e te rm in a tio n  o f  d ie ld rin  a n d  a  c o m m erc ia l p ro d u c t  o f  b en z en e  
h ex a c h lo rid e  is a  s tra ig h tfo rw a rd  a p p lic a tio n  o f  th is  m e th o d .

A  w eighed  q u a n ti ty  o f  sam p le  is sh ak en  w ith  e th e r , w h ich  ex tra c ts  th e  
d ie ld r in  a n d  th e  b en zen e  h ex a ch lo rid e . A fte r  f ilte rin g  a n d  e v a p o ra tin g  to  
d ry n ess  th e  re s id u e  is d isso lv ed  in  c a rb o n  d isu lp h id e . T h e  s ta n d a rd  is 
s im ila rly  p re p a re d  f ro m  w eighed  a m o u n ts  o f  d ie ld rin  a n d  b en zen e  h e x a 
ch lo rid e . T h e  c o n c e n tra tio n s  o f  d ie ld r in  a n d  b en zen e  h e x a ch lo rid e  in  th e  
s ta n d a rd  a re  ap p ro x im a te ly  th e  sam e  as  th o se  in  th e  sam p le  ex tra c t. 
D ie ld rin  h a s  a n  a b s o rp tio n  b a n d  a t  9-93/x a n d  b en zen e  h ex a c h lo rid e  o n e  
a t  10-48/x, a t  e a ch  o f  w h ich  th e  o th e r  c o m p o n e n t h a s  very  little  a b s o rp tio n . 
T h e  sp e c tra  o f  b o th  sa m p le  a n d  s ta n d a rd  so lu tio n s  w ere rec o rd e d  o v e r  th e  
w av e len g th  ra n g e  co v e rin g  th e se  tw o  key  a b s o rp tio n  b a n d s  u sin g  a  1 • 19 m m . 
cell a n d  a  s lit w id th  o f  0-20 m m . A  d irec t co m p a riso n  o f  ab so rb a n c e s  a t
9-93/z fo r  th e  d ie ld rin  a n d  a t  10-48/x fo r  th e  b en zen e  h e x a ch lo rid e  gave 
d u p lic a te  a n d  tr ip lic a te  resu lts  o n  tw o  sam p les  as  sh o w n  in  T ab le  IV .

T h e  a lk a lo id s  s try ch n in e  a n d  b ru c in e  m ay  be  d e te rm in e d  d irec tly  w ith o u t 
th e  necessity  o f  a  s e p a ra tio n  p ro c e d u re . In  th e  c a rb o n y l reg io n , th ey  b o th  
h av e  a  s tro n g  C  =  O  a b s o rp tio n  a t  6-06/x, a n d  s try ch n in e  h a s  a n  ad d itio n a l 
th o u g h  w eak er b a n d  a t  6-32/x9. W o rk in g  cu rves w ere  o b ta in e d  fo r  th e  
a b so rb a n c e s  o f  b o th  a lk a lo id s  a t  6-06/x, co v e rin g  th e  c o n c e n tra tio n  ran g e  
0  to  1 p e r  c e n t., a n d  w ith  c h lo ro fo rm  as  so lv en t in  a  0-13 m m . cell. T h ey
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TABLE IV
R esu lts  of d ie l d r in  a n d  b en zen e

H E X A C H L O R I D E  D E T E R M IN A T IO N S

Sample
Dieldrin, 
per cent.

Benzene hexachloride, 
per cent.

1 12-69 8-85
12-55 8-84

12-55 8-39
2 12-50 8 65

12-48 8-63

w ere  a lso  o b ta in e d  fo r  s try c h n in e  as th e  m a jo r  c o m p o n e n t a n d  b ru c in e  as 
th e  m in o r  c o m p o n e n t a t  6-32/x, o v er th e  sam e c o n c e n tra tio n  ra n g e  0 to  1 p e r  
c e n t.,  b u t  u sin g  th ic k e r  ce lls , 1-19 m m . A  b ase -lin e  m e th o d 10’11 w as u sed  
fo r  m e a su r in g  th e  ab so rb a n c e s  a t  6-32/x b ec au se  o f  in te rfe re n ce  f ro m  th e  
s tro n g e r  a b s o rp tio n s  a t  6-06/x. A t  b o th  w av e len g th s  th e  curves o b ta in e d

a p p ro x im a te d  very  c lo se ly  to  
s tra ig h t lines, in d ic a d n g  th e  
v a lid ity  o f  B eer’s law  fo r  th e  
a b s o rp tio n  b a n d s  used .

S y n th e tic  m ix tu re s  w ere  th e n  
p re p a re d  a n d  th e  a b so rb a n c e s  o f  
e ach  m e asu red  a t  th e  tw o  key  w av e
len g th s , 6-06fj. a n d  6-32/x, u s in g  th e  
a p p ro p r ia te  cells. A  firs t a p p ro x i
m a tio n  w as o b ta in e d  fo r  th e  s try c h 
n in e  c o n te n t u sin g  th e  w o rk in g  

cu rv e  fo r  6-32/x. P ass in g  to  th e  w o rk in g  cu rv es fo r  th e  6-06/x 
a b s o rp tio n s , th e  a b s o rb a n c e  d u e  to  th is  a m o u n t  o f  s try ch n in e  w as 
o b ta in e d  a n d  su b tra c te d  f ro m  th e  a b s o rb a n c e  o f  th e  m ix tu re  a t  th is  
w ave leng th . T h is  gave  th e  ab s o rb a n c e  o f  th e  b ru c in e  a n d  a  firs t 
a p p ro x im a tio n  o f  th e  b ru c in e  c o n te n t w as th e n  o b ta in e d  f ro m  its  w o rk in g  
cu rv e  a t  6-06/x. T h is  en a b le d  
a  c o r re c tio n  a n d  a  second  
a p p ro x im a tio n  to  b e  o b ta in e d  
o f  th e  s try c h n in e  c o n te n t a n d  
so  o n  to  a  seco n d  a p p ro x i
m a tio n  o f  th e  b ru c in e  c o n te n t.
T h e  re su lts  o n  4 sy n th e tic  
m ix tu re s  w ere as  in  T ab le  V.

T h e  in c re a s in g  te n d en cy  
to  c o m b in e  2 o r  m o re  d ru g s  in  
m e d ic in a l p re p a ra tio n s  has 
co m p lic a te d  an a ly tic a l m e th o d s  a n d  p ro v id e d  a n  exce llen t o p en in g  
fo r  in fra -re d  te ch n iq u es . T h e  d e te rm in a tio n  o f  am in o p h y llin e  a n d  
p h e n o b a rb ito n e  in  ta b le ts  is a n  ex am p le  o f  th is . V ario u s  m e th o d s  fo r  
d e te rm in in g  th e  2 co m p o u n d s  in d iv id u a lly  a re  rev iew ed  in  a  p a p e r  by  
B a rtilu cc i a n d  D isc h e r12, a n d  p re lim in a ry  in v e s tig a tio n s  in to  a  p o te n tio -  
m e tr ic  t i t ra t io n  m e th o d  fo r  d e te rm in in g  b o th  co m p o u n d s  in  a  m ix tu re  a re  
d escrib ed . T h e  re su lts  o b ta in e d  w ere n o t  c o n s id e red  sa tis fac to ry , a l th o u g h  
fu r th e r  w o rk  w as in  p ro g re ss . T h e  in fra -re d  m e th o d , bes ides b e in g  specific 
fo r  am in o p h y llin e  a n d  fo r  p h e n o b a rb ito n e  is s im p le  a n d  tim e-sav ing .

A m in o p h y llin e  B .P . co n ta in s  b e tw een  75-0 p e r  cen t, a n d  82-0 p e r  cen t, 
o f  a n h y d ro u s  th e o p h y llin e  a n d  be tw een  12-3 p e r  cen t, a n d  13-3 p e r  cen t, 
o f  e th y len ed iam in e , a n d  i t  is th e  in fra -re d  a b s o rp tio n  o f  th e  th eo p h y llin e , 
to g e th e r  w ith  th a t  o f  th e  p h e n o b a rb ito n e , w h ich  is m a d e  use. o f  in  th e  
ana ly sis . T h eo p h y llin e  h a s  2 ch a ra c te r is tic  a b s o rp tio n  b a n d s  a t 5-87/x a n d
6-G3/x, a n d  p h e n o b a rb ito n e  tw o  a t  5-75/x a n d  5-84/x. T h e  th e o p h y llin e  a n d  
th e  p h e n o b a rb ito n e  a re  b o th  ex tra c te d  f ro m  th e  ta b le ts  w ith  a  3 :1  m ix tu re
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TABLE V
R esults o f  st r y c h n in e  a n d  e r u c in e

D E T E R M IN A T IO N S

Concentration as per cent, w/v in chloroform

Mixture
number

Strychnine Erucine

Taken Found Taken Found
1 0-51 0-50 0-50 0-50
2 0 41 0-39 0-61 0 61
3 0-26 0-26 0-25 0-26
4 0 31 0-30 0-20 0-22
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o f  c h lo ro fo rm  a n d  w o p ro p a n o l, a n d  a re  e s tim a te d  b y  c o m p a rin g  th e  
a b s o rp tio n  o f  th e  e x tra c t w ith  th a t  o f  a  s ta n d a rd . T h e  s ta n d a rd  is i ts e lf  an  
e x tra c t f ro m  a  m ix tu re  o f  p h e n o b a rb ito n e  a n d  th a t  b a tc h  o f  a m in o p h y llin e  
w h ich  w as  u sed  in  th e  ta b le t  m a n u fa c tu re . B ecause  o f  th e  re la tive ly  sm a ll 
c o n c e n tra tio n  o f  p h e n o b a rb ito n e  in  th e  p a r tic u la r  ta b le ts  fo r  w h ich  th is  
d e te rm in a tio n  w as des ig n ed , e ach  su b s ta n c e  h a s  to  b e  e s tim a te d  sep a ra te ly . 
T h e  sp e c tra  o f  th e  sam p le  a n d  s ta n d a rd  e x tra c ts  in  c h lo ro fo rm  so lu tio n  a re  
e a c h  ru n  in  cells o f  th ic k n ess  0 T 5  m m ., a g a in s t a  b la n k  o f  ch lo ro fo rm . 
C o m p a riso n  o f  th e  sp e c tra  a t  6-03p  g ives a n  e s tim a tio n  o f  th e  a m in o p h y l
lin e  c o n te n t, th e  p h e n o b a rb ito n e  c o n c e n tra tio n  b e in g  in su ffic ien t to  in te r 
fe re  a t  th is  ce ll th ic k n ess  a n d  a t  th is  w av e len g th . T h e  sp e c tra  o f  th e  tw o  
e x tra c ts  a re  th e n  ru n  in  th ic k e r  cells , 1 -21 m m ., a g a in s t a  s ta n d a rd  b la n k  
o f  th e o p h y llin e . T h is  b la n k  b a lan c es  o u t  th e  s tro n g  th e o p h y llin e  a b s o rp 
tio n , le av in g  th e  5-75/x p h e n o b a rb ito n e  b a n d  o f  su ffic ien t in te n s ity  to  
p e rm it a  d ire c t co m p a riso n . B ecause  o f  th e  n e ig h b o u rin g  s tro n g  th e o p h y l
lin e  a b s o rp tio n  a t  5-87p , th e  lig h t tra n sm is s io n  a t  th e  o th e r  p h e n o b a rb ito n e  
w av e len g th  o f  5-84/x is to o  sm all to  p e rm it a  fu r th e r  c o m p a riso n  check .

T h e  e q u iv a le n t w e ig h t o f  o n e  ta b le t , f in e ly -g ro u n d , is w eighed  in to  a  
s in te re d  fu n n e l a n d  ex tra c te d  w ith  8 q u a n titie s , e ach  o f  15 m l., o f  a  3 :1  
m ix tu re  o f  c h lo ro fo rm  a n d  A o p ro p a n o l. T h e  co m b in e d  e x tra c ts  a re  
ta k e n  to  d ry n ess  a n d  th e  re s id u e  d isso lv ed  in  50 m l. o f  ch lo ro fo rm . T h e  
s ta n d a rd  is p re p a re d  b y  sh a k in g  fo r  30 m in u te s  170 m g . o f  am in o p h y llin e  
a n d  8 m g . o f  p h e n o b a rb ito n e  w ith  50 m l. o f  c h lo ro fo rm , a n d  th e n  filte ring . 
T o  p re p a re  th e  b la n k , 170 m g . o f  a m in o p h y llin e  is sh a k e n  w ith  50 m l. o f  
c h lo ro fo rm  fo r  30 m in u tes  a n d  filte red . T h e  a b so rb a n c e s  o f  b o th  sam p le  
a n d  s ta n d a rd  so lu tio n  a re  d e te rm in e d  a t  6-03/x u s in g  a  0 T 5  m m . ce ll w ith  
a  s lit w id th  o f  0-08 m m . U sin g  a  T21 m m . cell a n d  h av in g  th e  th e o p h y llin e  
b la n k  in  th e  b la n k  b ea m , th e  a b so rb a n c e s  o f  b o th  sam p le  a n d  s ta n d a rd  
so lu tio n s  a re  th e n  d e te rm in e d  a t  5-75/x w ith  th e  sam e slit co n d itio n s . A  
d ire c t c o m p a r iso n  o f  a b so rb a n c e s  th e n  gives th e  c o n c e n tra tio n s  a n d  h en ce  
th e  a m o u n ts  o f  p h e n o b a rb ito n e  a n d  am in o p h y llin e  in  th e  ta b le ts . A  b a tc h  
o f  ta b le ts  w as e x a m in e d  as ab o v e  w ith  th e  fo llo w in g  re su lts  :—

A m in o p h y llin e  173 m g . =  2-67 g ra in s /ta b .
P h e n o b a rb ito n e  7-7 m g . =  0-12 g ra in s /ta b .

INFRA-RED SPECTROSCOPY

T o ta l  . .  2-79 g ra in s /ta b .

T h is  is to  b e  c o m p a re d  w ith  a ch em ica l assay  re su lt o f  2-65 g ra in s / ta b . fo r  
th e  co m b in e d  am in o p h y llin e  a n d  p h e n o b a rb ito n e  c o n te n t, in  w h ich  th e  
B .P . e x tra c tio n  p ro c e d u re  d e sc rib ed  fo r  th e o p h y llin e  w as u sed .

M ajor Component Compensation. T h is  te c h n iq u e  is  m o s t u se fu l w h en  o n e  
is m o re  in te re s te d  in  e s tim a tin g  th e  a m o u n ts  o f  c o n s titu e n ts  o f  th e  o rd e r  o f  
1 p e r  c e n t., su ch  as im p u rit ie s , th a n  in  e s tim a tin g  th e  m a jo r  c o m p o n en ts . 
A n  ex am p le  o f  th is  w as th e  e s tim a tio n  o f  im p u rit ie s  p re se n t in  a  sam p le  
o f  y -p ico lin e , re p u te d  to  b e  a b o u t  98 p e r  cen t. p u re . T h e  m e th o d  o f  
C o u lso n  a n d  H a le s13 fo r  th e  d e te rm in a tio n  o f  /3-picoline, y -p ico lin e ,
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2 :6 - lu t id in e  a n d  2 -e th y lp y rid in e  in  m ix tu re s  a p p e a rs  to  b e  q u ite  sa tis 
fa c to ry  fo r  m ix tu re s  c o n ta in in g  th e  d iffe ren t c o m p o n e n ts  in  a m o u n ts  
v a ry in g  f ro m  5 p e r  ce n t, to  90 p e r  c e n t., b u t  th e  sm a ll a b s o rp tio n s  o f  th e  
im p u ritie s , w h en  th e se  a re  p re se n t in  a m o u n ts  less th a n  1 p e r  ce n t., a re  
co m p le te ly  m a sk e d  by  th e  in te n se  a b s o rp tio n  o f  th e  y -p ico lin e , a n d  a  
d iffe ren t te c h n iq u e  h a s  to  b e  used . A s in  th e  q u a lita tiv e  id e n tif ic a tio n  o f  
im p u ritie s  a lre a d y  re fe rre d  to , a  so lu tio n  o f  p u re  y -p ico lin e  is u sed  in  th e  
b la n k  cell o f  th e  d o u b le -b e a m  sp e c tro m e te r  to  b a la n c e  o u t th is  in ten se  
a b s o rp tio n , th e re b y  u n co v e rin g  th e  co m p a ra tiv e ly  w eak  a b s o rp tio n s  o f  th e  
im p u ritie s . T h is  te c h n iq u e  a lso  m a k es  it  p o ss ib le  to  use  s tro n g e r  c o n c e n 
tra t io n s  o f  sa m p le  so  th a t  th e  a b s o rp tio n  o f  th e  im p u ritie s  a re  sufficiently  
in te n se  to  p e rm it th e ir  a c c u ra te  m easu rem en t.

U s in g  h igh ly  p u rified  sam p les o f  th e  im p u rit ie s  a -p ico lin e , /3-picoline, 
2 : 6 -lu tid in e  a n d  o-xylene , o b ta in e d  f ro m  th e  C h em ica l R e sea rch  L a b o ra 
to ry , T ed d in g to n , w o rk in g  cu rves fo r  e a ch  w ere  p re p a re d  in  c jc /o h e x a n e  
so lu tio n  a t  th e ir  resp ec tiv e  c h a ra c te r is tic  w av e len g th s : a -p ico lin e , 13-38/x; 
/8-picoline, 14-09/x ; 2 : 6 -lu tid in e  12-99/x ; o -xy lene 13-49/x. E ac h  a b s o rp tio n  
b a n d  is a t  a  w av e len g th  w h ere  th e re  is lit tle  o r  n o  in te rfe re n ce  f ro m  th e  
a b s o rp tio n s  o f  th e  o th e r  3 co m p o n e n ts , p ro v id in g  a ll a re  o f  th e  sam e o rd e r  
o f  c o n c e n tra tio n . T h e  sp e c tru m  o f  a  so lu tio n  o f  th e  sam p le  in  cyclo- 
h e x a n e  a g a in s t a  so lu tio n  o f  p u re  y -p ico lin e  is th e n  rec o rd e d , a n d  th e  
a b s o rb a n c e s  a n d  c o n c e n tra tio n s  o f  th e  4 im p u rit ie s  a re  m e asu red  a n d  
c a lc u la ted . T w o  sa m p le s  w ere ex a m in e d  in  tr ip lic a te  w ith  th e  re su lts  as 
s h e w n  in  T ab le  V I.

TABLE VI
R esu lts  o f  d et er m in a t io n s  o f  im pu r it ie s  in  v-p ic o l in e

Sample

Impurities, 
per cent.

a-picoline 3-picoline 2 :6-lutidine o-xylene Total

0-45 005 0-37 0-29 1- 6
1 0-43 005 0-37 0-27 1- 2

0-41 005 0-36 0-23 1- 0

0-56 004 0-38 0-29 1-27
2 0-53 0 06 0-37 0-30 1J1

0-57 010 0-41 0-30 1-38

S o lu tio n s  o f  c o m p o u n d s  in  o ils  f ro m  w h ich  th ey  c a n n o t  b e  easily  
e x tra c te d  p ro v id e  a  fu r th e r  ex am p le  o f  a n  a p p lic a tio n  o f  th is  m e th o d . 
In je c tio n  o f  te s to s te ro n e  p ro p io n a te  is a  10 m g ./m l. so lu tio n  o f  te s to s te ro n e  
p ro p io n a te  in  a ra c h is  oil. A n in fra -re d  te c h n iq u e  en a b le s  a  d e te rm in a tio n  
o f  th e  te s to s te ro n e  p ro p io n a te  to  b e  m a d e  w ith  m u c h  g rea te r  c e r ta in ty  th a n  
is p o ss ib le  by  th e  u ltra -v io le t m e th o d , w h ich  in v a riab ly  gives r ise  to  
in acc u ra c ie s  d u e  to  th e  s tro n g  a b s o rp tio n  o f  a ra c h is  o il in  th e  re g io n  o f  th e  
te s to s te ro n e  p ro p io n a te  m a x im u m  a t  a b o u t  230 m ¡x, a n d  th e  co n se q u e n t 
lo w  in te n s ity  o f  tra n sm itte d  lig h t b y  th e  a ra c h is  o il so lu tio n . T e s to s te ro n e  
p ro p io n a te  h a s  a  ch a ra c te r is tic  in fra -re d  a b s o rp tio n  b a n d  a t  5-95¡x, a n d  d ie  
a b s o rb a n c e  o f  th e  sa m p le  a t  th is  w av e len g th  is c o m p a re d  w ith  th a t  o f  a  
s ta n d a rd  so lu tio n  o f  te s to s te ro n e  p ro p io n a te  in  a ra ch is  o il. A ra ch is  o il h a s
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a  C  =  0  a b s o rp tio n  a t  a b o u t  5-75/u, a n d  th e  5-95« te s to s te ro n e  p ro p io n a te  
a b s o rp tio n  falls  on  th e  side o f  th is  b a n d . A t a  co n c e n tra tio n  o f  10 m g ./m l. 
i t  o ccu rs  as  a  sh o u ld e r, b u t  b y  p u tt in g  a ra ch is  o il o f  th e  sam e b a tc h  a s  th a t  
u se d  in  th e  m a n u fa c tu re  o f  th e  in je c tio n  in  th e  b la n k  b ea m , th e  C  =  O  
a b s o rp t io n  is b a la n c e d  o u t,  leav in g  th e  te s to s te ro n e  b a n d  re so lv ed  a n d  o f  
su ffic ien t in te n s ity  to  p e rm it a  d irec t q u a n ti ta t iv e  m easu rem en t.

T h e  s ta n d a rd  is p re p a re d  b y  w eigh ing  100 m g. o f  te s to s te ro n e  p ro p io n a te  
a n d  d isso lv in g  in  10 m l. o f  a ra c h is  o il. G e n tle  h e a tin g  is req u ire d . T h e  
te s to s te ro n e  p ro p io n a te  a n d  a ra c h is  o il s h o u ld  b e  o f  th e  sam e b a tc h  as 
th o se  u sed  in  m a k in g  u p  th e  in jec tio n . T h e  ab so rb a n c e s  o f  b o th  s ta n d a rd  
a n d  sam p le  a re  th e n  d e te rm in e d  a t  5-95¡x, u s in g  a  0 T 5  m m . cell a n d  h av in g  
a ra c h is  o il in  th e  b la n k  b ea m . A  c o n s ta n t s lit w id th  o f  0 T 4  m m . is u sed .

T o  e n su re  th a t  a  d ire c t c o m p a r iso n  b e tw een  th e  a b s o rb a n c e  o f  s ta n d a rd  
a n d  sam p le  m a y  b e  p e rm itte d , i.e ., to  verify  th a t  B eer’s law  is o b ey ed  by  
th is  p a r t ic u la r  a b s o rp tio n  b a n d , s ta n d a rd s  o f  5, 10 a n d  15 m g ./m l. w ere 
m a d e  u p  a n d  th e ir  ab so rb a n c e s  o b ta in e d  as  ab o v e . A  p lo t o f  a b s o rb a n c e  
a g a in s t c o n c e n tra tio n  gave  a  cu rv e  a p p ro x im a tin g  v ery  c losely  to  a  s tra ig h t 
line . A  sa m p le  w as ex a m in e d  as  ab o v e  in  tr ip lic a te  w ith  th e  fo llo w in g  
r e s u l ts :— 10-2, 10-0, 10T  m g ./m l. te s to s te ro n e  p ro p io n a te  ( th e o ry  10-0 
m g ./m l.) .

Su m m a r y

1. A  g en e ra l o u tlin e  o f  in fra -re d  te ch n iq u e s  is p re se n te d  fo r  th e  p u rp o se  
o f  in d ic a tin g  th e  p o te n tia l ra n g e  o f  ap p lic a tio n s  in  th e  ro u tin e  e x a m in a tio n  
o f  p h a rm a c e u tic a l m a te r ia ls .

2. E x am p les  o f  q u a lita tiv e  in v e s tig a tio n s  in c lu d e  th e  id en tif ic a tio n  
o f  c o m p o u n d s , th e  o b s e rv a tio n  o f  im p u rit ie s  a n d  sp e c tra -s tru c tu re  
c o rre la tio n s .

3. Q u a n ti ta t iv e  an a ly se s  o f  s ing le  c o m p o u n d s  a n d  o f  m u lti-c o m p o n e n t 
m ix tu re s  a re  d e sc rib ed  w h ich  a re  im p o ss ib le , m o re  d ifficu lt o r  tim e- 
c o n su m in g  to  p e r fo rm  b y  ch e m ic a l o r  o th e r  p h y sica l m e th o d s .

4. A d v an ta g es  o f  th e  a n a ly tic a l te ch n iq u e s  d e sc rib ed  a re  th e  ea se  o f  
sa m p le  p re p a ra tio n , th e  s tra ig h tfo rw a rd  n a tu re  o f  e x tra c tio n  p ro c e d u re s , 
a n d  th e  fu n d a m e n ta l  fa c t th a t  every  o rg an ic  c o m p o u n d  h a s  its  o w n  specific 
in f ra - re d  sp e c tru m .

INFRA-RED SPECTROSCOPY
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D IS C U S S IO N

T h e  p a p e r  w as p re se n ted  b y  D r . D . C . G a r r a t t .

T h e  C h a ir m a n  a sk ed  th e  c o s t o f  th e  a p p a ra tu s  a n d  w as in fo rm ed  th a t  
i t  w as b e tw een  £3000  a n d  £4000, w h ich  D r. G a r r a t t  c la im ed  w as n o t 
ex pensive  w h en  o n e  c o n s id e red  th e  re su ltin g  sav in g  o f  la b o u r.

D r . F . H a r t l e y  (L o n d o n )  sa id  th a t  D r. G a r r a t t  h a d  r ig h tly  p o in te d  
o u t  th a t  th e  c a p ita l co s t o u g h t n o t  to  b e  th e  p a ra m o u n t  c o n s _ d e ra tio n ; 
r a th e r ,  it  o u g h t to  be  th e  sav ing  w h ich  m ig h t u ltim a te ly  b e  ach ieved . 
U n fo r tu n a te ly , th e re  w ere  a lw ays “ te e th in g ” tro u b le s  w ith  new  eq u ip m e n t. 
In  h is re fe ren ce  to  th e  e x a m in a tio n  o f  s te ro id  h o rm o n e s  in  oily so lu tio n s  
th e  o n ly  ex am p le  g iven  w as a  so lu tio n  c o n ta in in g  10 m g ./m l. H e  u n d e r 
s to o d  th a t  th e  B ritish  in s tru m e n ts  a v a ila b le  n o rm a lly  re q u ire d  a b o u t  10 m g. 
o f  m a te r ia l fo r  a  successfu l e x a m in a tio n . M ic ro m e th o d s  w ere a v a ila b le  
in  A m eric an  in s tru m e n ts . H a v in g  re g a rd  to  th e  lo w  c o n c e n tra tio n s  o f  
te s to s te ro n e  w h ich  w ere  o ften  u sed  d id  th e  a u th o rs  c o n s id e r  th a t  th ey  
co u ld  ge t a n  accu rac y  o f  ±  5 to  10 p e r  cen t, w h en  d ea lin g  w ith  so lu tio n s  
o f  a  s tre n g th  o f  2 o r  5 m g ./m l.?

D r . W . M it c h e l l  (L o n d o n )  a sk ed  i f  th e  a u th o rs  h a d  a n y  ex p erien ce  
o f  th e  an a ly s is  o f  e ssen tia l o ils by  in fra -re d  sp ec tro sco p y . C o u ld  th e  
m e th o d  p ic k  o u t  th e  n u m e ro u s  in d iv id u a l c o m p o n e n ts  in  a n  essen tia l 
o il o r  d id  o v e r la p p in g  o f  b a n d s  te n d  to  m a k e  an a ly s is  im p o ss ib le ?  C o u ld  
in fra -re d  sp e c tro sc o p y  d is tin g u ish  b e tw e en  Mentha piperita a n d  M . 
arvensis o i l s ; i f  so , co u ld  it  d e tec t th e  la t te r  as  a n  a d u l te ra n t in  th e  fo rm e r?

D r . R . E . St u c k e y  (L o n d o n )  a sk ed  fo r  fu r th e r  d e ta ils  o f  th e  ty p e  o f  
in s tru m e n t used . W h e n  th e  in s tru m e n t w as p ro p e r ly  ad ju s te d  d id  i t  
c o n tin u e  to  w o rk  sa tis fa c to r i ly fo r  p ro lo n g e d  p e r io d s  w ith o u t re a d ju s tm e n t?  
In  th e  e s tim a tio n  o f  te s to s te ro n e  in  a ra ch is  o il co u ld  th e  a u th o rs  g ive th e  
re la tiv e  va lu es fo r  th e  a b s o rp tio n  o f  th e  o il a n d  th e  d isso lved  te s to s te ro n e  
a t  d iffe ren t c o n c e n tra tio n s ?

M r . S. G . E . Stev en s  (L o n d o n )  sa id  it  w as in te re s tin g  to  le a rn  th a t  th e  
in s tru m e n t w as b e in g  u sed  fo r  q u a n ti ta t iv e  w o rk . C o u ld  th e  q u a n tita tiv e  
a p p lic a tio n  o f  th e  in fra -re d  sp e c tro m e te r  b e  u sed  fo r  co m p lex  p re p a ra tio n s  
c o n ta in in g  tw o  o r  m o re  c o m p o u n d s  w ith  closely  re la te d  ch em ica l s tru c 
tu re s  ?

M r . P . G . M a r s h a l l , in  rep ly , sa id  th e  s te ro id  so lu tio n  su b m itte d  fo r  
an a ly s is  c o n ta in e d  ap p ro x im a te ly  10 m g ./m l. a n d  th ey  b a sed  th e ir  an a ly s is  
o n  c o n c e n tra tio n s  o f  th a t  o rd e r , b u t  h e  d id  n o t  see w hy  s im ila r  o rd e rs  o f  
a c cu rac y  sh o u ld  n o t b e  o b ta in e d  w ith  lo w er c o n c e n tra tio n s  by  u sm g  th ic k e r  
cells. R ep ly in g  to  D r. S tuckey , h e  sa id  th a t  they  h a d  u sed  a  H ilg e r  d o u b le  
b ea m  in s tru m e n t. T h e  a ra c h is  o il a b s o rp tio n  w as la rg e r  th a n  ± a t  o f  th e  
te s to s te ro n e  p ro p io n a te ,  b u t  th a t  w as im m a te ria l in  th a t  th e  a b s o rp tio n  
w as b a lan c ed  o u t. T ests  o n  d iffe ren t c o n c e n tra tio n s  in  th e  a ra c h is  o il 
gav e  a  g o o d  s tra ig h t line  re su lt re la tin g  a b s o rp tio n  to  c o n c e n tra tio n ; 
a n d  th e  ra n g e  w as la rg e  en o u g h  to  g ive a n  accu rac y  o f  ±  1 p e r  cen t. A s 
fo r  d is tin g u ish in g  b e tw een  essen tia l o ils , th e  a d v a n ta g e  o f  th e  in fra -re d  
sp e c tro m e te r  w as th a t  th e  a b s o rp tio n  w as specific fo r  a  p a r t ic u la r  m a te r ia l,

D. C. GARRATT AND P. G. MARSHALL
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a n d  w ith  a  m ix tu re  d ep e n d in g  o n  th e  re la tiv e  c o n c e n tra tio n s  th e  d iffe ren t 
o ils  c o u ld  b e  d e tec ted . R e g a rd in g  co m p lex  m ix tu re s , h e  sa id  th a t  
w h e th e r  th e  d iffe ren t m a te r ia ls  p re se n t c o u ld  b e  d is t in g u ish e d  d e p e n d e d  
o n  th e  re la tiv e  a m o u n ts  p re se n t. T h e ir  in s tru m e n t h a d  b ee n  in  o p e ra tio n  
fo r  18 m o n th s . F o r  3 o r  4  m o n th s  th e y  h a d  h a d  tro u b le  se ttin g  it  u p , 
b u t  since  th e n  th e re  h a d  b een  n o  d ifficu lty , a n d  fo r  th e  p a s t y e a r  th e re  h a d  
been  n o  n ee d  to  re -se t a n y  o f  th e  c o n tro ls . R e p ro d u c ib il ity  o f  re su lts  fro m  
d a y  to  d ay  w as g o o d , a l th o u g h  fo r  w o rk  o f  th e  h ig h es t a c cu rac y  it  w as 
ad v isab le  to  u se  s ta n d a rd s  r a th e r  th a n  to  c o m p a re  a n  a b s o rp tio n  w ith  
a n o th e r  m a d e  th e  p rev io u s  m o n th .

D r . G a r r a t t  sa id  th a t  w o rk  o n  essen tia l o ils o f  th e  k in d  suggested  by  
D r. M itch e ll w o u ld  ta k e  a  co n s id e ra b le  tim e.

INFRA-RED SPECTROSCOPY
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T H E  L E U C O C Y T E  R E S P O N S E  IN  T H E  R A B B IT  T O  P Y R O G E N  
F R O M  P R O T E U S  V U L G A R IS

P a r t  I I .  N e u t r o p h il  a n d  T e m p e r a t u r e  R espo n ses  

B y  W . A n d e r s o n  a n d  J . P . T o d d

F ro m  th e  S c h o o l  o f  P h a r m a c y , R o y a l  T e c h n ic a l C o lleg e , G la sg o w  

Received July 16, 1954

T h e  ch an g es  w h ich  o c c u r  a m o n g  th e  n e u tro p h ils  in  th e  c irc u la tin g  b lo o d  
o f  ra b b its  a f te r  th e  in tra v e n o u s  in jec tio n  o f  p y ro g en  w ere  co n s id e re d  
w o rth y  o f  in v e s tig a tio n  b ec au se  th e re  is ev id en ce  suggesting  a  re la tio n sh ip  
b e tw een  th e se  ch an g es  a n d  th e  o cc u rre n ce  o f  fever as  a  re su lt o f  a  p y ro g en ic  
s tim u lu s1. S evera l a u th o rs  u se2, o r  h av e  suggested  th e  u se3 of, th e  a l te ra 
t io n  in  th e  to ta l  n u m b e r  o f  c irc u la tin g  leu co cy tes  as  a n  index  o f  o y ro g en ic  
ac tiv ity . W e h av e  fo u n d  th is  in d e x  u n re lia b le  in  ra b b its , a n d  th e re fo re  
d ec id e d  to  tra c e  th e  ch an g es  o c c u rrin g  in  th e  o v e ra ll lo b a r  co n f ig u ra tio n  
p re se n te d  b y  th e  n u c le i o f  th e  c irc u la tin g  r a b b it  n eu tro p h ils  su b se q u e n t to  
th e  in tra v e n o u s  in je c tio n  o f  p y ro g en , a n d  in v es tig a te  its  m e rits  a n d  
p o te n tia litie s  as  a n  in d e x  o f  ac tiv ity . P re v io u s  r e p o r ts  o f  th e  effec t o f  
p y ro g en  o n  n e u tro p h ils  a re  co n c e rn e d  w ith  a lte ra t io n s  in  to ta l n u m b e rs , 
so m e in c lu d in g  co m m e n t u p o n  th e  o b v io u s  a d d it io n  o f  y o u n g  n e u tro p h ils  
w ith  u n se g m en ted  nucle i, o th e rs  d e sc rib in g  a  “ sh ift to  th e  le f t ,”  b u t  n o n e  
re p o r ts  a n y  a t te m p t to  m e a su re  th is  sh ift.

T h is  r e p o r t  d escrib es  a n  e n d e a v o u r  to  m e a su re  th is  “ sh ift to  th e  le f t”  
w h ich  o ccu rs  in  ra b b its  a f te r  th e  in tra v e n o u s  in je c tio n  o f  p y ro g en , b y  
c a lc u la tin g  th e  p e rc en ta g e  fa ll in  th e  av e rag e  n u m b e r  o f  lobes p e r  n e u tro p h il,  
a n d  to  c o m p a re  th is  m e asu rem en t as  a  p o ss ib le  in d ex  o f  p y ro g en ic  ac tiv ity  
w ith  m e a su re m e n t o f  th e  av e rag e  m a x im a l r ise  o f  te m p e ra tu re  in  rab b its .

M a t e r ia l s  a n d  M eth o d s

T h e  p y ro g e n  p re p a ra t io n  u sed  w as th e  d ia ly sed  freeze -d ried  s te rile  
s u p e rn a ta n t liq u id  f ro m  a  c u ltu re  o f  Proteus vulgaris g ro w n  in  a  s im p le  
g lu c o se -am m o n iu m -sa lt m e d iu m  co n ta in in g  n ic o tin ic  a c id  (2 >< 10_5M ). 
I ts  ch e m ic a l sim p lic ity  a n d  th e  fa c t th a t  it  c a n  b e  p re p a re d  p y ro g en -free  
co m m e n d e d  th is  m e d iu m  as  a n  a p p ro p r ia te  ch o ice  fo r  Proteus vulgaris. 
T h e  re su lts  o f  re p e a te d  te s ts  b e fo re  a n d  a f te r  th e  in v es tig a tio n  h av e  sa tisfied  
u s  th a t  th is  p y ro g en  p re p a ra t io n  m a in ta in e d  its  p o te n c y  u n a l te re d  th ro u g h 
o u t  th e  te s ts . T h e  m e d iu m  co u ld  n o t,  in  itse lf, b e  sh o w n  to  h av e  an y  
d e tec tab le  effect o n  te m p e ra tu re  o r  w h ite  b lo o d  cells in  th e  ra b b it ,  n o r  
in d e e d  to  p ro d u c e  a n y  to x ic  effects a f te r  re p e a te d  in tra v e n o u s  in je c tio n  
u n d e r  th e  c o n d itio n s  o f  th e  test.

I n  th e  in v e s tig a tio n  4  dose-levels w ere  u s e d :—

Dose Log dose

A 0 02 ml./kg. 2-3010
B 0-06324 „ 2-8010
C 0-1125 „ 1-0510
D 0-2 1-3010
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I t  w ill b e  seen  th a t  lo g  B is eq u a lly  sp aced  b e tw een  lo g  A  a n d  lo g  D  a n d  
th a t  lo g  C  is e q u id is ta n t f ro m  lo g  B a n d  lo g  D . D  w as ch o sen  as  th e  
h ig h e s t d o se  b ec au se  i t  e lic ited  te m p e ra tu re  a n d  w h ite  b lo o d -ce ll re sp o n se s  
e q u iv a le n t to  a b o u t  75 p e r  cen t, o f  th e  m a x im a l re sp o n se s  w h ich , in  o u r  
ex p e rien ce , can  be  e lic ited  by  th is  p y ro g en ic  p re p a ra t io n  u n d e r  th e se  c o n 
d itio n s  o f  ex p e rim en t. T h e  freeze -d ried  m a te r ia l  w as d isso lv ed  in  
ap y ro g e n ic  sa lin e  im m ed ia te ly  p r io r  to  in jec tio n . T h e  d ilu tio n  w as su ch  
th a t  e a ch  d o se  o f  o r ig in a l d ia ly sed  s u p e rn a ta n t (e .g ., 0-2 m l./k g ., e tc .)  w as 
c o n ta in e d  in  2  m l., so  th a t  n o  m a tte r  w h a t th e  d o se , e a ch  a n im a l received  
2 m l./k g . o f  so lu tio n .

30 p rev io u sly  u n u se d  ra b b its  o f  b o th  sexes w ere  em p lo y ed  in  th e  
in v e s tig a tio n  a n d  w ere d iv id ed  in to  6 g ro u p s  o f  5, th e  m e m b ers  w ith in  each  
g ro u p  h av in g  s im ila r  n o rm a l va lu es fo r  th e  av e rag e  n u m b e r  o f  lo b es  p e r  
n e u tro p h il.  E ac h  a n im a l received  o n e  in je c tio n  p e r  w eek  o v e r  12 w eeks 
a n d  15 ra b b its  (3 g ro u p s )  w ere  u sed  o n  each  o c c a s io n ; th e y  w ere  d en ied  
fo o d  d u r in g  th e  36 h o u rs  p rec ed in g  th e  te st. E n v iro n m e n ta l te m p e ra tu re  
w as m a in ta in e d  a t  a  re a so n a b ly  c o n s ta n t level th ro u g h o u t.

T h e  te c h n iq u e  u sed  in  th e  in v e s tig a tio n  o f  te m p e ra tu re  re sp o n se  w as 
essen tia lly  th a t  d ev e lo p ed  by  W ylie  a n d  T o d d 4, w ith  c e r ta in  m in o r  a l te r a 
tio n s  a n d  re finem en ts . T h is  m e th o d  w h ere  ea c h  r a b b it  is a c c o m m o d a te d  
in  a  specia lly  d es ig n ed  b o x , p ro v id e s  m a x im u m  c o m fo r t fo r  th e  an im a ls  a n d  
c o m b in es  w ith  th a t  e s sen tia l, m in im u m  o p p o r tu n ity  fo r  u n n ecessa ry  a n d  
u n d e s ira b le  m o v em en t.

S m ears  o f  c irc u la tin g  b lo o d  w ere  p re p a re d  f ro m  ea ch  r a b b it  im m ed ia te ly  
p r io r  to , a n d  a b o u t  34- h o u rs  a f te r , in je c tio n  o f  p y ro g en , a n d  s ta in e d  w ith  
G ie m sa ’s S ta in . W e h av e  fo u n d  th is  s ta in  sa tis fac to ry  i f  u sed  in  a  d ilu tio n  
o f  1 in  10 a n d  ap p lie d  a f te r  fix ing  th e  ra p id ly  d r ie d  sm e a r fo r  3 m in u te s  in  
p u re  m e th a n o l. P o ly n u c le a r  a n d  d iffe ren tia l c o u n ts  w ere  p e rfo rm e d  
o n  each  sm ear. In  p e rfo rm in g  th e  p o ly n u c le a r  c o u n t w e a d o p te d  th e  
g ro u p in g  su g g ested  b y  C o o k e  a n d  P o n d e r5 in  th e ir  p ra c tic a l m o d if ic a tio n  
o f  th e  c o u n t in tro d u c e d  by  A rn e th , a n d  th e  av e rag e  n u m b e r  o f  lo b es  p e r  
n e u tro p h il  o v er 100 n e u tro p h ils  w as ca lc u la ted  fo r  e a ch  r a b b it  (d esc rib ed  
b y  th e se  a u th o rs  as  th e  “ w eig h ted  m e a n ” ). T h ese  su g g estio n s o f  C o o k e  
a n d  P o n d e r  w ere  a d o p te d  b ec au se  th ey  le ad  to  a  r a p id  a n d  sensitive 
a sse ssm en t o f  th e  o v e ra ll n u c le a r  p ic tu re  o f  th e  n eu tro p h ils .

B e fo re  co m m en c in g  th e  in v e s tig a tio n  th e  ra b b its  w ere  c o n d itio n e d  to  
th e  p ro c e d u re  to  b e  a d o p te d  in  th e  te s ts  a n d  n o rm a l va lu es w ere  w o rk e d  
o u t  f ro m  sm ears  ta k e n  d u r in g  th is  c o n d itio n in g  p e r io d  u n d e r  th e  ex p e ri
m e n ta l c o n d itio n s  p rev a ilin g  d u r in g  th e  su b se q u e n t te sts , i.e ., w ith  th e rm o 
co u p le s  in se rted . W e  fo u n d  th a t  th is  ap p ro x im a te ly  c o n s ta n t d eg ree  o f  
s tress  to  w h ich  th e y  w ere  su b je c ted  d id  n o t  deflect th e  c o u n t o r  u p se t th e  
re c ta l te m p e ra tu re  o f  th e  an im a ls  b ey o n d  n o rm a l lim its.

Normal values. A v erag e  n u m b e r  o f  lo b es  p e r  n e u to p h i l :— M e a n  v a lu e  
fo r  30 ra b b its , 2 -30 ; C oeffic ien t o f  v a r ia tio n  =  10 p e r  cen t.

I t  w as fo u n d  th a t  so m e an im a ls  gave  co n s is te n tly  lo w er va lu es th a n  
o th e rs , e .g ., th e  g ro u p  o f  5 B everen  ra b b its  gave  a  m e an  n o rm a l v a lu e  o f  
2 T 3 , w h erea s  th e  5 D u tc h  gave a  m e a n  n o rm a l v a lu e  o f  2-59. T h e  m ean s  
fo r  th e  o th e r  4  g ro u p s  lay  b e tw een  th e  v a lu es  fo r  th e  2 g ro u p s  c ited . I t
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w as a lso  fo u n d  th a t  w ith in  th e  ran g e  o f  th e se  n o rm a l va lues, p e rc en ta g e  
ch a n g es  in  th e  av e rag e  n u m b e r  o f  lobes p e r  n e u tro p h il ,  o b se rv ed  fo r  
each  b ree d  a f te r  th e  in tra v e n o u s  in je c tio n  o f  an y  o n e  dose-level o f  p y ro g en , 
d id  n o t  d iffe r sign ifican tly .

T h e  e r r o r  o b se rv e d  in  c o u n tin g  o n e  sm e a r severa l tim es w as sh o w n  to  b e  
less th a n  th a t  in v o lv ed  in  c o u n tin g  sm ears  p re p a re d  f ro m  th e  b lo o d  o f  o n e  
r a b b i t  a t  d iffe ren t tim es  (w eekly  in te rv a ls ) . B o th  o f  th e se  e r ro rs  in  tu rn  
w ere  less th a n  th e  d iffe rence  b e tw een  c o u n ts  p e rfo rm e d  o n  sm ears  p re p a re d  
b e fo re  a n d  a f te r  in je c tio n  o f  th e  sm a lle s t dose-level o f  p y ro g e n  u sed  in  th e  
in v es tig a tio n .

W. ANDERSON AND J. P. TODD

R esults

T o ta l  w h ite  ce ll c o u n ts  w ere  n o t  p e rfo rm e d  a t  e a ch  te s t b ec au se  o f  th e  
tim e -co n su m in g  te c h n iq u e , espec ia lly  w h en  15 a n im a ls  w ere  b e in g  u sed  a t  
o n ce , a n d  w h en  th e  in fo rm a tio n  p ro v id e d  b y  th e m  w as n o t req u ire d  in  th e  
c a lc u la tio n  o f  ch a n g e  o c c u rr in g  in  th e  av e rag e  n u m b e r  o f  lo b es  p e r  
n e u tro p h il.  S ev era l w ere  m a d e , h o w ev e r, a n d  th e  re su lts  o b ta in e d  a re

re c o rd e d  in  T a b le  I. T h e  p o s t- in je c tio n  
c o u n ts  w ere m a d e  b e tw een  3 a n d  4 
h o u rs  a f te r  in je c tio n  o f  p y ro g en .

P re lim in a ry  in v es tig a tio n  sh o w ed  
th a t  m a x im a l d eflec tion  o f  th e  av e rag e  
n u m b e r  o f  lo b es  p e r  n e u tro p h il  co u ld  
b e  ex p ec ted  to  o cc u r  b e tw een  3 a n d  4 
h o u rs  a f te r  in je c tio n  o f  p y ro g en . T h e n , 
a f ;e r  a  p e r io d  o f  in s tab ility , th e  c o u n t 
co m m en c ed  a n  u p w a rd  re tu rn  to  
n o rm a l a n d  a t ta in e d  a  s te ad y  p re 
in  e c tio n  level a b o u t  4  to  6 d ay s  la te r  
(see F ig . 1).

O u r  e n d -p o in t w as th e re fo re  th e  
v a lu e  g iven by  a  sm e a r ta k e n  a b o u t  
3^ h o u rs  a f te r  in jec tio n . W e h av e  
m e a su re d  th e  re sp o n se  as th e  p e rc en ta g e  
fa ll in  th e  av e rag e  n u m b e r  o f  lobes 
p e r  n e u tro p h il,  i.e .,  th e  d iffe rence  

b e tw e en  p re - a n d  p o s t- in je c tio n  rea d in g s  ex p ressed  as  a  p e rc en ta g e  o f  th e  
p re - in je c tio n  rea d in g . T h e  deflec tio n  o f  th e  c o u n t can  b e  sh o w n  to  b e  d u e  
to  th e  a d d it io n  o f  1- a n d  2 -lo b ed  n e u tro p h ils— m o stly  1 -lobed— to  th e  
c irc u la tin g  b lo o d  g iv ing  as  a  re su lt, a  lo w er v a lu e  fo r  th e  av e rag e  n u m b e r  
o f  lobes p e r  n e u tro p h il.

I t  w as o b se rv e d  th a t ,  w h en  a  d o u b le -p e a k e d  te m p e ra tu re  re sp o n se  
o c c u rre d , it  w as ad v isab le  to  w a it u n til  a f te r  th e  seco n d  p e a k  h a d  p assed  
b e fo re  re m o v in g  th e  sa m p le  o f  b lo o d , o th e rw ise  th e  sm e a r c o n ta in e d  very  
few  w h ite  b lo o d  cells ( a b o u t 200  o r  less w h ite  b lo o d  cells in  o n e  sm e ar—  
w h ich  m a d e  c o u n tin g  ex trem ely  te d io u s  a n d  d ifficu lt— as o p p o se d  to  60 :o  
80 p e r  s tr ip  o f  sm e ar in  o n e  ta k e n  a f te r  th e  seco n d  p ea k ) . W h e n  th e  b ip h as ic  
te m p e ra tu re  re sp o n se  o cc u rre d , th e  seco n d  p e a k  a p p e a re d  a b o u t  3 h o u rs

TABLE I
I ncreases in  t o t a l  n u m bers  of
LEUCOCYTES IN RABBITS, 3 TO 4  HOURS 
AFTER INJECTION OF VARIOUS DOSE- 
LEVELS OF PYROGEN. TEMPERATURE 

RESPONSES ARE ALSO GIVEN

Increase in Rise in rectal
Dose, white blood temperature,
ml./kg. cells/cu. mm. 0 C.

14,400 1-22
0-2 14,800 1-57

6,600 1-30
7,200 1 17

0-1125 6,400 1-49
13,200 1-10

3,000 0-77
0-05324 8,000 1-18

13,000 0-81
1,400 0-34

0-02 — 0-95
800 0-45
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Hours Days
Time after injection

F ig. 1. Graph showing depression in average number of lobes per neutrophil 
after injection of pyrogen (0-2 ml./kg.) and the course of return to normality.

O ------O Rabbit number 1
O ------- O  „  „  4
O  —  O „  „  5

a f te r  in jec tio n . A fte r  th e  seco n d  p e a k  h a d  p a ssed , a n  a b u n d a n c e  o f  y o u n g  
n e u tro p h ils  m a d e  th e ir  a p p e a ra n c e .

C o m p a r is o n s  o f  I n d ic e s  o f  p y r o g e n ic  A c t i v i t y  I n v e s t ig a t e d  
(S ee  T ab le s  I I ,  I I I  a n d  IV  a n d  F ig u re s  2, 3 a n d  4)

T h e  re su lts  fo r  e a ch  d o se  level a re  m e an s  o f  90  rea d in g s  (i.e ., 360 
ex p e rim en ts )  a n d  in  e ach  case  th e  m e an s  ca n  be  sh o w n  to  d iffe r sign ifican tly  
f ro m  ea ch  o th e r . S ign ifican t c o r re la tio n  w as fo u n d  to  ex is t b e tw een  ea c h  
o f  th e  3 d iffe ren t ind ices  a n d  th e  lo g a rith m s  o f  th e  doses a n d  a lso  b e tw een  
te m p e ra tu re  re sp o n se  a n d  b o th  w h ite  b lo o d -ce ll resp o n se s . A naly ses  o f  
v a ria n ce s  sh o w ed  th a t ,  in  th e  case  o f  a ll 3 ind ices, b e tw e e n -ra b b it v a r ia n c e  
ex is ts  sign ifican tly . T h e  c o m p a riso n  o f  d iffe ren t p y ro g en ic  p re p a ra tio n s  
w o u ld  th e re fo re  b e  m o re  a c c u ra te  i f  th e  sam e  ra b b its  w ere  u sed , p ro v id e d
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they are not used often enough or within close enough intervals to establish 
a significant degree of tolerance.

Inspection of the regression lines suggests that, to a first approximation, 
straight lines fit the 3 sets of data. Analyses of variances to check 
linearity give the following values for F Oh =  2, n2 =  356):—small 
lymphocyte percentage fall:—2-53; percentage fall in average number of

TABLE ll
T em pera tu re  response  in  th e  
RABBIT TO VARIOUS DOSE-LEVELS OF 

PYROGEN

Dose, 
ml./kg.

Average maximal rise in 
rectal temperature

Mean
°C.

Coefficient of 
variation 
per cent.

C-2 1-38 21
Cl 125 1-25 21
C-06324 0-95 30
C-02 0-61 36

TABLE III
L eu c o c y te  response  in  th e  ra bbit  
TO VARIOUS DOSE-LEVELS OF PYROGEN 
PERCENTAGE FALL IN AVERAGE 
NUMBER OF LOBES PER NEUTROPHIL

Dose, 
ml./kg.

Percentage fall in average 
number of lobes per 

neutrophil

Mean 
per cent.

Coefficient cf 
variation, 
per cent.

0-2 35-6 22
0-1125 29-8 28
0-06324 25-2 33
0-02 16-8 48

lobes per neutrophil:—3-46; average maximum rise in temperature:—6-2. 
It is seen that 2-53 is just below the 5 per cent, probability level, 3-46 is just 
above it and 6-2 between the 1 per cent, and 0-1 per cent, levels.

The ratio of the standard deviation of 
the scatter about the regression line 
to the difference between the means for 
maximum and minimum doses was 
calculated for each index of activity. 
This confirmed the impression given 
by the coefficients of variation that the 
order of accuracy for the 3 indices is : 
rise in temperature, percentage fall in 
the average number of lobes per 
neutrophil, and small lymphocyte per
centage fall.

T olerance

It was observed after the investigation had terminated that 8 of the 
population of 30 rabbits were beginning to show diminished responses to 
the highest dose level of pyrogen. These responses differed significantly 
from those elicited by the same dose at the end of the test. Rabbits which 
had been rested for 3 months gave the expected response. Advantage was 
taken of this condition of incipient tolerance in the 8 rabbits and their 
sera were tested for antibodies using the white-ring precipitation test. The 
presence of antibodies to our pyrogen could not be demonstrated in any 
of the 8 sera. We conclude therefore that for this level of tolerance the 
presence of antibodies to the pyrogen is not essential.

TABLE IV
R esponse in  th e  ra bb it  to  va rio u s
DOSE-LEVELS OF PYROGEN SMALL 
LYMPHOCYTE PERCENTAGE FALL (6)

Dose, 
ml./kg.

Small lymphocyte 
percentage fall

Mean

Coefficient of 
variation, 
per cent.

0 2 56-5 27
0-1125 49-8 39
0-06324 44-8 41
0-02 270 62
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Log (100 x  dose)

F i g . 2. Log dose response curve for pyrogen. 
Temperature response. Each experimentally 
determined point represents the mean of 90 
observations.

Y =  0-36 +  0-79*

Log (100 x  dose)
F i g . 3. Log dose response curve for pyrogen. 
Response measured as percentage fall in 
average number of lobes per neutrophil. Each 
experimentally determined point represents the 
means of 90 observations.

Y =  12-83 +  18-33* ar =  8-24

a r — 0-27

Log (100 x  dose)
F i g . 4. Log dose response curve for pyrogen. 
Response measured as small lymphocyte 
percentage fall. Each experimentally determined 
point represents the mean of 90 observations.

Y =  19-46 +  29-03* oT =  17-6

D iscussion

In the light of recent views7’8 which have cast doubt upon the production 
of temperature-rise as a direct effect of pyrogen, it seems reasonable to 
attempt a measurement of response using an index based on an effect 
which, in view of these doubts, is not less likely to be attributable, directly 
or indirectly, to pyrogen. It appears from our results that in estimation of
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pyrogenic effect, measurement of the average maximum temperature rise 
in rabbits affords accuracy not exceeded by any other method of estimation 
hitherto investigated, but, on the other hand, our results also suggest that 
an alternative method possessing an almost equivalent degree of accuracy 
exists in measuring the left-handed deflection of the polynuclear 
count, by computing the percentage fall in the average number of lobes per 
neutrophil which occurs in rabbits about hours after injection of 
pyrogen.

The active material is admittedly impure, as are most other preparations 
in use at the present time, and the extent of impurity is unknown, but we 
offer the fact that there is correlation of the 3 effects between each other 
over 4 dose-levels, as evidence that these effects derive from the injection 
of pyrogen. Furthermore, in preliminary investigations using a more 
highly purified pyrogen from Proteus vulgaris (and one from E. coli) we 
have observed that all 3 responses are equally evident after injection.

Summary

1. The effect of 4 dose-levels of pyrogen from Proteus vulgaris on the 
polynuclear count in rabbits has been investigated quantitatively and the 
effect measured as the percentage fall in the average number of lobes per 
neutrophil.

2. The simultaneous effect of pyrogen on temperature and on the 
percentage of small lymphocytes was also recorded.

3. Correlation was found between the 3 effects.
4. The merits of each of these 3 indices of pyrogenic activity have been 

assessed comparatively.
5. The presence of antibodies to pyrogen could not be demonstrated 

in rabbits which showed a small degree of tolerance.

It gives us pleasure to express our indebtedness to Miss Anne C. Inglis, 
B. Sc., M.P. S., for her patient assistance in performing many of the counts and 
to Mr. J. C. Eaton, M.A., for advice on the statistical analysis of the results.

One of us (W. A.) thanks the Council of the Pharmaceutical Society for 
the provision of an Educational Grant during the tenure of which this 
work is being carried out.
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DISCUSSION
The paper was presented by M r . W. A nderson .
D r . J. G. D are (Leeds) said that this was the third paper by Professor 

Todd and his colleagues in which they had discussed :he small lymphocyte 
percentage fall as a measure of pyrogenic activity. In the first paper they
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had found no correlation between temperature and percentage lymphocyte 
fall; in the second paper they had found partial correlation, and in the 
present paper complete correlation. No reference was made in the paper 
to the different results obtained previously. Although the paper dealt 
mainly with a different index, in view of the discrepancy in the results with 
the other index the authors should offer a rational explanation as to why 
the present findings for this correlation should be accepted. In tempera
ture response one often found double peaks; and in looking for the 
maximum response one must take the higher figure. The frequency of the 
occurrence of this double peak with Proteus vulgaris was related to the dose. 
Did the authors find a higher incidence of double peaks as the dose 
increased or was the incidence randomly scattered throughout the doses?

D r . G. E. F oster (Dartford) raised the question of the detection of 
pyrogens in antipyretic drugs, for which the method given in the paper 
might be useful. It would be interesting if some of Professor Todd’s 
pyrogen could be mixed with such a drug to see whether the pyrogen 
could be detected by its effect on the white cells.

M r . T. D. W hittet  (London) said that at the Symposium held the 
previous December it was stated that calcium gluconate caused a tempera
ture fall. This had been confirmed. He had found that chlorpromazine 
would completely abolish the pyrogenic response. Was the blood picture 
affected by chlorpromazine ? Referring to Menkin’s pyrexin, he said that, 
in America, strongly pyrogenic tissue exudate had been produced, free 
from bacterial pyrogen. Did the same effects occur with such substances 
as pyrexin and the leucocyte extract of Bennett ?

M r . A. Bragg  (Liverpool) asked the age of the culture used for the 
preparation of the freeze-dried material. What were the time and 
temperature factors involved in the freeze-drying treatment?

M r . A nderson , in reply, said the object of the paper was to investigate 
the effect on neutrophils and had the authors wished to hide their previous 
conclusions they would not have referred to the small lymphocytes at all. 
A careful inspection of the various relationships between the three indices 
would show that what had changed was the temperature response. An 
improvement in the temperature response had resulted in correlation 
being established between temperature and small lymphocyte percentage 
fall. Replying about the double peaks, he said that in calculating the 
results he had used the maximum temperature attained, as shown in 
the tables. He agreed that the highest dose level of pyrogen elicited the 
greatest number of double peaks. The smallest dose gave an incidence of 
8 per cent, of double peaks, the middle two doses gave 35 per cent, and the 
highest dose gave 28 per cent. This last result was surprising, and they 
concluded that the slightly smaller incidence at the highest dose level was 
probably due to the fact that the first peak was so high that there was then 
a flattening-out effect. They had visualised the admixture of their pyrogen 
with several types of drugs, notably those which themselves produced a 
white cell effect and those which produced a temperature effect. It had 
been reported that chlorpromazine produced an effect on white cells. In
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regard to the age of the culture, he said that the organism was grown for 
three days at 37° C. in the medium stated.

P rofessor J. P. T o d d , in reply, commenting on Dr. Dare’s references 
to their previous work, said that Mr. Anderson had employed the term 
correlation with a different meaning from that used by Miss Dawson in 
one of the earlier papers.

W. ANDERSON AND J. P. TODD
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I ntrodu ction

M ethods available for the determination of quaternary ammonium salts 
have been reviewed by Dubois1'2 and by others3’4. The now well-known 
reineckate, ferricyanide and indicator extraction methods have been 
adopted by standardising bodies such as the Association of Official and 
Agricultural Chemists of U.S. A. and the various pharmacopoeia authorities. 
In the British Pharmacopoeia the ferricyanide method is specified for 
cetrimide and the reineckate method for decamethonium iodide. The 
indicator extraction method has the advantages of high sensitivity, rapidity 
and partial selectivity and appeared to be of potential value for application 
to pharmaceutical preparations. Considerable attention has been given 
to this method in the literature, but very varying conditions have been laid 
down by different workers (Table I).

TABLE I
E x t r a c t io n  m e t h o d — d if f e r e n t  c o n d it io n s  u s e d  b y  d if f e r e n t  w o r k e r s

Reference Indicator iH Solvent
Method of 
clarifying Applicability

7 Bromophenol
blue

11-5 Ethylene
dichloride

Anhydrous
sodium
sulphate

RxRaRsRaNX where 
R  =  C6H5CHa-  or 
C4H9 or derivative 
thereof

8 » Benzene Centrifuging »
9 Bromocresol

purple
7 0 Chloroform ” Tetraethylammonium

bromide

10 Bromophenol
blue

Ethylene
dichloride ” Hexaméthonium and 

tetraethylammonium 
bromides

11 Bromothymol
blue

8-4 Chloroform Filter paper Quaternary ammonium 
and amine salts

12 ” 7-6 ” Centrifuging Hexaméthonium 
bromide and deca
methonium iodide

R eview  of the  L iterature

Methods for the determination of amine and quaternary ammonium 
salts involving the formation of salts or complexes with indicators are of 
4 types. The first and most widely applicable type involves extraction and 
is based on Prudhomme’s5 discovery in 1938 that alkaloids form chloro
form-soluble complexes with acid dyes such as eosin, the reaction being
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quantitative.6 Auerbach7 in 1943 described a method using bromophenol 
blue which is applicable to many quarternary ammonium salts, but not 
to amines. In this method, as first described by Auerbach,7 a buffered 
solution of the quaternary ammonium compound and bromophenol blue, 
is extracted with ethylene dichloride to give a coloured solution of the 
complex which is clarified by a drying agent or by centrifuging8 before final 
measurement of its optical density. Other workers since have varied 
indicator, pH, concentrations of reagents, solvent and method of clarifying 
(Table I) but the reasons underlying the selection of working conditions 
are not always clear.

Extraction methods employing different conditions have been described 
for tertiary amines11’13’14’15, alkaloids16’17, long chain surface active18’19 and 
other high molecular weight quaternary ammonium compounds11’20 as well 
as for short chain salts such as tetraethylammonium bromide9*10 and 
hexamethonium bromide10’11’12. No methods have been described for 
gallamine triethiodide and pentapyrrolidonium salts.

Two types of method have been based on Hartley’s21 observations of the 
effects of surface active quaternary ammonium salts such as cetylpyridinium 
bromide and cetrimide on various indicators, the colour of sulphon- 
phthaleins for example being “not only displaced to the alkaline side, but 
also qualitatively changed.” Hartley and Runnicles22 in 1938 used this 
effect to determine the concentration of cetylpyridinium ion in a solution 
by titration with sodium cetylsulphate using bromophenol blue as indicator. 
Methods published since23’24’25-26’27 use other indicators but with one 
exception both reactants are surface active agents. Carkhuff and Boyd27, 
however, apply their method to a tertiary amine and claim that it is 
suitable for the determination of most quaternary ammonium salts and 
certain types of amine. A variation of the method involves titration of 
surface active agent with a suitable indicator28. The second of the two 
types of method based on Hartley’s observations was provided by 
Colichman29, who in 1947 applied the indicator displacement effect to the 
direct photometric determination of quaternary ammonium salts by using 
an excess of bromophenol blue and measuring the colour of the aqueous 
solution. He applied the method to two surface-active compounds and 
implied that it was applicable to quaternary ammonium salts in general. 
Other workers4’30 using bromocresol purple applied similar methods to 
cetylpyridinium chloride and they also suggested a wider application.

The fourth type of method is applicable only to organic solvent solutions 
of bases and consists in adding a solution of indicator in either aqueous 
buffer31’32’33’84, in which case shaking is necessary, or in organic solvent35, 
to a solution of the base in a halogenated solvent, followed by photometric 
measurement of colour produced. This method, which was first described 
by Brodie and Udenfriend31, is based on observations by LaMer and 
Downes36 in 1933, supplemented later by Griffiths37 and reaffirmed by 
others38’30, that addition of bases to organic solvent solutions of indicators 
results in changes of colour proportional to the concentration of base.

The titration and direct photometric methods appeared to have such 
considerable advantages as regards simplicity and rapidity that it was.

C. W. BALLARD, et al.
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clearly desirable to determine their range of applicability. If this were 
found to be limited then it was decided to elucidate the principles under
lying the indicator extraction method sufficiently to facilitate selection of 
optimum conditions for determination of particular compounds either 
alone or in the presence of other substances.

E xperimental
1. Titration Method

Titration of a OT per cent, solution of cetylpyridinium chloride with a 
0T2 per cent, solution of sodium lauryl sulphate using methyl yellow, in 
the presence of chloroform, as indicator under the conditions laid down 
by Carkhuff and Boyd27 gave a sharp end-point. With cetrimide the end
point was less sharp and with p-nitrophenoxymethylbenzyldimethyl- 
ammonium chloride a diffuse and very premature end-point was obtained. 
With salts of hexaméthonium, pentapyrrolidinium and gallamine the 
chloroform layer became coloured after the addition of as little as 3 per 
cent, of the expected volume of titrant.

2. Direct Photometric Method
Following Colichman’s method29, addition of 0-5 mg. of cetylpyridinium 

chloride to a 0-0016 per cent, solution of bromophenol blue buffered with 
sodium carbonate gave an increase in optical density of 0-28 at a wave
length of 645 mfi, which is the Amln for the indicator alone. At the Amax 
of 585 mju., which was not used by Colichman, a decrease in optical 
density of 0-49 occurred, but the reagent blank was large. With cetrimide 
a small increase in optical density was obtained at 645 m^ and no increase 
with gallamine ; at the Amax small decreases were obtained with both. 
Using bromothymol blue the corresponding changes in optical density 
were even smaller.

3. Extraction Method
Simple preliminary tests having indicated that chloroform was a better 

solvent for the complex than ethylene dichloride, a systematic study of 
conditions was commenced.

(a) Choice o f  Indicator
Working with cetrimide, pentapyrrolidinium and pentaméthonium, tests 

were made in nearly neutral, slightly acid and slightly alkaline solutions 
with more than 40 anionic indicators to see whether a chloroform-soluble 
complex was formed. Indicators tried included halogenated and unhalo- 
genated sulphonphthaleins, phthaleins, fluoresceins and azo-dyes. Extract- 
able complexes formed most readily with cetrimide and least readily with 
pentaméthonium, cetrimide giving extractable complexes with 28 indicators 
but pentaméthonium with only 4, bromothymol blue, phenyl-a-naphthyl- 
amineazobenzene-p-sulphonic acid, dibutylaminoazobenzene-p-sulphonic 
acid40 (“butyl orange”), and tetrachlorotetraiodofluorescein, most colour 
being obtained with bromothymol blue. Furthermore, as expected from 
Gottlieb’s11 results, complexes formed more readily in neutral or slightly 
acid solution than in alkaline solution.

DETERMINATION OF QUATERNARY AMMONIUM SALTS. PART I
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(b) Choice o f  Solvent
Working with dimethylaminotoluene methiodide and bromothymol blue 

at pH 9-2, extraction of complex with one portion of chloroform being 
incomplete, single extractions were made with 24 solvents including 
halogenated and non-halogenated aliphatic, alicyclic and benzenoid 
hydrocarbons, alcohols, esters and nitrated hydrocarbons such as nitro
benzene, the latter being chosen because of its high dielectric constant. 
Alcohols and esters gave a large reagent blank, whilst unhalogenated 
hydrocarbons extracted no complex. The best solvents were nitrobenzene, 
acetylene tetrachloride, chloroform and methylene dichloride, the extinc
tion values obtained being 0-33, 0-206, 0-123 and 0-118 respectively. 
Nitrobenzene, however, was rejected because of toxic hazards and tendency 
to form persistent emulsions. Using acetylene tetrachloride a solvent phase 
was obtained which could not be clarified with glass wool and hence 
chloroform was chosen for further work. Solubilities of the complexes of 
3 quaternaries in certain solvents are given in Table II.

TABLE II
So lu b ilities  o f  q u a ter n a r y  am m o n iu m  com plexes o f  b ro m o th y m o l  blue

Complex in 100 ml. of solution

Quaternary ammonium cation
Chloroform,

g.

Ethylene
dichloride,

g.

Acetylene
tetra

chloride,
g-

Carbon
tetra

chloride,
g-

Benzene,
g-

Cetyltrimethylammonium More than 
60

More than 
500 4-6 400

Gallamine.. 43 20-0 38 Insoluble 001
Hexaméthonium .. 34 0-14 14 ” 004

(c) Phase Volume Ratio
To avoid emulsions it was necessary to have a volume ratio of the 

aqueous phase to the chloroform of not greater than 1-5 to 1. To obviate 
the measurement of small volumes of reagents and of sample the aqueous 
phase was fixed at about 25 ml. and the solvent phase at 20 ml.

(d) Effect o f  Time and Technique
The complex appeared to form rapidly4 in the aqueous phase and not 

slowly as believed by Marshal and Rogers16. Phase equilibrium was com
plete after 2 minutes shaking. Separation of the phases was complete after 
2 minutes, but the upper portion of the chloroform phase was more 
intensely coloured than the lower. This resulted from the “foam” 
(chloroform dispersed in aqueous phase) hanging from the upper aqueous 
phase into the chloroform, complex being adsorbed at the large interfacial 
surface as in the case of indicators alone34. Reproducibility was obtained 
by swirling the chloroform to mix before running it off.

(e) Method o f  Clarifying Chloroform Solution o f  Complex
Different types of filter paper tried removed up to 20 per cent, of colour 

from the chloroform solution for one paper, additional colour being 
removed with each filtration through a fresh paper; Munktell No. 0 filter
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papers used by Gottlieb11 were not available at this stage. Sodium 
sulphate, used initially by Auerbach7 and later by Wilson41 removed 
complex at the rate of about 12 per cent, of colour for each 1 g., the amount 
increasing with time of contact. Several other substances such as silica42, 
celite and calcium oxide were also found unsatisfactory. However 0-06 g. 
of glass wool clarified 25 ml. of moist chloroform solution of complex in 
10 minutes, no loss of colour occurring on standing for a further 15 minutes 
or on adding another 0-04 g .; even with 0-2 g. only a 5 per cent, loss of 
colour resulted. A slight fall in optical density during actual clarification 
was attributed to removal of the traces of indicator present in the dispersed 
water droplets since the glass wool acquired a greenish-blue colour 
removable by alcohol or chloroform B.P., but not by alcohol-free 
chloroform or by ethylene dichloride.

(f) Stability o f  Chloroform Solution o f  Complex
Use of a simple chloroform solution of the complex for optical measure

ments suffered from certain disadvantages such as adsorption of the 
complex on to the glass walls of flasks and cells and instability of colour 
arising from removal of alkali 
from the glass. A solution 
stable for at least one hour 
and free from adsorption 
effects was obtained by the 
addition of an ethanolic 
solution of boric acid contain
ing a small but necessary 
amount of water; the con
centration of boric acid and 
water chosen gave maximum 
sensitivity and small varia
tions had no effect. Stronger 
acids such as hydrochloric 
lowered sensitivity whilst 
sulphonphthaleins tend to 
fade in alkaline solution43.

(g) Purity o f  Reagents
Some batches of both

bromophenol blue and bromo- 
thymol blue failed to pass the 
purity test given by Wilson44 
and were purified as described 
by him. However, both 
original and purified indi
cators although differing 
appreciably in colour gave 
identical results in photo
metric work and the amount

DETERMINATION OF QUATERNARY AMMONIUM SALTS. PART I

pH of aqueous phase
F ig. 1. Effect of pH of aqueous phase on 
the extraction of complex into chloroform 
using three different indicators.
----------  methyl orange
---------- bromophenol blue
-  • -  • -  bromothymol blue

O cetrimide
A 2 : 4-dichlorophenoxymethyltri- 

ethylammonium chloride 
N.B.—Extinction values were determined 

at different wavelengths and in 
solvents of different composition 
for each indicator. Arbitrary scales 
for the respective series of ordinates 
were chosen in order to obtain a 
clear diagram.
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of impurity was probably small. With the exception of trichlor- 
ethylene solvents were not specially purified; trichlorethylene was freed 
from amines present as stabilisers45 by extraction with acid. Quaternary 
ammonium salts were recrystallised from ethanol, ethanol-ether or 
ethanol-benzene46 mixtures.

C. W. BALLARD, et al.

Fig. 2. Effect of pH of aqueous phase on the extraction of complex into chloroform 
using bromothymol blue and different quaternary ammonium salts.
4- pyridine methiodide 
□  tetraethylammonium hydrogen tartrate 
x hexaméthonium bromide 
A décaméthonium iodide 
•  pentapyrrolidinium bitartrate 
C phenyltrimethylammonium chloride 
© gallamine triethiodide 
Q diethylaminotoluene methiodide 
© y-phenoxypropyltriethylammonium iodide 
® p-nitrophenoxymethylbenzyldimethylammonium chloride 
0 cetrimide
O is used where several lines pass through the same point and where the points lie on 

the base line.
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(h) Effect Of pH
The effect of variation of the pH  of the aqueous phase on the extraction 

of the complex into chloroform was studied to a limited extent with 
different indicators (Fig. 1) and in greater detail with bromothymol blue 
(Fig. 2). Mcllvaine standard buffers47 containing varying ratios of citric 
acid and sodium phosphate were used for pH values between 6-4 and 8; 
hydrochloric and boric acids were used to obtain low pH  values and 
solutions of sodium bircarbonate, borax, sodium carbonate and sodium 
hydroxide for the higher pH values. Extinction values (2 cm.) for the 
reagent blank (3 extractions) rose, with decrease of pH, from 0-008 at 
pH 7-6 to 0-32 at pH 5-8 using chloroform, and were rather less using 
ethylene dichloride.

(i) Effect o f Excess o f  Bromothymol Blue
Using chloroform at pH 7-4 increasing the amount of indicator from 

1 ml. to 5 ml. of 0-1 per cent, raised the reagent blank from 0-01 to 0-16. 
With quaternaries giving calibration curves of theoretical slope (Fig. 5) 
complete extraction of complex was obtained in the presence of an excess 
of indicator varying between 10 and 40 per cent. (Table III). Other 
compounds required a much greater and varying excess, the hexamethonium 
complex not being completely extracted even with 100 per cent, excess.

DETERMINATION OF QUATERNARY AMMONIUM SALTS. PART I

TABLE III
E x t e n t  o f  l i n e a r i t y  o f  c a l i b r a t i o n  c u r v e s  f o r  q u a t e r n a r y  a m m o n i u m

C O M P O U N D S

C o m p o u n d
E x t e n t  o f  l in e a r i ty ,  

p e r  c e n t .

G a l la m in e  t r i e th i o d id e 80
P e n t a p y r r o l i d in i u m  b i t a r t r a t e 6 0
2 : 4 - D i c h l o r p h e n o x y m e th y I t r i e th y l a m m o n iu m  C h lo r id e G r e a t e r  t h a n  70
D é c a m é t h o n iu m  io d id e 7 0
3 : 5 - D im e th y l - 4 - c h lo r p h e n o x y m e th y ld im e th y lb e n z y la m m o n iu m  C h lo r id e 85
D i m e t h y l b e n z y l - p - n i t r o p h e n o x y m e t h y la m m o n i u m  C h lo r id e 9 0

(j ) General Method using Bromothymol Blue 
Apparatus. All apparatus, including separator stopcocks, must be 

completely free from grease.

Reagents
Bromothymol Blue. If this does not pass the purity test given by 

Wilson44, purify as he describes but using a buffer of pH 7-5.
Bromothymol Blue Solution. Dissolve 0-15 g. of bromothymol blue and 

0-15 g. of anhydrous sodium carbonate in water and dilute to 100 ml.
Buffer pH  7-547. Dilute 7-5 ml. of freshly prepared citric acid solution 

0-1 M (2-10 per cent.) to 100 ml. with sodium phosphate solution 0-2 M 
(7-16 per cent. Na2H P04.12H20).

Boric Acid in Ethanol. Dissolve 5-0 g. of boric acid in dehydrated 
ethanol, add 20-0 ml. of water and dilute with dehydrated ethanol to 
250 ml.
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Procedure
To 20 ml. of chloroform B.P. in a separator add 5-0 ml. of solution 

containing the equivalent of up to 2 micromols of univalent quaternary 
ammonium salt, 1-0 ml. of bromothymol blue solution and 20 0 ml. of 
buffer. Shake vigorously for 2 minutes, allow to separate, slowly invert 
the separator to mix the chloroform phase and allow to stand for 2 minutes.

Wavelength in m/x
F ig. 3. Absorption spectra of solutions of 
bromothymol blue in chloroform contain
ing 25 per cent, v/v of solution of boric 
acid in ethanol. A, 2-43 micromols; B, 
1-94 micromols; C, 1-46 micromols; D, 
0-97 micromols ; E, 0-48 micromols.

Micromols of bromothymol blue in 100 ml. of 
chloroform solution or micromols of quater
nary in 5 ml. of sample solution x number of 

quaternary nitrogen atoms/molecule.
F ig. 4. Calibration curves for bromo
thymol blue, gallamine triethiodide and 
hexaméthonium bromide.
— □ — bromothymol blue in chloroform 

containing 25 per cent, v/v of 
solution of boric acid in ethanol 

O gallamine triethiodide by proposed 
general method

A hexaméthonium bromide by pro
posed general method 

+  hexaméthonium bromide by pro
posed general method but at p H
6-8.

Run off the chloroform into a stoppered flask containing 0-4 g. of glass 
wool and repeat the extractions and separations with 2 further portions of 
chloroform. Shake the bulked chloroform for 1 minute and allow to 
stand for 5 minutes. Decant the chloroform through a small plug of glass 
wool into a 100 ml. graduated flask containing 25-0 ml. of solution of boric 
acid in ethanol. Wash the flask and filter with successive small quantities 
of ethylene dichloride or ethanol-free chloroform, adding the washings to 
the main portion of filtrate and finally diluting to 100 ml. Measure the 
extinction of 2 cm. at 420 m/x against chloroform, and read off the 
corresponding amount of quaternary ammonium salt from a calibration 
curve.
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(k) Calibration Curves
Solutions in chloroform (containing ethanol and boric acid) of the 

gallamine complex and of bromothymol blue, having the same concentra
tion of indicator gave identical spectra. Absorption spectra for solutions 
covering a range of concentrations of indicator are shown in Figure 3. 
The extinction values at 420 m/x are shown plotted in Figure 4. The effect 
of variation in path length was small, extinction values for 1 cm., 2 cm., 
and 4 cm. being 0T79,0-361 and 0-75. Calibration curves were linear from 
the origin for a varying range of extinction values, flattening off at a value 
which was a varying fraction 
of the extinction of 0-89 
which corresponded to the 
total available bromothymol 
blue (Table III). The curves 
for gallamine triethiodide 
and hexamethonium brom
ide (Fig. 4) illustrate the types 
obtained with compounds 
of high and low molecular 
weight respectively. In the 
case of hexamethonium 
bromide the slope was 
affected by change of pH, 
being greatest at pH  6-8.
These curves were plotted 
from values corrected for the 
reagent blank on the basis 
that this is greatest in the 
absence of quaternary and 
zero at the extinction (0-89) 
corresponding to complete 
extraction of bromothymol 
blue.

For the high molecular 
weight compounds the slopes 
of the calibration curves, 
expressed as extinction/con- 
centration (mg./100 ml.), 
were directly proportional to 
the number of quaternary 
nitrogen atoms per molecule 
and inversely proportional to the molecular weight (Fig. 5), the line in this 
figure showing the linear relationship which holds when complete extraction 
of complex is obtained.

Calibration curves set up by different workers at different times using 
different reagents agreed to within 1 per cent. Fuller information regarding 
the precision of the method when applied to pharmaceutical preparations 
will be given in a later paper.

Mol. wt._1 X number of quaternary nitrogen 
atoms/molecule

F ig . 5. Relationship between slope of 
calibration curve, expressed as extinction 
of 2 cm. at 420 m/t for 1 mg. in 5 ml. of 
sample solution, and reciprocal of mole
cular weight x number of quaternary 
nitrogen atoms per molecule.
A gallamine triethiodide 
© pentapyrrolidinium bitartrate
□  décaméthonium iodide
© hexamethonium bromide 
C tetraethylammonium bromide 
O 3: 5-dimethyl-4-chlorphenoxymethyl- 

dimethylbenzylammonium chloride
□  dimethylbenzyl-p-nitrophenoxy- 

methylammonium chloride
+  2 : 4-dichlorphenoxymethyltriethyl-

ammonium chloride

979



Ex
tin

cti
on

 o
f 

I c
m.

C. W. BALLARD, et al.

(1) Composition o f Complex
The composition of bromothymol blue complexes was determined in 

3 different ways. (1) Assuming that for the linear portion of the calibra
tion curve complete extraction of quaternary compound is taking place, 
then at each point the molar ratio of indicator to quaternary compound 
can be calculated. For gallamine, for example, the ratio is 3 to 1 and since 
there are 3 quaternary nitrogen atoms per molecule then one molecule of 
indicator is associated with each nitrogen atom. For methyl orange and 
2 : 4-dichlorophenoxymethyltriethylammonium chloride a ratio of unity 
was also obtained. Similar results were obtained with the other relatively 
high molecular weight quaternary ammonium compounds. (2) In the case

F ig. 6. Determination of composition of bromothymol complex of p-nitrophen- 
oxymethylbenzyldimethylammonium chloride. Absorption spectra of about 0 001 
per cent, solutions in 0-1 N sodium hydroxide of

----------  bromothymol blue
---------- p-nitrophenoxymethylbenzyldimethylammonium chloride
-  • -  • -  complex.

of the p-nitrophenoxymethylbenzyldi méthylammonium complex the com
position of the chloroform extract was determined by extracting the 
chloroform with OTN sodium hydroxide and making extinction measure
ments at wavelengths of 295 mp, 306 mp and 610 mp (Fig. 6). The amount 
of bromothymol blue was calculated from the extinction value at 610 mp 
and the amount of quaternary from the remaining two values by the two- 
colour method. The ratio obtained was 1 to 1. (3) The hexaméthonium 
complex was isolated, as described later, its indicator content calculated 
from the extinction at 420 mp of its chloroform solution, and its quaternary 
content determined by the general method described in section (j ). The 
ratio found was again unity.

That other ratios can exist was shown as follows. (1) The chloroform 
solution of the cetrimide-bromothymol blue complex obtained at pH 13 
(Fig. 1) was equilibrated with a buffer solution at pH 8-4 containing
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indicator. The extinction rose to that obtained normally at pH 8-4, the 
value being actually doubled, showing that the original ratio of indicator 
to quaternary was 1 : 2. (2) Using “butyl orange” a ratio of 4: 1 was
obtained with pentapyrrolidinium and with gallamine.

Complexes were obtained in the solid state in two ways. (1) Complexes 
of bromothymol blue with gallamine, hexamethonium and pentapyrrol
idinium were obtained as orange-red to red-brown powders by evaporating 
chloroform solutions, obtained by extraction, to dryness. (2) Addition of 
the appropriate amount of bromothymol blue to a solution of quaternary 
hydroxide in methanol and evaporation to dryness gave the complexes of 
gallamine and hexamethonium as green powders. The ratio of indicator 
to quaternary compound was the same in both forms of complex.

(m) Application o f  General Method in the Presence o f Interfering Substances 
Possible interference by various substances in the concentrations likely 

to be encountered in pharmaceutical preparations was investigated. 
Sodium sulphite (5 mg.), chlorbutanol (0.06 mg.), dextrose (0T g.), lactose 
(0T g.), and polyvinylpyrrolidone (2-7 mg.) had no effect but sodium 
lauryl sulphate (0-2 mg.) lowered the extinction from 0-35 to 0-30. The 
effect of inorganic salts was to increase the amounts of both free indicator 
and complex extracted, the effect on the reagent blank being greatest at 
low pH values (Table IV). Series of tests using different inorganic salts

TABUE IV
E f f e c t  o f  s o d i u m  c h l o r i d e  o n  e x t r a c t i o n  o f  i n d i c a t o r  a l o n e  a n d  o f  i n d i c a t o r -

q u a t e r n a r y  C O M P L E X

DETERMINATION OF QUATERNARY AMMONIUM SAUTS. PART I

C o m p o u n d  e x t r a c te d

S o d iu m
c h lo r id e ,

g .

E x t in c t io n  o f  f ir s t  e x t r a c t

pH  7 -4 p H  8-5

B r o m o th y m o l  b l u e  a lo n e __ 001 00-2 0 0 3 5 010 0-68 020 1-07 0  0 3 5
4 0 G r e a t e r  t h a n  1-07 11

P e n t a p y r r o l i d in i u m  c o m p le x 0 0 0 9 6
1-5 0 -1 4 8

showed that those yielding doubly charged ions such as sulphate had a 
greater effect, the effect being actually related to the ionic strength of the 
solution.

D iscussion

Titration and Direct Photometric Methods 
The failure of the titration method of Carkhuff and Boyd27 when applied 

to hexamethonium, pentapyrrolidinium and gallamine may be attributed 
to the relatively greater stability of the complex formed with methyl yellow 
in chloroform solution compared with that formed with sodium lauryl 
sulphate in aqueous solution. Barr et al.25 obtained divergent results with 
dodecyltriethylammonium bromide using methylene blue, whilst Epton24 
obtained quantitative results with cetylpyridinium bromide only when the
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carbon chain length of the alkyl sulphate was greater than eight. Alkyl 
sulphates with even greater chain length may be necessary with the lower 
molecular weight quaternaries. Different workers have used different 
indicators and different pH conditions, but the theoretical principles 
underlying the method do not appear to have been worked out. According 
to Hartley and Runnicles22 end-points may be obtained with bromophenol 
blue in the aqueous phase at concentrations well below the critical micelle 
concentration (C.M.C.) for the cetylpyridinium ion and hence the 
undoubtedly higher C.M.C. values for the lower molecular weight 
quaternaries are probably not the reason for failure of the method. 
Systematic studies of this potentially valuable method are in progress.

According to Colichman46 the colour change of bromophenol blue in 
the presence of long chain cations results from electrostatic interaction 
between the quaternary cations and the indicator anions; conductivity 
results obtained were in accordance with the complete formation of non
conducting ion-pairs even in highly dilute solutions. Interfacial tension 
studies48 also indicated ion-pair formation in aqueous solution followed by 
micellisation. According to Lewis et a/.49’50 ion-pair formation in itself 
does not alter the spectral absorption of associated ions and Colichman51 
in a later spectral study concluded that the ion-pairs were at least partially 
in the form of micelles even below the C.M.C. for the quaternary. Failure 
to obtain a colour change with the lower molecular weight quaternary 
compounds may be attributed to absence of micelles, bromothymol blue 
being less useful than bromophenol blue for the high molecular weight 
quaternaries, as was found also in interfacial tension titrations, because 
the C.M.C. for the metathesis compound is higher48.

Extraction Method
Applicability. The general method described in section ( j) is applicable 

to all except the low molecular weight quaternaries such as tétraméthyl
ammonium and choline salts. However, it cannot be regarded as entirely 
satisfactory for hexaméthonium and tetraethylammonium salts since 
calibration curves of theoretical slope are not obtained owing to incomplete 
extraction of complex. Almost complete extraction of hexaméthonium has 
been obtained using acetylene tetrachloride at pH 6-6 and it is hoped that 
a method incorporating these and other modifications will be more suitable 
for all low molecular weight quaternaries. Although calibration curves of 
theoretical slope are obtained with the remaining compounds a separate 
calibration curve for each is necessary on account of the varying extent of 
linearity.

The method is liable to interference from (a) anionic surface-active 
agents, proteins52, peptones and other substances which may react with 
the quaternary, (b) substances such as albumin63 and polyvinylpyrrolidone 
which may react with the indicator and (c) substances such as ointment 
bases and salts which may affect the partition of the indicator or of the 
complex between the two phases. Anionic detergents may possibly be 
removed by extraction with chloroform as the methylene blue complex54. 
Although polyvinylpyrrolidone combines with certain dyes55 particularly

C. W. BALLARD, et al.
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brilliant vital red, a sulphonated azo-dye used in a method for its deter
mination56, in the concentration tried it did not interfere with the extraction 
method. Modifications necessary in the presence of certain interfering 
substances will be given in a later paper.

Selectivity. The general method, like those of many other workers, is 
applicable to certain amines, but these may be readily separated from 
quaternary compounds by extraction from alkaline solution. It should be 
possible to differentiate quaternary compounds by taking advantage of 
such factors as (a) the greatly differing solubility of the complexes in 
different solvents, benzene for example being a poor solvent for complexes 
of gallamine and hexamethonium, but a good one for that of cetrimide,
(b) differences in behaviour with different indicators, the lower molecular 
weight quaternary compounds not giving extractable complexes with 
bromophenol blue, and (c) the effect of pH, only the high molecular weight 
quaternaries being extracted at the higher pH values.

Theoretical Aspects. A considerable amount of work remains to be 
done before the theoretical basis of the method can be fully established. 
Probably the most important relationship to be further studied is that 
between the constitution of a quaternary compound or amine and the pH 
range over which it can be extracted. It seems probable that the reacting 
species in the case of amines is the cation RR'R"NH+ formed in acid 
solution by the addition of a proton. Preliminary experiments have shown 
that amine-indicator complexes are extractable over different pH ranges 
extending into the alkaline side where, however, complexes may not form, 
the amine itself being extracted and then causing partition of indicator 
between the two phases. The limited pH ranges over which the complexes 
of different quaternaries can be extracted may be accounted for by the 
formation of undissociated quaternary hydroxide in sufficiently alkaline 
solutions.

DETERMINATION OF QUATERNARY AMMONIUM SALTS. PART I

Summary
1. Published methods for the determination of quaternary ammonium 

compounds by (a) titration with anionic surface-active agents, and 
(,b) measuring the change in colour intensity produced in an indicator in 
aqueous solution, have been found inapplicable to compounds of molecular 
weight lower than that of cetrimide.

2. The indicator extraction method has been studied in some detail 
and the results of variations of conditions and the effects produced by 
interfering substances described and discussed.

3. A general indicator extraction method is proposed which is applicable 
to all quaternary compounds except those of very low molecular weight.

The authors wish to thank the Directors of Messrs. May and Baker, 
Ltd., for permission to publish this paper.
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D ISC U SSIO N
The paper was presented by Mr. J. Isaacs.
Dr. D. C. Garratt (Nottingham) said the authors had not sufficiently 

stressed the purity of the indicators used for the reaction. He had been 
unable to obtain English bromophenol blue which was sufficiently pure 
for spectrophotometric work, but American material gave good results. 
The chemical method was just as quick as the spectrophotometric method.
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Dr. G. E. Foster (Dartford) remarked that he had used this type of 
method for the determination of tubocurarine. There was some difficulty 
in the standardisation of cetrimide, as the substance supplied by different 
makers did not seem to be of uniform composition. Had the authors 
been able to detect any variation?

Dr. W. Mitchell (London) said that the authors had selected chloro
form as a solvent in preference to nitrobenzene or acetylene tetrachloride, 
one reason being that nitrobenzene presented a toxic hazard. This was 
not mentioned as a reason for the rejection of acetylene tetrachloride, 
which was probably the most toxic of the chlorinated hydrocarbons.

Mr. H. E. Brookes (Nottingham) said that in certain formulations of 
cetrimide, due to inactivation of the quaternary compound, the micro
biological determination did not agree with the chemical method, although 
the latter still gave the expected figure. Had the authors any information 
on this subject?

Mr. Isaacs, in reply, referring to the purity of the indicators, said that 
they discontinued the use of bromophenol blue because bromothymol blue 
was found to be superior in many respects. They purified the bromo
thymol blue by Wilson’s method, but towards the end of the work they 
checked 6 or 7 samples of the commercial indicator and found the unpurified 
material to be as satisfactory as the purified. It seemed that purification by 
Wilson’s method might be unnecessary, but by this means one was certain of 
having satisfactory material. The general method could be applied to tubo
curarine fairly well. It was true that cetrimide was not uniform, and for 
that reason in most of their quantitative work they had used quaternary 
compounds of known composition. Replying to Dr. Mitchell, he said 
that acetylene tetrachloride was possibly more toxic than nitrobenzene 
but, in view of the odour of the latter, workers preferred to face the greater 
dangers of the former. The general method did not apply too well to 
hexamethonium bromide, but using acetylene tetrachloride and an alter
ation in volume-phase ratios, quantitative extraction had been obtained 
and it seemed that this solvent should be used until something better was 
found.

DETERMINATION OF QUATERNARY AMMONIUM SALTS. PART I
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SYNTHETIC ANALGESICS: STEREOCHEMICAL 
CONSIDERATIONS

By A. H. Beckett and A. F. Casy

F rom  th e  P h a rm a c e u tic a l C h em ica l L a b o ra to r ie s , C h e lsea  S c h o o l o f  P h a r m a c y , 
C h elsea  P o ly te c h n ic , L o n d o n , S . IV.3

Received July 12, 1954

In a review article1 in 1952 on “Analgesics,” one of the present authors 
stated “it appears probable from a consideration of the diverse types of 
compounds which have an analgesic activity equal to, or greater than, 
that of pethidine, that the minimum requirement for activity may be a 
hydrophobic group (or collection of groups) containing a basic centre 
with an overall optimum spatial arrangement.” Further “it is possible 
that the stereochemical configuration of the drug must be complementary 
to that of a certain tissue surface or enzyme system.” Since the appear
ance of this article, much evidence has been forthcoming supporting the 
above statements. The purpose of this paper is to correlate the relevant 
information, to present stereochemical evidence obtained in our own 
laboratories, and to postulate the type of drug-receptor mechanism in
volved and the nature of the receptor surface.

The importance of the spatial configuration in analgesics is most clearly 
demonstrated in those compounds possessing one asymmetric carbon 
atom. In all cases where optical enantiomorphs have been prepared and 
tested, one is always more active than the other of each pair, and, in many 
cases, the whole of the activity of the racemic mixture resides in one of 
the isomers. In Table I the analgesic activities of a number of enantio- 
morphic pairs and the nature of their rotations are presented.

The significance of the difference in activities of optical isomers in 
drug-receptor mechanisms only becomes established when the configura
tions of the isomers are elucidated. We have determined the configura
tions of a number of these optical isomers, some of varying chemical 
types; the more analgesically active isomers of each enantiomorphic 
pair have identical spatial configurations which are related to that of 
d - (—)-alanine (see Fig. 1). (Figure 2 shows the outline of the reac
tions used in establishing the configurational relationships; full chemical 
details will be published elsewhere.)

The difference in biological activity exhibited by isomers of enantio
morphic pairs can be attributed to one or more of the following factors:

1. difference in their distribution;
2. difference in their rates of metabolism;
3. preferential adsorption of one of the isomers by an optically active 

constituent in the body before it can reach the site of action;
4. difference in their ease of adsorption upon a complementary recep

tor surface;
5. difference in the nature of the drug receptor combination.
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SYNTHETIC ANALGESICS 
TABLE I

Analgesic activities of enantiomorphic pairs of compounds
The figures given for analgesic activity are approximate and relate to the activity 
measured on rats. They have been calculated from results published by various 

workers (see references 2 to 9).

Analgesic activity
Config- (Related to

Analgesic compound uration Rotation (±)-methadone =  100)

R iN-CHCH3-CH1-C(C,Hs),-R '

Methadone: R =  CH3, R ' =  ^-COC2H5 D _ 180
L + 10

Sulphone analogue of methadone: R =  CH3; R' =
-SOsC,Ht D — 180

L 10

R\  / U; n - c h c h 8- c h  =  c (  z

Y j
R' =  CHa R" =  CH8 D + 170

L — 30

R' =  C2Hs R" =  CjHt D + 120
L — 20-50

R % -  =  P n -
R ' /  1----7

•f 90
50

Isomethadone _ 80
+ 5

3-hydroxy-At-methyl morphinan { de™ ro^han +
400

0

f  levomethor-
403-methoxy-IV-methyl morphinan J de£thrometh-

orphan + 0

COOH
I

H ----- Cv
I N NH2

c h 3
d-(—)-alanine

H-

R'
I

- f v
CEL

N(R)2

Optically active analgesics 
(D-configuration)

(a ) (( — )-isomer) R =  CH3; R ' =  -C H 2(C6H5)2COC2H5.
(b) ((-)-isom er) R = C H 3; R '= -C H 2(C6H5)2S 02C2H5.

(c) ((-f)-isomer) R = C H 3; R '=  CH =  C

(d )  ((+)-isomer) R =  C2H5; R ' =  -CH  =  C
V s '

F ig . 1.
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The possibility of the first 3 factors being involved in the difference of 
activity amongst enantiomorphs with analgesic action appears remote, 
because it has been shown that the distribution of (+)-and (—)-meth- 
adone within the body is the same10, and that the excretion of (+ ), (—) 
and (+ )  3-hydroxy-jV-methylmorphinan is similar11. Furthermore, rat

A. H. BECKETT AND A. F. CASY

CH 3-CH-COOH
I

n h 2
d-(—)-alanine

Arndt Eistert Reaction
1. Esterification

H-CHO/Hj 2. Li thienyl
-------------^CH3- CH CH2-COOH---------------- > CH, CH- CH =  C/CH3-CH -C H 2-COOH

I
n h 2

D-

I CH3CHO/H,
I+

c h 3- c h - c h 2- c o o h
I

N(C2H5)2

1. Esterification
2. Li thienyl
3. Dehydration

!! I

I ~ \ / S \
N(C2H5)2 I— S

c h 3- c h - c h =

(I) D-( +  )-

N(CH3)2
3. Dehydration j

N(CH3)2

'S '
/Ss

(II) D-( +  )-
1. Esterification
2. Phenyl magnesium bromide

C,H,
Hydrolysis

c h 3- c h - c h 2- c - o h  -------------
I I

N(CH3)2 c 6h 5

(III) D-( )-

c 6h 5
I

CH3 CH CH, C S 02C2H5
I I 

N(CH3)2 c 6h 5

(IV) ( - )

1. Dehydration
2. Hydrogenation

C6H5

c h 3- c h - c h 2- c - h
I I

N(CH3)2 c 6h 5

(V) D - (+ ) -
t
j NaNH2/toluene
I C6H5

I Ethyl
c h 3 CH -CH 2-C -C N ------------------

I | magnesium
N(CH3)2 C6H5 bromide

C.H,
I

c h 3- c h  c h 2 c  c o c 2h 6
I !

N(CH3)2 c 6h 5 

(VII) ( - )(VI) ( - )

F ig . 2. T h e  d e te rm in a tio n  o f  th e  co n fig u ra tio n  o f  c e r ta in  analges ica lly  ac tiv e  isom ers.

liver slices (the liver being the chief organ for the metabolism of meth
adone) have the same effect upon both methadone isomers10.

Indications that a particular receptor surface is involved in the media
tion of analgesic action by a drug can also be obtained by consideration 
of analgesic antagonists. (V-allylnormorphine (nalorphine) has been 
shown to antagonise the analgesic action of compounds of various 
chemical structures, i.e., morphine, methadone, isomethadone, the
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dithienylbutenylamines, acetylmethadols, phenadoxone, 3-hydroxy-A1- 
methylmorphinan, pethidine12’13'14’15’16. Nalorphine possesses slight anal
gesic action itself and, when injected into mice after a dose of morphine, 
rapidly abolishes the analgesic effect of the latter and reduces the pain 
perception to the level given by nalorphine alone17. It also antagonises 
the respiratory depressant properties of morphine18. The replacement of 
the CH3-  of the N-CH3 group of morphine by various alkyl groups 
yields compounds showing a gradation of analgesic and anti-analgesic 
action; some exhibited both effects19. A-propylnormorphine, and its 
diacetyl derivative, antagonised the analgesic action of methadone, 
pethidine and thiambutene in addition to that of morphine19. Substitu
tion of allyl, methallyl, «-propyl and /.sobutyl groups for methyl in mor
phine, dihydro-, desoxy- and dihydrodesoxymorphines and various di- 
hydromorphinones give compounds which antagonised the analgesic 
effect of morphine20. 3-Hydroxy-A-allylmorphinan (racemic mixture and 
(—) -isomer) antagonise the actions of morphine and synthetic anal
gesics21*22.

The stereochemical factors involved in the “fit” upon the complemen
tary receptor surface are further emphasised by the following facts con
cerning analgesic antagonists:

1. Morphine and its antagonist nalorphine have identical configura
tions.

2. (—)-3-Hydroxy-A-methyImorphinan (levorphan), a potent anal
gesic, is antagonised by (—)-3-hydroxy-./V-allylmorphinan of identical 
configuration but not by the (+ )- allyl compound possessing the same 
configuration as the almost inactive (+)-3-hydroxy-Ar-methylmorphinan 
(dextrorphan)21.

3. A-Methyl Aomorphinan, essentially without analgesic activity, 
yields a A-allyl compound which is inactive as an anti-analgesic20.

It may be assumed, therefore, that a “fit” at a receptor surface is 
involved in analgesic action and that stereochemical factors are extremely 
important. However, it is not intended to imply that adsorption at a 
particular receptor site, of necessity, mediates an analgesic effect. It is 
postulated that analgesic compounds, and their antagonists, “fit” the 
receptor surface, the former initiating a reaction sequence (or interfering 
with a reaction sequence), the outcome of which effect is analgesic action, 
while the latter, because of slight difference in their structure, fail to 
evoke, or only partially evoke, the reaction sequence. An antagonist 
can thus compete with an analgesic for the receptor site and, in suitable 
concentration, completely prevent the analgesic being adsorbed upon the 
essential site with consequent blocking of its pharmacological effect. 
By considering the structural surfaces common to different chemical 
types of analgesics, by bearing in mind the established stereo
chemical requirement of the synthetic analgesics, and assuming that there 
is no deformation on adsorption on the receptor surface, certain tentative 
conclusions can be drawn as to the complementary fine structure of the 
latter.

SYNTHETIC ANALGESICS
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Features which are common to all analgesics and their antagonists are 
(1) a tertiary basic group and (2) a flat aromatic ring structure, e.g., a
6-membered ring possessing 3 double bonds or a 5-membered ring with 
2 double bonds. It is probable that these two essential groupings become 
associated with specific receptor sites in a cellular boundary representing the 
primary site of action. Substituent groups are not essential because N- 
methylmorphinan, an analgesic, is simply a three dimensional structure of 
aromatic and hydroaromatic rings possessing one basic centre. Because in 
certain enantiomorphic pairs, one isomer is analgesically active while the 
other is inactive, a third grouping consisting of a hydrocarbon moiety 
must be involved to form a third reaction point at the surface, with the 
result that only one of the stereoisomers presents the three groups in the 
correct relative positions. (Figure 3 illustrates that if the (—)-isomer 
is analgesically active and structure X is involved at the surface as well 
as the basic group and the aromatic ring, then the (-f)-isomer can 
only present two of the three essential groups in the correct orientation 
to the receptor surface.)

X Y

A. H. BECKETT AND A. F. CASY

F ig . 3.

Both ease of attachment of the drug to the receptors and the nature of 
the drug-receptor combination appear to be important in analgesic 
activity. Inactive isomers, although incapable of coming into 3-point 
contact with the receptors, can reduce the activity of the active isomers, 
when added together, by a partial “blocking” effect. It has been shown, 
for instance, that dextrorphan tartrate and (+)-methadone (inactive 
isomers) can reduce the analgesic effects of their respective active enantio- 
morphs23-24. Furthermore, the analgesic effects of levorphan and (—)- 
methadone hydrochloride are inhibited by the inactive (+)-isomers of 
the other compound to the same degree as by their own inactive isomers, 
while the combination of half the effective dose of each (—)-isomer is 
additive in nature24.

Morphine and the morphinans have rigid structures in which the 
relationships of the various asymmetric centres have been established25-26 
(see VIII and IX for conventional line representation). They were used 
as models for a consideration of the most probable surface for presenta
tion to a receptor (a flat ring and the basic centre being regarded as two 
essential moieties).

The nature of the conformation of the reduced rings of these substances 
is therefore important. Bose27 has presented evidence from which he has
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concluded that, in morphine (VIII) the alicyclic rings B, C and the piper
idine ring D are all in the chair form. Although agreeing with his general 
conclusions, the present authors consider that ring C in morphine is a 
boat form and not a chair, because of the steric requirements of the 4 — 5 
ether bridge. This steric constraint is not present in the morphinans

SYNTHETIC ANALGESICS

morphine ,V-methyl morphinan (R =  H)
racemorphan (dromoran) (R =  OH)

(IX) where it is concluded that rings B, C and D are of the chair conforma
tion. Either conformation of ring C, however, satisfies the points raised 
in the following discussion. Figure 4 shows a diagramatic representation 
of the three dimensional arrangement of these structures. Because the 
relationship of the configuration of morphine and the morphinans to the 
amino-acids has not been established, morphine can be represented by 
structure (X) or (XI) and (—)-3-hydroxy-V-methyl morphinan by (XII) 
or (XIII). It is concluded that the structures, as shown (X and XI), 
represent the surface of the drug which can fit at a complementary receptor 
surface. The flat aromatic ring A and the basic group lie in almost the

15 16
same plane, with the CH2 CH2 part of the piperidine ring D projecting 
slightly in front, and to the side, of the line between the centre of ring A 
and the basic group. If a cavity is present in the receptor to accommodate 
the projecting -CH 2 CH2- portion, then the electrostatic attraction for 
the basic group as a cation (at physiological pH morphine (pKa 7-88)28 
will be approximately 80 per cent, ionised) for an anionic site in the recep
tor could be reinforced by the collective van de Waals’ forces between 
benzene ring A and a flat portion of the receptor surface (e.g. see Albert11). 
If it is assumed that the configuration of morphine is (X) rather than (XI), 
its mirror image, then (XIV) would represent a diagramatic representation 
of the complementary surface of the receptor. (If morphine is configuration 
(XI) then the receptor surface will be the mirror image of the one shown.)

It is postulated, therefore, that the receptor surface by which analgesic 
action is mediated has the following three essential sites:

1. A flat portion allowing of van de Waals’ forces binding the aromatic 
ring of the analgesic drug;

2. An anionic site;
991



A. H. BECKETT AND A. F. CASY 

Me Me

992



SYNTHETIC ANALGESICS

(XIX) Methadone
F ig . 4. Diagrammatic representation of the three dimensional arrangement of 
analgesics and the “analgesic receptor surface.” The diagrams represent the lower 
surface of the drug and the upper surface of the receptor, i.e., complementary 
surfaces. In front of, behind, and in the plane of the paper are represented by 
-------- , ........... , and --------- respectively.

3. A cavity suitably orientated with sites 1 and 2 as diagramatically 
represented in (XIV).

The association of drug donor groupings with sites 1 and 2 then represents 
the primary site of analgesic action whereas correct alignment of a 
projecting hydrocarbon residue with the cavity in one enantiomorph can 
enhance the drug-receptor contact and consequently the analgesic 
activity, and, in the opposite enantiomorph, the projecting group will 
impair the drug receptor contact. The difference in activity between 
levorphan (XII ; R =  OH) and dextrorphan (XIII ; R =  OH) is explicable 
in terms of the above receptor surface hypothesis. The replacement of 
the V-methyl group of morphine or levorphan by the V-allyl group will not 
impair the fit at the receptor surface. Yet the alteration in structure is 
enough to make these substances sufficiently dissimilar from their parent 
compounds to cause them to fail to carry out the normal reaction of the 
latter when adsorbed. The reason for the simultaneous mild analgesic 
and anti-analgesic action exhibited by certain of the iV-allylnoraiorphine 
type compounds and the lack of anti-analgesic action in (+)-V-allyl-3- 
hydroxymorphinan is also explicable.

The implications of the presence or absence of phenolic or other groups 
and their effect upon partition coefficients and dissociation constants, etc., 
will be described in detail in a subsequent publication.

The synthetic analgesics of less rigid structures may be considered in 
terms of association with the essential receptor sites specified above.

Pethidine and related structures.
The most stable conformation of pethidine will be a chair form for the 

piperidine ring with the large phenyl group probably in the equatorial 
and the ester group in the axial position. This structure fits the essential 
three receptor sites (see XV and XIV). The greater activity exhibited 
by the pethidine type compound (XVI), in which the methyl and pro- 
pionoxy groups are cis, compared with compound (XVII) in which they

993



are trans29 becomes explicable in terms of the cis methyl (equatorial) 
fitting the receptor cavity better than the trans methyl (axial).

The configuration of the two isomers XVI and XVII was not estab
lished unequivocally. If the assignments are incorrect, compound XVII 
would be the more active isomer and its most stable conformation would 
probably be that in which the phenyl group was in the axial, and the 
propionoxy and methyl groups in the equatorial positions'. The resulting 
three dimensional arrangement would be nearer to that of morphine 
than the one diagrammatically represented in XVII. This point will be 
discussed more fully in a later publication when further experimental 
evidence has been obtained.

A. H. BECKETT AND A. F. CASY

Dithienylbutenylamines.

(R)2 n- ch- c h =
R'

The use of molecular models (Catalin) clearly reveals that, if R and 
R' =  CH3, the D-(+)-isomer can have one thienyl ring and the basic 
group fitting at the flat surface and the anionic site of the receptor respec
tively, while the methyl group will fit into the cavity (see Fig. 4, XVIII 
and XIV). In the l - ( — )-isomer the methyl group is not quite correctly 
orientated although there is not a great difference between the “fit” of 
the two isomers. These facts are compatible with the fact that the d - 
(+)-isomer is more active than the l - ( — )-isomer although both exhibit 
analgesic activity. The same explanation and correlation applies to the 
observed structure and activities when R =  C2H5 and R' =  CH3. The 
use of molecular models also revealed that increase in size of group R' 
would result in a less favourable alignment of the thienyl ring and basic 
centre with the receptor sites; this observation is compatible with the 
pharmacological results of decrease in activity with increasing size of 
group R '6.

Methadone and related structures. (R),N CH-CH. C(C,;H,)2R"
R'

(XXI).

In methadone (XXI; R =  CH3; R' =  CH3; R" =  COC2H5) the bulky 
groups attached to the quaternary carbon atom impose severe restraint 
to free rotation in the molecule. The planar phenyl groups will tend to 
positions of maximum clearance, that is to positions corresponding to the 
sides of a trihedral angle with the quaternary carbon at the apex (an effect 
termed “trihedralisation”30). The other bulky groups impart a certain 
rigidity to the molecule, especially since the carbonyl oxygen atom and the 
nitrogen atom can approach so close to each other that it seems probable 
that, when this basic group is in the cationic form, hydrogen bonding of

R \ + /R '
the type >N—H -0 = C / occurs.

I__________1
The molecule can be regarded
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as semi-rigid and the d - ( — )-isomer of methadone has then a correct 
alignment if one phenyl ring, the basic group and the CH3-  group fit the 
flat surface, the anionic site and the cavity of the receptor surface respec
tively (see Fig. 4, XIX and XIV). Models reveal that the L-(+)-isomer 
would be expected to fit at the same receptor surface, although not so 
well as the d - ( — ). It is significant that, although the former isomer is 
almost completely devoid of analgesic activity, it reduces the activity of 
the latter when both are given together, indicating that both ease of 
attachment and the nature of the drug-receptor combination are im
portant in analgesic activity. The difference in activities between the 
d - ( —)- and the L-(+)-isomers of the sulphone analogue of methadone 
(XXI; R =  CH3, R' =  CH3, R" =  S02C2H5) and of the (+ )- and 
(—)-isomers of isomethadone can also be explained as above. 
Reduction of isomethadone yields the isomethadols which would be 
expected to fit the same receptor surface as the active analgesic. 
This conclusion is supported by the fact that analgesically inactive 
a-isomethadol, in large doses, partially blocks the analgesic 
activity of isomethadone ; if methadone and the slightly active a-methadol 
are given together a sum of the effects of the two compounds given 
separately is obtained.31 In methadone compounds, the significance of 
the dependence of analgesic effect upon configuration of the isomer is 
not so clear as in the cases which have been discussed previously, e.g., 
<x-(—)-methadol, a-(—) and /3-(+)-acetylmethadol, all derived from the 
relatively inactive L-(+)-methadone, possess a fair degree of activity32; 
the L-(+)-ester (XXI; R =  CH3, R' =  CH3, R" =  COOC2H5), although 
possessing only weak analgesic activity, is more active than its d - ( — )- 
isomer.5 However, these compounds can “fit” the analgesic receptor 
surface (Fig. 4. XIV) and consequently the nature of the drug-receptor 
combination is the most important factor involved in their activity. 
There are indications that there are limitations to the size of basic groups 
permissible if the drug is to combine with the receptor because, although
5- and 6-membered basic ring structures (XXI) ;

(R)ZN = | N—, N—, O N —, in amidone analogues are active, 7- and

8-membered rings yield inactive products33.
The fact that d - ( — )-methadone possesses high analgesic activity 

while its L-(+)-isomer is almost inactive made the preparation of “6- 
methylmethadone” (6-dimethylamino-6-methyl-4:4-diphenylheptan-3- 
one) (XXIV) of interest. If one phenyl group, the basic group and one 
methyl group (on C 6) in this compound are correctly orientated towards 
the receptor surface (as in d - ( — )-methadone) then the other C 6 methyl 
group will be positioned as in L-(+)-methadone with phenyl and basic 
group fitting at the appropriate receptor sites. This substance has been 
prepared and has been shown to be devoid of analgesic activity indicating 
that, despite the correct configurational arrangement of the 3 essential 
analgesic groupings, an incorrectly positioned methyl group can prevent 
the correct drug-receptor combination.

995



A. H. BECKETT AND A. F. CASY

“6-Methylmethadone” (XXIV) was prepared by treating 3-dimethyl- 
amino-3-methyl-l: 1-diphenyl-butyl cyanide (XXII) with ethyl magnesium 
bromide. This cyanide was formed together with the isomeric 3-dimethyl- 
amino-2:2-dimethyl-l: 1-diphenyl-propyl cyanide (XXIII) by the con
densation of l-chloro-2-dimethylamino-2-methyl propane with diphenyl- 
methylcyanide.

CH3 C6H5
I I(CH3)2N-C-CH2-C-CN (CH3)N-CH2-C

c h3 c6h5
(XXII)

c h3 c6h 5 c h3 c6h 5
I \ \ y O

C-CN (CH3),N-C-CH2-C-C<
I I I I  XC2H5

c h3 c6h5 c h3 c6h 5
(XXIII) (XXIV)

It has been observed that condensations between 2-amino-1-chloro- 
propanes, or l-amino-2-chloropropanes (e.g., (CH3)2N CH2CH CH 3,

I
Cl

and diphenylmethyl cyanide yield pairs of isomeric cyanides33’34’35-36, the 
cyanide group of one member being hindered as shown by the isolation 
of a stable ketimine from the cyanide-Grignard complex and the difficulty 
of hydrolysis of the cyanide group. The two cyanides obtained in the 
present work (XXII and XXIII) varied greatly in their reactions. Ethyl- 
magnesium bromide yielded a ketone with one cyanide (A) but failed 
to react with cyanide (B). The latter was also recovered unchanged after 
treatment with lithium ethyl and attempted hydrolysis with 20 per cent, 
hydrobromic acid. These facts demonstrate the hindered nature of the 
cyanide group in (B) and consequently structure (XXII) has been allocated 
to the less hindered cyanide (A) and structure (XXIV) “6-methylmetha- 
done” to the derived ketone.

Conclusion

It is postulated that, if an organic compound is to exhibit high analgesic 
activity, the following essential features are necessary :

1. A basic centre which is ionised as a cation at physiological pH, in 
order that it may be able to associate with an anionic site in the receptor 
surface.

2. A flat aromatic structure in the molecule to allow of a strong col
lective van der Waals’ force bonding to a flat portion of the receptor 
reinforcing the ionic bond mentioned in (1) which otherwise would not 
be sufficiently permanent because of ion exchange under biological 
conditions.

3. The basic group and the flat structure to be almost in the same 
plane ; this to be accomplished by a completely rigid molecule or a slightly 
less rigid one held in the correct configuration by steric or other con
straints.

4. A suitably positioned projecting hydrocarbon moiety to form, with 
the basic centre and flat aromatic structure, a three dimensional geometric 
pattern indicated in Fig. 4.
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Experimental

All m.pts. are uncorrected.
Equivalent weights of the bases were determined by titration with

0- 02N perchloric acid in glacial acetic acid using crystal violet as indicator. 
Titration of the hydrohalide salts was carried out in non-aqueous media 
in the presence of mercuric acetate by the method described by Pifer and 
Wollish37.

Configuration o f  certain analgesics. (—)-Methadone, (—)-ethyl 3- 
dimethylamino-1: 1-diphenylbutyl sulphone, (+)-3-dimethylamino-l: 1- 
di-(2'-thienyl)-but-l-ene and (+)-3-diethylamino-l: 1-di-(2'-thienyl )-but-
1- ene have been shown to possess identical configurations related to that 
of D - (— )-alanine (full details will be published elsewhere).

2-Dimethylamino-2-methylpropan-\-ol. This was prepared in 83 per 
cent, yield by the method described by Rosnati38; Equiv. wt. 117 (theory 
120), methiodide m.pt. 237° to 238° C. (decomp.).

\-Chloro-2-dimethylamino-2-methylpropane hydrochloride. Thionyl 
chloride (7-5 ml.) was added slowly, with stirring, to a solution of 2- 
dimethylamino-2-methylpropan-l-ol (5-85 g.) in benzene (50 ml.) cooled 
in ice, and the mixture then refluxed for 1 hour. The crystals (7 g.) 
which separated upon cooling were washed with benzene and recrystal
lised from acetone-methanol to yield \-chloro-2-dimethylamino-2-methyl- 
propane hydrochloride as colourless platelets m.pt. 166° to 167° C. Found: 
C, 41-9; H, 8-5; N, 8-5; Cl, 41-2 per cent. Equiv. wt., 168. C6H15NC12 
requires C, 41-8; H, 8-7; N, 8-1; Cl, 41-3 per cent. Equiv. wt., 172.

Condensation o f  \-chloro-2-dimethylamino-2-methylpropane with diphenyl- 
methyl cyanide.

Sodamide (4 g.) was added to a solution of diphenylmethyl cyanide 
(19-3 g.) in dry benzene (150 ml.) and the mixture stirred until no further 
darkening occurred. A solution in benzene (150 ml.) of l-chloro-2- 
dimethylamino-2-methylpropane, freshly liberated from the hydrochloride 
(17-2 g.), was added drop by drop and the mixture stirred overnight. 
The bases were extracted with dilute hydrochloric acid, the acidic extracts 
made alkaline with solution of ammonia, and the liberated bases extracted 
with ether. The ethereal extract was dried (sodium sulphate), and the 
solvent removed to yield a yellow oil (23 g.) which, after dissolving in 
boiling light petroleum (b.pt. 40° to 60° C.) (10 ml.) and then cooling, 
gave pale yellow crystals of cyanide A, m.pt. 73° C. Found: C, 82-4; 
H, 8-25; N, 9-4 per cent. Equiv. wt., 290. C20H24N2 requires C, 82-2; 
H, 8-2; N, 9-6 per cent. Equiv. wt., 292. The hydrobromide crystallised 
from acetone/ether as colourless needles mp.t 183° C. Found: C, 63-7; 
H, 6-7; N, 7-2; Br 21-0 per cent. Equiv. wt., 367. C20H26N2Br requires 
C, 64-3; H, 6-7; N, 7-5; Br, 21-5 per cent. Equiv. wt., 373.

The mother liquors, after removal of the solvent, were treated with 
excess of ethanolic hydrobromic acid. A white solid precipitated and was 
recrystallised from acetone to yield cyanide B hydrobromide (10-5 g.), 
m.pt. 239° C. (d). Found: C, 64-0; H, 6-7; N, 7-7; Br, 21-4 per cent.
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Equiv. wt., 376. C20H25N2Br requires C, 64-3; H, 6-7; N, 7-5; Br, 21-5 per 
cent. Equiv. wt., 373.

6-Dimethy!amino-6-methyl-4: 4-diphenylheptan-3-one (XXIV).
Cyanide A (2 g.) in dry toluene (15 ml.) was added to ethylmagnesium 

bromide in ether (10 ml.) prepared from magnesium (0-75 g.) and ethyl 
bromide (3-4 g.). The ether was distilled off, the mixture refluxed for 
3 hours and then added to crushed ice and concentrated hydrochloric acid 
(8 ml.). The solid which separated was washed, the base liberated with 
dilute solution of ammonia and extracted with ether. After drying 
(sodium sulphate) the solvent was removed to yield a pale yellow oil 
(1-6 g.) which crystallised on standing, and was recrystallised from ethanol 
to give colourless crystals of 6-dimethylamino-6-methyl-4:4-diphenyl- 
heptan-3-one, m.pt. 81 to 82° C. Found: C, 82-1; H, 8-95; N, 4-3 per 
cent. Equiv. wt., 320. C22H29NO requires C, 81-7; H, 9-0; N, 4-3 per 
cent. Equiv. wt., 323.

Reactions o f cyanide B. The cyanide was recovered unchanged when 
subjected to the above reaction, and when treated with a fourfold equiv
alent of lithium ethyl. It was not hydrolysed upon boiling with 20 per 
cent, aqueous hydrobromic acid for 3 hours.

Pharmacological results.
The method of testing used was a tail reflex method39 which gives 

results exactly corresponding to the tail pain method described by 
Grewal40.

(+)-3-Diethylamino-l: l-di-(2'-thienyl)-but-l-ene is as active, and the 
(zh)-compound slightly more than 50 per cent, as active, as (±)-meth- 
adone. 6-Dimethylamino-6-methyl-4:4-diphenylheptan-3-one is devoid 
of analgesic activity.

Summary

1. The evidence is presented for the probability of the activity ex
hibited by analgesics and their antagonists being due to their association 
with a specific receptor surface.

2. The configurations of those isomers exhibiting nearly all the activity 
of certain racemic mixtures are identical, and related to that of d - (—)- 
alanine; the stereochemical requirements of analgesics are considered.

3. Active analgesics are shown to have structures which enable them 
to present similar surfaces to allow of their association with a proposed 
“analgesic receptor surface,” the essential features of which are described.

4. A number of essential structures are outlined as prerequisites for 
compounds designed as analgesics.

The authors wish to express their thanks to Dr. M. F. Lockett for 
carrying out the pharmacological testing.
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DISCUSSION

The paper was presented by Dr. A. H. Beckett.
D r . F. H artley (London) said that many denied that any substantial 

correlation had been found between chemical structure and physiological 
action, but it was desirable that, as far as possible, attempts should be 
made to correlate some aspects of chemical structure, however simple, 
with activity, in order to formulate a working hypothesis. The authors 
had selected an excellent test case in 6-methylmethadone. The extra 
methyl group should interfere with the analgesic behaviour, and, as had 
been shown, the compound was inactive. This might be regarded as 
a critical test, but it was unfortunate that in preparing 6-methylmethadone 
the reaction of the diphenylacetonitrile with the chlorodimethylamino- 
alkyl-derivative was ambiguous, as the reaction could proceed in two ways. 
Although Dr. Beckett had advanced prima jacie evidence as to why the 
structure he had assigned to the compound was correct, it was important 
that the critical example should be beyond reproach. In order to establish 
the structure with certainty Dr. Beckett should degrade his compound to 
establish the position of the methyl groups beyond doubt.
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D r . G. E. F oster (Dartford) said he was not clear how the authors 
explained why nalorphine was an antagonist to morphine and other 
synthetic analgesics when they all fitted the proposed receptor surface.

D r . J. B. Stenlake (Glasgow) expressed the opinion that the confor
mations suggested for pethidine and the two esters XVI and XVII were 
open to question on the grounds that the propionoxy and phenyl groups 
were of comparable size. A pethidine molecule with a conformation 
having an axial 4-phenyl group bore a far more striking resemblance to 
the 3-dimensional structure of morphine than did the alternative confor
mation in which the 4-phenyl group was equatorial. He considered that 
the conformation suggested for the ester XVII with an axial 3-methyl 
group was improbable, and that in fact the most likely stable conformation 
would be the alternative one in which both methyl and propionoxy groups 
were equatorial and the phenyl group axial. He agreed that in XVI the 
phenyl group was most probably equatorial. He went on to point out 
that the configurations of XVI and XVII had not been rigidly assigned, 
and suggested that the known greater ease of hydrolysis of the least active 
isomer was open to the alternative interpretation that in this isomer 
(actually XVI) the propionoxy group was axial. In consequence the 
phenyl group would be equatorial and the molecule would be in an un
morphine-like conformation. Its more stable and more active isomer 
would then be that in which the phenyl group was axial with the molecule 
in a morphine-like conformation (XVII). He expressed the hope that 
the authors would seek further experimental evidence of the configuration 
of these two isomers.

Dr . G. Brownlee (London) said that although nalorphine antagonised 
some of the effects of morphine, it did not antagonise all of them, which 
seemed to indicate that there was more than one receptor site. This did 
not detract from the value of the hypothesis that there was not a single 
simple receptor site for morphine. It was possible that 6-methylmetha- 
done should also have some functions which might be measured. Did it 
reverse the action of morphine? What action did it have on smooth 
muscle?

D r . Beckett, in reply to Dr. Hartley, said that work was in progress to 
establish the constitution of the product obtained by the condensation of 
diphenylacetonitrile with l-chloro-2-dimethylamino-2-methylpropane in 
an unequivocal manner. The lack of analgesic activity of the final ketone, 
however, supported the hypothesis irrespective of whether it was 6-methyl 
methadone or 6-methyl-/.somethadonc. Replying to Dr. Foster, he said 
that nalorphine and certain other substances in which the A-methyl group 
of morphine and related compounds was replaced by A-allyl and other 
groups could ‘fit’ the proposed receptor site. A gradation of analgesic 
and anti-analgesic action was produced. Replying to Dr. Stenlake, he 
said that he agreed that there was some doubt concerning the correctness 
of the configuration assigned by the American workers to the isomers 
XVI and XVII. Work was in progress to establish their configurations. 
If the configurational assignments were in fact reversed, it would then
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be reasonable to postulate the most stable conformation for the more 
active isomer with an axial phenyl and the methyl and propionoxy groups 
in the equatorial position. It could then be postulated that the phenyl 
group of pethidine was axial when the molecule was adsorbed on the 
receptor surface because “fit” at the surface under biological conditions 
could favour the adoption of the authors’ conformation in preference 
to an alternative one of approximately equal stability as the contact 
points were coming together. However, the general hypothesis was 
unaffected by the problems still requiring solution in connection with 
these pethidine type compounds. In reply to Dr. Brownlee, he said 
that he would be disappointed if 6-methylmethadone reversed the activity 
of morphine because the evidence suggested that it did not “fit” at 
the proposed analgesic receptor surface.

SYNTHETIC ANALGESICS
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Since the description of AW'-dibenzylethylenediamine dibenzylpenicillin 
(benzathine penicillin) by Szabo, Edwards and Bruce1, this material has 
become widely used as a repository-type penicillin. Since it is only very 
slightly soluble in aqueous media, although this property is made use of in 
therapeutics, its chemical assay is somewhat difficult. As has been pointed 
out by Parker and Donegan2 it is impossible to obtain an aqueous solution 
of sufficient strength for a trustworthy assay by the normal iodimetric 
method. Since benzathine penicillin contains four secondary nitrogen 
atoms, it was thought likely that these would be readily titratable, in a 
suitable non-aqueous system. This was found to be the case, a solution of 
the amine in glacial acetic acid titrating readily with OTN perchloric acid 
in glacial acetic acid.3

Method
Standardisation o f  the perchloric acid solution 

Dissolve about 0-4 g. of A.R. potassium hydrogen phthalate, accurately 
weighed, in 70 ml. of glacial acetic acid containing 2 per cent, of acetic 
anhydride, by gently refluxing. Cool the solution, add 0-2 ml. of 0-1 per 
cent, aqueous solution of crystal violet and titrate with OTN perchloric 
acid to the first disappearance of the violet tinge.

T H E  ASSAY O F BEN ZA TH IN E PEN IC ILLIN  BY TITRA TIO N  IN
A NO N -A Q U EO U S SOLVENT

Determination o f  the purity o f  the sample 
Transfer 500 mg. to a conical flask and dissolve in 70 ml. of glacial 

acetic acid containing 2 per cent, of acetic anhydride. Titrate with OTN 
perchloric acid in glacial acetic acid, using crystal violet as indicator and 
titrating to the same colour as obtained in the standardisation of the 
perchloric acid. The formula for benzathine penicillin is

C6H5-CH2NH-CH2CH2-NHCH2C6H5 (CH3)2 C — CH COOH
I

CH

N
'  \

CO
/

CH N H -COCH , c 8h 5

and its molecular weight 909-1 so that 1 ml. of OTN perchloric acid is 
equivalent to 909-1 g. of anhydrous benzathine penicillin. To calculate 

4ffi000
the purity of the sample as anhydrous compound:—

Percentage =
ml. of OTN perchloric acid x 909-1 X 100 

g. of sample x 40,000
1 0 0 2



ASSAY OF BENZATHINE PENICILLIN

The potency in I.U./mg. is given by:—percentage purity X 1307 (theoretical 
potency 1307 I.U./mg.).

A series of comparative determinations was run using this method, the 
two methods of Parker and Donegan2, a method based on the determina
tion of the optical density in absolute methanolic solution at 264 mp.4 and 
a biological assay using Staphylococcus aureus. The results given in

ö
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Table I show that the proposed method gives results which are in reasonable 
agreement with those given by other methods, and is rapid.

Summary
1. A method for the assay of benzathine penicillin using titration with 

perchloric acid in glacial acetic acid is described.
2. Results are set out and show favourable comparison with four other 

methods.
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DISCUSSION
The paper was presented by Mr . W. H. Stephenson.
Mr. F. A. J. Talman (Liverpool) asked whether the authors had any 

information on the use of this assay for preparations such as suspensions 
and tablets.

D r. F. FIartley (London) said that penillic acid had about the same 
strength as penicillin acid, and asked what would happen if they were 
dealing with a partly degraded benzathine penicillin. Iodimetric deter
mination of the degradation product would then appear to be advantageous 
over the recommended titration method.

Dr . A. H. Beckett (London) said that 2 per cent, of acetic anhydride 
had been added to glacial acetic acid. Knowing that excess acetic 
anhydride immediately acylated secondary or primary amines, it was 
possibly a little dangerous to have this amount present. Usually it was 
customary, when titrating amines, secondary or primary, to make sure 
that a trace of water was present. Possibly the lower results in Table 1 
by titration, as compared with the optical density method, could be 
explained in terms of a trace of acylation. The end-point colour for the 
standardisation using potassium hydrogen phthalate and the colour in the 
actual determination were stated to be the same. Had this been checked 
potentiometrically ? When potassium ions were present, there was precipi
tation of potassium perchlorate, which altered the colour at the end-point.

D r. G. E. Foster (Dartford) said that some analysts had difficulty in 
determining the end-point with crystal violet. He had used quinaldine 
red. Had the authors used any other indicators ?

Mr . Stephenson, in reply, said their method was used with benzathine 
penicillin itself. In suspensions it was necessary to carry out a blank on 
the suspending gel. They were in the experimental stage of their work on 
tablets. He had no analytical evidence with penicillic acid. He agreed 
that the 2 per cent, excess of acetic anhydride might be responsible for 
the somewhat lower results. A potentiometric titration had been carried 
out to check the colorimetric end-point. This might be preferable, 
since crystal violet was not an ideal indicator. They had not used 
quinaldine red.

C. KNIGHT AND W. H. STEPHENSON

1004



P art I. T he P etrol-Soluble F raction  from  Arisiolochia reticulata 
By J. B. Stenlake and W. D. W illiams
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Species of Arisiolochia have been widely used in medicine since Greek and 
Roman times, though they have now largely fallen into disuse. Numerous 
observations have been recorded on the action and chemical constituents 
of Arisiolochia of many different species (for references see Rosenmund 
and Reichstein1), but for the most part these studies are incomplete. At 
least one bitter principle, aristolochic acid, from which the Arisiolochia are 
thought to derive their action, appears to be common to most species. 
The constitution of this acid is unknown, though Rosenmund and 
Reichstein1 and others2-3’4’5’6’7’8 have examined some of its reactions. The 
presence of an ethereal oil in A. serpentaria was mentioned first by Bucholz9 
and again, later by Spica10, who recorded the presence of borneol. 
Peacock11 examined the ethereal oil from A. reticulata and found it to 
consist mainly of an oily substance, C15H250 2 which gave borneol and an 
acid (probably C5H90 2) on saponification. A monoterpene, b.pt. 157° C., 
a fraction C18H290 , b.pt. 240° C., and a blue fluorescent oil were also 
obtained. More recently, 3 sesquiterpene fractions, designated ishwarene, 
ishwarol and ishwarone respectively have been found in the oil from the 
roots of A. indica8-, the chemical structures of these substances have not 
yet been elucidated.

The present studies are concerned with the petrol-soluble fraction 
isolated from a batch of A. reticulata (serpentary root). The oil (3-9 per 
cent.), obtained by cold percolation of dried powdered serpentary root 
with light petroleum, was dark brown in colour, and of pleasant odour, 
similar to that of the root itself. Acidic substances were first removed by 
extraction of the oil in light petroleum, with saturated aqueous sodium 
bicarbonate, as a glassy resinous solid (0-25 per cent, of the oil), of high 
equivalent weight (ca. 1400), which exhibited a violet fluorescence under 
ultra-violet light.

Steam distillation of a small portion of the residual oil yielded, in the 
later runnings, a small quantity of a colourless crystalline solid. A much 
larger quantity of this same material was slowly deposited from the main 
bulk of the oil when it was cooled and seeded with crystals of the solid. 
This substance, a hitherto unknown lactone C j5H 20O 2, designated aristo- 
lactone, was crystallised in colourless platelets, m.p.t. 110-5° to 111° C. 
and will be described in greater detail in later communications.

Ketonic material present in the oil did not form a sodium bisulphite 
addition complex, but was readily extracted with Girard’s reagent-T 
as a brownish oil (3 per cent.), which was strongly dextrorotatory, 
(M d°C- -f 170°). A small portion of this ketonic oil was further resolved 
into two components, a brownish-yellow viscous semi-solid ([« ]„ 'c' +  62°), 
insoluble in light petroleum, and a pale yellow oil +  179°, soluble

T H E  CH EM ISTRY  O F A R IS T O L O C H IA  Spp.
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in light petroleum. The insolubility of the former fraction in light 
petroleum is of interest and suggests that it may be an artefact, though the 
possibility that it was solubilised in the original extract by the presence 
of various terpene fractions cannot be discounted entirely. None of the 
usual crystalline derivatives could be isolated from either of these two 
ketone fractions, which therefore appear to require further fractionation.

Steam distillation of the oily residue yielded a number of volatile 
fractions (Table I).

TABLE I

J. B. STENLAKE AND W. D. WILLIAMS

Weight,
Fraction g- Characteristics

I 200-0 Colourless mobile liquid (mainly light petroleum
and ether) but containing traces of oil.

II 19 0 Colourless mobile liquid (mainly light petroleum).
III 22-4 Almost colourless fragrant oil.
IV 30-9 Pale yellow oil, d £  0-960, [a] ( f  a  -  6-94°.
V 7-0 Yellow oil, d  g; 0-962, [cx] j j '  c- +  33-0°.

The oil present in fraction I could not be separated from solvent by 
fractional distillation and was isolated as a dibromide after treatment with 
bromine. The product, a colourless oil, yielded a small quantity of a 
colourless crystalline solid, m.pt. 87° to 88° C. when chromatographed 
from light petroleum on alumina. This substance was undoubtedly the 
same as the dibromide subsequently isolated from fractions A and B as 
described in the sequel. Repeated refractionation of fractions II and III 
gave further fractions as shown in Table II.

Unfortunately, fractionation on this small scale was not complete and 
most of the fractions were found to be mixtures. We have, however, 
succeeded in identifying a number of the components. Analysis of the 
physical data recorded for the various fractions suggested the presence of 
at least 3 components, a monoterpene (A and B), an ester (C and D) and 
a sesquiterpene (E and F).

Few monoterpenes have densities as high as those recorded for fractions 
A and B (d\llc. 0-856 and 0-882 respectively) and contamination with 
denser ester fractions present in C and D was suspected. However, 
saponification revealed the presence of only traces of esters and chroma
tography of the neutral material gave an oil, d^°c. 0-859, n™'5°a 1-4742,
[a]”°c -59°, [Rl]d44-59. These constants are substantially in agreement 
with those for ( + ) -A4-carene (I), which are given12 as d J t  0-8552,
<  a 1-4740, [a]£ 62-2°, [Rl]d 44-60, the optical exaltation of the

CH3

Â

latter (0-75), over the theoretical value for a bicyclic monoethenoid terpene 
CI0HI6, [Rl]d 43-85 being due to conjugation of the 
ethylenic bond and cyclopropane ring. The presence of a 
single double bond in the molecule of our terpene was con
firmed by an iodine value and by the low intensity ultra
violet absorption maximum at 210m/i (e 4200), characteristic 
of a trisubstituted ethylenic bond13-14. Unfortunately A4- 
carene does not yield any well authenticated crystalline 
derivatives. Reaction with bromine is said to give

CH3 
CH3
(I)
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a  v isc id  o il, w h ich  sh o w s n o  s ig n  o f  cry sta llis in g . B ro m in a tio n  
o f  o u r  p u rif ied  m o n o te rp e n e , s im ila rly  gav e  a  co lo u rle ss  v isco u s 
o il, b u t  w h ich , a f te r  c h ro m a to g ra p h y  y ie ld ed  a  co lo u rle ss  c ry s ta l
lin e  d ib ro m id e , C 10H 16B r2, m .p t. 89° C ., [a]},7" 0' +  98° id e n tic a l (m .p t. 
a n d  m ix e d  m .p t.)  w ith  th a t  o b ta in e d  f ro m  fra c tio n  I. F u r th e r  w o rk  o n  
th is  te rp e n e  fra c tio n  is a t  p re se n t re s tr ic te d  f ro m  la ck  o f  m a te r ia l, b u t  i t  is 
in te re s tin g  to  n o te , h o w ev e r, in  c o n n e c tio n  w ith  its  te n ta tiv e  re c o g n itio n  as 
( — ) - A 4-ca ren e , th a t ,  to  d a te , o n ly  th e  d e x tro ro ta to ry  fo rm  o f  th is  te rp e n e  
h a s  been  iso la te d  f ro m  n a tu ra l  sou rces.

C o n s ta n ts  fo r  f ra c tio n  C  w ere  in  re a so n a b le  ag re e m e n t w ith  li te ra tu re  
f igu res fo r  ( - ) - b o r n y l  fo rm a te  (d^°cc‘ 1-006, n f 0, 1-4708, [a ]D—49°), b u t  
sa p o n ific a tio n  w ith  e th a n o lic  p o ta s s iu m  h y d ro x id e  gav e  th e  e q u iv a le n t 
w e ig h t a s  276, eq u iv a le n t to  o n ly  a b o u t  70 p e r  cen t, o f  b o rn y l fo rm a te . 
E x tra c tio n  o f  th e  n e u tra lise d  sa p o n if ic a tio n  liq u o rs  y ie ld ed  n e u tra l 
m a te r ia l, w h ich  w as s e p a ra te d  c h ro m a to g ra p h ic a lly  in to  ( — )-b o rn e o l, a n d  
a  sm a ll q u a n ti ty  o f  a  c o lo u rle ss  o il, C 15H 24. ( — )-B o rn eo l, w as co n firm ed  
b y  co n v e rs io n  to  its  p -n itro b e n z o a te  a n d  b y  o x id a tio n  to  c a m p h o r . P h y sica l 
c o n s ta n ts  o f  th e  o il, C 15H 21 (d'^.(; 0-913, n™°c  1-4955, [ a ] j f c- +  1-6°, 
[ R J b 65-46) w ere  c h a ra c te r is tic  o f  a  b icyclic  se sq u ite rp e n e  ( [ R J D 66-1) 
w ith  tw o  e th y len ic  b o n d s  (see S im on  sen  a n d  B a r to n 15), a n d  th e  p resen ce  
o f  th e se  tw o  e th y len ic  b o n d s  w as co n firm e d  b y  a n  io d in e  va lue . W e  h av e  
d e s ig n a te d  th is  se sq u ite rp e n e , reticulene.

T h e  a q u e o u s  l iq u o rs  rem a in in g  a f te r  th e  e x tra c tio n  o f  b o rn e o l a n d  
re ticu le n e  e x h ib ite d  red u c in g  p ro p e r tie s  ty p ic a l o f  fo rm ic  ac id . H o w ev er, 
th e  im m ed ia te  fo rm a tio n  o f  a  b u f f  p re c ip ita te  o n  a d d it io n  o f  fe rric  c h lo rid e  
so lu tio n  w as a ty p ica l, a n d  ac id if ic a tio n  o f  th e  so lu tio n  c a u se d  th e  d ep o s i
t io n  o f  o ily  d ro p le ts  o f  a  seco n d  (w a te r- in so lu b le )  ac id . T h e  la tte r  w as 
e x tra c te d  w ith  lig h t p e tro le u m , w h ils t th e  lig h t p e tro le u m -in so lu b le  fo rm ic  
a c id  w as  iso la te d  fro m  th e  re s id u a l liq u o rs  b y  s te am  d is tilla tio n . N e u tra lis a 
t io n  a n d  c o n c e n tra tio n  o f  th e  s te a m  d is tilla te  gave  c ry s ta llin e  so d iu m  
fo rm a te , id en tif ied  by  c o n v e rs io n  to  th e  c o r re sp o n d in g  p -b ro m o p h e n a c y l 
e s te r , b y  a  d e te rm in a tio n  o f  su lp h a te d  a sh  a n d  b y  its  c o n v e rs io n  to  so d iu m  
o x a la te  w h en  h e a te d  ra p id ly  to  360° C.

T h e  w a te r-in so lu b le  a c id  w as o b ta in e d  as  a  co lo u rle ss  o il, w h ich  gave  a  
p a le  b u f f  p re c ip ita te  w ith  fe rric  c h lo rid e  a n d  a  w h ite  g e la tin o u s  p re c ip ita te  
w ith  silver n itra te .  T h e  e q u iv a le n t w e ig h t w as fo u n d  b y  t i t r a t io n  to  be  
165. A  m o re  re liab le  fig u re  o f  169, o b ta in e d  b y  g rav im e tr ic  d e te rm in a tio n  
o f  b a r iu m  (as  su lp h a te )  in  th e  c ry s ta llin e  b a r iu m  sa lt w as in  a g re em e n t 
w ith  its  fo rm u la tio n  a s  C 10H 16O 2. T h e  a c id  w as u n s a tu ra te d , c o n ta in in g  
a  sing le  e th y len ic  b o n d  as  in d ic a te d  b y  th e  u p ta k e  o f  h y d ro g e n  o n  m ic ro 
h y d ro g e n a tio n . T h is  co n c lu s io n  w as co n firm e d  by  th e  io d in e  v a lu e , 
e q u iv a le n t to  o n e  d o u b le  b o n d . T h e  ac id  fo rm e d  a  c ry s ta llin e  ben zy l-  
w o th io u ro n iu m  sa lt a n d  w ith  d ia z o m e th a n e  i t  y ie ld ed  a  p le a sa n t sm elling  
(c a m p h o ra c e o u s )  liq u id  e s te r  u n fo r tu n a te ly , in su ffic ien t in  q u a n ti ty  fo r  
p ro p e r  c h a ra c te r is a tio n .

C o n s ta n ts  fo r  th e  ac id  (» * ' 1-5019; 1-050; [R L] D 47-29) a n d  fo r
its  r e d u c tio n  p ro d u c t  (dj“ ° £ 1-030) su g g ested  th a t  th e  ac id  sh o u ld  b e  fo rm u 
la te d  w ith  a  m o n o c y c lic  ( [R L]D 47-25) r a th e r  th a n  a n  o p e n  c h a in  s tru c tu re
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( [ R J d 49-45). T h is  co n c lu s io n  w as su p p o r te d  b y  th e  m o le c u la r  fo rm u la  
C i 0H 16O 2. T h e  lo w  in te n s ity  u ltra -v io le t  a b s o rp tio n  m a x im u m  a t  215m/x 
(e 2970), w h ich  w as a b s e n t f ro m  th e  sp e c tru m  o f  th e  c o rre sp o n d in g  
s a tu ra te d  ac id , suggests th a t  th is  o ily  ac id  m a y  w ell b e  a  m ix tu re  o f  re la te d  
a,]8- a n d  /3 ,y -u n sa tu ra ted  ac id s. T h is  view  is su p p o r te d  by  th e  fa c t th a t  
o n  lo n g  s ta n d in g  th e  o il slow ly  c ry s ta llised , to  y ie ld  a n  ac id , w h ich  in  
th e  p u re s t  fo rm  o b ta in e d , m e lted  a t  72° to  73° C . T h is  su b s ta n c e  ex h ib ite d  
a  h ig h  in te n s ity  u ltra -v io le t a b s o rp tio n  m a x im u m  a t  206m/x (e 9980), 
c h a ra c te r is tic  o f  a n  a ,j8 -u n sa tu ra ted  ac id . T h e  c ry s ta llin e  ac id  is s im ila r  to  
a n d  is p o ss ib ly  id e n tic a l w ith  th e  ac id  iso la te d  b y  P eac o ck ,11 w h ich  m e lted  
a b o u t  65° C . a n d  g av e  a  f le sh -co lo u red  p re c ip ita te  w ith  fe rric  ch lo rid e . I ts  
fo rm u la tio n  by  P eac o ck  as  C 5H 90 2 c a n  b e  ex p la in e d  by  th e  f a c t th a t  it  
w as b a se d  n o t u p o n  a  d ire c t an a ly s is  o f  th e  ac id , b u t  m ere ly  o n  a n  an a ly s is  
o f  th e  p a re n t b o rn y l e s te r  f ra c tio n , w h ich  h a d  a lso  b een  sh o w n  to  c o n ta in  
ac e tic  ac id .

S ap o n if ic a tio n  o f  f ra c tio n s  D  a n d  E , a n d  tr e a tm e n t a s  ab o v e  y ie ld ed  
fu r th e r  sm all q u a n titie s  o f  th e  w a te r-in so lu b le  ac id . T h e  n e u tra l  f ra c tio n s , 
iso la te d  a f te r  sa p o n ific a tio n  c o n ta in e d  co n s id e rab le  p ro p o r tio n s  o f  th e  
se sq u ite rp e n e  re ticu len e . F ra c tio n  F  w as a lm o s t p u re  re ticu lene .

E xperim ental

M e ltin g  p o in ts  a re  u n co rre c te d . R o ta tio n s  w ere  d e te rm in e d  in  ab so lu te  
e th a n o l (un less o th e rw ise  s ta te d )  in  a  1 dcm . tu b e . F fltra -v io le t a b s o rp tio n  
sp e c tra  w ere  d e te rm in e d  in  a b s o lu te  e th a n o l in  1 cm . cells u s in g  a  H ilg e r 
U v isp e k  p h o to e le c tr ic  sp e c tro p h o to m e te r .

Extraction o f  Serpentary Root. T h e  d r ie d  r o o t  (28 lb .)  in  N o . 60 
p o w d e r, w as e x tra c te d  w ith  lig h t p e tro le u m  (b . p t. 40° to  60° C .)  b y  c o ld  
p e rc o la tio n  u n til  th e  p e rc o la te  w as ju s t  v ery  p a le  yellow . C o n c e n tra tio n  
o f  th e  p e rc o la te  gav e  a  d a rk  g ree n ish -b ro w n  o il (700 g .), s till co n ta in in g  
so m e  so lv en t a n d  h av in g  a  p le a sa n t o d o u r  s im ila r to  th a t  o f  th e  ro o t.

Removal o f free acids. T h e  o il fro m  th e  ab o v e  e x tra c tio n  w as d ilu te d  
w ith  lig h t p e tro le u m  a n d  e x tra c te d  w ith  s a tu ra te d  a q u e o u s  so d iu m  
b ic a rb o n a te . T h e  ac id s, re c o v e red  by  ac id ific a tio n  o f  th e  a q u e o u s  
so lu tio n  a n d  e x tra c tio n  w ith  lig h t p e tro le u m  w ere  o b ta in e d  as  a  p a le  b ro w n  
v iscous o il (0-51 g .).

Aristolactone (a )  T h e  o il f ro m  a  p re m ilin a ry  sm a ll scale  e x tra c tio n  o f  A. 
reticulata (6 lb .)  w as s te am  d is tilled  a n d  th e  d is tilla te  co llec ted  in  27 f ra c 
tio n s , e a ch  o f  350 to  500 m l. T h e  o ily  m a te r ia l p re se n t in  e a ch  f ra c tio n  o f  
d is tilla te  w as e x tra c te d  w ith  lig h t p e tro leu m . F ra c tio n s  6, 7, 9 a n d  10 o n  
e v a p o ra tio n  y ie lded  p a le  yellow  o ils , f ro m  w h ich  a r is to la c to n e  se p a ra te d  
in  v a ry in g  a m o u n t,  as  a  co lo u rle ss  so lid , m .p t. 104° to  108° C . ra ise d  by  
re c ry s ta llisa tio n  f ro m  ac e to n e -w a te r  to  110-5° to  111° C ., [a ]“ ”G +  156-4° 
(C , 1). F o u n d :  C , 77-5 ; H , 8-8 p e r  cen t. C 16H 20O 2 req u ire s  C , 77-6 
H , 8-7 p e r  cen t.

(b )  th e  b u lk  sam p le  o f  o il (700 g .) w h en  c o n c e n tra te d  to  rem o v e  th e  la s t 
tra c e s  o f  lig h t p e tro leu m  a n d  seeded  w ith  a  sing le  c ry s ta l o f  a r is to la c to n e  
a n d  co o led  ( re fr ig e ra to r, 2  d ay s )  gave  c ru d e  cry sta llin e  a r is to la c to n e  (16 g .). 
S eed in g  is  essen tia l, co o lin g  a lo n e  b e in g  insu ffic ien t.
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Isolation o f Carbonyl Compounds
(a )  Sodium Bisulphite Addition Compounds. A  lig h t p e tro le u m  so lu tio n  

o f  th e  o il re m a in in g  a f te r  th e  s e p a ra tio n  o f  a r is to la c to n e  w as sh a k en  w ith  
s a tu ra te d  aq u e o u s  so d iu m  b isu lp h ite  co n tin u o u s ly  fo r  4  d ay s . S m all 
q u a n titie s  o f  a m o rp h o u s  m a te r ia l se p a ra te d  a t  th e  in te rp h a se ; fu r th e r  
tr e a tm e n t  w ith  so d iu m  c a rb o n a te  fa iled  to  y ie ld  c a rb o n y l c o m p o u n d s .

(b )  Extraction with Girard's Reagent-T. T h e  e x tra c t (100 g .)  w as 
re flu x ed  fo r  1 h o u r  w ith  a  so lu tio n  o f  G ir a r d ’s R e a g e n t-T  (10 g .)  in  a  
m ix tu re  o f  g lac ia l ace tic  ac id  (10 m l.)  a n d  a b s o lu te  e th a n o l (90 m l.).

A fte r  co o lin g  a n d  d ilu tin g  w ith  ic ed -w a te r  ( to  red u c e  th e  e th a n o l 
c o n te n t  o f  th e  so lu tio n  to  10 p e r  cen t, w /v ) n e u tra h s a t io n  o f  90 p e r  cen t, 
o f  th e  ace tic  a c id  (N  so d iu m  h y d ro x id e ; 158 m l.)  a n d  e x tra c tio n  o f  n o n - 
k e to n ic  m a te r ia l w ith  h g h t p e tro le u m , th e  aq u e o u s  so lu tio n  o f  k e to n ic  
m a te r ia l w as tr e a te d  w ith  su lp h u r ic  a c id  to  g ive a n  a p p ro x im a te ly  n o rm a l 
so lu tio n . T h is  so lu tio n  w as a llo w ed  to  s ta n d  fo r  1 h o u r  a n d  ex tra c te d  w ith  
so lv e n t e th e r. T h e  e th e rea l so lu tio n  w as d r ie d  (so d iu m  su lp h a te ) , tre a te d  
w ith  m a g n es iu m  o x id e  ( to  rem o v e  ace tic  a c id )  a n d  e v a p o ra te d  to  g ive a  
p a le  b ro w n ish -y e llo w  o il (3 T 4  g .), [ a ] " ° c' +  170° (C , 2-38).

(c) Fractionation o f  the Ketonic Oil. T h e  o il (0-2 g .)  w as sh a k en  w ith  
h g h t  p e tro le u m  (50 m l.) . In so lu b le  m a te r ia l re m a in e d  as  a  b ro w n ish -  
y e llo w  v iscous sem i-so lid  (0-042 g .), [a ]“ ° °' +  62° (C , 0-428). E v a p o ra t io n  
o f  th e  h g h t p e tro le u m  gave a  p a le  yellow  o il (0-146 g .), [ a ] „ 'c , - f  179° 
(c , 2-07).

Steam Distillation o f  the Residual Oil. T h e  o il, m a in ta in e d  a t  120° to  
130° C . w as s te a m  d is tilled  a n d  co llec ted  firs t in  f ra c tio n s  o f  1 1. ( I - I I I )  a n d  
la te r  o f  2 1. (IV  a n d  V ). T h e  o ils , w h ich  rea d ily  se p a ra te d  w ere  d ried  o v e r  
so d iu m  su lp h a te . D e sc rip tio n s  o f  th e se  fra c tio n s  a re  re c o rd e d  in  T a b le  I.

Fraction I. T h e  liq u id  (ca. 200 g .)  co n s is tin g  m a in ly  o f  h g h t p e tro le u m , 
b u t  c o n ta in in g  tra c e s  o f  h e v o ro ta to ry  o il, w as tr e a te d  w ith  b ro m in e  u n til 
th e  re a g e n t w as n o  lo n g e r  d ec o lo u rise d . E v a p o ra t io n  o f  th e  so lv en t gave 
a  tra c e  o f  co lo u rle ss  o il (0-1 g .)  w h ich  w h en , c h ro m a to g ra p h e d  o n  a lu m in a  
f ro m  h g h t p e tro le u m , gav e  3 f ra c tio n s . T h e  firs t a n d  la s t f ra c tio n s  y ie lded  
co lo u rle ss  o ils , w h ich  w ere  n o t  id e n tif ie d ; th e  seco n d  f ra c tio n  w as o b ta in e d  
a s  a  co lo u rle ss , d e x tro ro ta to ry  c ry s ta llin e  so lid , m .p t. 87° to  88° C . (fro m  
h g h t p e tro le u m ).

Fractional Distillation o f  II  and III. F ra c tio n s  I I  a n d  I I I  f ro m  th e  
s te a m  d is tilla tio n  w ere  c o m b in e d  a n d  s u b m itte d  to  re p e a te d  f ra c tio n a l 
d is t illa tio n  u n d e r  red u c ed  p ressu re . S e p a ra tio n  in to  f ra c tio n s  w as 
fo llo w ed  b y  m e a su re m e n t o f  re fra c tiv e  in d ex , d en s ity  a n d  o p tic a l ro ta t io n  
o f  e ach  f ra c tio n  o b ta in e d  th ro u g h o u t  th e  p ro ce ss . C o n s ta n ts  fo r  th e  6 
m a in  f ra c tio n s  a re  g iven  in  T a b le  I I .  M in o r  f ra c tio n s , n o t  specified  in 
d e ta il  in  T a b le  I I  w ere  a lso  o b ta in e d  a t  v a r io u s  stages o f  th e  f ra c tio n a tio n  
p ro c e d u re  (T a b le  III) .

Fraction A. T h e  o il (0-355 g .)  w as d isso lv ed  in  h g h t p e tro le u m  a n d  
tr e a te d  w ith  b ro m in e  u n ti l  th e  re a g e n t w as n o  lo n g e r  ra p id ly  d eco lo u rised . 
E v a p o ra t io n  o f  th e  so lv en t gave  a  co lo u rle ss  o il, w h ich  w h en  c h ro m a to 
g ra p h e d  o n  a lu m in a  f ro m  h g h t p e tro le u m  gave 3 f ra c tio n s , o f  w h ich  
th e  seco n d  w as o b ta in e d  as  a  co lo u rle ss  c ry s ta llin e  d ib ro m id e  (0-123 g .) ,
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TABLE II

Fraction B.pt., ° C./mm. „ 20“ C. 
n D

wis° c. *15“ C. [=oL3‘c-
Weight,

g-
A 106° to 140° C. atm. 1-4770 0-856 -30° (at 16°) 1-0
B 1053 to 110° C. (bath)/75 1-4755 0-882 -50° 1 -43
C I14’ C. (bath)/17 1-4765 1-000 -44-4° 4-8
D 120° to 126° C. (bath),/18 1-4841 0-961 -23-3° 3-8
E 130° to 132° C. (bath); 18 1-4910 0-937 -8-3° 3-1
F 132° to 136° C. (bath)/18 1-4971 0-942 0° 2-4

Minor and intermediate fractions .. .. .. .. .. .. 8-0
Residues .. . . . . .. . . . . .. .. .. .. ■ ■ 3-5

TABLE III
„ 20“ C- j 15® C.

B.pt. ° C./mm. "D *15“ C. Weight

109° to 110°C. (bath)/17 1-4755 0-992
g.4-0

111° to 114° C. (bath)/17 1-4764 0-998 4-0
114° to 120° C. (bath)/17 1-4802 0-979 1-0

m .p t. 89° C ., [ a ] " ° c- +  98° (C , 0-46). F o u n d , C , 4 0 -65 ; H , 5 -5 ; B r, 54-5 
p e r  cen t. C 10H 16B r2 req u ire s  C , 4 0 -6 ; H , 5 -5 ; B r, 53-9 p e r  cen t. T h e  
re m a in in g  tw o  f ra c tio n s  w ere  o b ta in e d  as co lo u rle ss  o ils , th e  firs t (0-152 g .)  
b e in g  o d o u rle ss , a n d  th e  th ird  (0 T 1 8  g .) h av in g  a  d is t in c t c a m p h o ra c e o u s  
o d o u r .

Fraction B. (a )  T h e  o il (0-93 g .)  w as refluxed  fo r  30 m in u te s  w ith  
e th a n o lic  p o ta s s iu m  h y d ro x id e  (0 -6 6 N ; 10 m l.)  a n d  n e u tra lise d  w ith  
0 -5N  h y d ro c h lo r ic  ac id . E x tra c tio n  o f  th e  so lu tio n  w ith  lig h t p e tro le u m  
y ie lded  a  co lo u rle ss  o il, w h ich  w h en  c h ro m a to g ra p h e d  o n  a lu m in a  fro m  
lig h t p e tro le u m  y ie ld ed  tw o  f ra c tio n s , o f  w h ich  th e  firs t w as a  co lo u rle ss  
o il (B ';0 -4  g . ) ; 0-859, < 7°G 1-4742, [a]^5"0- -  59° (C , 6-2) A m ax.
210  m/.i, E  J cm.cent- 313 (e 4260 b a se d  o n  C 10H 16). T h e  se co n d  f ra c tio n  w as 
id en tif ied  as  ( — )-b o rn eo l. (N o te :  P o o r  reco v eries  w ere  d u e  to  d e lib e ra te  
lo ss by  e v a p o ra tio n  to  e n su re  c o m p le te  rem o v a l o f  lig h t p e tro le u m ).

(b )  Iodine Value (B ') .  B '(1 3  m g .)  w as tr e a te d  w ith  p y rid in e  b ro m id e  
re a g e n t (5 m l.)  fo r  10 m in u te s  b y  th e  offic ia l m e th o d , a n d , a f te r  th e  
a d d it io n  o f  p o ta ss iu m  io d id e , t i t ra te d  w ith  0 -02N  so d iu m  th io s u lp h a te . 
H a lo g e n  u p ta k e  w as e q u iv a le n t to  1-05 d o u b le  b o n d s .

(c) Bromination ( /? ') . B '(0 -2  g .) w as d isso lv ed  in  lig h t p e tro le u m  a n d
tre a te d  w ith  b ro m in e  u n ti l  th e  re a g e n t w as n o  lo n g e r  ra p id ly  d eco lo u rised . 
E v a p o ra t io n  o f  th e  so lv en t gave  a  co lo u rle ss  o il, w h ich  w h en  c h ro m a to 
g ra p h e d  o n  a lu m in a  f ro m  lig h t p e tro le u m  gave 3 f ra c tio n s , o f  w h ich  th e  
se co n d  w as o b ta in e d  as  a  co lo u rle ss  c ry s ta llin e  d ib ro m id e , m .p t. 87-5° to  
88° C . u n d e p re sse d  o n  a d m ix tu re  w ith  th a t  o b ta in e d  f ro m  A , ab o v e .

Fraction C. (a )  Saponification. T h e  oil (4 g .) w as re fluxed  fo r  30 
m in u te s  w ith  e th an o lic  p o ta ss iu m  h y d ro x id e  (0 .6 6 N ; 50 m l) , a n d  
n e u tra lise d  b y  t i t ra t io n  w ith  0 -5N  h y d ro c h lo r ic  ac id . E q u iv . w t. 276 
(eq u iv a len t to  ca. 70 p e r  cen t, o f  b o rn y l fo rm a te ). E x tra c tio n  o f  th e  
so lu t io n  w ith  lig h t p e tro le u m  y ie ld ed  a n  o ily  sem i-cry s ta llin e  so lid , w h ich  
w h en  c h ro m a to g ra p h e d  fro m  lig h t p e tro le u m  o n  a lu m in a  y ie lded  tw o  
f ra c tio n s , o f  w h ich  th e  firs t, reticulene, w as o b ta in e d  as  a  co lo u rle ss  o il

1 0 1 0



(0-18 g .) , < c' 1 4 9 5 5 ;  ¿ C l; 0 -913 ; [a]^5*0 +  1-6° (C , 4-47). F o u n d  
C , 88 -35 ; H , 11-6 p e r  cen t. C 15H 24 req u ire s  C , 88 -2 ; H , 11-8 p e r  ce n t. T h e  
seco n d  f ra c tio n , a  co lo u rle ss  c ry s ta llin e  so lid , w as id en tif ied  as  ( — ) -b o rn e o l , 
m .p t. 206° C . ( fro m  lig h t p e t ro le u m ) ;  p -n itro b e n z o a te , m .p t. 134° to  
135° C ., [ a ] i f a  — 34-7° (C , 1-3 in  c h lo ro fo rm ). (H iick e l a n d  K a lu b a 16 
give m .p t. 136° C , [tc]®'0, — 34-2° {c, 4  in  c h lo ro fo rm } ). F o u n d :  C , 67-9, 
67 -9 ; H , 7-3, 6 -8 ; N , 4-8 p e r  cen t. C alc , fo r  C ^ H ^ O .N ,  C , 67 -3 ; H , 7 .0 ; 
N , 4-64 p e r  cen t. O x id a tio n  w ith  ch ro m ic  a c id  g av e  c a m p h o r , m .p t. 176° C ., 
2 : 4 -d in itro p h e n y lh y d ra z o n e , m .p t. 174° to  175° C .

(b )  The Water-insoluble Acid, ( i)  Isolation. A c id ific a tio n  o f  th e  
aq u e o u s  liq u o rs  f ro m  th e  sa p o n ific a tio n , e x tra c tio n  w ith  lig h t p e tro le u m , 
d ry in g  (so d iu m  s u lp h a te )  a n d  e v a p o ra tio n  o f  th e  so lv en t y ie ld ed  a  c o lo u r 
less, o ily , o p tic a lly  in a c tiv e  ac id  (0-29 g .) , riff G 1-5019, dff . f  1-050, A m ax . 
215 mp. E 177. T h e  o il o n  s ta n d in g  fo r  severa l w eeks slow ly  
c ry s ta llised . C h ro m a to g ra p h y  o f  th e  c ry s ta llin e  m a te r ia l f ro m  figh t 
p e tro le u m  o n  a  c o lu m n  c o n s is tin g  o f  a  m ix tu re  o f  a c tiv a te d  c h a rc o a l 
(1 p a r t )  a n d  W h a tm a n  filte r  p a p e r  p u lp  (3 p a r ts )  y ie ld ed  a  co lo u rle ss  
c ry s ta llin e  ac id , m .p t.  72° to  73° C ., A max 206 m/x ¿ icm .ccnt 594 (e 9980 
b a se d  o n  C 10H 16O 2). E q u iv . w t. ( t i t r a t io n )  165 ; benzy l/.so th io u ro n iu m  
sa lt, m .p t.  124° to  125° C .

Ferric Salt, fo rm e d  as  a  b u f f  p re c ip ita te  o n  a d d it io n  o f  fe rric  c h lo rid e  
s o lu t io n  to  a n  aq u e o u s  so lu tio n  o f  th e  so d iu m  sa lt.

(iii)  Silver Salt, fo rm e d  as  a  w h ite  g e la tin o u s  p re c ip ita te  o n  th e  a d d itio n  
o f  silver n itr a te  so lu t io n  to  a n  a q u e o u s  so lu tio n  o f  th e  so d iu m  sa lt.

(iv ) Barium Salt, fo rm e d  as  a  m ic ro c ry s ta llin e  so lid  ( fro m  aq u e o u s  
e th a n o l)  b y  n e u tra lis a tio n  o f  a n  e th a n o lic  so lu tio n  o f  th e  ac id  w ith  
0 -05N  b a r iu m  h y d ro x id e . F o u n d  (su lp h a te d  a s h ) :  B a, 49-26 p e r  cen t. 
C 10H 15O 2B a | req u ire s  B a, 49-43 p e r  cen t.

(v ) Hydrogenation o f  th e  ac id  (113 m g .)  a t  a  p a lla d iu m  c h a rc o a l 
c a ta ly s t gave  a  s a tu ra te d  ac id , o b ta in e d  a s  a  co lo u rle ss  o il, 1-030. 
T h e  a b s o rp tio n  o f  h y d ro g e n  w as e q u iv a le n t to  1-2 m ols .

(v i) Iodine Value. T h e  a c id  (15-1 m g .)  w as tr e a te d  w ith  p y rid in e  
b ro m id e  re a g e n t (3 m l.)  fo r  10 m in u te s  b y  th e  official m e th o d  a n d , a f te r  
th e  a d d it io n  o f  p o ta s s iu m  io d id e , t i t r a te d  w ith  0 -02N  so d iu m  th io su lp h a te . 
H a lo g e n  u p ta k e  w as eq u iv a le n t to  0-89 d o u b le  b o n d s .

(c) Identification o f  Formic Acid in the Residual Saponification Liquors. 
D is ti lla tio n  o f  th e  re s id u a l liq u o rs  gave  a n  aq u e o u s  so lu tio n , w h ich  
e x h ib ite d  th e  ty p ic a l p ro p e r tie s  o f  fo rm ic  ac id . T h e  a c id  w as iso la te d  as 
its  so d iu m  sa lt a n d  c h a ra c te r ise d  b y  (a) re d u c tio n  o f  n e u tra l  silver n itr a te  
so lu tio n , (b) p ro d u c tio n  o f  a  r e d  c o lo u r  w ith  fe rric  c h lo rid e  so lu tio n  (b u ff  
p re c ip ita te  o n  h e a tin g  w ith  excess re a g e n t) , (c) co n v e rs io n  to  so d iu m  
o x a la te  b y  ra p id  h e a tin g  to  360° C ., (d) p -b ro m o p h e n a c y l es te r , m .p t. 
137° to  139° C . u n d e p re sse d  o n  a d m ix tu re  w ith  th e  /7 -b ro m o p h en acy l e s te r  
o f  a n  a u th e n tic  sa m p le  o f  so d iu m  fo rm a te  (m .p t. 135° to  138° C .) . F o u n d  
(su lp h a te d  a s h ) :  N a ,  32-8 p e r  cen t. C a lc , fo r  H .C O O N a ;  N a , 33-8 p e r  
cen t.

Fraction D . S a p o n if ic a tio n  o f  th e  o il (3-714 g .)  a n d  s e p a ra tio n  o f  n e u tra l 
a n d  a c id ic  f ra c tio n s , as  d esc rib ed  ab o v e  fo r  f ra c tio n  C , gave  a  fu r th e r
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0-353 g. o f  w a te r-in so lu b le  ac id . T h e  n e u tra l f ra c tio n , a f te r  c h ro m a 
to g ra p h y  f ro m  lig h t p e tro le u m  o n  a lu m in a  as  d esc rib ed  ab o v e , gave  
b o rn e o l (0-51 g .)  a n d  3 o ily  f ra c tio n s  (2-5 g. in  a l l ;  th e  firs t o f  th e se  o ils 
(1-0 g .)  a f te r  re p e a te d  c h ro m a to g ra p h y  fro m  lig h t p e tro le u m  o n  a lu m in a  
gave  re ticu len e  (0-409 g .), 1-4944, d f f  0-912 [a]if’& +  1-5° (C , 3-92).

Fraction E .  S a p o n if ic a tio n  o f  th e  o il (3-075 g .)  a n d  s e p a ra tio n  o f  n e u tra l 
a n d  ac id ic  f ra c tio n s , as d esc rib ed  ab o v e  fo r  f ra c tio n  C , gav e  a  fu r th e r  
0-272 g. o f  w a te r-in so lu b le  ac id . T h e  n e u tra l f ra c tio n , a f te r  c h ro m a 
to g ra p h y  f ro m  lig h t p e tro le u m  o n  a lu m in a  as  d esc rib ed  ab o v e , gave  
re ticu len e  (1-794 g .), & 1-4955, d 1™  0-913, [ a ] J f c- +  1 '6° (C , 4-47).

Fraction F .  S ap o n if ic a tio n  o f  th e  o il (1-897 g .) a n d  s e p a ra tio n  o f  n e u tra l 
a n d  ac id ic  f ra c tio n s , as  d esc rib ed  ab o v e  fo r  F ra c tio n  C , g av e  o n ly  tra c e s  
o f  w a te r-in so lu b le  ac id . T h e  n e u tra l  f ra c tio n , a f te r  c h ro m a to g ra p h y  o n  
a lu m in a  f ro m  figh t p e tro le u m , as  d e sc rib ed  ab o v e , gave  re ticu le n e  ( T 189 g .), 
< ’c' F 4 9 7 2 , d Z l  0-914, [ a ] r c- +  M °  (C , 4-2).

Iodine Value o f  Reticulene. R e tic u len e  (58-8 m g .)  w as tr e a te d  w ith  
p y r id in e  b ro m id e  re a g e n t (30 m l.)  a n d , a f te r  th e  a d d it io n  o f  p o ta ss iu m  
io d id e , t i t ra te d  w ith  0 -1N  so d iu m  th io su lp h a te . H a lo g e n  u p ta k e  w as 
eq u iv a le n t to  2-2 m ols.

J. B. STENLAKE AND W. D. WILLIAMS

Summary

The fight petroleum-soluble fraction from a batch of Aristolochia reti
culata has been examined and found to contain the following:

1. A ketonic oil, consisting of at least 2 unidentified components.
2. A crystalline lactone, C15H20O2, m.pt. 110-5° to 111° C., designated 

aristolactone.
3. A bicyclic monoterpene, which has been tentatively identified as 

(—)-A 4-carene.
4. A mixture of esters, which on saponification yields (—)-borneol 

formic acid and an unidentified cyclic unsaturated acid, C10H16O2.
5. A bicyclic sesquiterpene, C15H24, designated reticulene.

We wish to thank The British Drug Houses, Ltd. for a gift of serpentary 
root, Mr. J. Chilton for assistance in preparation of the root for extraction, 
and Mr. W. McCorkindale and Dr. A. C. Syme for the microanalyses.
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D IS C U S S IO N

The paper was presented by D r . J. B. Stenlake.
Dr . W. M. M itchell (London) said the authors took the view that the 

light petroleum-insoluble part of the ketonic fraction was an artefact. He 
thought it more likely that it was an original constituent retained in 
petroleum solution by the presence of other constituents of the oil, a not 
unusual happening when fractionating natural products.

D r . J. W. Rowson (London) asked whether it had been confirmed that 
the commercial sample used was an authentic specimen of A ris to lo c h ia  
re ticu la ta ?

D r. G. E. Foster (Dartford) asked whether there was any evidence that 
the bitter principle was an alkaloid.

Dr . Stenlake, in reply, said that they were undecided whether the 
suggestion made by Dr. Mitchell was correct. On re-examination recently, 
they noted that the oily fraction had undergone considerable decom
position and deposition of solid matter, and it would be investigated 
further. Two batches of material were used in the work and samples 
from each examined and the authenticity of the material confirmed. In 
their petroleum extracts they had found traces of basic material. In 
other experiments, where they had further extracted the defatted drug, 
a basic material of fairly high molecular weight was present in quite small 
amounts, being about OT or 0-05 per cent, of the total solid matter.
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T he process of purifying water by means of ion exchange resins has been 
known for 20 years. In the last few years, the technique has been so 
improved that it can be used for the large-scale preparation of water. It 
is a matter of some importance to decide whether this “demineralised” 
water, as water purified by ion exchange resins is generally called, is of 
sufficient purity to replace distilled water of the British Pharmacopoeia, for 
some pharmaceutical purposes. Demineralised water is considerably 
cheaper than distilled water and it has the great advantage that large 
volumes can be rapidly prepared from tap-water. Its value to the 
manufacturing pharmacist should be considerable.

The two resins of principal interest in the purification of water are the 
strong cation exchanger, containing sulphonic acid functional groups 
(RS03_H+, where R stands for the resin structure) and the strong anion 
exchanger containing quaternary ammonium groups (R.NZ3+OH- , where 
Z stands for an aliphatic group). These ion exchange resins consist of 
hard organic polymer particles, each containing ionised, functional groups 
of a single type distributed throughout the mass of the resin. The ionised 
groups fixed in the resin structure, have oppositely charged ions held 
loosely to them and it is these loosely-held ions which are able to exchange 
with similarly charged ions in a solution in contact with the resin. The 
resins are insoluble in water, but the dry materials swell up when wetted.

If a dilute solution of sodium chloride is passed through a column of 
the above cation exchange resin in the hydrogen form, the sodium ions 
from the solution are exchanged with hydrogen ions from the resin giving 
an effluent consisting of hydrochloric acid.

Na+Cl- +  RS03-H+ — > H+Cl- +  RS03-Na+.
The exchange is in fact, reversible, but by the use of a column and an 

excess of resin, it can be driven completely in the direction shown. If the 
effluent from this column is passed through a column of the second type 
of exchanger, the chloride ions are removed giving a pure water effluent. 

H+Cl- +  r n z 3+o h -  — > h 2o  +  RNZ3+C1-
If the original solution consists of ordinary tap-water, the two columns 

remove the dissolved salts, giving a water of sufficient purity for many 
industrial purposes. The efficiency of the salt removal is most con
veniently assessed by measuring the specific electrical resistance of the 
effluent. This decreases when the water is allowed to stand, owing to 
carbon dioxide absorption from the atmosphere.

If the two resins are mixed together in a single column, a considerable 
improvement in demineralising efficiency is obtained. Water of specific 
resistance of 10  megohm, cm. is readily prepared, comparable only with
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conductivity water prepared by repeated distillation in a quartz still. Until 
recently, the mixed resin column method has been unsuitable for large- 
scale work owing to the difficulty of regenerating the resins, when spent. 
However, with the development of the quaternary ammonium anion 
exchangers, regeneration has become possible because this exchanger is 
considerably less dense than the cation exchanger. If a rapid backflush of 
water is passed up through the mixed resin column, the two resins separate 
and a sharp line of demarcation appears between them. They can then be 
regenerated separately with sodium hydroxide for the upper layer of anion 
exchanger and hydrochloric acid for the lower layer of cation exchanger. 
After washing, the resins can be remixed by blowing air up through the 
column.

The chief disadvantage of demineralised water is that although it is 
almost completely free from salts, it may contain non-ionic and colloidal 
impurities, incompletely removed from the feed water by the resins.

The suitability of demineralised water for pharmaceutical purposes was 
examined by Harrison, Myers and Herr1. In 1943, they reported that their 
product, obtained from New Brunswick tap-water by treatment with cation 
and anion exchangers contained in separate columns, was within the 
specification of distilled water of the United States Pharmacopoeia. They 
also showed that the resin treatment did not enhance the pyrogenic effect 
of the feed-water although they pointed out that it should not be presumed 
that strongly pyrogenic water would be purified by treatment with the 
exchangers.

Reents and Kahler2 showed that water from a mixed resin ion exchange 
column, collected only when its specific resistance exceeded 1 megohm cm. 
contained 0-02 parts per million (p.p.m.) or less of calcium, magnesium, 
sodium, chloride and silica; sulphate, nitrate and iron were undetec
table.

Biitikofer and Ammann3 in 1952 concluded that demineralised water 
was not suitable for use in place of aqua destillata of the Pharmacopoea 
Helvetica V. They used the resins in both separate and mixed columns 
and found that it was not always possible to obtain a product which passed 
the permanganate test (a less exacting test than that imposed by the British 
Pharmacopoeia, the Swiss requiring only 3 minutes of boiling). They also 
stated that the treated water had a disagreeable taste, that it often failed 
the chloride test and that the residue after evaporation exceeded the limit 
of 1 mg. per 100 ml. A detailed examination of this paper reveals that the 
authors do not appear to have had any criterion of electrical resistance for 
acceptance or rejection of the demineralised water, they only mention that 
commercial equipment gives a warning when the resistance (specific 
resistance?) of the water drops below 50,000 to 100,000 ohms. This 
rejection figure is too low for demineralised water, the limit should be 
at least 1 megohm, cm. Lack of resistance control of the effluent would 
account for their positive chloride and residue results. The presence of 
detectable amounts of chloride in mixed resin, demineralised water is a 
good indication that the process is not being carried out correctly. Their 
permanganate reaction is due partly to the same cause and partly to the
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fact that they carried out only 6 regenerations of the resins. They noted 
that the quality of the water improved as the number of regenerations 
increased. There is no doubt that fresh resins do contain organic impurities 
which are only slowly eliminated with use. This problem is overcome by 
some manufacturers by cycling the resins between active and inactive 
forms several times, before marketing them. The work of Biitikofer and 
Amman is a good example of the way in which a poor quality product 
results from the use of a faulty demineralising technique. The results 
they obtained with the mixed resin column were better than those with the 
separated resin columns.

Eisman, Kull and Mayer4 have described some bacteriological experi
ments with demineralised water. They used two demineralising plants, 
each having separate columns for anion and cation exchangers. The first 
plant was kept in continuous operation and was regenerated at least every 
4 days. The output from this plant was substantially sterile, a bacterial 
count gave an average figure of 1 organism/ml., the feed water having an 
average count of 50 organisms/ml. The second plant was used infrequently 
and was only regenerated every 20 days. Immediately after regeneration 
the demineralised water had a low count, but after standing without use for 
a few days, the count rose to 1500 or more organisms/ml., much higher than 
the feed water. The organisms present in the contaminated water were of 
the type normally present in fresh water, mainly Pseudomonas. From this 
work it appears that a resin bed which is allowed to stand without renenera- 
tion can form a culture medium, from which bacteria are flushed out when 
the unit is set in operation. A demineralised water of very low bacterial 
count can be obtained if the ion exchangers are used daily and are fre
quently regenerated. Assuming that Pseudomonas is the only impurity 
present in the water, that each organism occupies a mean volume of
1-3/a3 and has a loss of 90 per cent, on drying with a 10 per cent, nitrogen 
and 50 per cent, carbon content (dry weight basis), then the following 
numbers of organisms/ml. will cause the water to fail the chemical 
tests.

100 million/ml. for the residue test (BP. 1953).
30 million/ml. for the oxidisable matter test (B.P. 1953).
5 million/ml. for the albuminoid nitrogen test (p. 1019).

Other workers5 have reported that freshly regenerated resins can have 
a sterilising effect on slightly contaminated waters.

Cruickshank and Braithwaite6 have examined bacterial growth on ion 
exchange resin columns and have studied methods suitable for sterilising 
them. They concluded that there is no evidence that bacteria use the 
resins as a nutrient and they consider that the growth is due to a filtering 
effect, both bacteria and suspended organic matter being filtered off from 
the feed water, the latter providing the food for the former to grow on the 
column. They considered that the most suitable sterilising agent for a con
taminated cation exchanger column was formaldehyde. 3 to 5 hours 
contact of a 0-25 per cent, solution with the resin gave complete sterilisation 
without damage to the resin. Subsequent washing gave a cpmplete removal 
of the formaldehyde.
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E x p e r im e n ta l
Demineralised water was prepared by treatment with mixed exchange 

resins contained in a Pyrex tube, 120 cm. long and 7-5 cm. in diameter (see 
Fig. 1). The resins rested on a stainless-steel gauze A; below this there 
was a reducing adaptor B and the bottom outlet tube C was closed with a 
seasoned rubber tube and a screw clip. The upper end of the Pyrex tube 
was closed by means of a bung through 
which tubes for the feed water and re- d F
generating liquids passed, these tubes were 11 11
closed at their lower ends by distributors 
consisting of sintered glass discs, 3 cm. in 
diameter.

The large Pyrex tube was two-thirds 
filled with a mixture of one part of Zeo- 
Karb 225 (cation exchanger) and two parts 
of De-Acidite FF (anion exchanger) these 
being equivalent proportions of the two 
materials. The resin bed volume was 
approximately 2  1.

To activate the resins and to regenerate 
them when spent, a fairly rapid stream of 
water was passed up through the outlet 
tube C and run to waste through D, after 
a few minutes a sharp line of separation 
E appeared between the two resins. The 
water flow was then stopped, the top of the 
large Pyrex tube being left full of water.
The upper, anion exchange layer was then 
treated with 2 1. of 5 per cent, sodium 
hydroxide solution which was introduced 
through tube D and withdrawn through tube F whose distributor 
was placed about 2  cm. above the line of separation of the 
resins, E. The upper layer was then washed with demineralised water. 
The lower, cation exchange layer was similarly regenerated with 9 1. of
1-5 per cent, sulphuric acid introduced through F and withdrawn from C. 
After washing this lower layer, most of the water above the resin bed was 
allowed to flow away and the resins were remixed by blowing a current of 
air up through C for about 5 minutes. The remaining liquid above the 
resins was drained rapidly away and the column was allowed to stand for 
several hours before use. The regeneration could be completed in about 
1 ^ hours.

To prepare demineralised water, London Metropolitan Water Board 
tap-water was run in at the top of the resin column and the purified water 
was removed through the tube C. This effluent passed through a conduc
tivity cell fitted with platinum electrodes whose resistance measured 
directly the specific electrical resistance of the treated water.

The first runnings from the column after regeneration or after standing 
had a low specific resistance. The effluent was rejected until the value of

DEMINERALISED WATER

Fig . 1. Demineralising column 
ready for regeneration.

1017



L. SAUNDERS

this property rose to 1 megohm cm., usually about 20 1 . of water were 
rejected in this way. After collection was started, the specific resistance 
often rose to about 15 megohm cm. before declining again. When it had 
fallen to 1 megohm cm., collection of demineralised water was stopped 
and the resins were regenerated. The rate of flow of water through the 
column was adjusted to 20 to 30 l./hr., but much higher rates could be used.

With a moderately hard tap-water feed, the sulphuric acid regenerant 
for the cation exchanger was found to be unsatisfactory, fine precipitates 
of calcium sulphate formed in the column being carried through by the 
feed water. 2 1. of 5 per cent, hydrochloric acid was therefore used for 
most of the cation exchanger regenerations, After about 15 regenerations, 
the volume of acceptable demineralised water obtained between regenera
tions decreased quite considerably. To overcome this, the resin bed was 
washed through completely with 181. of 5 per cent, hydrochloric acid 
solution. A vigorous evolution of carbon dioxide from the anion 
exchanger occurred, suggesting that the loss of de-ionising efficiency was 
mainly due to the high affinity of this resin for carbonate ions, these ions 
not being completely removed by regeneration with sodium hydroxide.

Over a 5-month period, an average volume of 90 1. of acceptable, 
demineralised water was obtained between regenerations. Initially the 
column was run to exhaustion and regenerated 6 times before samples were 
collected for examination by the British Pharmacopoeia, 1953 tests for 
distilled water.

The results of these tests are summarised below.

Description
The demineralised water was invariably clear and colourless. The 

accepted water was also tasteless, but the early runnings from the column 
which had been standing for some time in contact with the resins, had a 
slight unpleasant taste. This water was, however, rejected by the specific 
resistance test.

Copper, Iron and Lead. Not detected in any samples.
Chloride. Not detected in any of the samples examined.
Sulphate. Not detected.
Ammonia. No colouration with Nessler’s reagent.
Oxidisable Matter. All samples of specific resistance above one 

megohm cm. passed this test. Some early runnings from the column, of 
unacceptable specific resistance, were at the limits of the B.P. test (note 
that this requires 10  minutes boiling with permanganate, whereas the 
Pharmacopcea Helvetica test used by Biitikofer and Ammann, requires 
only 3 minutes boiling).

Non-Volatile Matter. This is probably the most critical of the B.P. tests 
in relation to demineralised water. Accepted samples of demineralised 
water passed the test, but water of specific resistance of 0-5 megohm cm. 
gave a residue of 2 mg./lOO ml., well above the prescribed limit of 0-001 
per cent.

After the column had had about 30 regenerations, a sample of water was 
taken at a specific resistance of just over 1 megohm cm. This was analysed
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according to the “Approved Methods for the Physical and Chemical 
Examination of Water,” published by the Institution of Water Engineers,
1949. The following results were obtained.

Heavy metals. At the limits of detection; OT parts per million (p.p.m.) 
of zinc; 0-05 p.p.m. of copper, iron and lead.

Free ammonia. 0-01 p.p.m. as nitrogen. This is similar to the value 
obtained for “ammonia-free” water and is very much lower than the 
usual value for ordinary distilled water which is 0-2 p.p.m.

Albuminoid nitrogen. This is an important analytical result for 
demineralised water since it measures the amount of colloidal, nitrogenous 
material which passes through the resin column. With this sample of 
demineralised water the low value of 0-02 p.p.m. of albuminoid nitrogen, 
was obtained. The feed water had an average value of 0-07 p.p.m. so it 
seems that the resins have removed some of the albuminous colloids from 
the tap water. Albuminoid nitrogen is not usually detectable in distilled 
water.

Oxygen absorption. In this test a sample of water is heated for 4 hours 
at 27° C. with dilute potassium permanganate solution. The amount of 
permanganate used up by the reducing materials in the water is determined 
and the result is expressed as p.p.m. of oxygen. The demineralised water 
gave a figure of 0-04 p.p.m. of oxygen compared with an average value of 
0-8 p.p.m. for the feed water. This test therefore also indicates that the 
resins do remove some organic matter from tap water. The average 
oxygen absorption for distilled water is much the same as that for the 
demineralised water. >

A Suggested Amendment to the Monograph on Distilled Water in the 
the British Pharmacopoeia

The use of demineralised water is rapidly growing and it can be prepared 
in a state of purity equal to that of distilled water. It therefore seems 
desirable that demineralisation should be officially permitted as a method 
for purifying water for pharmaceutical purposes. To effect this, the author 
suggests that the present monograph in the British Pharmacopoeia dealing 
with distilled water should be modified as follows:—

(1) The title of the monograph should be changed to “Purified Water.”
(2) The method of preparation should be altered to “Purified Water is 

prepared from a potable water either by distillation or by treatment with 
ion exchange resins.” (With a specification for suitable resins in an 
Appendix.)

(3) All the existing tests should be retained with the following addition. 

Albuminoid Nitrogen
To a 500 ml. sample of water contained in a 11. distillation flask, add 

0-2 g. of magnesium carbonate and distil 200 ml. of the water. Add 25 ml. 
of alkaline permanganate solution (8 g. of potassium permanganate and 
200 g. of sodium hydroxide are dissolved in 1 1 . of ammonia free water; 
before use the solution is mixed with an equal volume of water and 
evaporated down to its original volume). Distil 100 ml. of water and to

DEMINERALISED WATER
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this add 4 ml. of alkaline solution of potassium mercuri-iodide. The 
colour is not more intense than that given by 100  ml. of ammonia-free 
water containing 4 ml. of dilute solution of ammonium chloride (Nessler’s). 
(This corresponds roughly to 0-06 p.p.m. of albuminoid nitrogen.)

This new test would guard against the inclusion of undesirable amounts 
of albuminous colloidal matter in the demineralised water.

The ion exchange method of water purification is unlikely to be suitable 
for the preparation of water for injection. Pyrogens are almost certainly 
colloidal in nature and although freshly regenerated resins may remove 
them almost completely from the feed water, as the resins become spent, 
they will pass increasing quantities of colloids.

Summary

1. Demineralised water, prepared from tap-water by treatment with 
mixed anion and cation exchange resins, has been examined by means of 
the tests of the British Pharmacopoeia for distilled water. It has also been 
subjected to a more detailed analysis.

2. The results show that providing a correct demineralising technique 
is used and that only water of specific resistance greater than 1 megohm 
cm., is collected, the purity of the product is at least equal to that of 
distilled water, B.P.

3. It is suggested that the monograph on distilled water in the British 
Pharmacopoeia should be amended so that demineralised water of suitable 
purity can be included within it.

The author thanks Mr. J. P. Vokes for carrying out much of the 
experimental work, the Permutit Co., Ltd., for the loan of the demineralising 
equipment and Professors H. Berry and W. H. Linnell for their interest 
and support.
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D IS C U S S IO N

The paper was presented by The Author.
M r. J. H. Oakley (London) said that he agreed in general with Dr. 

Saunders’s findings. He would reserve judgment on the proposed limits 
for albuminoid nitrogen until the test had been worked over a longer 
period. The Swiss findings only emphasised how important it was to let 
the resins settle down and have many regenerations before using the water. 
He had met a difficulty with a new resin at an early stage when a Nessler 
ammonia test had indicated heavy contamination with ammonia. This 
was later found to be aldehyde derived from the resin. The author 
stated that the carbon dioxide content would increase on storage, but he
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thought it would decrease. Toxicity tests had shown that there were no 
toxic materials added to the water. He agreed that the plant must be 
used frequently, preferably daily, and should not be allowed to lie stagnant 
for long periods. In this way the bacterial content of the water tended to 
be reduced. One difficulty arose through channelling, since this reduced 
the efficiency of demineralisation. The resins tended to act as a filter, and 
material was trapped in the upper parts of the resin, but this could be 
removed by backwashing, which also disturbed the bed and prevented 
channelling. If the plant were in the same building and near to a distilled 
water plant, sulphuric acid rather than hydrochloric acid should be 
used for regeneration.

M r . W. Trillwood (Oxford) asked how the resins behaved if the water 
used were not of a good potable standard ?

Mr . D. N. Gore (Dorking) remarked that demineralised water was used 
in the laboratories with which he was associated, except for microbio
logical work.

Mr . T. D. W hittet (London) said that the American workers, Reid 
and Jones, had claimed that ion exchange resins would quantitatively 
remove pyrogens from tap water. He had tested demineralised water for 
pyrogens, and even when the feed water was strongly pyrogenic the treated 
water was apyrogenic. On the other hand, using the resins as columns, 
as suggested by the Americans, he had had no success in removing py
rogens. With bead resins he had been unable to remove pyrogens using 
columns, but with granular resins the pyrogenicity of the tap water was 
reduced. He had used a column 10 to 12 cm. long, and the amount of 
water passed through the column was very small compared with that 
used by Reid and Jones. There was need for many more experiments 
in connection with the removal of pyrogens. Demineralised water 
would be useful in a hospital pharmacy, for example, for washing 
ampoules.

Mr . G. Sykes (Nottingham) asked whether the water obtained was 
bacteriologically satisfactory if the columns were used continuously. Was 
the bacterial content lower than that of the initial water? Was the 
bacterial content high if the column had not been used for a time ?

D r . G. E. F oster (Dartford) observed that demineralised water might 
be cheaper than distilled water if prepared in a laboratory, but in a factory 
condensed waste steam produced water which was quite satisfactory for 
many purposes.

D r . R. E. Stuckey (London) said that it was necessary to watch for 
organic materials, which were not removed by the normal deionisation 
mechanism of the columns but were removed by simple adsorption 
processes. Had the author any experience of putting water through with 
a high organic content? It was essential that the process should operate 
continuously in order to get a bacteria- and mould spore-free water. 
Had Dr. Saunders any suggestions to make regarding a specification for 
the resins ?

DEMINERALISED WATER
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D r . Saunders, in reply, said the carbon dioxide content would not 
increase if the material were sealed, but if it were stored in contact with 
air it was possible to watch the conductivity rise as carbon dioxide was 
absorbed. It was essential to keep the plant in frequent use, so that the 
method was unsuitable for small-scale work. If all the water needed was 
run off after regeneration and the column left standing it could be sterilised, 
by running dilute formaldehyde solution through it and washing thorough
ly before the next regeneration. He had done no work with water heavily 
contaminated with colloidal material, but the B.P. tests would give an 
adequate safeguard if the water were very bad. He had carried out no 
bacteriological tests, but other workers had confirmed that as long as the 
columns were kept in continuous operation the bacterial count of the 
water coming out was very low indeed. He had not drawn up specifi
cations for the resins, but it would not be difficult to do so.
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The process of distillation involves vaporisation of a liquid followed by 
removal and subsequent condensation of the vapour formed. In practice 
this is not always achieved, and it has been found that the distillate may be 
contaminated with the original liquid. This contamination has been 
traced to a variety of causes such as foaming and in particular to 
entrainment.

The term entrainment was used by Cessna and Badger1 to signify the 
phenomenon whereby a small proportion of the liquor undergoing evapora
tion was carried over by the vapour as droplets into the condenser resulting 
in a loss of the material contained in the evaporator and contamination of 
the condensate. For example, in concentrating sugar juice, entrainment 
results in the loss of sugar from the evaporators2 and in the production of 
distilled water the prevention of entrainment has been shown to be 
essential for precise pH work3, conductivity experiments4’3’6 and for water 
used for surface chemistry. In pharmacy it is important that water 
intended for the preparation of injection solutions should be free from 
pyrogens. The most probable source of pyrogen contamination of freshly 
distilled water is in the carry-over by entrainment of the water being 
evaporated. To reduce this to a minimum, the British Pharmacopæia 
directs that in preparing water for injection the still used should be fitted 
with an efficient device for preventing entrainment.

The mechanism whereby droplets of liquid and bubbles are thrown into 
the vapour above the boiling liquid has been studied and appears to be 
mainly due to the bursting of vapour bubbles and as the cavity left in the 
liquid surface collapses inwards droplets may be projected from the rising 
centre. If the boiling liquid foams small bubbles may be released into the 
vapour and also fragments from the breaking foam films.

The liquid droplets and bubbles formed are then carried away by the 
rising vapour and may thus reach the condenser. The factors governing 
the conveyance of the entrained droplets by the vapour have been the 
subject of much published work and variously ascribed to the rate of 
evaporation2’7 the velocity of the vapour1 ’8-9’10’11 ’12 and, particularly in the 
case of fractionating columns, to the vertical linear path of the vapour, 
i.e., plate spacing8’9’10’11’12.

Much of the published work has been carried out on commercial and 
pilot plants which do not seem very suitable for a close control of the 
experimental conditions; we have, therefore, re-examined this problem 
using a relatively simple system, the entrainment being followed through 
straight vertical tubes.

TH E ENTRAINM ENT O F LIQ U ID  DURING D ISTILLA TIO N
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E xperimental
A very sensitive method of detecting entrainment was necessary since 

the contamination in the distillate represents only a very small fraction of 
the original liquid. Various methods have been reported, such as using 
electrolyte and detecting by conductivity methods1’7 or by volumetric 
analysis9’11. These methods were not considered satisfactory in the 
circumstances, and it was decided to use fluorescein sodium as the indicator 
and to estimate this fluorimetrically.

A Spekker fluorimeter (model H.760)13 was used for the estimations with 
a Wood’s glass filter14 on either side of the mercury-vapour lamp and

F ig . 1. Distillation apparatus.
A 5-1. flask. D Water inlet.
B Steam inlet tube. E Stillhead.
C Orifice meter. F Separator.

G Condenser.

Chances glass filters OG1 between the cuvette and the photocells. We 
found that fluorescein solutions exhibited the maximum fluorescence when 
buffered at pH 6. The fluorescein sodium used for the solutions was found 
to contain a small amount of fluorescent material volatile in steam and 
this was first removed by drying the solid at 105° C. to constant weight. 
Solutions containing 0T, 0-01 and 0-001 per cent, of fluorescein sodium 
were unaffected by boiling under reflux for 80 hours, 8 hours and 8 hours 
respectively. Also exposure to diffuse daylight for 14 days did not affect 
the fluorescence of these solutions. For solutions containing 1-5 /xg. to
0-02 p.g. per ml. of fluorescein sodium the error of the estimation was found 
to be less than 6 per cent., but below 0-02 /xg. per ml. the error was much 
greater. Fluorescence could be detected with concentrations as low as 
0-001 p.g. per ml.

The apparatus is represented diagrammatically in Figure 1. The 5-1. 
flask (A) was charged with 3000 ml. of a 0-1 per cent, w/v solution of 
fluorescein sodium in distilled water which was maintained at its boiling
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point with a heating mantle having two heating circuits (500 W. and 300 W.). 
Steam was injected into the fluorescein solution through a f-in. glass tube 
(B), the rate of flow of the steam being measured by a simple orifice 
meter (C). 4 stainless-steel orifice plates were used with holes |  in., \  in., 
5/16 in. and f  in. diameter for measuring distillation rates of 0 to 1-5, 1-5 
to 4, 4 to 8 and 8 to 171. per hour. The tube (B) which dipped below the 
surface of the fluorescein solution was sealed at the end having 6 holes

in. diameter) in the side of the tube. It was considered that by these 
means, reproducible conditions in the still would be achieved and for a 
given rate of distillation the amount of entrainment produced in the still 
would be constant. The vapour rising from the solution passed through 
stillhead (E) into a centrifugal separator (F), where entrained droplets 
were collected, and then to the condenser (G). The still was constructed 
of Pyrex pipeline equipment, reduction joints were used to prevent the 
solution creeping along the walls and to avoid possible constrictions in the 
pipes by the gaskets used in butt-ended joints. Stillheads of 4 diameters, 
•fin., 1 in., 1  ̂in. and 2 in. were used. The length of the stillheads (H) 
being 5 in., 10 in., 15in. and 30 in. for each diameter. Part J at the bottom 
was standard in all cases—2 in. diameter and 5 in. long; part K was |  in. 
diameter for all stillheads. The apparatus was assembled so that the 
stillhead was vertical and channel and tapping (L) was included so that 
the liquid trapped on the walls of the vertical section could be collected as 
it drained down. The still, stillhead and the separator were lagged to 
prevent undue condensation in the system.

The fluorescein sodium used in preparing the 0T per cent, w/v solution 
in distilled water was dried to a constant weight at 105° C. in order to 
remove moisture, which may be as much as 10 per cent., and to remove 
impurities which have been shown to be fluorescent and steam volatile. 
The still was heated by the mantle (800 W.) until the solution was at the 
boiling point, the loading on the mantle was then reduced to 300 W. and 
the level of the solution at 100° C. noted. A loading of 300 W. was 
sufficient to maintain the solution at the boiling point.

Steam was allowed to pass for 20 minutes to ensure equilibrium condi
tions in the apparatus as indicated by maintenance of water level in the 
boiler and a constant steam rate through the orifice meter. During an 
experiment the steam was fed into the still at atmospheric pressure at a 
controlled rate and the distillation timed for 20 minutes by a stop-clock. 
After the run the level of the liquid in the still was checked and if a variation 
occurred, corrections for the change in concentration of the solution were 
applied to the figures obtained for entrained fluorescein. Liquid was 
collected separately from the base of the stillhead, from the separator and 
from the condenser. The volumes were measured, and the concentration 
in each was estimated fluorimetrically by comparison with standard 
solutions of fluorescein, 2 standard solutions being used for the liquid from 
the separator. All solutions were buffered to pH 6 for the estimation.

The rate of distillation was expressed as ml. per hour, being the sum of 
the volumes of the liquids collected from the separator and condenser. It 
was found that the concentration of fluorescein in the liquid collected from

ENTRAINMENT OF LIQUID DURING DISTILLATION
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the condenser was constant for all rates of distillation irrespective of 
length and diameter of stillhead. Since this concentration was equal to the 
figure obtained when the volatility of dried fluorescein in steam was 
determined, it was assumed that the centrifugal separator was acting 
efficiently and separating the droplets from the vapour stream. Fluorescein 
equivalent to that collected during the run was returned to the still before 
another experiment was commenced.

R esults

Figures 2, 3, 4 and 5 summarise the experimental results obtained and 
these curves represent a total of 1067 distillations. The points plotted on 
these curves are the averaged results for increments of 500 ml./hour in the 
distillation rate. By this means the scatter of the points around each curve 
was reduced, which simplified the drawing of the curves where they lie close 
together, but this did not alter their shape. The figures obtained for the 
concentration and quantity of fluorescein collected from the base of the 
stillhead varied very widely and showed little correlation with the rate of 
distillation. The quantity of fluorescein collected in the separator was 
expressed as fig.II. of distillate, which was a measure of the entrainment 
taking place during the distillation, this representing the degree of con
tamination of the distillate, each fig. of fluorescein being equivalent to 
0-001 ml. of the original solution.

D iscussion

The results have been treated in a number of ways in an attempt to 
demonstrate the effect of various factors influencing entrainment.

Rate o f  Distillation. This treatment is the simple experimental plot 
given in Figures 2, 3, 4 and 5. These curves may be divided into three 
distinct stages.

(a) Initially, entrainment increases linearly with distillation rate.
(b) The middle portion tends to a constant rate of entrainment which 

may be preceded by a region where entrainment decreases with increasing 
distillation rate.

(c) The third stage is characterised by .a sudden and spectacular increase 
in the amount of fluorescein carried over. It was observed that this increase 
was due to a film of solution being swept along the walls of the stillhead by 
the vapour at high distillation rates. This phenomenon is referred to 
subsequently as “gross carry-over.”

The slope of the line in the first part of the curve is related to the diameter 
and entrainment increases with increasing diameter. This is probably due 
to the greater radial path offering less chance for the ascending droplet to 
be trapped on the wall. In the second portion of the curve the entrainment 
tends to a value which is nearly constant for all diameters as the rate of 
distillation increases, except for the f-in. diameter stillhead, and this 
entails a reduction in entrainment for the 1^-in. and 2-in. diameter still- 
heads. This “constant” value for entrainment was of the order of 8 fig. of 
fluorescein, although the stillheads 5 in. long and those •§ in. diameter 
deviated from the figure. Rhodes and Slachman16 obtained results which

E. SHOTTON AND A. F. S. A. HABEEB
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F ig . 2. The effect of the rate of distillation on entrainment in stillheads 5 in. long. 
>; |  in. diameter. A  If  in. diameter.
O 1 in. diameter. □  2 in. diameter.
E =  entrainment as ftg. of fluorescein sodium per litre.

F ig. 3. The effect of the rate of distillation on entrainment in stillheads 10 in. long, 
x |  in. diameter. A  H  in. diameter.
O 1 in. diameter. □  2 in. diameter.

E =  entrainment as /¿g. of fluorescein sodium per litre.
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F ig. 4. The effect of the rate of distillation on entrainment in stillheads 15 in. long, 
x f  in. diameter. A  > i in. diameter.
G 1 in. diameter. □  2 in. diameter.

E =  entrainment as fig. of fluorescein sodium per litre.

Rate of distillation (ml./hour)
F ig. 5. The effect of the rate of distillation on entrainment in stillheads 30 in. long, 

x I  in. diameter. A  H  in. diameter.
O 1 in. diameter. □  2 in. diameter.

E  =  entrainment as fig. of fluorescein sodium per litre.
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were very similar for the effect of the rate of distillation on entrainment, 
using benzene-toluene and also ethanol-water mixtures.

Effect o f  Vapour Velocity. The mean velocity of the vapour through 
each stillhead was calculated from the rate of distillation and Figure 6 
illustrates the effect of 
vapour velocity on en
trainment in stillheads 15 
in. long. These curves are 
of the same general form 
as Figures 2, 3, 4 and 5, 
but emphasise more 
strongly the effect of the 
diameter of the stillhead 
on entrainment.

Sherwood and Jenny11, 
using columns of 17-8 
cm., 20-3 cm. and 25-4 cm. 
diameter, found that for a 
given gas velocity the en- 
tainment increased with 
in c re a s in g  d iam e te r, 
which is in agreement 
with our results.

Correlation with Rey
nolds Number. Rey
nolds18 found that the flow 
of a fluid through a pipe is related to the density, viscosity and velocity of the 
fluid and also the diameter of the pipe in the following manner

pdu
Reynolds Number : (Re) =  —

V
p =  density of fluid. 
d  =  diameter of pipe. 
u =  velocity of fluid.
7] =  viscosity of fluid.

For smooth-bore pipes such as the glass stillheads used the flow is 
streamline or laminar for a Reynolds number below 2000 to 4000, whereas 
above this range the flow becomes turbulent and full turbulence will 
develop when the Reynolds number reaches a value of 10,000 to 20,000.

The variation of entrainment with Reynolds number is given in Figures 
7 and 8 for the 5 in. and 15 in. long stillheads respectively and here a 
relationship with the diameter of the stillhead is shown also since in these 
figures the entrainment divided by the diameter of the stillhead is plotted 
(i.e., entrainment per unit radial path). The curves for the 10 in. and 
30 in. long stillheads are similar. From these curves it would seem that 
when the steam exhibits laminar flow, as indicated by Reynolds number, 
the entrainment increases linearly with Reynolds number and is greatest 
with the greatest diameter since if the wall of the tube is the main trapping

ENTRAINMENT OF LIQUID DURING DISTILLATION

F i g  . 6 .  The effect of vapour velocity on entrainment 
in stillheads 15 in. long.

x |  in. diameter. A  l i  in. diameter.
O 1 in. diameter. □  2 in. diameter.
E — entrainment as jug. of fluorescein sodium per 

litre.
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agency then the wider the tube the greater is the radial path a droplet must 
traverse to reach the wall. The sudden reduction in diameter of the still- 
heads of |  in. and 1 in. diameter may have induced some turbulence at the 
lower values of Reynolds number which would account for the lower 
values obtained for entrainment.

When Reynolds number is increased and the vapour in the stillhead 
becomes more and more turbulent the effect of the diameter is decreased

E. SHOTTON AND A. F. S. A. HABEEB

F ig . 7. The effect of Reynolds number on entrain
ment per unit diameter in stillheads 5 in. long, 

x |  in. diameter. A  If  in. diameter.
O 1 in. diameter. □  2 in. diameter.
E _  entrainment as <jg. of fluorescein sodium per litre. 
d diameter of stillhead

so that as full turbulence is achieved the amount of entrainment is nearly 
the same for all diameters. This is shown for stillheads 15 in. long in 
Figure 9 and may be deduced for the 5 in., 10 in. and 30 in. long stillheads 
from Figures 2, 3 and 5.

The results published by O’Connell and Pettyjohn7 have been converted 
into terms of Reynolds number and are shown in Figure 10 and 11. In 
drawing their curves these authors used only those points that are shown 
with continuous lines drawn through them and they ignored those points 
we have connected with a broken line. It is significant that the peaks in 
these curves occur at values for Reynolds number comparable with our
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results. The apparatus was a semi-commercial horizontal tube evaporator 
using solutions of salts.

Effect o f  the Length o f  the Stillhead. A consideration of the factors 
governing the height to which a drop may be carried by vapour has been 
given by Hausbrand17. Figure 12 shows the effect of the rate of distillation 
on entrainment for stillheads of different lengths of 1 in. diameter. Curves 
obtained for f  in., 1 j in. and 2 in. diameter stillheads are similar. At the

ENTRAINMENT OF LIQUID DURING DISTILLATION

F ig . 8. The effect of Reynolds number on entrainment per unit diameter in stillheads
15 in. long.

x |  in. diameter. A  I f  in. diameter.
O 1 in. diameter. □  2 in. diameter.

E _  entrainment as ¡jl%. of fluorescein sodium per litre 
d diameter of stillhead

lower rates of distillation the amount of fluorescein entrained decreases as 
the length of stillhead increases from 5 in. to 15 in. as may be expected, but 
is greatest for the 30 in. stillhead. Then as the rate of distillation increases 
entrainment through the 30 in. stillhead falls to values below that of the 
others.

This apparent anomaly with the 30 in. stillhead at the lower rate of 
distillation is surprising, but was found to occur with the stillheads of 
f in ., I f  in. and 2 in. diameter also. Further work may give rise to a 
reasonable explanation.

Much of the published work on the effect of the vertical path has been 
carried out in fractionating columns of the bubble-cap type by varying the
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distance between the plates8’9’10’11’12. In general an increase in the plate 
spacing produces a decrease in entrainment, but the conditions in a bubble- 
cap column will be very different from the conditions in our apparatus.

G r o s s  C a r r y - O v e r .  At 
the higher distillation 
rates it was observed that 
fluorescein solution was 
swept upwards along the 
wall of the stillhead 
resulting in a large in
crease in the quantity of 
fluorescein collected in the 
separator. The onset of 
this phenomenon was 
sudden and Table I gives 
in terms of Reynolds 
number the lowest experi
mental results at which an 
ascending film was ob
tained in each stillhead.

The maximum Rey
nolds numbers obtained 
for the l \  in. and 2 in. 
stillheads (30 in. long) 

were 12,735 and 9545 respectively and no gross carry-over occurred, these 
figures corresponding to the maximum distillation rate of the apparatus, 
approximately 17T l./hour.

For the 15 in. long stillhead of 2 in. diameter an increase in entrainment 
was found at Reynolds 
number 9870, but the 
rising film was not seen in 
the stillhead.

From Table I there is 
good agreement for the 
Reynolds number at 
which gross carry-over 
occurred for each length 
of stillhead except for 
those 30 in. long. For 
the two in which gross 
carry-over was obtained, however, the agreement was better if vapour 
velocity was compared. For the f  in. and 1 in. diameter stillheads the 
Reynolds numbers given correspond to vapour velocities of 1480 cm./sec. 
and 1507 cm./sec. respectively.

Summary
1. The entrainment of liquid droplets through straight vertical still

heads during distillation has been investigated using fluorescein sodium as 
an indicating substance.

E. SHOTTON AND A. F. S. A. HABEEB

TABLE I
R e y n o l d s  n u m b e r s  a t  w h i c h  g r o s s  c a r r y - o v e r

O C C U R R E D  C A L C U L A T E D  F R O M  E X P E R IM E N T A L  D I S T I L 
L A T IO N  R A T E S

L e n g t h  o f  
s t i l l h e a d  

in .

D i a m e t e r  o f  s t i l lh e a d

i  in . 1 i n . H  in . 2 in .

5 7 ,8 7 5 8 ,0 9 0 8 ,4 2 5 8 ,2 3 0
10 9 ,1 9 0 9 ,2 5 0 9 ,7 3 2 9 ,6 5 0
15 1 0 ,5 0 0 1 0 ,8 3 0 1 0 ,9 7 0 9 ,8 7 0
30 1 1 ,2 3 5 1 8 ,2 8 0 M o  g r o s s  c a r r y - o v e r

F ig . 9. The effect of Reynolds number on 
entrainment in stillhead 15 in. long, 

x |  in. diameter. A  H  in. diameter.
O 1 in. diameter. □  2 in. diameter.
E =  entrainment as fig . of fluorescein sodium 

per litre.
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2. When the Reynolds number for the vapour flowing through the 
stillhead is below 2000, indicating streamline or laminar flow, the entrain
ment has been found to be directly proportional to the rate of distillation

ENTRAINMENT OF LIQUID DURING DISTILLATION

F ig . 10. The effect of Reynolds number on entrainment (O’Connell and Pettyjohn7)- 
Distillation of 20 per cent, sodium chloride.

x =  solution boiling at 140° F.
O =  solution boiling at 167° F.
A  =  solution boiling at 190° F.
□  =  solution boiling at 219° F.

E =  entrainment as pounds of liquid per 106 pounds of vapour.

and to the diameter of the stillhead. As the wall of the stillhead constitutes 
the main trapping agency it is postulated that the entrainment will increase 
as the diameter increases since under these flow conditions the vapour has 
little radial movement.
The entrainment per unit 
diameter is directly pro
portional to the Reynolds 
number in the 30 in. still- 
heads, but deviations 
occur in the shorter still- 
heads of |  in. and 1 in. 
diameter, which is prob
ably due to the con
striction from 2 in. induc
ing some turbulence.

3. As the Reynolds 
number is increased to 
6000 to 8000 the entrain
ment approaches a con
stant value, irrespective of 
the diameter, for a given 
length of stillhead. Under these conditions the flow of the vapour is 
probably fully turbulent and has a high radial velocity which carries the 
droplets to the wall.

4. Entrainment has been found to decrease as the length of the stillhead 
increases from 5 in. to 15 in. for each diameter, but in the 30 in. stillhead 
entrainment was highest.

2000 4000 6000
Reynolds Number (Re)

8000

F ig. 11 . The effect of Reynolds number on 
entrainment (O’Connell and Pettyjohn7). 
Distillation of solutions of sodium sulphate), 

y =  20 per cent, sodium sulphate boiling at 140° F. 
0  — 24 per cent, sodium sulphate boiling at 166° F. 
A  =  24 per cent, sodium sulphate boiling at 140° F. 
E =  entrainment as pounds of liquid per 106 pounds 

of vapour.
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Fig. 12. The effect of the length of stillhead on entrainment in stillheads of 1 in.
diameter.

x Stillheads 5 in. long.
O Stillheads 10 in. long.
A  Stillheads 15 in. long.
□  Stillheads 30 in. long.

E =  entrainment as fig. of fluorescein sodium per litre.

5. Gross carry-over (climbing film effect) occurred in the 5 in., 10 in. 
and 15 in. stillheads at an approximately constant value for Reynolds 
number for each length and was unaffected by the diameter. For the 30 in. 
stillheads gross carry-over was not achieved for diameters of 1  ̂in. and 2 in. 
and in the case of the f  in. and 1 in. diameter tubes gross carry-over was 
more nearly related to vapour velocity.

We would like to thank Professor H. Berry for suggesting the use of 
fluorescein sodium, Dr. F. Wokes for advice on the fluorimetric estimations 
and Mr. D. Train for help and advice throughout this work.
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ENTRAINMENT OF LIQUID DURING DISTILLATION

D IS C U S S IO N

The paper was presented by M r. E. Sh otton .

D r. W. M itchell  (London) asked whether the results obtained would 
apply to apparatus of different design, in particular to large-scale appara
tus? It would be of interest to know if the ordinary gross carry-over 
would be different if a material other than glass were used. This could 
be tested by replacing the glass stillheads—part E in Figure 1—by similar 
metal stillheads.

D r . F. H artley (London) said that for the particular stillhead there 
might be a critical length between 30 in. and 15 in. at which entrainment 
began to increase. This might be due to the thermal losses occurring in 
the longer stillheads. Were the authors satisfied with the lagging of the 
stillheads ? If lagging were inefficient and thermal losses high, a cloud 
would tend to build up and to adsorb the entrainment. The obvious 
pharmaceutical application of the work was in the design of stills for the 
preparation of pyrogen-free water. In industrial practice two stills were 
often used for this purpose, the distillate from the first being redistilled 
in the second. It seemed possible that they might find a critical length of 
stillhead for their equipment beyond which, relatively, no further reduction 
in entrainment occurred.

Mr. W. C. Peck (London) described the paper as one of the most 
fundamental studies which had been made in the design of entrainment 
separators. It would affect not only the distillation of water but also the 
design of fractionating columns, and in fact all the processes where a 
vapour and a liquid were concerned. The relationship of the entrainment 
to the Reynolds Number was of first-rate importance. He suggested 
that dimensional analysis might have revealed that apart from the 
Reynolds Number there was another factor, the height of the column, 
which would have explained anomalous results. Some of the most 
economic processes for the production of distilled water, such as that of 
vapour recompression, had not been investigated in this country.

Mr. J. H. O akley (London) said that by widening the still orifice 
one would expect entrainment to be reduced because the rate of flow of 
the vapour is lowered, but at the same time condenser effect is also 
lowered, which would tend to increase entrainment. At the other 
extreme, if the orifice were too narrow one would reach a climbing film 
evaporator. Was the latitude between these two extremes very critical?

Dr. A. F. S. A. H abeeb, in reply, said that the curves in Figures 10 and 
11 showed results by the American workers, O’Connell and Pettyjohn, 
using a semi-commercial horizontal evaporator. After a critical Reynolds 
Number of about 2000 the amount of entrainment was reduced, which
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was in agreement with their results, but in fractionating columns 
other workers got different results. The distances between the plates 
and the splashing of the liquid on the plates might account for these 
differences. Work on different materials for stillheads was in hand. 
Speaking of the abnormality of the curves for 30-in. stillheads, he said 
that if they had been able to see inside they might have seen whether there 
was clouding.

Note by the Editor.—Subsequent to the meeting the following note was 
received from M r . Sh o t t o n :—

“Although some condensation in the stillhead would take place, this 
would not be a governing factor since the entrainment falls with an 
increase in the distillation rate and vapour velocity, which is the reverse 
of what may be expected if the condensation due to heat loss was a govern
ing factor. Regarding the point raised by Mr. Oakley, there was sufficient 
latitude between these two extremes, this latitude increasing with increasing 
diameter of pipe.”

E. SHOTTON AND A. F. S. A. HABEEB
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By C. A. J ohnson  and J. A. T homas

F r o m  th e  L a b o r a to r y  o f  th e  S c ie n t i f ic  P u b lic a tio n s  D e p a r tm e n t, P h a r m a c e u tic a l S o c ie ty
o f  G r e a t B r ita in

A demand for a liquid preparation of ferrous gluconate to be included in 
the British Pharmaceutical Codex and the National Formulary prompted 
this investigation into the conditions affecting the rate and extent of 
oxidation which might occur. It is generally held that ferrous iron is much 
more readily adsorbed than ferric and it is desirable therefore that any 
oxidation which may occur should be restricted to a minimum. That 
oxidation might occur fairly readily is evident from the high proportion of 
ferric iron permitted in the solid material by the specification of the United 
States National Formulary which allows over 17 per cent, of the total iron 
to be in the trivalent state. British manufacturers have been able to 
produce material which shows a considerable improvement on the United 
States specification, many commercial samples examined showing about 
6 per cent, of the iron in the ferric state, whilst one manufacturer’s product 
consistently contains as little as 2 per cent, or less. A further indication 
that considerable oxidation in solution is to be anticipated is afforded by 
the known fact that oxidation of ferrous iron depends upon the degree of 
ionisation of the dissolved salt, ferrous sulphate for example being about 
10 times more stable than ferrous acetate.1

E xperimental

In the first instance a number of elixirs were prepared according to 
different formulae and were stored in well-closed amber glass containers 
varying from 20 to 40 fl. oz. in size, the ferrous iron content being deter
mined from time to time. These preparations at first showed a steady 
deterioration in ferrous iron content, but in some of the smaller containers 
it was observed that oxidation became more rapid as the stock of solution 
diminished. It thus became obvious that the volume of air in the container 
was of prime importance in determining the extent to which oxidation 
would occur, and that a strict control of container size and of the volume 
of air above the liquid would be necessary in a comparison of the effect of 
different antioxidants and conditions of storage on the rate and extent 
of oxidation of ferrous gluconate in solution.

Details o f  tests. For each sample to be examined 15 X 2 fl. oz. containers 
fitted with metal screw caps containing a rubber liner were employed. 
One of these bottles was completely filled with the sample (a total volume 
of nearly 60 ml.) whilst 4 other bottles contained 48, 36, 24 and 12 ml. 
respectively. The 10 remaining bottles each contained 12 ml. of the sample, 
the volumes filled in being measured as accurately as possible. At the 
time of filling and closing the containers, portions of the sample were 
assayed for total iron and ferrous iron content by the methods described 
below. The bottles containing 12 ml. of sample were opened successively

T H E  STABILITY O F A Q UEOUS SO LU TIO N S O F FERRO U S
GLUCONATE
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at intervals of 24 or 48 hours and when the rapidly falling ferrous iron 
content had become relatively stationary the 5 bottles containing varying 
quantities of solution were opened and the ferrous iron content of each 
determined. The reproducibility of the test was examined by charging 
5 sets of containers with the same preparation; Table I gives the figures

TABLE I
(a )  S h o w i n g  t h e  r a t e  o f  o x i d a t i o n  o f  f e r r o u s  g l u c o n a t e  w h e n  1 2  m l . o f  a n

A Q U E O U S  S O L U T IO N  IS  S T O R E D  I N  A  C L O S E D  2 F L . O Z .  C O N T A I N E R

Total iron content of solution at time of preparation .. .. 0-798 per cent.
Ferrous iron content of solution at time of preparation ..  .. 0-759 per cent.

T im e  ( d a y s ) F e r r o u s  i r o n  c o n te n t  ( p e r  c e n t . )

1 0*674 0 -6 6 5 0*670 0 -6 8 2 0-668
2 0 -6 1 6 0 -6 0 9 C-600 0 -6 1 2 0 -6 1 4
3 0 -5 8 5 0 -5 9 0 0 5 7 8 0 -5 8 0 0 -5 9 2
4 0 -5 7 6 0 -5 7 5 0 5 6 8 0 -5 8 0 0 -5 7 0
6 0 -5 6 7 0 -5 7 0 0*571 0 -5 6 9 0 -5 6 5
7 0 -5 6 4 0 -5 6 4 0 -5 6 0 0 -5 6 8 0 -5 6 4
9 0 -5 7 0 0 -5 5 8 0 5 6 4 0 -5 6 4 0 -5 6 0

T H E  E X T E N T  O F  O X ID A T IO N  I N  C L O S E D  2 F L . O Z .  C O N T A IN E R S

V o lu m e  o f  s a m p le
in  c o n ta i n e r ,

m l. F e r r o u s  i r o n  c o n te n t  ( p e r  c e n t . )

F u l l  ( a b o u t  58  m l.) 0 -7 5 5 0 -7 6 0 0*756 0 -7 5 8 0 -7 5 8
48 0 -7 3 2 0 -7 4 0 0*728 0 -7 3 6 0 -7 3 4
36 0*702 0 -7 0 6 0 -6 9 6 0 -7 0 0 0 -7 0 6
2 4 0 -6 6 4 0 -6 4 8 0 6 5 6 0 -6 6 2 0 -6 5 0
12 0 -5 6 0 0 -5 6 4 0*572 0 -5 6 6 0-551

obtained, which indicated that the method could be used with confidence 
to compare the stability of preparations. The conditions obtaining in this 
test were thought to be more comparable with those to be met with in 
practice than if the solution had been exposed to free access of air.

Methods o f assay. The methods of assay used throughout the series of 
determinations were as follows:—

(i) For total iron content. A suitable portion of the solution was diluted 
with water to 75 ml. and 15 ml. of dilute sulphuric acid and 0-25 g. of zinc 
dust were added, the flask being immediately closed by means of a stopper 
fitted with a bunsen valve. After being set aside for 30 minutes the reaction 
liquid was rapidly filtered through an asbestos pad, flask and filter being 
washed with a dilution of 1 volume of dilute sulphuric acid with 9 volumes 
of water. The combined filtrate and washings, after addition of 3 drops of 
solution of o-phenanthroline-ferrous complex as indicator was titrated 
immediately with 0-1N ceric ammonium sulphate.

(ii) For ferrous iron content. A suitable portion of the solution was 
diluted with water to 75 ml. 15 ml. of dilute sulphuric acid and 3 drops 
of solution of o-phenanthroline-ferrous complex were added and the 
solution was titrated immediately with 0-1N ceric ammonium sulphate.

The application of this method of determination of iron to ferrous 
gluconate gives an end-point which fades back fairly rapidly from the 
greenish-blue indicative of complete oxidation to orange-red, but if the 
first sharp change is recorded as the end-point, results of a high degree of
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reproducibility are obtainable. These methods of assay were chosen 
because of the ease and rapidity with which they could be carried out and 
because blank determinations showed that they were not invalidated by 
any of the ingredients
employed in the formula- TABLE II
tion tests carried out. 
The applicability of the 
methods to the commer-

S h o w i n g  t h e  r a t e  o f  d e t e r i o r a t i o n  o f  l a b o r a t o r y

F O R M U L A T E D  A N D  C O M M E R C IA L  S A M P L E S  W H E N  
12 M L . O F  T H E  S A M P L E  IS  S T O R E D  I N  A  C L O S E D  

2 F L . O Z .  C O N T A IN E R

cial samples examined 
was verified by a com
parison of results for total 
iron content, obtained by 
the method described 
above, with results obtain
ed by digesting the sample 
with nitric acid, precipi
tating and redissolving 
the iron and titrating 
with potassium dichrom
ate.

This method of test 
was applied to liquid 
preparations of ferrous 
gluconate in order to 
determine the effects of

The figures recorded represent percentage loss of 
ferrous iron

T i m e  ( d a y s )

P r e p a r a t i o n s

i 2 3 4 5

1 16-6 9 -6 11-2 17-4 15-6
2 22-1 14-2 15-4 22-8 2 0 -4
3 25 -8 18-3 20-2 2 5 -6 2 3 -8
4 2 4 -6 2 1 -4 22-6 25-1 2 4 -8
5 2 5 0 2 3 -5 2 4 -8 2 5 -4 25-8
7 2 5 -6 2 4 -6 2 5 -7 26-1 2 5 -3
8 2 4 -7 2 5 0 2 5 -6
9 2 4 -9 26-1

10 2 4 -5 2 5 -2

P r e p a r a t i o n  1. A  7 -5  p e r  c e n t ,  w /v  s o lu t io n  o f  f e r r o u s  g l u c o n a t e  
i n  w a te r .

2 . A s  (1 )  w i th  t h e  a d d i t i o n  o f  7 -5  p e r  c e n t ,  w /v  o f
d e x t r o s e  m o n o h y d r a t e .

3 . A s  (1 )  w i th  t h e  a d d i t i o n  o f  2 0  p e r  c e n t ,  w /v  o f
d e x t r o s e  m o n o h y d r a t e .

4 .  A s  (1 )  w i th  t h e  a d d i t i o n  o f  2  p e r  c e n t ,  v / v  o f
d i lu t e  h y p o p h o s p h o r o u s  a c id .

5 . A s  (1 )  w i th  c i t r i c  a c id  a n d  s o d iu m  c i t r a t e  a d d e d
t o  a d ju s t  t o  p H  4 -5 .

formulation and of stor
age conditions upon 
stability.

Formulation. A num
ber of solutions of 
ferrous gluconate con
taining added ingredients 
as antioxidants or buffers 
were prepared and exam
ined together with 4

C o m m e r c ia l  s a m p le s

M a n u f a c tu r e r

T im e  ( d a y s ) A B C D

1 17 8 2-9 14-6 12 6
2 2 3 -4 4 -2 18-2 1 7 1
3 2 6 -8 7-6 2 1 -4 20-8
4 2 9  1 9-6 22-8 2 3 0
5 2 8 -8 1 10 23-8 2 3 -4
7 2 9 -4 12-3 24 -7 2 3 -2
8 2 9  0 13-2 2 5 -4 2 3 -6
9 14-1 2 5 -0

10 14 9

proprietary preparations
containing ferrous gluconate in solution. Results are given in Table II. 
The effect of varying the concentration of ferrous gluconate in solution
was also examined, results being recorded in Table III.

TABLE III
Storage Conditions. 

The effect of storage
S h o w i n g  t h e  e f f e c t  o f  c o n c e n t r a t i o n  u p o n

P R O P O R T I O N  O F  F E R R O U S  G L U C O N A T E  O X ID IS E D

O r i g in a l  f e r r o u s  i r o n  
c o n c e n t r a t i o n

F i n a l  f e r r o u s  i r o n  
c o n c e n t r a t i o n

P e r c e n ta g e
o x i d a t i o n

1 -03  p e r  c e n t . 0 -9 0  p e r  c e n t . 12-6
0 -5 2  „  „ 0 -4 2  „  „ 19-2
0-21 „  „ 0 1 5  „  „ 2 8 -6
010  „  „ 0 0 6 8  „  „ 3 2 0

in completely and 
partially-filled contain
ers upon the ultimate 
extent of oxidation is 
already apparent from 
the figures given in 
Tables I and II, and
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Figure 1, based upon the mean results given in Table I, shows this 
relationship more clearly. To determine whether the ratio of the 
volume of air to that of the solution plays any part in determining 
the rate at which oxidation occurs, a number of bottles were 
filled at each of the volume levels with a 7-5 per cent, solution of ferrous

gluconate in distilled 
water, the liquid in one 
set of 4 bottles containing 
48, 36, 24 and 12 ml. 
respectively being titrated 
daily. Only in the case 
of the bottle containing 12 
ml. was any deterioration 
noted on the second day, 
so a further series was set 
up, titrations beingcarried 
out at 2-hourly intervals. 
The results of this series 
are shown in Table IV.

Finally, the effect of 
storage in daylight was 
examined. 15 containers 

were filled as previously described and placed on a window ledge facing 
south, the results obtained being recorded in Tables V and VI. These 
results show that after an initial oxidation the ferric iron became reduced, 
the ferrous iron content 
increasing beyond what 
was originally present 
until it approximated to 
the total iron content.
The reduction was 
accompanied in the 
smaller volumes by the 
deposition of a brownish- 
yellow crystalline pre
cipitate.

The precipitate formed 
on exposure to fight was 
prepared in greater yield 
by exposing a larger 
volume of considerably 
oxidised solution to the 
fight, and isolated by filtration followed by washing with water, ethanol 
and ether. Pale brownish-yellow in colour, the separated residue was 
insoluble in water and organic solvents, but soluble in dilute hydrochloric 
acid, yielding a solution which gave reactions characteristic of ferrous iron. 
After removal of the iron the resulting neutralised solution yielded an 
immediate precipitate with calcium chloride, insoluble in acetic acid, but

C. A. JOHNSON AND J. A. THOMAS

TABLE IV
S h o w i n g  t h e  r a t e  o f  d e t e r i o r a t i o n  i n  c o n t a i n e r s

C H A R G E D  W I T H  D IF F E R E N T  V O L U M E S  O F  S O L U T IO N  
F E R R O U S  I R O N  C O N T E N T  O F  T H E  S O L U T I O N  A T  T IM E  O F  

P R E P A R A T I O N  0 764 P E R  C E N T  

Ferrous iron content of the solution at time of 
preparation 0.764 per cent

V o lu m e  o f  s o lu t io n  i n  t h e  c o n ta i n e r

T im e  ( h o u r s ) 4 8  m l. 36  m l. 2 4  m l. 12 m l.

2 0 -7 5 3 0 -7 5 4 0 -7 5 0 0 -7 5 8
4 0 -7 4 4 0 -7 4 0 0-741 0 -7 3 76 0 -7 4 6 0 -7 3 0 0 -7 3 3 0 -7 3 28 0 -7 4 0 0 -7 1 8 0 -7 2 2 0-72110 — 0 -7 0 9 0-7 0 5 0 -7 1 412 — 0 -7 0 3 0-691 0-6 9 8

26 — 0 -7 0 6 0 -6 4 8 0 -6 2 6
28 — 0 -7 0 4 0 -6 4 3 0-611
30 — — 0 -6 4 9 0 -5 9 7
32 0 -6 4 6 0 -5 8 3

F i g . 1. Storage of ferrous gluconate 
solution in partially filled containers.
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redissolving in dilute hydrochloric acid. A portion of the calcium precipi
tate when heated with diphenylamine and syrupy phosphoric acid yielded 
a pale blue colour which was intensified by the addition of ethanol to the 
cooled reaction liquid. These reactions, characteristic of oxalates, gave 
reasonable grounds for believing that the precipitated material might be 
ferrous oxalate and a portion 
was assayed on this assump
tion. The iron was oxidised, 
precipitated as ferric hydrox
ide, ignited and weighed, 
whilst the filtrate and wash
ings from the iron determin
ation were just acidified with 
acetic acid and precipitated 
with calcium chloride, the 
residue, after washing, being 
titrated with potassium 
permanganate. The results 
obtained were as follows:—
Iron, 30-3 per cent.; FeC20 4,
2HaO (calculated from the 
permanganate titration),
97-8 per cent.

The formation of this 
insoluble residue was 
reported as long ago as 
1936 by Neiger and 
Neuschul2, who carried out 
an elementary analysis, 
but did not identify the compound. The analytical figures quoted by these 
authors are compatible with the finding that the residue is ferrous oxalate 
dihydrate.

The possibility that oxalate may have been present in the ferrous 
gluconate used to prepare the solutions was considered, but of two 
batches of material from different manufacturers, both of which yielded 
the precipitate from aqueous solution in the light, neither gave a positive 
reaction when the test for oxalic acid of the United States National 
Formulary specification was applied.

Among other observations, Neiger and Neuschul stated that solution of 
ferrous gluconate in water containing appreciable proportions of invert 
sugar considerably retarded the deposition of the ferrous compound, 
although not its formation in solution. Accordingly, tests were carried 
out in which the ferrous gluconate was dissolved in a 20 per cent, solution 
of dextrose monohydrate and exposed to light in partially-filled bottles. 
No precipitate was formed in 17 days, while in the absence of dextrose a 
precipitate had formed in 9 days. No precipitate was formed in completely 
filled bottles, even in the absence of dextrose, during a period of 6 
weeks.

TABLE V
Showing the effect of storage in daylight

T i m e  ( d a y s )
F e r r o u s  i r o n  in  s o lu t io n  c a lc u l a t e d  a s  
a  p e r c e n ta g e  o f  t h e  t o t a l  i r o n  c o n te n t .

W h e n  p r e p a r e d 9 4 -21 88-02 84-8
3 82 -6
4 83-8
5 86-6
7 9 3 08 94-8
9 97-510 9 9 -611 9 9 -3

TABLE VI
F errous iron in solution calculated as a 
percentage of the total iron content in 
containers charged with different volumes
of SOLUTION AFTER 5 WEEKS STORAGE IN DAYLIGHT

V o lu m e  o f  s o lu t io n F e r r o u s  I r o n

F u l l 9 9 -4
4 8  m l. 9 9 -7
36  m l. 88- 2 'l P a l e  b r o w n
2 4  m l. 79 -8  c r y s t a l l in e12 m l. 72*1 J  d e p o s i t
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D iscussion of R esults
1. Factors affecting the rate o f  oxidation. It is clear from the figures 

quoted in Table II that the traditional antioxidants associated with ferrous 
iron formulation exert little or no effect in preventing the oxidation of 
ferrous gluconate. A slight improvement might be claimed when a 
moderate percentage of dextrose is added, but no substantial effect is to be 
observed. Dilute hypophosphorous acid, instead of retarding the oxidation 
appears to encourage it—a result which parallels the experience of Huyck 
when examining solutions of ferrous sulphate.3

A solution buffered to pH 4-5 with citric acid and sodium citrate showed 
just as rapid a deterioration as an unbuffered solution, contrary to the 
finding of Stone4. This author also stated that the stability of ferrous 
gluconate solution is considerably improved as the pH is lowered, but he 
does not indicate the acid used to bring about the adjustment. If a strong 
mineral acid were introduced the ferrous iron would naturally be stabilised 
to a certain extent because of the increased ionisation to be expected. The 
inclusion of a small proportion of citric acid in a solution containing syrup 
of orange did, however, improve the flavour of the product.

Of the commercial samples examined one was found to deteriorate at a 
markedly slower rate than any other solution examined, although the loss 
was still considerable; the remaining commercial samples deteriorated at 
least as rapidly as the solutions prepared in the laboratory. The ratio of 
the volume of air to that of solution apparently played no part in deter
mining the rate of oxidation, as is shown in Table IV.

2. Factors affecting the extent o f  oxidation. The ratio of the volume 
of air to the volume of solution has the most pronounced effect upon the 
extent of oxidation which will occur in a closed container as is shown in 
Figure 1. It is clear that the oxidation reaction proceeds until an equilibrium 
is set up, probably depending both on the oxygen tension and the ratio of 
ferrous to ferric iron. The concentration of iron in the solution also affects 
the extent to which oxidation will proceed. As is to be expected, the 
proportion of total iron which is converted to the ferric state increases as 
the concentration of total iron is decreased.

It is evident from the many samples examined that, providing the 
solution is kept in a well-filled and sealed container, no significant deteriora
tion of ferrous iron content may be expected within 3 months. In practice 
this period may well be considerably longer and indeed Talman, in a recent 
review5, mentions a period of 12 months. As soon as the container is 
opened and doses are removed the ferrous iron content begins to fall to an 
increasing extent as the volume of air trapped in the bottle becomes greater 
in proportion to the volume of liquid remaining.

3. The effect o f  light. The effect of light in arresting and ultimately 
reversing the oxidation of ferrous to ferric iron in solutions of ferrous 
gluconate which has been reported by Neiger and Neuschul2 has been 
confirmed. The relatively insoluble ferrous compound which is deposited 
from solutions stored under such conditions has been identified as ferrous 
oxalate. It is a well-known fact that solutions of ferric oxalate, when 
stored in the light, are reduced to ferrous oxalate and this reaction has
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formed the basis of a proposed test to assess the light-protecting properties 
of glass for medicine bottles6. It therefore seems possible that ferric 
oxalate may be formed in solution by the oxidative breakdown of ferrous 
gluconate. This theory has not been adequately tested, however, and it 
may well be that the oxalate is formed, as the result of a photochemical 
reaction, from some other product of the oxidation of ferrous gluconate. 
The possibility that the oxalate may have been present in the original 
material due to the method of manufacture has been considered, but has 
been disregarded since no 
reaction for oxalate was 
obtainable in the samples 
used. Moreover the 
formation of the pre
cipitate only in those cases 
where considerable oxid
ation of the ferrous 
gluconate might be 
expected, i.e., in the 
bottles containing smaller 
volumes of solution, 
argues that the presence 
of the oxalate is connected 
with the oxidation re
action.

The formation of this 
precipitate has been 
shown to be retarded by 
the presence of 20 per cent, of dextrose and a solution of ferrous gluconate 
in the presence of this sugar may be expected to remain stable in respect of 
ferrous iron concentration and freedom from deposit if stored in well- 
closed, completely filled containers exposed to direct daylight. Once the 
bottle is opened and doses are removed a suitably formulated preparation 
will retain its high ferrous iron content and remain free from deposit 
throughout the time that is required to consume 4 fl. oz. at the rate of 
3 teaspoonfuls daily, provided that the container is kept well closed between 
withdrawals of doses and the bottle is stored in direct daylight. A com
parison of the ferrous iron content of such a preparation stored in the 
daylight and protected from fight throughout its period of use is shown 
in Figure 2. If it is argued that the presence of oxalate is undesirable then 
the question of the desirability of prescribing ferrous gluconate in solution 
under any conditions of storage, whether in the fight or the dark, should be 
reviewed anew.

Fig . 2. Storage of ferrous gluconate 
elixir in 4 fl. oz. containers, withdrawing 
sample at the rate of 3 teaspoonfuls daily.
----------  storage in dark
---------- storage exposed to daylight.

C onclusions

It is concluded from the foregoing experiments that :—
(i) solutions of ferrous gluconate should be dispensed only in completely 

filled containers of small size; the inadvisability of dispensing from a
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Winchester stock is obvious since, when the Winchester is only partially 
full, portions withdrawn may already be some 30 to 50 per cent, oxidised.

(ii) the maximum concentration of ferrous gluconate compatible with 
the formation of a stable solution should be employed— 10 per cent, is 
suggested as a suitable figure.

(iii) a suitable flavouring agent consists of about 20 per cent, of syrup 
of orange together with 0-3 per cent, of citric acid.

(iv) if the solution is to be stored protected from light a small proportion 
of dextrose monohydrate—say 7-5 per cent., should be included. If 
storage in the light is considered to be safe the proportion of dextrose 
should be increased to 20 per cent.

Storage protected from light is accompanied by a decrease in ferrous iron 
content and a corresponsing increase in ferric iron content which becomes 
greater as the volume of liquid in the bottle is reduced, but the general 
appearance of the preparation remains satisfactory.

Storage in the light of a suitably formulated product results in a slight 
increase of ferrous iron content due to the reduction of ferric iron present 
initially, and the maintenance of the ferrous iron throughout the storage 
period. It is, however, accompanied by the formation of a product which 
may be considered undesirable and may be attended by some deposition of 
solid matter in partially-filled bottles.

The authors are indebted to the Council of the Pharmaceutical Society 
for permission to publish this work, and to Dr. K. R. Capper, Editor of 
the Society’s Scientific Publications for helpful criticism and advice.
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DISCUSSION
The paper was presented by Mr. C. A. J ohn son .

Mr. L. M. Spalton  (London) said that investigations with which he 
had been connected confirmed the authors’ findings. It was claimed that 
ferrous gluconate was less liable to produce side effects in susceptible 
people than other iron salts, but a high ferric content would negative this 
advantage. In his view, the ferric content of ferrous gluconate should be 
not more than 2 per cent, of the total iron present. He did not regard the 
possibility of the formation of ferrous oxalate as too serious, because, 
although there was little information available about its toxicity, the 
dosage given in the French Codex was 1 j- grains. There was, however, a 
remote possibility that a child could be given a slurry of ferrous oxalate 
which might be harmful. A general criticism of liquid iron preparations 
was that being solutions of low pH they might cause some damage to the 
teeth. As tablets of ferrous gluconate were stable, it seemed preferable 
to administer the drug in tablet form.

C. A. JOHNSON AND J. A. THOMAS
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D r . W. M itchell  (London) said that it seemed a sugar-coated tablet 
was the best method of presentation. He suggested that if a solution was 
required, ascorbic acid might prove a suitable antioxidant.

D r . J. B. Stenlake (Glasgow) said the problem required fundamental 
study. There was a close connection between the oxidation of the 
gluconate and the fairly well-known oxidation methods for carbohydrates 
using such agents as peroxides, which were catalysed by light and ferric 
ions. Was the oxalate produced as a result of a series of degradations, 
or was it a primary oxidation process ?

D r . G. Brow nlee  (London) said that reduced iron salts such as ferrous 
sulphate and oxidised iron salts such as ferric sulphate are physiologically 
outside the tolerated limits in which life is possible. Ferrous salts taken 
orally are immediately oxidised and become tolerable. The proposal to 
stabilise a reduced preparation at an Eh at or below that of ascorbic acid 
is dangerous, particularly so in a liquid preparation when given to infants, 
in whom ferrous salts are sometimes rapidly absorbed. A difficulty which 
the authors face is in stabilising the iron preparations within the physio
logical range of pH in the absence of suitable Eh buffers. The tocopherols 
are possibilities and all three isomers are suitable.

D r . G. E. F oster (Dartford) said that no one had suggested that there 
might be some ferrous oxalate present initially. He had found calcium 
oxalate in a stored sample of calcium borogluconate solution. It seemed 
to him that, as a result of contamination of the organisms used in the 
preparation of commercial gluconic acid, some oxalic acid might be pro
duced and thus the ferrous gluconate might initially contain some ferrous 
oxalate.

M r . C. L. J. C oles (Greenford) said that at the beginning of the paper 
the formulas of a number of elixirs were mentioned. What was the pH of 
these products ? What was the temperature at which these samples were 
stored? Was the sample buffered at pH 4-5 more or less stable than the 
elixirs referred to earlier? What was the pH of the sample referred to in 
paragraph (iii) of the conclusion, containing 0-3 per cent, of citric acid? 
Had the authors any experimental evidence concerning the effect of pH  
on the rate of oxidation ?

M r . E. G. Speakman  (Birmingham) said that the use of ascorbic acid 
did not solve the problem of oxidation of the preparation in half-filled 
bottles.

M r. G. R aine (Manchester) said he had found that a formulation 
containing glycerol 50 per cent, v/v and sucrose 20 per cent, w/v with 
2 per cent, dilute hypophosphorous acid considerably retarded the oxida
tion. When ascorbic acid was added to ferrous gluconate solutions a red 
colour was produced which disappeared in a day or two, and ascorbic acid 
was scarcely detectable after a few days; nevertheless, the resulting solution 
was less readily oxidised than a simple ferrous gluconate solution. A 
mixture of ferrous gluconate with syrup, citric acid and ascorbic acid 
appeared to stabilise the ascorbic acid to some extent, and he suspected
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the ferrous iron was less rapidly oxidised. He had been unable to devise 
a method of estimating ferrous iron in the presence of ascorbic acid. The 
method used to protect the preparation from light was not described. 
Ferrous gluconate solutions were more rapidly oxidised in amber bottles 
than in clear glass bottles. Some experiments had shown, however, that 
storage in complete darkness caused less rapid oxidation than storage in 
amber bottles, and one sample of ferrous gluconate solution had been as 
stable when stored in complete darkness as when stored in daylight. The 
formulation with glycerol, sucrose and dilute hypophosphorous acid had 
been equally stable under both conditions. No proof had been given that 
ferrous oxalate was present in solution in any formulation. He had 
obtained only inconclusive evidence of the absence of oxalate in a mixture 
containing glycerol and glucose, stored for a month in daylight. His 
experiments had shown that ferrous oxalate was not appreciably soluble 
in the mixture. Could animal experiments be undertaken to determine 
the toxicity of formulations, exposed to air and light, and which had not 
deposited? The loss of 25 per cent, of ferrous iron content in 10 days 
was considerable. In his experiments, using partly-filled bottles and 
removing the corks for a minute or two each day so as to replace the air 
above the fluid, only in exceptional formulations were there losses of more 
than 20 per cent, in 4 weeks. The quality of ferrous gluconate available 
commercially seemed to vary considerably, and the stability in solution 
varied in consequence. He had prepared a sample of ferrous gluconate 
which complied with the N.F. requirements and found under all conditions 
that it was more stable than commercial samples. He hoped that ferrous 
gluconate of a much higher degree of purity would become available. The 
various problems of treating iron deficiencies made it desirable that an iron 
compound should be available in liquid form as well as in tablets. It was 
also possible that pure ferrous gluconate might be given by intramuscular 
injection with considerable benefit, instead of the saccharated iron oxide 
injection solution which was usually given only by the intravenous route.

M r. D. N. G ore (Dorking) said that in tablets of ferrous sulphate the 
presence of ascorbic acid had a considerable stabilising effect. There was 
evidence that ascorbic acid potentiated and helped the clinical effect of 
iron, but he had always assumed that this was through keeping it in the 
ferrous state and not a function of ascorbic acid per se.

Mr. F. A. J. Talman (Liverpool) asked whether the authors had any 
information on the effect of sucrose concentrations on the rate of oxida
tion. He had found some evidence that increasing sucrose content tended 
in some cases significantly to decrease the rate of oxidation.

M r. C. A. Johnson, in reply, said they had examined a number of 
commercial tablets and had noticed no serious loss in ferrous iron content 
on storage. The use of ascorbic acid had been considered, but an 
American paper by Stone had shown the undesirability of this because of 
the colour formed. The solid ferrous gluconate used had been examined 
by the method of the U.S. National Formulary for oxalate, and negative 
results were obtained, but he could not be certain that there was no oxalate
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present. The pH of the samples made without any acid present were 
about 5-6 to 5-8. The pH of the preparation containing hypophos- 
phorous acid was 4-8 and that containing citric acid was 4-5. All 
preparations were stored under ordinary laboratory conditions, and most 
of the work was done after March, 1954, with room temperatures of 50° 
to 70° F. Some had been stored in the refrigerator, with no effect on 
oxidation retardation. The effect of pH  on the rate of oxidation had not 
been examined in detail. American work showed that at a pH of 1-9 the 
oxidation was apparently very small, whereas with a pH of 6-9 there was 
an 85 per cent, loss of ferrous iron in 48 hours in a solution which was 
oxygenated. The pH there may have been adjusted using mineral acids, 
but the presence of these was undesirable. The effect of sucrose con
centrations had not been examined. All the preparations were stored 
in white flint glass bottles and “storage in the dark” meant storage in 
a closed cupboard, but opened daily for a few minutes. There was no 
evidence of preparations being more stable in these conditions than when 
stored in amber bottles. They had had a number of samples of ferrous 
gluconate, one of which had been very pure, containing only about 1-5 
per cent, of the total iron in the ferric state. It produced about the same 
rate of oxidation however. There was clinical evidence that the presence 
of ascorbic acid, if administered with iron, allowed absorption of ferrous 
iron to be increased, but he felt that ascorbic acid was not the answer in 
a liquid preparation of ferrous gluconate.
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TH E ST ABILITY OF PE N IC ILLIN  IN  SUGAR-COATED TABLETS

By F. W. Ashby, P. W. Muggleton, F. Taylor and W. A. Woodard
F ro m  G la x o  L a b o r a to r ie s  L td . ,  G r e e n fo rd , M id d x .

Sodium and potassium benzylpenicillin tablets for oral use have been 
available for several years. These penicillin salts have an unpleasant 
bitter taste, difficult to disguise in compressed products; the obvious 
solution is a sugar-coated product, but this has not until recently made its 
appearance.

Soluble benzylpenicillin salts are known to be unstable in the presence 
of moisture: the importance of controlling the free moisture in penicillin 
tablets has been stressed by the Ministry of Health in presenting data 
collected from British penicillin tablet manufacturers1. It appears to 
have been assumed that tablets of soluble penicillin could not be sugar- 
coated by the conventional coating process, and the new British process of 
compression-coating, an anhydrous method, has been announced as 
scoring a success by making possible for the first time the manufacture 
of sugar-coated penicillin tablets2.

Experiments carried out in these laboratories have demonstrated the 
feasibility of sugar-coating soluble penicillin tablets by the conventional 
process and the stability studies being reported here show that such tablets 
are at least as stable as uncoated ones over a 2-year period. Further, we 
have evidence that in temperate climates the sugar-coating gives protection 
to the tablet against careless handling after dispensing from the original 
container.

Some fears might be expressed that the sugar-coating could, by delaying 
the disintegration or solution time of the tablet, interfere with the absorp
tion and utilisation of the penicillin. Maximum utilisation of oral peni
cillin is said to occur in the duodenum3 4 and Boger and Beatty3 have 
stressed the importance of a short solution time for oral penicillin tablets. 
We have shown that our pan coated penicillin tablets dissolve completely 
in well under 15 minutes in vitro, but we also considered it desirable to 
show by clinical tests on human volunteers that the penicillin in sugar- 
coated tablets was as readily absorbed as from uncoated ones.

Part I
Stability studies.

All assays were made by crushing the tablet, dissolving it in sterile 
solution of standard pH 7 and determining the penicillin content 
biologically with Bacillus subtilis. Each result reported is the mean of 3 
separate assays.

Free moisture content was determined by finely powdering 5 tablets 
and determining the weight loss of 1 g. of the well-mixed powder after it 
had reached constant weight in a vacuum desiccator over phosphorus 
pentoxide.

In the first series of experiments a number of small batches of 200,000 
unit potassium benzylpenicillin tablets (2000 to 5000 per batch) were
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sugar-coated in a normal sugar-coating pan. In the first few batches the 
free moisture content of the tablets was above 1 per cent, and the coating 
split away from the tablet after a few weeks, but in subsequent experi
ments, when the free moisture content was low, satisfactory coating was 
obtained. These tablets were packed in glass screw-capped bottles fitted 
with a waxed cork shive. Samples were stored in a cupboard in a part 
of the laboratory reserved for keeping samples at room temperature and 
also in a cabinet thermostatically controlled at 38° C. The temperature 
of the laboratory throughout the test varied from 18° to 24° C.

TABLE I
Stability of potassium penicillin in sugar-coated tablets in closed containers

at 38° c.— 1st series 
Units per tablet

E x p e r im e n ta l
b a tc h

F r e e
m o is tu r e ,  
p e r  c e n t .

O r ig in a l
a s s a y 1 M o n th 2  M o n th s 3  M o n th s

E 1*2 2 0 7 ,0 0 0 1 8 3 ,0 0 0 D is c o n t in u e d ,  c o a t i n g  s p l i t
F 0 -3 1 9 4 ,0 0 0 201,000 2 0 5 ,0 0 0 200,000
G 0-3 201,000 2 0 3 ,0 0 0 212,000 1 9 6 ,0 0 0
H 0 -4 200,000 202,000 2 0 3 ,0 0 0 200,000
I 0-45 1 9 0 ,0 0 0 1 9 0 ,0 0 0 200,000 1 8 8 ,0 0 0

TABLE II
Stability of potassium penicillin in sugar-coated tablets in closed containers 

AT ROOM TEMPERATURE (18° TO 24° C.)—1ST SERIES 
Units per tablet

E x p e r im e n ta l
b a tc h

F r e e
m o is tu r e ,  
p e r  c e n t .

O r ig in a l
a s s a y 1 M o n th 3  M o n th s 2  Y e a r s

E 1-2 2 0 7 ,0 0 0 1 8 5 ,0 0 0 1 8 5 ,0 0 0 1 7 4 ,0 0 0 *
F 0-3 1 9 4 ,0 0 0 200,000 201,000 2 0 3 ,0 0 0
G 0-3 201,000 212,000 2 0 8 ,0 0 0 2 0 8 ,0 0 0
H 0 -4 200,000 202,000 1 9 7 ,0 0 0 1 9 9 ,0 0 0
I 0 -4 5 1 9 0 ,0 0 0 1 9 1 ,0 0 0 2 0 8 ,0 0 0 1 9 7 ,0 0 0

* M a n y  o f  t h e  t a b l e t s  o f  b a t c h  E  h a d  s p l i t  c o a t i n g s  a f t e r  3  m o n th s  a t  r o o m  t e m p e r a t u r e .

Periodic assays for penicillin were carried out on the tablets. Table I 
gives the results obtained on 5 batches of tablets stored for 3 months at 
38° C. Table II gives the results obtained on the same 5 batches of 
tablets stored for 2 years at room temperature. Batch E with a free 
moisture content over 1 per cent, showed signs of instability after a few 
weeks at 38° C .; even at room temperature the coating on some of the 
tablets in this batch began to split off after about 3 months. The tablets 
of the remaining 4 batches remained unchanged throughout the tests.

The successful sugar-coating of these experimental batches of 200,000 
unit potassium benzylpenicillin tablets prompted us to extend the in
vestigation to sodium benzylpenicillin, to cover potencies other than
200,000 unit and to scale up the process to batches of production size. 
Table III gives the results of stability tests on this second series stored for 
2 months at 38° C. The coating and stability have so far proved satis
factory.

It is well known that uncoated soluble-penicillin tablets dispensed from
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bulk packs into unsuitable containers will deteriorate rapidly under 
adverse climatic conditions. Exposure to the atmosphere of a room in 
the Home Counties does not necessarily produce the adverse conditions 
such tablets might meet in coastal or other humid areas of the British 
Isles. A standard condition of 25° C. and 75 per cent, relative humidity

TABLE III
S t a b i l i t y  o f  p o t a s s i u m  a n d  s o d i u m  p e n i c i l l i n  i n  s u g a r - c o a t e d  t a b l e t s  s t o r e d  i n

C L O S E D  C O N T A IN E R S  A T  38° C .-----2ND SE R IE S
Units per tablet

F. W. ASHBY, P. W. MUGGLETON, F. TAYLOR AND W. A. WOODARD

B a tc h  a n d  s a l t
F r e e - m o is tu r e ,  

p e r  c e n t .
O r ig in a l

a s s a y 1 M o n th 2  M o n th s

1 P o ta s s iu m 0-6 4 9 ,0 0 0 4 8 ,0 0 0 4 4 ,0 0 02 0-6 202,000 200,000 1 9 9 ,0 0 0
3 0-7 211,000 2 1 3 ,0 0 0 2 0 3 ,0 0 0
4 0-8 4 2 0 ,0 0 0 4 2 4 ,0 0 0 4 1 8 ,0 0 0
5 0-6 5 1 0 ,0 0 0 5 2 7 ,0 0 0 5 3 5 ,0 0 06 S o d iu m 0 6 5 0 ,0 0 0 5 4 ,0 0 0 5 1 ,0 0 0
7 0-6 2 0 5 ,0 0 0 2 0 3 ,0 0 0 202,000
8 0-8 2 0 7 ,0 0 0 200,000 202,000
9 0-8 5 2 9 ,0 0 0 5 1 0 ,0 0 0 5 1 9 ,0 0 0

was therefore adopted for testing the effect of exposure to the atmosphere 
under fairly severe conditions of humidity. The tablets were exposed on 
open Petri dishes in an air-tight cabinet maintaining these conditions over 
a saturated salt solution. Uncoated tablets of penicillin from production 
batches were used as controls.

Table IV gives the result of this test and shows that the effective life of 
uncoated penicillin tablets under these conditions does not exceed some 
14 days, whereas the sugar-coated tablets are perfectly stable for at least 
2 months. The experiment is continuing.

An experiment exposing the tablet to a relative humidity of 90 per cent.

TABLE IV
S t a b i l i t y  o f  p e n i c i l l i n  i n  t a b l e t s  e x p o s e d  i n  a n  o p e n  p e t r i  d i s h  t o  a  r e l a t i v e  
H U M ID IT Y  O F  75 P E R  C E N T . A T  25° C .— U N C O A T E D  P E N IC IL L IN  T A B L E T S  U S E D

A S  C O N T R O L S

I n i t ia l A f t e r  7  d a y s A f t e r  14 d a y s A f t e r  21 d a y s A f t e r  1 m o n th A f t e r  2  m o n th s

F r e e F r e e F r e e F r e e F r e e F r e e
m o is - m o is - m o is - A s s a y m o is - A s s a y m o is - A s s a y m o is -

B a tc h , u r e , A s s a y tu re , tu r e , a n d tu r e , a n d tu r e , a n d tu r e ,
s u g a r p e r a n d p e r A s s a y  a n d p e r a p p e a r - p e r a p p e a r - p e r a p p e a r - p e r

c o a te d A s s a y c e n t . a p p e a r a n c e c e n t . a p p e a r a n c e c e n t . a n c e c e n t . a n c e c e n t . a n c e c e n t .

2 202,000 0-6 2 0 6 ,0 0 0 ___ 2 0 3 ,0 0 0 0-5 2 0 7 ,0 0 0 ___ 2 1 4 ,0 0 0 0-6 1 8 9 ,0 0 0 0-6
3 211,000 0-7 2 0 9 ,0 0 0 — 1 9 9 ,0 0 0 1-0 2 0 8 ,0 0 0 — 2 0 8 ,0 0 0 0-6 1 9 9 ,5 0 0 0-8
4 4 2 0 ,0 0 0 0-8 4 3 0 ,0 0 0 — 4 3 0 ,0 0 0 0 -9 4 1 8 ,0 0 0 — 4 3 0 ,0 0 0 0-8 4 2 0 ,0 0 0 0 -9

Uncoated penicillin tablets used as controls
U n c o a t e d 200,000 0-7 1 9 6 ,0 0 0 21 1 9 0 ,0 0 0 3-5 T a b le t s d a m p

X N o O f f  w h i te y e llo w
c h a n g e t a b l e t s . s h a p e l e s s
in  a p - F e w  y e llo w m a s s ,  im -
p e a r a n c e s p e c k le s p o s s ib l e  t o

a s s a y

Y 4 1 5 ,0 0 0 0-9 4 0 1 ,0 0 0 2-4 3 6 6 ,0 0 0 3-1 3 5 7 ,0 0 0 S t ic k y  m a s s ,
N o D a r k e r S p e c k l in g im p o s s ib le

c h a n g e ta b le ts . h e a v ie r . t o  a s s a y
in  a p - S p e c k le d T a b le t s
p e a r a n c e s u r f a c e y e llo w
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at 38° C. (extreme tropical conditions) resulted after 3 days in an unassay- 
able sticky mass from the sugar-coated tablets: a similar state of the 
uncoated tablets was produced in 16 to 24 hours.

P art II
Penicillin blood levels and urinary excretion in human volunteers.

In view of the claimed need for oral penicillin tablets to dissolve 
rapidly4, the disintegration time for our sugar-coated tablets was deter
mined. Batch H had a solution time of 5  ̂minutes when first prepared; 
this time was found to be substantially unaltered 2 years later. The

TABLE V
Blood levels And urinary excretion of penicillin after oral administration 

of 2 x 200,003 i.u. tablets to human volunteers.

T a b l e t s V o lu n te e r

P e n ic i l l i n  b lo o d  le v e ls  ( I .U . /m l . )  a t : T o t a l  u n i t s  
e x c r e t e d  in  6 h o u r si  h o u r 1 h o u r 2 h o u r s 4  h o u r s 6 h o u r s

S u g a r - c o a te d 1 0-2 5 0 -5 5 0 12 < 0 - 0 3 -0 e x c lu d e d *
p e n ic i l l in 2 0-55 0-51 0-22 < 0 - 0 3 0 2 3 ,7 0 0
ta b l e t s 3 1 1 4 0-73 0 -3 0 < 0 - 0 3 0-0 8 4 0 ,6 0 0

4 2 -3 3 0 -9 7 0  31 0-0 9 0-09 6 6 ,6 0 0
5 0 -5 6 0 -3 2 0-0 8 < 0 0 3 0 20,0006 0 -7 3 0 -7 3 0-28 0-03 0 3 3 ,6 0 0
7 0-88 1-20 0 -5 7 0 -2 6 0-02 5 2 ,4 0 08 2 0 5 2-11 0 -5 6 O i l 0-02 1 2 3 ,9 0 0
9 1-35 1-28 0-7 5 O i l 0 5 8 ,1 0 010 1-27 0-7 3 0-22 < 0 - 0 3 0 4 1 ,9 0 0

A v e r a g e M l 0  91 0 -3 4 0 -0 6 0-02 5 1 ,2 0 0

U n c o a t e d A 0 -5 0 1-04 0 -5 6 0-12 0-0 3 5 8 ,2 0 0
p e n ic i l l in B 0-85 0-25 0 -5 8 0-10 0-0 4 9 1 ,1 0 0
ta b l e t s C 1-25 0 -9 5 0-25 0-0 6 0 68,200

D 0-9 8 1 4 5 0 -4 2 0-10 0-0 5 5 1 ,3 0 0
E 1-48 1-00 0 -5 3 0 -0 6 0 22,200
F 1 30 1-00 0 -2 8 < 0 - 0 3 0 3 1 ,2 0 0
G 2-00 0 -7 4 0-18 < 0 - 0 3 0 8 0 ,6 0 0
H 0 -8 7 0 -8 9 0-21 0-0 3 0 5 4 ,3 0 0
I 0 -5 5 0-91 0-28 < 0 - 0 3 0 3 1 ,2 0 0
J 0 -9 4 0 -8 2 0 -5 0 0  13 0-0 6 9 1 ,2 0 0

A v e r a g e 1 0 7 0-91 0-3 8 0 -0 6 002 5 7 ,9 6 0

0  in d ic a te s  le s s  t h a n  0  0 2  I .U . / m l .  
* s o m e  lo s s  o f  s a m p l e  p r o b a b le .

solution time for batches 3 to 11 (second series) were found to range from 
6 to 11 minutes. The average solution time of production batches of 
uncoated penicillin tablets is 6 minutes: the results on our sugar-coated 
tablets indicate no appreciable increase in the time of solution of the tablets 
due to the sugar-coating.

Besides these in vitro solubility tests, an experiment was carried out to 
study the absorption of penicillin from the sugar-coated tablets by human 
volunteers, as shown by urinary excretion and blood levels.

10 volunteers were each given 2 X 200,000 unit pan sugar-coated peni
cillin tablets. Blood samples were taken from each at 1, 2, 4 and 6 
hours after administration. These were assayed for penicillin by plate 
bioassay with Sarcina lutea (strain CPI-1001) as test organism.* Each

* Standard methods U.S. Food and Drug Administration Laboratories, Wash
ington, U.S.A.
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volunteer collected all urine passed during the 6 hours of the test and the 
bulked sample from each was titrated for penicillin in a similar manner.

The results, shown in Table V and compared with those of a similar 
experiment on uncoated tablets, show no significant differences between 
penicillin blood levels or excretion after administration of the two types 
of tablet.

F. W. ASHBY, P. W. MUGGLETON, F. TAYLOR AND W. A. WOODARD

Summary

1. Figures have been presented to show the stability for 3 months at 
38° C. and at room temperature (18° to 24° C.) for 2 years of penicillin 
tablets sugar-coated by conventional pan methods.

2. Such sugar-coated penicillin tablets have been shown to withstand 
a relative humidity of 75 per cent, at 25° C. for at least 2 months.

3. The results presented show that conventional sugar-coating does 
not interfere with the in vivo absorption of the penicillin from the tablets.

The authors are indebted to Mr. L. J. Flamilton, Mr. B. I. Helliwell, 
and Mr. W. R. Long for analytical assistance and recording of stability 
figures.
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DISCUSSION
The paper was presented by M r. F. Taylor.
D r. D. C. Garratt (Nottingham) suggested that details of the methods 

of coating should have been given.
M r. F. Berry (Nottingham) said that the keeping properties and the 

stability of the tablets depended largely on the method of manufacture. 
What was the nature of the diluent used? Was the process moist granu
lation or dry granulation ? What was the nature of any subcoating used ?

Mr. R. Levin (Liverpool) asked whether there had been any variation 
from batch to batch in the formulation of the tablets. Were the authors 
satisfied that their method of estimating free moisture was satisfactory? 
By crushing 5 tablets and mixing them it seemed that they exposed the 
tablets to the atmosphere, and changes in the free moisture condition may 
have taken place. Had they attempted to estimate the moisture in an 
uncrushed tablet so as to compare the figures with those after crushing? 
Could they give additional information on the free moisture after a period 
of storage ? It would be interesting to see whether a relationship existed 
between moisture picked up and loss of penicillin content. From the 
blood level figures it seemed that an unsatisfactory level existed after four 
hours. Was that so?
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Mr . A. W. Bull (Nottingham) said it was an established fact that if 
penicillin tablets could be prepared in conditions of low humidity and low 
moisture content, and if they were placed into sealed containers, then 
stability would be achieved. The solution to the problem seemed to lie 
in the subcoating of the tablet, and it would have been valuable if details 
of the subcoating techniques—the moisture protection techniques—had 
been included in the paper.

M r . D. Stephenson  (Dartford) said that batches would have to be 
much more rigorously examined when prepared by this method than by 
methods where the use of moisture could be entirely avoided. It seemed 
unlikely that there would ever be a large use for sugar-coated penicillin 
tablets because children, who were the principal consumers of penicillin 
oral tablets, could not be persuaded to swallow them whole.

M r . T aylor, in reply, said that the tablets were coated by someone 
skilled in the art of sugar-coating. In regard to batch variation, so far as 
sugar-coating was concerned there was no variation but there was 
variation in some batches in the basic formula of the uncoated tablet. 
This did not seem to affect the problem, which was whether such tablets 
could be sugar-coated satisfactorily. The method for determining 
moisture content was the best they could devise and appeared to give 
reasonably reproducible results, but he agreed it was a difficult problem. 
With a sugar-coated tablet, a determination of the loss by storing over 
phosphorus pentoxide meant very little. It was assumed from the 
humidity studies that the water did not go through the coating to the 
penicillin tablet, and it therefore seemed unlikely that it would come 
out of the core through the coating. It was doubtful whether determina
tion on the whole tablet would yield any information. It was true that 
to sugar-coat tablets which were very sensitive to moisture, rigorous 
batch control was necessary. In reply to the question about the blood 
levels, he said that for soluble penicillin the figure of 0-06 I.U./ml. was 
twice what was considered to be a reasonable therapeutic level, and in 
any case tablets were taken at four-hourly intervals.

STABILITY OF PENICILLIN
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SYMPOSIUM SESSION
REPORT OF A SYMPOSIUM ON TABLETS

At the Symposium Session the Chairman, Dr. H. Davis, presided, and 
introductory addresses were given by Mr. H. D. Fitch, Mr. H. Burlinson 
and Mr. T. C. Denston.

Mr. Fitch, speaking from the dispensing point of view, said that the 
advantages of tablets included accurate dosage, portability and mass 
production, with resultant economy, but although it seemed that 
pharmacists might be developing into “mere tablet-counters” it would 
still be essential for them to have full knowledge of material used.

A recent report on test prescriptions had shown that some samples of 
tablets failed to comply with the official disintegration test, and packaging 
and labelling of tablets from pharmacies had been criticised recently by 
a public analyst.

The pharmacist should check the condition of the tablets and date stock 
on receipt. He should ensure that conditions of storage are suitable. 
Many factors are responsible for deterioration, and often the product is 
better protected by the manufacturers’ original container than in stock 
bottles. Care should be taken to avoid over-stocking of those drugs which 
are sensitive to atmospheric moisture and other external conditions. Many 
tablets should be dispensed in well-closed containers and protected from 
light or moisture, particularly as the patient might keep them in a steamy 
kitchen or under similar unsuitable conditions; again, the manufacturer’s 
original packing was often the best, but in many cases the number 
prescribed did not tally with the original pack. Strip packing in 
“Cellophane” or metal foil was satisfactory in preserving tablets in good 
condition, and it also protected the tablets from the attention of young 
children. On the other hand, this type of packing was costly, and too 
bulky when a large number of tablets was prescribed.

The variation in the size of tablets from one batch to another had 
often caused trouble. The Association of British Pharmaceutical Industry 
recommended sizes for many of the official tablets, but variation still 
occurred in tablets obtained from the same or different makers which led 
to technical explanations which were incomprehensible to a querulous 
patient. Coated and coloured tablets were open to misuse, and had 
proved too attractive to young children on many occasions, sometimes 
with fatal results.

The addresses of Mr. Burlinson and Mr. Denston are printed below 
in abridged form.
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T H E  PR EPA RA TIO N  O F TABLETS

By H. Burlinson, F.P.S.
F r o m  th e  L a b o r a to r ie s  o f  T h o m a s  K e r fo o t  & C o ., L td . ,  A s h to n -u n d e r -L y n e , L a n c s .

Tablet history, like the tablet itself, is compressed into a comparatively 
small space—a mere fraction of the age-old story of pharmacy. There 
seems little doubt that in 1843 a patent was granted to a North Country 
chemist, William Brockendon, for a machine designed “for shaping Pills, 
Lozenges and Black Lead, by pressure in a die”, and potassium bicar
bonate was the first drug to be compressed into a tablet.

Most drugs in solid form can be compressed, and, in addition, the active 
ingredients of liquid galenicals such as tinctures and liquid extracts, may 
be isolated and offered in tablet form.

Tablets can be made in a wide variety of shapes and sizes, and such 
diverse pharmaceutical products as dental cones, pessaries and bougies 
can be made by compression. For the purpose of this paper, however, 
it is proposed to consider only the preparation and manufacture of 
tablets which are administered orally. The fact that they are used so 
widely suggests that tablet medication has certain advantages, and these 
may be briefly stated.

1. Accuracy o f Dosage
This is of prime importance, and can be achieved by the use of adequate 

mixing plant and frequent check weighings of the tablets when they are 
being made. Alternatively, the granules may be assayed for active agent 
content before they are compressed, and the tablet weight calculated to 
give the theoretical dose of drug. Whatever the method used it should 
be possible to obtain uniformity of dosage within ±  5 per cent, of theory, 
a factor of particular importance where small doses of potent drugs are 
required.

2. Stability
A tablet should retain its appearance and potency for a reasonable 

period. Access of moisture to the drug must be prevented, a matter of 
particular importance for a preparation such as penicillin oral tablets 
where inactivation may occur without visible signs of deterioration.

3. Economy
Few pharmaceutical preparations lend themselves so readily to manu

facture by mass production methods, thereby lowering the cost of 
medication.

The standards of pharmaceutical elegance that apply to older forms of 
dispensing should be maintained. Tablets should be symmetrical in 
appearance and free from imperfections. Any colour included in the 
formula should be uniformly distributed to avoid a mottled appearance. 
If the drug has a nauseous taste, or is liable to chemical change when 
exposed to air, it should be protected by a suitable coating. Tablets
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should be compressed sufficiently hard to withstand normal hazards of 
packaging and transport, in order to reach the consumer in as perfect a 
condition as when they were made.

Whilst tablets have been widely used for many years, the principles 
underlying their formulation and the methods used in their manufacture 
were not readily available. The Seventh Addendum to the British 
Pharmacopoeia, 1932, imposed for the first time standards for uniformity 
of weight, accuracy of dosage and, where necessary, limits for the time of 
disintegration. This led to a general examination of standards and 
manufacturing methods, and resulted in an all round improvement in the 
quality of tablets.

Firth1 pointed out that the physical form of a drug may have a marked 
effect on the ease or difficulty with which it can be compressed and 
Fishburn2 elaborated this with particular reference to sulphanilamide. 
The plant chemist may, therefore, be required to produce a drug which 
is not only chemically pure, but which is in the physical form which has 
been found to be most satisfactory for tabletting. Aspirin crystals are 
the best example of this, others include exsiccated ferrous sulphate, 
calcium lactate and dry extract of cascara.

A tablet is made by compressing a predetermined volume of granules 
in a die between two punches. For a few substances, usually crystalline 
and soluble in water, tablet making is a comparatively simple process. 
The crystals are dried to remove adherent moisture, sieved to uniform 
size, and then compressed without further admixture. Flalides of the 
alkali metals, potassium chlorate, sodium nitrite, hexamine and urea, 
can all be treated in this way.

Substances in powder form do not readily pour or flow evenly, but when 
placed in the hopper of a compressing machine will give an irregular 
feed into the die, making it impossible to obtain an accurate dose of 
drug in each tablet. This difficulty is overcome by converting the 
powder into uniform, free-flowing granules, possessing the essential 
cohesive property which will enable them to retain a firm hard shape 
after compression. The manner in which this is achieved is called the 
granulation process, and it is the most important operation in tablet 
making, the quality of the granules largely controlling the difficulties 
encountered in tablet making.

The excipients used to assist in the manufacture and to ensure the 
efficacy of the tablets may be required to fulfil one or more of the following 
functions: (1) filling; (2) absorption; (3) adhesion; (4) wetting;
(5) disintegration; (6) lubrication.

1. Where small doses of potent drug are ordered, such as hyoscine 
hydrobromide 1/200 grain, a filler is used to provide bulk and it is 
customary for the weight of such tablets to be made up to approximately 
one grain. Substances used for this purpose include dextrose, sucrose, 
lactose, majnnitol, dextrin, starch, kaolin, sodium citrate, sodium chloride, 
exsiccated sodium sulphate, calcium phosphate and chocolate base. 
Care is necessary in selecting a filler which is completely inert for that 
particular formulation3.
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2. An absorbent may be necessary if oils, tinctures or fluid extracts 
are contained in the formula. For aqueous or alcoholic liquids a filler 
such as lactose or starch will also act as an absorbent, whilst for oils, 
magnesium oxide and magnesium carbonate are used. Powdered liquorice 
root can be employed as an absorbent where its colour is not objectionable.

3. The function of the adhesive is to assist in producing granules 
which are free from excessive “fines”. Drugs having a low bulk density 
and possessing little cohesive property require the use of a strong adhesive, 
which is generally more efficient in a solution or suspension than as a dry 
powder. There is a wide range of substances suitable for this purpose. 
Should one of the sugars be present as a filler it will also serve as an 
adhesive when moistened with water or dilute alcohol. Mucilage of 
starch (10 per cent, w/v) is most useful, but it should be freshly prepared 
each day. Dilute mucilage of acacia (10 per cent, w/v) can be used either 
alone or mixed with mucilage of starch. It must be used with caution, 
however, since it tends to produce hard granules which can adversely 
affect disintegration. Syrup 50 per cent, w/v and glucose solutions are 
useful, the latter often being employed to granulate substances which 
oxidise, such as ferrous salts. Uncoated tablets containing glucose may 
soften in warm climates, however, rendering the tablets unfit for use.

When preparing compressed lozenges, one aims to produce a hard 
tablet which will dissolve slowly in the mouth and thereby prolong local 
medication. This effect can be obtained by including gelatine solution 
(10 per cent, w/v) as the adhesive, but since its use may encourage mould 
growth particular care should be taken in packaging and storing the 
tablets. Dextrin, pectin, tragacanth and quinine mucilages have been 
used, and, more recently, the sodium salts of algenic acid and carboxy- 
methylcellulose (4 per cent. w/v).

Water cannot be employed for granulating drugs which would decom
pose, or which are deliquescent. In such cases, organic solvents such as 
ethanol, methanol, ¡.sopropanol and acetone, are employed, but granules 
prepared thus are not usually so robust as those made with aqueous 
adhesives and they should be handled with care.

4. There are a few drugs which are water repellent and tablets made 
from them may not break down when administered, although an adequate 
amount of disintegrant is present. Guaiacol carbonate, guaiacum resin, 
phenacetin and phenothiazine all share this disadvantage which can be 
overcome by including in the formula a small proportion of non-toxic 
wetting agent.

5. Should the drug be sparingly soluble in water, the tablet must be 
made to disintegrate and this is achieved by the use of substances which 
readily absorb water and in so doing swell up, causing disruption of the 
tablet. The tablet should break up in a reasonable time, producing 
numerous fine particles, the combined surface area of which is greatly 
in excess of that of the original tablet, thereby increasing the rate at 
which the drug is exposed to gastric and intestinal action.

Satisfactory disintegration can be obtained by the use of 5 to 15 per 
cent, w/w of one of a number of starches, and amongst those commonly

THE PREPARATION OF TABLETS

1057



H. BURLINSON

used are maize, tapioca, potato, arrowroot and rice. Alginic acid (10 
per cent, w/w) and sodium carboxymethylcellulose (2 per cent, w/w) are 
two of the more recent disintegrants now in regular use, whilst agar, 
gelatin, pectin and bentonite are other disintegrants worthy of mention.

The effervescence produced by the interaction of sodium bicarbonate 
and citric or tartaric acids is another means of obtaining quick 
disintegration, and magnesium peroxide, which liberates oxygen on contact 
with water, behaves in a similar way.

6. When a tablet is made, it is necessary to introduce a lubricant 
to prevent adherence of powder to the punches and ensure smooth 
ejection of the tablet from the die. Inadequate lubrication will cause 
a film to be built up on the punches resulting in undesirable markings 
on the tablet. Powdered lubricants should be passed through a fine 
sieve so as to give the greatest possible covering value. It is assumed that 
such lubricants act by coating the surface of the granules but the granules 
are not in fact coated with lubricant, which is mostly located in the 
granular interspaces4 and there is, therefore, some doubt as to the exact 
manner in which powdered lubricants function.

Purified talc (3 to 5 per cent, w/w) is widely used, but objections have 
been raised because of its complete insolubility and probable retention in 
the body. This disadvantage is overcome by magnesium or calcium 
stearate ( |  to 1 per cent. w/w). Tablets thus lubricated have a fine surface 
polish which enhances their appearance.

Stearic acid gives a similar effect if dissolved in chloroform and added 
during the moist granulation process. Used thus, it is termed an “internal 
lubricant” since it is dispersed throughout the tablet mass and tablets 
containing it may be recompressed without the necessity of relubrication. 
The lubricating power of talc is much reduced once it has been compressed, 
and a further addition of lubricant is needed if the tablets should have to 
be re-made. The stearate group of lubricants should not be used exces
sively in case “waterproofing” of the tablets should occur and disintegra
tion be seriously retarded. Hydrogenated peanut oil and light liquid 
paraffin are examples of other lubricants which are often used.

Dried starch has some lubricating value, and aspirin tablets can be made 
from aspirin crystals with 10 per cent, of dried starch which acts both as 
disintegrant and lubricant.

All the above-mentioned lubricants are insoluble, but it may be required 
to prepare tablets which dissolve completely in water to give a clear 
solution. The number of soluble lubricants available is smaller, and 
they are generally not so efficient as the insoluble. Powdered boric acid 
(5 to 10 per cent, w/w) is widely used, but does not readily “wet” and tends 
to increase the solution time of tablets containing it. Carbowax 4000, 
a polyethylene glycol, although wax-like in appearance is soluble in 
water and is effective added as a dry powder (4 per cent. w/w). Tablet 
makers are still looking for the perfect lubricant. It should be white or 
colourless, odourless, tasteless, soluble in water, pharmacologically inert 
and effective in low concentrations.
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Having described the types of excipients and the manner in which 
they are used, it must now be shown how they are employed. Tablet 
granules may be prepared by one of three methods, the moist granulation 
process, the dry granulation process and the precompression process.

Each stage of the moist granulation process will be considered in some 
detail; a fuller account can be found in a useful book by Little and 
Mitchell5.

1. Preparation o f the Ingredients in Powder Form
Except for those crystalline substances which are compressed pure, it is 

usually advantageous to reduce to a fine powder all the ingredients con
tained in the formula. For small batches, the powders may be rubbed 
through a No. 80 sieve by hand. Alternatively, ball mills can be used, 
but these are not easily cleaned and their use is often reserved for special 
purposes, when, for example, exposure of the powder to the atmosphere 
is undesirable because of colour, taste or hygroscopicity. For larger 
batches, use is made of the comminuting mill, a machine which not only 
serves to pulverise solids to a very fine powder, but is also used to produce 
both wet and dry granules.

2. Mixing o f the Powdered Ingredients followed by Granulation
Upon the efficiency of this operation will depend the accuracy of the 

active ingredient within the tablet. As was pointed out by Evers8, 
absolutely perfect mixing of powders is unattainable, the degree of 
uniformity depending upon the particle size, air space and relative 
proportion of ingredients. The use of adequate mixing plant should 
ensure, however, that the distribution of medicament within the mix 
complies with specification requirements.

Powder mixing machines are available, and the comminuting mill will 
also fulfil this function. It is often convenient to mix the powders in a 
machine used for moist granulation and this may be of the type having a 
central revolving arm or blades located in the bucket of the machine, or 
the change-can type where the blades are lowered into the mixing bowl 
and then raised after use, thus making cleaning of the mixer an easy 
operation.

Moist granulation is carried out by adding a liquid binder or moistening 
agent to the mixed powders. For an untried formula, liquid excipients 
must be added slowly in successive quantities until a damp but firm mass 
is obtained which can be moulded in the hand. The use of too much 
liquid in an endeavour to speed up granulation will give an overdamped 
mass which cannot be sieved until it has dried out. If one is overcautious 
and does not add sufficient liquid, crumbly granules are obtained which, 
on drying, produce an undesirably high proportion of “fines.”

The damp mass is emptied into a stainless steel container and large 
granules produced by passing it through a coarse sieve of 4, 6 or 8 mesh. 
Oscillating or rotary granulators rub the mass through a sieve by means 
of rollers or blades; the comminuting mill is also much used for this 
purpose, although the principle employed is different. The hammers
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are replaced by knives having a blunt cutting edge, and they are revolved 
inside the casing at a very much reduced speed. A particular advantage 
of this machine lies in its ability to handle overdamp granulations which 
could not normally be sieved by the more conventional type of granulator.

4. Drying of the Granules
It is not usually necessary or desirable to remove all traces of moisture 

from the granules; in fact, granules which are too dry may be as difficult to 
compress as those which are too moist. The greater part of the moisten
ing agent must, however, be removed.

The modern drying oven is a large unit into which stacks of trays loaded 
on to trucks can be wheeled in and out. Heat may be provided by steam 
or electricity and the stove is designed so that warm air enters near the 
bottom and is directed over the trays by a system of louvers. A drying 
temperature of 53° to 60° C. is adequate for most drugs, but heat-sensitive 
substances will need longer drying at a lower temperature. The trays 
which hold the moist granules may consist of canvas covered wooden 
frames, but enamelled iron, aluminium or stainless steel trays are prefer
able, since they are easily washed and eliminate risk of contamination.

Whilst the method described is in common use, experimental work has 
been done using different sources of heat. Infra-red heat as a means of 
drying tablet granules has been investigated7-8. The heat generated 
within a non-conducting substance by the rapid alteration of the radio 
frequency field, has been used to obtain substances free from moisture, 
and the method has been applied experimentally to dry tablet granules9-10. 
Whilst this work is of interest, one wonders whether it has any practical 
significance on the manufacturing scale due to probable high operating cost.

5. Preparation of Uniform Granules and Lubrication
To produce tablets of accurate and uniform weight necessitates the 

delivery of a constant volume of granules into the die and their prepara
tion is the next operation in tablet making. When granules are reduced 
in size by sieving a certain amount of powder is produced, and in fact 
such “fines” are necessary since by filling the interspaces of the granules, 
they ensure that a constant weight is delivered into the die at each filling 
operation. Hard granules will usually produce less “fines” than those 
which are not so cohesive. The weight of the tablet normally determines 
the approximate granule size, a small tablet weighing only one grain and 
of 3/16" diameter needing finer granules than a larger tablet whose diameter 
may be up to f . A 20’s mesh sieve can be used to prepare granules for 
small tablets and intermediate grades employed up to about 10’s mesh for 
larger ones.

The same machines are employed to dry granulate as were used to sieve 
the damp mass, but finer screens are inserted. When feeding coarse, 
dry granules into the hopper, it should not be overloaded since frictional 
effects will produce more “fines” than may be desired.

The addition of powdered lubricant is the last operation before the 
granules are ready to be compressed, and it can be introduced manually
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or by slowly tumbling in a powder mixer. Lubricants such as liquid 
paraffin can be sprayed on to the bulk of the granules and gently mixed 
throughout. Flavours and essential oils dissolved in a volatile solvent 
are also added at this stage.

The moist granulation process may be modified by excluding all or part 
of the disintegrant at the time of granulation. For a tablet which does 
not readily disintegrate, it may be advantageous to add half of the dis
integrant during moist granulation and the remainder with the lubricant 
to the dry granules. This added starch disrupts the tablet into its com
ponent granules, whilst the granulated starch, still retaining the capacity 
to absorb water and swell up, breaks down individual granules into finely 
dispersed particles. It must be remembered that by adding dry starch the 
proportion of fine powder may be substantially increased.

(b) The dry granulation process is one not widely used since it is 
limited to those substances already mentioned which can be compressed 
pure, or to drugs which require only the addition of disintegrant and 
lubricant before they are ready for compression.

(c) Granulation by precompression is being increasingly used, and the 
process has certain advantages over moist granulation. It consists in 
compressing the mixed powders into large but imperfect tablets or 
“slugs”. These are sieved to produce small uniform granules which may 
then be recompressed into tablets of the correct weight and size. Robust 
rotary machines have been developed to make the “slugs” incorporating 
special feeding devices to ensure uniform filling of the die with powder. 
This point is important since a variable feed will produce friable “ slugs” 
which readily break down to powder when sieved, instead of producing 
the hard granules necessary for tabletting. It will be seen that elimination 
of the drying process not only excludes the need for drying equipment but 
makes the process of precompression a continuous one, a matter of con
siderable economic importance. It is also suited for making tablets of 
incompatible ingredients which would react if moistened, for substances 
sensitive to heat and for making effervescent tablets.

Since no liquid binder is used, the formula must contain excipients with 
cohesive properties, otherwise a friable “slug” is obtained which will not 
readily compress, and repeated recompression may be necessary before 
satisfactory tablets are produced. The omission of a moistening agent 
tends to produce a greater proportion of “fines” than is obtained by the 
moist granulation process, and this may cause “capping” troubles. The 
process of precompression has been fully described by Peck11.

The tablet maker from time to time encounters compressing difficulties 
of which the commonest is that of lamination or capping. It results in 
the top of the tablet becoming detached and even when this is not 
immediately apparent, the “cap” can be removed with the thumb nail 
or it will fall off when a few tablets are shaken in a bottle.

This phenomenon may be due to a number of causes and the com
pressor must decide whether the trouble lies in faulty granules, imperfect 
tools, or incorrect speed of compression. Capping is commonly 
experienced in granules containing a high proportion of “fines”. At the
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time of compression, air within the granules normally escapes via the 
narrow clearance between the top punch within the die. Should the inter
spaces be filled with fine powder, the compressed air cannot escape and 
much may be retained within the tablet. When the pressure exerted by 
the top punch is removed, the trapped air expands to attain an equilibrium 
and escapes from the tablet at its weakest point, which is the periphery, 
the cap becoming detached at once or when the tablets are handled.

The trouble may be remedied by sieving out some of the “fines” but 
obstinate cases require regranulation before satisfactory tablets are 
produced. If the speed of compression is too rapid, a stamp rather than a 
squeeze occurs, the entrapped air cannot escape before it is compressed 
and capping occurs. The remedy lies in slowing down the speed of com
pression and capping due to this cause is usually less frequent on a rotary 
machine where both top and bottom punches move to compress the 
granule between them, as compared with a single punch machine where 
the lower punch is stationary at the moment of compression. The use of 
excessive pressure will cause capping, as will an insufficiency of lubricant 
in the formula. Granules which have been overdried sometimes cause 
this trouble, easily rectified by slight moistening. Certain crystalline 
forms appear to be responsible for persistent capping, and where this is 
anticipated, the drug should be finely powdered before granulation.

A die which is in continuous use will begin to show a “ring” at the 
point of compression, causing a slight distortion in the tablet when it is 
made and frequently leading to capping when the tablet is ejected from the 
die. Certain vegetable drugs such as powdered digitalis leaf have an 
extremely abrasive effect on punches and dies, whose working life is much 
reduced. The introduction of dies made of tungsten carbide has over
come this hazard to a considerable extent, even the most abrasive 
substances having little effect on its mirror polish.

“ Picking” and “sticking” are problems occurring less frequently, and 
are more readily corrected. A particle of granule or film of powder 
adhering to the punch face, gradually builds up until the upper and lower 
surfaces of the tablet are disfigured. This trouble may be caused by:— 
(a) a punch surface which has been marked or scratched; (b) the use of 
imperfectly polished punches; (c) lack of lubricant; (d) granules 
which are too damp. Attention to these points will usually correct any 
further difficulty.

“Binding” in the die is either caused by shortage of lubricant or by the 
use of damp granules. Ejection of a tablet is usually accompanied by a 
“grunting” noise from the machine, a danger signal that must be heeded.

When commencing to compress a batch of granules, a few trial tablets 
are first made, turning the machine by hand, so that any error in setting up 
the machine can be adjusted before it operates at speed. Until the 
correct weight of granules in the die is obtained, all tablets made should 
be rejected. The pressure is varied until a firm tablet is obtained and 
the sample should then be shaken in a bottle and examined for capping 
and the disintegration time must be checked against specification.
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The tablets should be examined for friability by determining the amount 
of powder produced when a known weight of tablets is shaken in a bottle 
under controlled conditions. The quality control of tablets has been 
comprehensively described by Nutter ¡smith12.

Circumstances may require a tablet to be coated with a protective layer; 
this often consists of sugar, but it may be a pearl, silver, balsam or gelatin 
coating. Apart from the aspect of sales appeal, coating may be necessary 
for the following reasons:— 1. The tablet may have an unpleasant taste. 
2. It may contain a drug which is unstable or which will deteriorate on 
exposure to air. 3. It may consist of drugs of different colour which 
would appear mottled and unsightly when compressed. 4. The active 
ingredients may be decomposed by gastric juice and therefore need to be 
protected with an enteric coat.

The following operations are employed:—
1. The application of a protective subcoat on to the tablet.
2. The gradual building up of the coating by adding concentrated 

syrup, removing the moisture by drying, and re-applying more syrup until 
a coat of the required thickness is obtained.

3. Polishing the finished tablet.
Tablets which are to be coated should be firmly compressed on deep 

concave punches, the compression thus obtained having a comparatively 
thin edge.

The subcoating consists of a thin shell of dammar resin or shellac, 
applied as an alcoholic solution, but it must not be used to excess other
wise the tablet will not disintegrate. Alternatively, the subcoat may 
consist of a mixture of gelatin, sucrose and acacia. The tablets are 
moistened with a small volume of liquid and allowed to roll in the pan 
until slightly “tacky.” A dusting powder is next added until the moist 
tablets are covered, warm air is introduced into the pan and the tablets 
allowed to roll until the subcoating is dry. The process is repeated four 
or five times, taking care to dry after each wetting before adding more 
dusting powder. At this stage the edges should be filled in and the 
tablet sealed off from the effect of adding syrup.

Dusting powder can be made to various formulae, a satisfactory one 
consisting of a mixture of precipitated chalk, icing sugar, powdered gum 
acacia and starch.

The coat is now built up by adding successive quantities of warm syrup 
in which starch grains are suspended, until just before reaching the final 
weight when starch syrup is replaced by a plain syrup which gives the 
desired smooth finish. The total amount of coating added usually equals 
the weight of the uncoated tablet. For coloured work, an edible dye or 
pigment is added to the syrup at the later stages of coating.

Before the final process of polishing can be commenced, the tablets 
must be quite dry, otherwise a dull finish will result. Polishing is carried 
out by rolling the tablets in a pan lined with a carnauba-beeswax mixture. 
An alternative method is to use a revolving canvas drum supported on a 
metal framework, into which a few drops of wax solution are added from 
time to time. It is convenient to have separate polishing pans for white
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and coloured work, but the inside of the pan can be cleaned with a 
cotton wool pad moistened with chloroform.

When a formula contains ingredients which are incompatible, the 
uncoated tablets may be made to contain one ingredient whilst the other 
may be dissolved or suspended in the coating syrup and applied in the 
coating process13. More detailed information on tablet coating is 
available in a work by Clarkson14, whilst a full summarisation of coatings 
and standards was carried out by Stephenson and Smith15.

A method has recently been described by Whitehouse18 by which a 
tablet can now have a layer of sugar compressed around it. The idea is 
not new, previous attempts having failed on mechanical grounds. 
Machines have now been developed, however, in which a tablet is 
compressed on one rotary machine, picked up by a travelling arm and 
accurately centred in a die of a second rotary machine, the die already 
containing a charge of lubricated sugar granules, a further amount of 
which is fed in to cover the tablet and the whole compressed, producing 
a core surrounded by an even coat of sugar. Whilst this coating differs 
somewhat from that obtained by the older method, it does in fact do all 
that is required, and the complete mechanisation and speed of the process 
has sound economic advantages.

This brief survey of tablet coating would be incomplete without mention 
of enteric coating. It is sometimes necessary to administer a tablet which 
must pass unchanged through the stomach, but disintegrate in the 
duodenum. Drugs such as emetine salts, stilboestrol and ammonium 
chloride, produce nausea and the tablet may be rejected by the patient 
before it can be utilised. Glandular products which decompose in 
gastric juice may need protection, likewise anthelmintic drugs which are 
required in a local concentration to be effective, will not be diluted by 
gastric juice if they are enteric coated.

The problem of applying such a coating is complicated by the fact that 
the rate at which a tablet may pass through the stomach is a variable 
factor. Individuals differ both in their gastric secretions and the rate at 
which food is digested. The efficacy of an enteric coating may depend 
upon the following factors:—

1. The difference in pH between the stomach and the duodenum. 
Amongst the substances which have been used for enteric coating are 
shellac, dammar, mastic and sandrac, all containing insoluble resin acids 
which would be converted into soluble salts in the intestinal tract, resulting 
in a weakening and disruption of the protective coat. It has been shown, 
however, that the duodenal contents have a mildly acid reaction17, and 
other factors may be responsible for the effectiveness of these substances.

2. The action o f lipase enzymes upon the saponification o f esters. This 
action is employed in the use of 72-butyl stearate fgr enteric coating, since 
it is readily hydrolysed into stearic acid and 77-butanol18.

Substances such as stearic acid and cetyl alcohol, either alone or mixed 
with one of the above-mentioned resins, have been used with success, 
cetyl alcohol and mastic having been reported to be 98 per cent, efficient19.
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Other substances used in the past are keratin and salol—the former is of 
little value, but salol is useful for the extemporaneous enteric coating of 
pills and tablets.

Cellulose acetate phthalate has given very satisfactory results20 employed 
as a 5 to 15 per cent, solution in ethyl acetate and ethanol. Because of 
the volatile nature of the solvents, successive coatings can be quickly 
applied. Bauer and Massucci21 state that this enteric envelope is broken 
down by the hydrolytic effect of the intestinal esterases in pancreatin and 
not by alkalinity in any part of the duodenum. Whatever the substance 
used for enteric coating, it must be non-toxic and inert. It is applied 
at the subcoating stage if the final tablet is to be sugar coated.

The efficacy of these coatings has been studied both in vitro and in vivo, 
the former method being most commonly used. The tablet under test is 
immersed in artificial gastric juice at body temperature and occasionally 
agitated. Opinions differ on the time considered necessary for the 
tablets to withstand this treatment without breaking down, periods 
varying from 3 to 6 hours having been proposed, but 4 to 5 hours seems a 
reasonable average. The tablet is then removed from the acid digestive 
fluid and placed in alkaline pancreatin solution, where it should break 
down within one hour. The artificial fluids used by Abbott and Allport20 
have been found satisfactory for this purpose.

Whilst laboratory digestion tests give an approximate valuation of the 
efficacy of the enteric coating, a more accurate picture is obtained from 
in vivo tests, although results obtained from one person would not 
necessarily be closely reproduced in another, for reasons already given. 
The test consists in swallowing a tablet of barium sulphate coated with the 
enteric substance to be examined. Its progress through the digestive 
system and alimentary tract is followed by radiographs taken at intervals, 
successive pictures showing the exact location of the coated tablet within 
the body22. The authors of the original work consider that an effective 
enteric coat should be stable for 6 hours, after which it should disintegrate 
rapidly in whatever part of the digestive tract that it may be found. 
Since such coatings are now used increasingly, it is probable that standards 
will be laid down to determine their efficiency.

In this brief survey, the principles and methods used in making oral 
tablets have been examined. It has been shown that satisfactory tablets 
can only be produced after careful thought has been given to the manner 
in which the various excipients are combined in the formula. Whilst for 
reasons of economy, tablet production is a highly specialised branch of 
manufacturing pharmacy, it must always be remembered that tablets are 
a form of dispensing and should comply with the highest standards of 
accuracy and elegance.
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By T. C. Denston, B.Pharm., F.P.S., F.R.I.C.
S e c r e ta r y , B r it is h  P h a r m a c o p e ia  C o m m is s io n

Standardisation
The first official monograph describing a drug in tablet form appeared 
in the British Pharmacopoeia 1885 under the title Tabellæ Trinitrini and 
it remained until 1945 as the only representative of this class of medica
ment. In comparison with the style of the monographs in the current 
Pharmacopoeia, the original specification appears to be inadequate in 
that it states only the total weight of a tablet and the nominal content of 
active ingredient, and makes no reference to the excipient, the method of 
assay or the permitted limits of glyceryl trinitrate. The Seventh Adden
dum to the British Pharmacopoeia 1932, published in 1945, described 35 
tablets, with a general monograph governing the requirements laid down 
in the individual monographs. This marked a great advance in the control 
of tablets in that not only did each monograph include a method of assay 
and state the permitted tolerances for active ingredient but a test for 
disintegration was applied to all tablets except those intended to be 
chewed or crushed, or allowed to dissolve slowly in the mouth, or to be 
dissolved in water before administration. The tablet monographs for 
the Pharmacopoeia increased to 50 in 1948, 6 more were added by the 
Addendum 1951 and the British Pharmacopoeia 1953 has 63. It is 
proposed to include 72 monographs on tablets in the British Pharmaceutical 
Codex, 1954. A similar development has occurred with some other 
pharmacopoeias; for example, the United States Pharmacopoeia, which 
had described no tablets until 1936, when one monograph was added 
(Tablets of Glyceryl Trinitrate), now has 92 monographs. The Danish 
Pharmacopoeia 1948, with Addendum 1952, describes 99 tablets. On the 
other hand, whilst there is a general monograph, there were no monographs 
on individual tablets in the pharmacopoeias of Argentine (1943), Belgium 
(1951 Supplement), France (1949) and Turkey (1948).

Before considering details of the specifications given in the tablet 
monographs of the British Pharmacopoeia it must be emphasised that, as 
stated in the General Notices to the book, the official standard for any 
particular tablet is not confined to the specified limits for the amount of 
active constituent. Tablets are not of pharmacopœial quality unless they 
comply with all the requirements described in the particular monograph 
or referred to in the General Monograph. These requirements include a 
method of preparation (which may, however, be permissive and not 
mandatory), identification, disintegration, limit tests for impurities, 
uniformity of weight and content of active ingredient when determined 
by the assay described in the monograph. It should be noted that the 
Pharmacopoeia, in outlining the general methods of preparation, gives 
latitude to the manufacturer provided that the other ingredients are 
innocuous and therapeutically inert in the quantities present. Lists of 
suitable diluents, lubricants and moistening agents are given.

TH E  STANDARDISATION O F TABLETS
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The British Pharmacopoeia imposes no requirements for the dimensions 
of tablets or their total weight, but these aspects of standardisation have 
engaged, and continue to engage, the attention of the Commission. In 
so far as the amount of excipient and the die size for a particular tablet 
vary from one manufacturer to another, there is undoubtedly a source of 
trouble to the pharmacist and a cause for doubt in the mind of the patient 
as to the accuracy with which his prescription has been dispensed when he 
receives a second supply of tablets differing obviously in size from the 
first.

The trade association of the pharmaceutical manufacturers recognised 
some years ago the importance of uniformity and prepared and issued 
to its members, with a recommendation for its adoption, a detailed 
schedule of die sizes and total weights for some 250 different tablets and 
covering all the common dose-strengths. It is understood that many 
tablet makers now work to the recommended schedules, but unfortunately 
other manufacturers have not accepted their association’s recommenda
tions. The Commission continues to receive or learn of complaints 
which show that disparity in practice still causes embarrassment and 
trouble. That these conditions should persist must lead the Commission 
to consider whether a trade recommendation could be adequate to deal 
with the situation. It may prove that official standards, at least for the 
diameter of the punch, must be laid down. If the diameter, but not the 
total weight, is officially specified conspicuous distinctions in size between 
batches from different manufacturers might well disappear but at the 
same time some latitude in the amount of material to be included in 
addition to the medicinal ingredient would remain.

Colouring of Tablets
From the introduction of a series of monographs in the Pharmacopoeia 

by the Seventh Addendum of 1945, the general monograph has always 
stated that the addition of colouring agents is not official. There are no 
important medical grounds for the colouring of plain or coated tablets 
but there are strong objections from both pharmaceutical and medical 
considerations. The colouring of tablets tends to give dangerous 
encouragement to reliance on identification by appearance instead of by 
the reading of the label. Further, experience has shown that some manu
facturers are not always able to produce or maintain a particular shade, 
and variation in appearance between different batches may be con
spicuous. Most important is the enhanced danger to infants and young 
children from brightly coloured tablets. Many references to the poisoning 
of children by coloured tablets have appeared in the medical journals in 
recent years1«2-3.

Disintegration
Simple requirements for the disintegration of tablets began to appear in 

the pharmacopoeias 20 to 30 years ago. Probably the first reference is in 
the Brazilian Pharmacopoeia of 1926 and 4 years later the Belgian Pharma
copoeia, in its general monograph, had the statement that tablets must
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dissolve or disintegrate within a short time when shaken with tepid water. 
Within a few years other pharmacopoeias adopted the same or a similar 
broad statement, notably those of Denmark (1933), Switzerland (1934), 
France (1937), Finland (1937) and Russia (1937). The method of the 
Swiss Pharmacopoeia is typical: “pour 50 c.c. of water at 37° C. on a 
tablet in an 100-ml. conical flask; shake the flask gently from time to time; 
the tablet must completely dissolve or disintegrate within 15 minutes” . 
Substantially the same method is used in the current pharmacopoeias of 
Egypt (1953), Japan (6th edition), Denmark and Sweden. Many attempts 
have been made to find a method which will give a definite end-point 
whatever medicinal substance, diluent or binding agents may be present. 
At the 1939 British Pharmaceutical Conference, Brown4 described a 
method which applied a shearing force to the tablet and on the same 
occasion Berry5 suggested a method depending on a weighted wire 
cutting through a tablet after it had been softened in water. In a later 
paper Berry and Smith6 proposed a method which was essentially a 
development of that given in the Swiss Pharmacopoeia and it was later 
adopted, in its essentials, in the Seventh Addendum to the British Pharma
copoeia 1932.

Other workers, including Hoyle7, Prance, Stephenson and Taylor8, 
Sperandio, Evanson and DeKay9 and Evanson and DeKay10, have 
attempted to achieve a sharp end-point by the use of a wire-gauze screen 
through which the particles of the disintegrated tablet must pass.

The diversity of methods used in the national pharmacopoeias is shown 
by comparing (i) the number of tablets used in the test, (ii) the temperature 
and volume of the water, and (iii) the apparatus.

(i) Some pharmacopoeias do not state the number of tablets to be used; 
in others the number ranges from 1 to 6, as shown by the following 
examples:—

1 tablet
2 tablets
3 tablets
5 tablets
6 tablets

Argentine, Switzerland, Japan. 
Y ugoslavia.
Denmark.
Britain, France.
United States of America.

There is a difference between the French practice on the one hand and 
the British and American on the other, in that the former uses 5 tablets in 
one vessel and the latter direct one tablet to be placed in each tube. More
over the British Pharmacopoeia directs that if one tablet fails to comply, 
the test may be repeated with 5 tablets from the same batch, when all must 
comply; a tolerance of 90 per cent, is thus permitted.

(ii) The volume of water varies from about 50 ml. to 1 1. but most 
pharmacopoeias stipulate that the water shall be at about body tem
perature, e.g., 37° C. (B.P.), 35° to 39° C. (U.S.P.), 38° to 40° C. (Danish 
Pharmacopoeia), 40° C. (Swedish Pharmacopoeia). The French Codex 
has now adopted 20° C. Berry and Smith obtained more consistent 
results with their method at 37° C. than at 18° C.
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(iii) The apparatus may consist of a flask or beaker containing the 
tablet or tablets and water, or a series of tubes closed with a cork, as in the 
British Pharmacopoeia, or provided with gauze at the lower end, as in 
the United States Pharmacopoeia. The French Codex has a metal cylinder 
with gauze at the bottom; 20 glass beads are used with 5 tablets and the 
tube is shaken with a circular movement sufficient to carry round the beads.

In an attempt to improve on the present official test, the Tablets Com
mittee of the British Pharmacopoeia Commission has examined a number 
of methods intended to yield consistent results and an unmistakable end
point especially when applied to tablets which tend to form a gummy 
mass and to coated tablets. It has also been the intention to keep the 
test as simple as possible. Arising from this collaborative work, the 
following test, which is based on that of Prance, Stephenson and Taylor8 
is now under examination and, subject to comments which may be 
received—and criticisms are invited from those who may try it—will be 
recommended to the Commission for inclusion in the forthcoming 
Addendum to the British Pharmacopoeia 1953.

Apparatus. A glass tube 80 to 100 mm. long, with an internal diameter 
of about 28 mm. and an external diameter of 30 to 31 mm., is fitted at the 
lower end with a disc of rustproof wire gauze complying with the require
ments for a No. 10 sieve, British Pharmacopoeia 1953, page 853, and 
suspended in a volume of water having a depth of not less than 15 cm. 
and at a temperature between 35° and 39° C. in such a way that it can be 
raised and lowered repeatedly in a uniform manner through a distance of 
75 mm.; at the highest position of the tube, the gauze just breaks the 
surface of the water, and at the lowest position, the upper rim of the tube 
remains clear of the water. The tube may be manipulated by hand or 
mechanically.

Method. Place 5 tablets in the tube and raise and lower the tube in 
such a manner that the complete up and down movement is repeated 30 
times a minute. The tablets are disintegrated when no particle remains 
above the gauze which would not readily pass through it. The time 
required for the 5 tablets to disintegrate in the manner described is, unless 
otherwise stated in the monograph, not more than 15 minutes. If the 
tablets fail to comply, the test may be repeated using a guided disc as 
described below, inserted in the tube; the tablets must then comply with 
the test. The guided disc consists of a disc of suitable plastic material, 
about 26 mm. in diameter and 2 mm. thick, with 3 holes equally spaced 
and 10 mm. from the centre. In each hole a stainless steel wire of No. 22 
Standard Wire Gauge is secured at a right-angle to the plane of the disc 
and the end of each wire is turned out radially and secured to a guide ring 
of No. 22 Standard Wire Gauge and 27 mm. in diameter. The guide 
ring is co-axial with the disc in a parallel plane at a distance of 15 mm. 
from the upper surface of the disc. The difference between the diameter 
of the disc and the internal diameter of the tube is not more than 2 mm. 
The total weight of the guided disc is not less than 1-9 g. and not more 
than 2T g.
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Enteric-coated Tablets

Special coatings are applied to tablets when it is intended that the active 
ingredient shall not come into contact with the acid secretion of the 
stomach. Official specifications for the composition of such coatings 
are not provided. The criterion generally accepted is that the tablets 
should not disintegrate when immersed in an acid pepsin solution but 
must disintegrate in an alkaline pancreatin solution. A test for enteric 
coated tablets is proposed for inclusion in the new edition of the British 
Pharmaceutical Codex. The apparatus to be used is similar to that des
cribed above. The test consists of two parts: in the first part, a Watery 
solution is used containing pepsin, potassium chloride, calcium chloride 
and hydrochloric acid, and immersion continued for 3 hours. No portion 
of the tablets, other than fragments of any outer coatings, passes through 
the gauze. The tablets are then rapidly washed with water and, as the 
second part of the test, they are immersed for one hour in a watery 
solution containing pancreatin, sodium tauroglycocholate and sodium 
bicarbonate. The tablets must disintegrate completely.

Durability
The pharmacopoeias do not provide standards to ensure that tablets 

will show resistance to “wear and tear” during storage, packaging and 
transit. It is important that tablets should not break or crumble easily, 
or become chipped at the edges, and simple tests are commonly applied 
during production. The firmness of the tablets may be assessed by 
noting the amount of pressure needed to break a tablet by hand or by 
shaking together a number of tablets in a bottle and determining the 
weight of powder produced. Such simple tests can be carried out whilst 
the machine is running and any necessary adjustments immediately made. 
They are scarcely amenable to description as official standards, and no 
other method has so far proved acceptable for this purpose.

The application of mechanical methods has been described by Smith11’12. 
Tests were made with instruments designed for measuring the hardness of 
metals, such as the scleroscope which measures the height of rebound 
when a hammer of fixed weight is allowed to fall on the surface of the 
tablet; the Vickers diamond hardness testing machine measures the 
depth of the impression made in the surface of the tablet. Neither 
instrument appears to be acceptable for the routine testing of tablets. 
Smith regards the Monsanto pressure tester, a spring-loaded device with 
which the pressure required to break a tablet may be determined, as the 
instrument most easily and rapidly operated.

Weight Variation
Those pharmacopoeias which provide, in any detail, standards for 

tablets usually set limits to the variation in total weight within a batch of 
uncoated tablets. The requirements may be stated as one figure appli
cable to tablets of all sizes or as graded requirements according to 3 or 4 
categories of weight. Thus, the French Codex states that the average
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weight, determined on 10 tablets, is not less than or more than 5 per 
cent, of the stated weight. The British Pharmacopoeia controls the 
uniformity of weight by requiring that in a sample of 20 tablets not less 
than 18, when weighed singly, shall fall within the limits stated in a Table, 
and not more than 1 tablet shall deviate by more than double these 
limits. The pharmacopoeias of the United States of America and Egypt 
have similar requirements with permitted limits as shown in Table I.

The Swiss Pharmacopoeia has Emits of ±  10 per cent, (less than 
250 mg.), ±  8 per cent, (between 250 and 500 mg.) and ±  5 per cent, 
(more than 500 mg.), when determined on 100 tablets. The Danish 
Pharmacopoeia also employs 100 tablets and with more detailed directions 
for weighing permits deviations of ±  10 per cent, for tablets weighing less 
than 80 mg. and ±  4 mg. +  5 per cent, of average weight for tablets 
weighing 80 mg. or more; the method provides a more gradual narrowing 
of the limits with increase in weight.

TABLE I
V a r ia t io n  in  w e ig h t  o f  t a b l e t s  

P h a r m a c o p c e ia l  t o l e r a n c e s

Percentage
deviation

Average weight

B.P. 1953 
mg.

U.S.P. XIV 
mg.

Egypt. Ph. 1953 
mg.

4-15 __ 13 or less 25 or less±10 130 or less more than 13 and 26 to 150
including 130

+  7-5 more than 130 more than 130 and 151 to 300
less than 324 including 324

±  5 324 or more more than 324 more than 300

The pharmacopoeias which have been cited refer only to uncoated 
tablets, except the Swedish Pharmacopoeia which states that “the varia
tion in the weight of tablets of the same production batch shall not be 
greater than that corresponding to a relative standard deviation of 4-5 
for uncoated tablets and 6-5 for coated tablets.

C ontent of M edicament

A few of the monographs of the B.P. 1953 provide a formula for one 
strength of tablet, as for example Codeine Compound Tablets and 
Sodium Bicarbonate Compound Tablets, but most of the monographs are 
framed to cover all strengths which may be prepared. Consequently, in 
laying down a standard for the amount of medicament contained in each 
tablet, the tolerances are intended to apply to all dosage strengths. In 
selecting these tolerances, three main factors have been taken in account, 
namely:— (a) a manufacturing tolerance in recognition of the variation 
to be expected when reasonable care and skill is exercised in the prepara
tion of the granules and in compression. The figure may be about ±  5 
per cent.; (b) any tolerance allowed in the monograph on the medicinal 
agent itself. Thus, official acetylsalicylic acid may contain 99'5 per cent, 
of C9H80 4 and the lower figure for the content in the tablets is 94-5 per 
cent., not 95-0 per cent. It has not been considered necessary to observe
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this factor in all tablets and indeed the principle may need reconsideration, 
due to the growing practice among manufacturers of assaying the granules 
before compression, and adjusting the total weight in accordance with the 
result; (c) the error inherent in the assay, due either to the very small 
amount of the substance present in each tablet or to the nature of the 
assay method. Ergometrine maleate tablets provide an example of 
tablets with a small dose (0-5 mg.) and a colorimetric method of assay 
leading to the specification of a wider tolerance, namely 85-0 to 110-0 per 
cent. In the British Pharmacopoeia 1948, aneurine hydrochloride tablets 
were assayed by a fluorimetric method and it was necessary to allow a 
tolerance of 85-5 to 119-0 per cent. The same tablets are assayed by a 
silicotungstate method in the British Pharmacopoeia 1953 and the toler
ances are narrowed to 92-5 to 107-5 per cent.

Apart from any allowance for the purity of the medicament, official 
tolerances fall into three main groups, 95-0 to 105-0 per cent., 92-5 to 107-5 
per cent, and 90-0 to 110-0 per cent., with a minority in the last group. 
It has been the practice to narrow the tolerances on revision of the Pharma
copoeia when data has become available to show that it was reasonable to 
do so. The following are examples of such changes.

T a b le t

Acetomenaphthone .. 
Atropine Sulphate .. 
Ephedrine Hydrochloride 
Mepacrine Hydrochloride 
Nicotinamide 
Nicotinic Acid 
Phenobarbitone 
Phenobarbitone Sodium 
Sodium Citrate

T o le ra n c e s  (p e r  c e n t.)

B .P . 1948 B .P . 1953
89-0 to 110-0 
89-5 to 112-5
89- 5 to 110-0
88-0 to 111-0 
88-0 to 110-0
88- 5 to 110-0
90- 0 to 110-0 
85-5 to 110-0
89- 0 to 112-0

92-5 to 107-5 
90-0 to 110-0 
90-0 to 107-5 
92-5 to 107-5 
92-5 to 107-5 
92-5 to 107-5 
92-5 to 107-5
90-0 to 110-0 
92-5 to 107-5
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DISCUSSION
M r . D. N . G ore (Dorking) suggested a test for durability of tablets 

based on rotating them in a horizontal fluted cylinder at a standard 
speed for a certain number of revolutions, separating the resulting powder 
from the tablets and weighing it. He did not see why it was not as 
accurate a measure of durability as the disintegration test was a measure 
of disintegration. He had simulated the traditional hardness test of 
exerting pressure on the tablet between the finger and thumb, by the use
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of a bridged anvil and a weight travelling along a scale. There was no 
correlation between durability and resistance to snapping.

Mr. M. Teeman (Leeds) asked the authors to comment on the various 
shapes used for tablets and their possible advantages.

Mr . W. Trillwood (Oxford) drew attention to the difficulty of rapidly 
identifying tablets in hospital when they had been dispensed under the 
National Health Service in a container labelled only with the name of 
the patient and the pharmacist. He suggested that N.H.S. prescriptions 
might be in duplicate, one copy to be retained by the pharmacist. He 
was glad that Mr. Denston disapproved of coloured tablets. Did 
manufacturers realise that 0-4 per cent, of the female population and 
about 4 per cent, of the male population were colour blind? Shape, 
colour, smell, appearance or any other device which detracted from label 
reading should be deplored.

Dr. J. G. Dare (Leeds) referred to the accidents occurring to children 
and adults by the consumption of tablets in excessive doses or for purposes 
for which they were not intended. More should be done, in co-operation 
with the medical profession, to emphasise to the public that any medicine 
was potentially dangerous. For instance, in antenatal clinics in small 
towns and villages iron tablets were often supplied without adequate 
supervision of dispensing. It might be better if people were compelled 
to go to a pharmacy for all their tablets.

Mr. J. B. Lloyd (Manchester) protested against the colouring of 
tablets, for which he said no adequate pharmaceutical reason had been 
given. He asked whether there was evidence that the in vitro tests of 
enteric-coated tablets gave an indication of what happened to the tablets 
in vivo. Would following the passage of an enteric-coated barium 
sulphate tablet through the body radiographically show what would 
happen to any other enteric-coated tablet? There was some evidence 
that certain proprietary enteric-coated tablets which had passed these 
tests in fact passed through the body unchanged.

Mr. T. D. Whittet (London) criticised the practice of stamping 
initials on tablets. He described the use of relatively cheap kitchen 
equipment for making tablets. The standard cake mixer made an 
excellent granulation machine. Powders, after mixing in a bowl and 
adding a moistening agent were put through a soup strainer, which gave 
moist granules, and then the coffee bean grinder attachment was used, 
giving granules ready for tabletting. Another excipient, which had not 
been mentioned, was bentonite, which had been found excellent where 
an entirely inorganic tablet, such as potassium perchlorate, was required. 
Magnesium trisilicate was a satisfactory disintegrant where its pharma
cological properties were not contra-indicated. It seemed impossible 
to make a good tablet of aminophylline by the moist granulation process 
recommended in the B.P. It became very dark after 2 or 3 months’ 
storage and smelled of ammonia and acetamide.

Mr. S. Durham (Sheffield) asked whether it would be possible to 
specify in the official monographs the exact punch size for each tablet.
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Mr. A. F. Caldwell (Singapore) spoke of the packing of tablets for 
tropical countries. Transparent cellulose sheeting collected dust and 
also grew moulds, although there was nothing wrong with the tablets. 
An excess of filling agents and excipients which were hydrophilic colloids 
might cause difficulty in that the tablets, whilst not becoming damp, 
swelled until it was impossible to get them out of the bottle.

Mr . E. Shotton (London) thought it right to resist the use of coloured 
coatings. He asked for a clear definition of the properties which were 
being measured in durability. Engineers had already defined what they 
meant by hardness, which involved more of a surface property by 
indentation than breaking or crushing.

Mr. C. W. Robinson (Liverpool) said that the conscience of the 
profession had been disturbed by the many deaths of infants due to 
eating tablets, in particular tablets containing ferrous sulphate. Tablets 
of ferrous sulphate and compound tablets of ferrous sulphate, which 
looked like ordinary white uncoated tablets, could be made by the 
compression coating technique. The June issue of the Practitioner 
contained an admirable review by Dr. Fraser, lecturer in child health 
in the University of Aberdeen, and it was clear from his analysis of 
many cases of accidental poisoning in children that it was by no means 
certain that colouring and sugar-coating played a decisive part in 
accidental poisoning. Therefore the question of whether tablets 
should be coloured ought not at this stage to be related to the 
causation of accidents until there was clearer evidence that it was 
the colour or the sugar which caused this fatal attractiveness. With the 
co-operation of the chief pharmacist of a large children’s hospital, the 
organisation with which he was associated was in the process of organising 
some planned experiments with inert white sugar-coated, coloured sugar- 
coated and plain uncoated tablets to try to determine differences in 
attractiveness to infants. Plastic strip packs were easy for adults to 
undo and difficult for infants’ fingers to open, but cost a little more.

Mr. G. Raine (Manchester) said that he had recently drawn attention 
to the unsatisfactory nature of many soluble aspirin tablets. There had 
been some improvement, but many, although labelled soluble, in fact 
were not. Manufacturers of some antibiotics would not supply the pure 
materials, and soluble tablets had to be used in making mixtures. 
Experience showed that these so-called soluble tablets, in water, gave 
inelegant liquids with a good deal of suspended matter. If manufacturers 
labelled anything as soluble, it should be soluble; or any insoluble 
ingredient should be in such a form that it readily dispersed and produced 
an elegant suspension in water.

Professor H. Brindle (Manchester) said that some years ago, at 
Manchester University, an enteric-coated capsule was devised which 
resisted a test similar to that mentioned by Mr. Denston. By using 
different gelatin mixtures and various formalin treatments a capsule 
was devised which resisted acid pepsin solution at body temperature for
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3 hours and dissolved in alkaline pancreatin solution in 1 hour. A 
number of capsules were filled with barium sulphate, administered to 
volunteers, and the passage of the capsules was followed through the 
body. To their surprise only about one capsule out of 50 behaved as 
it should have done, i.e., resisted the action of the stomach juices and 
dissolved in the upper intestine—which suggested that the tests mentioned 
were not an accurate guide to what happened in the body.

Mr. F. Berry (Nottingham) emphasised the need for careful storage 
of tablets. Was liquid paraffin ever used nowadays in tablet manu
facture? Fie thought a great need was for a water-soluble lubricant, 
and he agreed that coating by the new pressure technique was of value 
for incorporating medicaments in tablet coatings. Mr. Burlinson had 
mentioned the use of gelatin in a coating process. Had the tendency to 
mould growth in such tablets been overcome? He had found that 
incorporating gelatin made the product rather brittle. Commenting on 
the size of tablets he said that some tablets containing, for example, only 
5 mg. of medicament weighed 4 grains, which seemed unnecessarily 
bulky. The general principle he followed was to use as little added 
diluent as possible, a 5 mg. tablet weighing about 1 grain. He had 
found the Monsanto hardness tester useful for comparative experiments.

Mr. A. R. G. Chamings (Horsham) said that a large proportion of 
British pharmaceutical products were exported, and in discussing tablet 
diameters the profession could not restrict its outlook to British pharmacy. 
The originator of the product determined in the first instance not merely 
the ingredients but also the physical characters of the tablet.

Mr. A. W. Bull (Nottingham) said that two different processes of 
coating by compression were already being operated in this country. 
Mr. Burlinson had said that coating by compression did all that was 
required of it, but one process which had been described fell down when 
compared with the traditional pan coating. There was no opportunity 
to put on a sub-coat, which was an important coat in giving protection, 
particularly for tablets for export to tropical countries. He had tested 
tablets of cascara extract stored under hot, humid conditions, where 
temperatures were fluctuating, and found that the traditionally coated 
tablet was better than that coated by one particular compression process. 
Referring to cellulose sheeting, he pointed out that even the so-called 
moisture-proof film had an appreciable transmission rate for water 
vapour. Better foils were available for strip packaging of tablets where 
complete moisture protection was required. He had had occasion to 
investigate the tabletting of a quaternary ammonium compound where 
bactericidal effect was important, and, in that case, tablet lubricants which 
were normally regarded as innocuous had a material effect on the 
biological efficiency of the resulting tablets. The choice of suitable 
lubricants in such cases was a difficult problem. Mr. Burlinson had 
said that certain chemical substances could be compressed without a 
granulation process and had given aspirin as a typical example. He had 
examined many specimens of aspirin and had found that the crystal form
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varied considerably. He felt that more work was required on crystal 
shape of many chemicals and that this might greatly assist tablet making. 
Commenting on Mr. Whittet’s remarks on aminophylline, he said that a 
great deal could be done by attention to the excipients. Sugar should 
not be used and it was also important to observe official requirements 
for storage in a well-closed container protected from light.

Mr. R. Henriksen (Epsom) asked for statistics showing the number of 
infant fatalities which had been caused by non-coloured tablets. 
Referring to the standardisation of tablets, he emphasised that manu
facturers had to consider the export market, where conditions might be 
very different from those in this country, but where 50 per cent, of the 
output might be sent. It was not feasible to make a tablet of one size 
and shape for this country and a tablet of a different size and shape 
for export. A good deal of money had been spent on tablet punches 
and dies, and these could not simply be thrown away.

Mr. D. F. Smith (Bournemouth) said he had been struck by the 
anomalous therapeutic results from enteric-coated tablets. A satis
factory test for disintegration was needed, but a test which satisfied an 
in vitro specification and which could be checked in vivo with volunteers 
might not necessarily mean that the product would give similar results 
with sick patients, for the secretions of the alimentary tract of a sick 
patient were not necessarily the same as those of a healthy volunteer.

Mr. J. R. Elliott (London) dealing with enteric-coated tablets, said 
that pancreatin was given in a number of cases where pancreatic deficiency 
existed in the patient. There should be another method of testing 
enteric-coated pancreatin tablets so as to ensure that they would 
disintegrate in the alimentary tract where pancreatic deficiency existed.

Dr . G. Brownlee (London) said that anyone who considered the 
problems of enteric-coating would recognise that the physiological 
aspect had the last word. What might justifiably be asked of an enteric- 
coated product? Contrary to what might have been suggested, it was 
reasonably easy to coat a tablet so that it passed intact through the 
stomach, even when allowance was made for the enormous variation in 
emptying times of stomachs. But what of the requirement implied by 
the in vitro test to restrict the contact time with the pancreatic juices in the 
upper third of the small intestine to 1 hour? There were those who 
emptied their gut in as little as 6 hours and those who emptied it in 48 
hours. That was a rough and ready measurement of the speed with which 
products passed through the upper third. Anybody who had studied 
blood levels with such preparations as penicillin, the sulphonamides or 
aspirin would appreciate the wide normal range which existed. The 
manufacturer’s problem was therefore physiological. All that should be 
expected of him was that he should make an enteric-coated tablet. He 
should not be blamed if the tablet sometimes passed through.

Mr. H. Hoyle (Leeds) said he thought the suggested new disintegration 
test was more satisfactory than the present test. A more definite dividing
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line was drawn between tablets which passed and those which failed, and 
the test would give similar results with different operatives. Referring 
to coated tablets, he urged the B.P. Commission to continue to use 
caution in connection with the disintegration time of coated tablets. 
The best solution to the problem of child fatalities was education of the 
public, but a degree of success had been obtained with a tablet having a 
harmless and colourless bitter in the coating. Some of the standards 
needed revision, for example the requirements for aneurine hydrochloride 
tablets seemed to be a little more stringent than those for nicotinic acid 
tablets. In the case of ferrous sulphate, this drug was assayed by the 
permanganate method, but the tablets by the iodate method. It would 
be better if the same method were adopted for the raw material and for 
the finished product.

Mr. H. E. Brookes (Nottingham) said he was concerned about the 
chronic toxicity of some tablet ingredients. Mr. Burlinson had suggested 
that the excipients used in tablet manufacture should be pharmacologically 
inert. Boric acid had been used as a tablet lubricant, although its use 
as a preservative of foods was not permitted. He was concerned with 
the considerable number of new wetting, suspending and lubricating agents 
which were coming into use, and he thought that some of these products 
might later be found to show chronic toxicity. Thorough pharmacological 
tests should be carried out on these agents.

Mr. D. Stephenson (Dartford) said that the suggested new test for 
enteric-coated tablets in the B.P.C. was better than no test at all, and 
would probably help to remove from the market entirely unsatisfactory 
tablets. Barium sulphate tablets had been treated with a coating similar 
to that which complied with the suggested B.P.C. test, and the results on 
volunteers had been excellent. After 2\ hours the tablets could be seen 
in the stomach. Later they could be seen breaking up. Part of a batch 
of similarly coated tablets was sent to Africa and part to South America. 
Most of the Africans passed the majority of the tablets entire, and many 
of the Brazilians vomited!

Mr. A. Bragg (Liverpool) suggested that one system only should be 
adopted for recording the content of active principle in tablets, either 
the metric or the Imperial system.

Mr. E. Locker (Reading), speaking as a retail pharmacist, said that 
the colouring of tablets was an assistance, and did not lead to carelessness. 
It had been suggested that certain types of drugs should have certain 
colours so that people would know immediately what type of drug had 
been used.

Dr. G. E. Foster (Dartford) said that there was something to be said 
for the manufacturer being allowed to put a mark on the tablet so that 
people might know by whom it had been manufactured.

Mr. D. Stephenson (Dartford) disagreed with Mr. Locker on the 
question of colouring. If they were to adopt the practice of trying to
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identify tablets by colour there would soon be difficulty in distinguishing 
between the slight variation of successive batches of one tablet.

Mr . R. Gillham (Leeds) said his Company placed in every box of 
tablets a circular reading “These tablets, being in a form likely to attract 
children, should be kept beyond their reach.” A simple test for durability 
was to place the tablets inside a bottle and rotate them in a revolving 
drum. Another test was to transport them under severe conditions.

Mr. L. H. Boardman (Manchester) said he was convinced that the 
colouring of tablets was to be deprecated, but he would not be dogmatic. 
The question of fixing standards for colouring was difficult. From the 
point of view of dispensing in this country he was convinced that B.P. 
and B.P.C. tablets should be of fixed diameter.

Mr . W. A. Park (Aberdeen) said that his firm micro-photographed 
all prescriptions, which gave a ready means of tracing them. 
Some of the more potent drugs were dispensed, by his firm, in tubes with 
screw caps, which were more difficult for children to open, but the real 
problem was in the homes and it was a question of education. Many 
pharmacies and surgeries in Aberdeen carried cards emphasising that 
medicine should be kept away from children, and 20,000 copies of a 
booklet on Home Safety, containing a feature on child poisoning, were 
to be distributed.

Miss M. C. Islip (Harrow), speaking as a children’s hospital pharmacist, 
agreed that publicity and education were the answer to the question of 
child poisoning. Colour and taste had little effect, for a small child would 
put anything into its mouth.

Mr. T. James (London) said he was perturbed about the containers in 
which many tablets were dispensed. Containers which could be well 
sealed should be used.

Mr. H. Williams (Reading) complained of the tendency to supply 
smaller and smaller tablets, which were difficult to handle.

Mr. F itch, in reply, said that relying on a sign or a colour in identifying 
tablets was to be deplored: the only way to identify them was by reference 
to the person who dispensed them.

Mr. Burlinson, replying to Mr. Teeman on the shapes of tablets, said 
they should distinguish between the shapes of the official B.P. or B.P.C. 
tablets and those offered as proprietaries, where the shape could be 
anything the manufacturer wished. Mr. Whittet had raised an interesting 
point on the use of culinary equipment. He had come across bentonite 
only as a disintegrant and not as an adhesive. Mr. Caldwell had 
mentioned excipients which caused tablets to swell in the tropics. When 
tablets were to be exported, special packaging conditions were required. 
Dealing with hardness tests, he said that the ultimate test was how well 
the tablets travelled. Actual hardness did not convey very much. 
Replying to Mr. Berry, he said that liquid paraffin was still used, but it 
was important to incorporate a solubiliser to prevent an oily film appearing 
on the surface of the solution. He was still looking for a satisfactory
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water-soluble lubricant. Reference had been made to gelatin and mould 
growth. Possibly, in the case in question, too much was being used. He 
thought gelatin was intended to give a certain elasticity, and he had not 
experienced cracking due to its use. His experience of coating by com
pression was no more than that of Mr. Bull. He did not think that a tablet 
which had a sugar coating pressed round it differed greatly in properties from 
the original tablet. There were physical forms of material more suitable 
for tablet making than others, and chemical manufacturers should bear 
that in mind when making drugs which were primarily used for tabletting. 
Mr. Brookes should know that boric acid would not be used internally, 
but only for making solution-tablets. As for the newer excipients, 
manufacturers should satisfy themselves that the substance was not 
harmful in the proportions used.

Mr. D enston , in reply, dealing with the introduction of the metric 
system, said that the B.P. had simplified the position in a logical manner 
by deleting all reference to Imperial dosage from tablets and medicaments 
which had never been presented in Imperial quantities, e.g., the sulphon- 
amides and sex hormones. Dr. Capper could rightly claim that the 
enteric-coating test included in the B.P.C. was the best available at 
present. Replying to Mr. Whittet on aminophylline tablets, he said 
that he thought the moist granulation process could be used satisfactorily, 
but careful drying was necessary. To label a package of tablets to the 
effect that they were dangerous for children and should be kept out of 
their reach might create the danger that other tablets would be regarded 
as not dangerous at all, and would be treated with less care than other
wise would be the case. He agreed with Mr. Whittet that the surface 
of a tablet should not be used as an advertising medium. He said that 
regarding tablet identification, the B.P. tried to assist by including a 
simple identification test which required nothing more than reagents and 
test tubes. In 1946, Mr. Hoyle had published a useful paper on tablet 
disintegration, and was one of the first to advocate the use of the wire 
screen to determine the end-point. In fixing limits for the percentage of 
medicaments, the figures had to take into consideration the degree of 
accuracy obtained by the assay method used. He agreed that where 
appropriate they attempted to adopt the same method for the assay of 
the tablet as that applied to the medicament in the tablet.
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ABSTRACTS OF PAPERS PUBLISHED IN 
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C H E M ISTR Y
ALKALOIDS

Morphine, Isolation and Purification of. L. B. A c h o r  and E. M. K. G e il in g . 
(A n a ly t . C h e m . ,  1954, 26,1061.) A  m ethod is given for the isolation of morphine 
(and particularly 14C labelled morphine) from the opium poppy which is satis
factory for the recovery of quantities o f the order of 1 to  10 mg. The opium 
is extracted with aqueous sodium carbonate solution from which, after adjust
ment to p H  8-6, the morphine is removed by shaking with a 1-butanol-benzene 
mixture. After purification dilute sulphuric acid is used to  remove the morphine 
from  the organic phase, the aqueous solution being treated with barium hydroxide 
in potassium hydroxide before being passed down a column of Nalcite SAR. 
Elution of morphine from the column is accomplished with 0-1N hydrochloric 
acid. The Nalcite effluent containing morphine is adjusted to  p H  7-0 with 10 
per cent, sodium hydroxide and passed through a column of Amberlite IRC-50 
buffered at p H  7-0 with 0-5M dihydrogen potassium phosphate-disodium 
monohydrogen phosphate buffer. The final effluent is evaporated to dryness 
over phosphorus pentoxide; the solid material remaining is morphine suitable 
for crystallisation. r . e .  s .

ANALYTICAL
D i g i t a l i s  p u r p u r e a ,  Chromatography of Glycosides and Aglycones from.

K. B. J e n se n . (A c t a  p h a r m .  t o x .  K b h . , 1954, 10, 69.) Details are given for the 
paper chromatographic separation and fluorimetric determination of the 
cardioactive glycosides and aglycones purpurea glycoside A, digitoxin, digitoxi- 
genin, purpurea glycoside B, gitoxin, and gitoxigenin. Separation was effected 
by descending, one-dimensional chromatography on formamide-impregnated 
filter paper with chloroform or benzene-chloroform as the mobile phase. F or 
the purpurea glycosides A  and B the chromatograms were developed for 3 to 4 
days with chloroform, for gitoxin and gitoxigenin for 3 to 5 hours with chloro
form, and for digitoxin and digitoxigenin for 3 to  4 hours with benzene-chloroform 
(6:4). Localisation of the substances on the chromatogram was obtained by 
means of parallel chromatograms on known substances. Quantitative deter
minations were made by the simultaneous chromatography of known am ounts 
o f standard substances at different levels. The substances of the A series were 
located with trichloroacetic acid-chloramine-R and those of the B series with the 
same reagent or trichloroacetic acid-R (A c t a  p h a r m .  t o x .  K b h . , 1953, 9, 99). The 
cut out paper strips with test substance were eluted directly with the fluorescence 
producing test solution. The fluorescence curves were linear for quantities 
ranging from 2 to 15/ug. o f digitoxin and 1 to 10 f i g .  of gitoxin, or equimolecular 
amounts of the corresponding glycosides and aglycones, per 15 ml. of test 
solution. F or the estimation of both glycosides the standard deviations varied 
from about 6 per cent, at the lowest concentrations to about 2 per cent, at the 
highest concentrations employed. R .  e . s.

Diphenan and Urethane, Assay of. P. E keblad . (S v e n s k . f a r m .  T id s k r . ,  
1954, 23, 557.) Heating a carbamic ester with perchloric acid in acetic acid 
solution gives the corresponding ester of acetic acid, and ammonia. The method

1081



ABSTRACTS
may be applied to  the assay of diphenan and urethane, and is simpler than the 
usual one of heating with sulphuric acid. F or diphenan, one millimole 
(0-2273 g.) is dissolved in 10 ml. of anhydrous acetic acid neutralised with OTN 
perchloric acid in acetic acid, using Blue BZL as indicator, treated with a further 
25-0 ml. of the standard acid, and heated on the water bath for 30 minutes. A 
silica gel tube is used to keep steam out of the mixture. After cooling and the 
addition of indicator, the solution is titrated with a standard OTN solution of 
trimethylamine in acetic acid. One ml. o f acid corresponds to 0-02273 g. of 
diphenan. For urethane 60 minutes’ heating with 3 equivalents of the acid is 
required. The addition of acetic anhydride to remove traces of water is not 
permissible before heating, but may be employed afterwards. g . m .

Penicillin, Determination of, by Hydroxylamine. P. M o rch . (D a n s k . 
T id s s k r .  F a r m . ,  1954, 28, 157.) A detailed study was made of the Boxer and 
Ewerett ( A n a ly t .  c h e m . ,  1949, 21, 670) method of determination of penicillin, 
in which the penicillin is converted to a hydroxamic acid which is determined 
colorimetrically after the addition of ferric iron. The colour is due to a m ono
complex having an absorption maximum at 490 m/x. No higher complex is 
formed with penicillin. Fading may result from reduction of the ferric salt by 
excess o f hydroxylamine. In applying the method of Boxer and Ewerett to 
penicillin cultures, a preliminary extraction is necessary. About 10 ml. o f the 
filtered liquid (10,000 to 30,000 units) is mixed with 20 ml. o f water and 40 ml. 
of amyl acetate. After cooling to  0° to 5° C., 20 ml. of ice-cold glycine buffer 
( p H  1-1) is added and the mixture is shaken for 1 minute. The aqueous layer 
is removed, the amyl acetate solution is dried with sodium sulphate and filtered: 
30 ml. o f the filtrate is shaken with 5 ml. o f 2 per cent, sodium bicarbonate 
solution and the aqueous phase is used for the colorimetric determination. 
The determination is repeated with a corresponding am ount o f culture to which 
has been added 15,000 to 25,000 units o f sodium penicillin. In the case of 
penicillin ointments, the material is dissolved in chloroform and shaken out into 
2 per cent, sodium bicarbonate solution. Another portion of the ointment is 
treated similarly, but shaken with bicarbonate solution containing a known 
am ount o f penicillin standard. Combination preparations may be treated as 
follows. Total penicillin is determined after hydrolysis o f the penicillin esters 
by allowing to stand for 2 hours in 2 per cent, bicarbonate solution. Sodium 
penicillin +  procaine penicillin are determined after removal o f penicillin esters 
by shaking with amyl acetate at p H  2, the esters remaining in the aqueous 
phase. Finally, procaine penicillin is determined from the absorption o f the 
procaine at 290 m/x. g . m .

Pyrethrum Extracts, Determination of Pyrethrins in. J. A. C o rn e l iu s .  
{ A n a ly s t ,  1954, 79, 458.) A quantitative chromatographic method is given for 
the separation of pyrethrum extracts in «-hexane. Alumina is used as the adsor
bent and it is modified by exposure to a humid atmosphere or by drying until 
standardisation with Sudan yellow/Sudan red solution shows it to be of the 
required activity. The pyrethrins are eluted from the alumina with «-hexane 
containing 10 per cent, and 20 per cent, diethyl ether. The eluates are evaporated 
to dryness, dissolved in ethanol and the ultra-violet absorption determined at 
224 m/x for the “pyrethrin-I” fraction and at 229 m/x for the “pyrethrin-II” 
fraction ; empirical conversion factors are used based on parallel analyses of a 
pyrethrum extract by the current A.O.A.C. mercury reduction method and the 
present chromatographic method. F or pyrethrum extracts in mineral oil, the 
solvent is first removed by distillation a t a low pressure (less than 0-001 mm. of
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mercury) not exceeding 40° C., the residue being dissolved in «-hexane. A 
table is given showing a comparison of results obtained by chromatography 
with those obtained by the A.O.A.C. mercury reduction method. r . e. s.

Vitamin Bj, Fluorimetric Determination of, by the Thiochrome Method.
G. P ru n e r .  ( R e n d ic o n t i  1 s t. S u p .  S a n i t . ,  1954, 17, 129.) The method of 
Jansen is modified by reducing the am ount of potassium ferricyanide and 
carrying out the oxidation of the vitamin Bj to thiochrome at a higher 
temperature. To 1 ml. o f solution containing 1 to 10 /xg. of vitamin Bj 
1 ml. of 0-01N hydrochloric acid is added, followed by 1 ml. o f 3 per cent, 
potassium ferricyanide and 2m l. of buffer solution [prepared by mixing: 
(1) anhydrous monopotassium phosphate 0-283 g., disodium phosphate dodeca- 
hydrate 1-665 g., distilled water to 100 ml., and (2) anhydrous sodium carbonate 
0-857 g., water to 100 ml.]. The tube is covered with a Kjeldahl bulb and placed 
in a boiling water bath for 5 m inutes; a standard solution containing a known 
am ount of vitamin is treated in the same way. The tubes are removed and cooled 
for 10 minutes, and 8 ml. of Aobutanol is added to each. The tubes are shaken 
for 2 minutes and the Bobutanol removed by means of a pipette and dried over 
sodium sulphate. The fluorescence is then compared in a suitable instrument. 
The fluorescence is proportional to the vitamin content. F or quantities of 
vitamin Bi of 1 /xg. or less, 1 mg. of potassium ferricyanide is used; 3 mg. of 
ferricyanide oxidises 5 /xg. of vitamin Bt even in the presence of 200 /xg. of ascorbic 
acid, but larger quantities of ascorbic acid cause complete decolorisation at the 
heating stage and a reduction in the fluorescence intensity. e . h .

ESSENTIAL OILS
Essential Oils, Chromatography of. R. H. R e its e m a . (Analyt. C h e m ., 1954 

26, 960.) Chromatoplates prepared by coating glass plates with silicic acid 
using starch as a binder were used for the rapid analysis of the constituents of 
essential oils. Following the application of 1 to  2 /xg. of material, development 
was accomplished in a covered ja r  using 10 to 15 per cent, ethyl acetate in hexane 
as developing agent. The plates were first inspected under ultra-violet light 
and were then sprayed with an acidic solution of 2 :4-dinitrophenylhydrazine and 
inspected under visible and ultra-violet light to detect ketones. After heating, 
the plate was again inspected under visible and ultra-violet light to detect heat- 
and acid-sensitive materials. Results are given of a chromatographic com
parison of spearmint-type oils, and various compounds including common 
constituents of essential oils were run on chromato-plates. The R r  values of 
carvone varied widely but the relative positions of any two materials on a path 
were nearly constant, and a fairly consistent ratio of R F values could be calculated.

R. E. s.

GLYCOSIDES, FERMENTS AND CARBOHYDRATES
Digitalis, Relation between Digitoxigenin and Gitoxigenin Glycosides in.

F. H. L. van Os, C. H. G alenkam p  and A. R. K liphuis. (P h a r m . W e e k b l . ,  
1954, 89, 429.) The method used for the assay of the relative proportions of the 
two groups of glycosides was that of Tattje ( J .  P h a r m .  P h a r m a c o l . ,  1954, 6, 476.) 
In commercial D utch samples of digitalis, 40 to 50 per cent, of the glycosides were 
of the gitoxigenin group. This explains the low yields of digitoxin obtained 
commercially, especially in view of the fact that of the “digitoxin” a large 
proportion is present as purpurea glycoside A. In French samples the glycosides 
contained about 20 per cent, of the B series. The difference in these results

CHEMISTRY—AN ALYTI CAL
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appears to be due to hereditary factors, since wild plants from Belgium had the 
same composition as the Dutch ones but other plants, known to have been 
descended from specimens from the Botanical Gardens at Cambridge, resembled 
the French specimens. W ith regard to the method of assay, it is known that 
gitoxin is practically insoluble in both water and chloroform. The authors’ 
experiments show, however, that even with high gitoxin content, the extraction 
with chloroform is practically complete. It is known that the solubility of 
gitoxin in water and in chloroform is influenced by the presence of digitoxin. 
Objections to the shaking out of gitoxin into chloroform must therefore be 
regarded as merely theoretical. g . m .

B IO C H E M IS T R Y
GENERAL BIOCHEMISTRY

Cholinesterase, Selective Inhibitors of. M. P. F u lto n  and G. A. 
M ogey. ( B r i t .  J .  P h a r m a c o l . ,  1954, 9, 138.) A series of bis-quaternary 
ammonium salts is described which have in common a bis-[p-(trialkyl am- 
monium)-phenyl] structure joined by a four carbon-atom chain. Alterations 
of the molecule were confined to  the second carbon atom of the chain and the 
quaternary nitrogens. The series had a highly selective reversible action on true 
cholinesterase, activity being measured by the W arburg method using acetyl
choline as substrate for true cholinesterase activity and benzoylcholine for 
pseudocholinesterase activity. The compounds increased the twitch height of 
the isolated rat diaphragm indirectly stimulated and had an anticurare action, 
and in high doses a neuromuscular blocking action, on the same preparation. 
Adrenaline increased this blocking action. One of the compounds contracted 
the isolated frog rectus; the others had no effect other than as anticholinesterases. 
The effect on the blood pressure of the cat varied from compound to compound. 
Death with toxic doses in mice appeared to be due to respiratory failure. 
rf-Tubocurarine, dibenamine, hexamethonium, nicotine tartrate or a combina
tion of nicotine and atropine had no effect on the toxicity. g . p .

Cholinesterases of the Central Nervous System, Inhibition of. L. A ustin  and
D. R. D a v ie s . ( B r i t .  J .  P h a r m a c o l . ,  1954, 9, 145.) To establish whether 
cholinesterase inhibition was responsible for chronic paralysis in chickens 
caused by some phosphorus-containing anticholinesterases, dyfios, sarin, tabun, 
soman and ethyl-sarin were administered, in doses within the lethal range, to 
chickens treated with atropine. Only dyfios produced any signs of chronic 
paralysis, although all five were powerful anticholinesterases. Determination, 
in the birds treated with dyfios and sarin, of both true- and pseudo-cholinesterase 
levels in the blood and central nervous system showed that with both drugs 
these levels fell soon after administration, but most recovered their original 
ranges by the time chronic paralysis set in. The exception was the pseudo
cholinesterases of the spinal cord after dyfios. Their level only returned to 
50 to 75 per cent of the original and remained there. To repeat the state of 
cholinesterase inhibition found with dyfios, sarin was given in small repeated 
doses. Under these conditions no paralysis was obtained with sarin. Plasma 
pseudocholinesterase levels were markedly lowered by each of the inhibitors, 
but recovery was rapid and in all cases rose higher than normal. With dyfios 
this rise was particularly marked. Paralysis in chickens with dyfios therefore 
did not appear to be due to inactivation of the cholinesterases of the central 
nervous system or of the blood. g . p .
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BIOCHEMICAL ANALYSIS

Adrenaline and Noradrenaline on Paper Chromatograms, Detection of. M. E.
P i tk a n e n . (S c a n d . J .  c l in .  L a b .  I n v e s t . ,  1954, 6, 78.) The sensitivity of the 
usual paper chromatographic detection of adrenaline and noradrenaline using 
either potassium  ferricyanide or iodine solution as an oxidative agent can be 
considerably increased by subsequently spraying the paper with a solution of 
p-dimethylaminobenzaldehyde. This reduces the limit o f sensitivity from 1 to 
2 p g. o f adrenaline or noradrenaline to 0-2 p g .  of either. m . m .

Bilirubin, A New Tablet Test for. J. A. T a l la c k  and S. S h e r lo c k . ( B r i t ,  
m e d . J . ,  1954,2, 212.) A simple method is described for the detection o f bilirubin 
in urine. Five drops of the urine is placed on a test mat composed o f a mixture 
o f asbestos and cellulose fibres. A tablet, containing a stable diazo dye (p-nitro- 
benzene diazonium p-toluene sulphonate), sulphosalicylic acid, sodium bicarbo
nate and boric acid, is placed on the centre o f the mat. Two drops of water are 
allowed to flow on the tablet and the colour developing on the m at is recorded 
within 30 seconds. I f  bilirubin is present the mat around the tablet turns purple, 
and the am ount o f bilirubin is roughly proportional to the speed o f development 
and intensity of the colour. Any colour developing after 30 seconds is ignored. 
The method is specific, as sensitive as the Fouchet test, and superior to the 
iodine test. N o false positives were obtained with 100 urines from normal, 
non-jaundiced patients, receiving a variety of drug treatments. The presence of 
urobilinogen also gave no false positives. Between 0-1 and 0-15 mg. o f bilirubin 
per 100 ml. can be detected. g . f . s .

Chloramphenicol Esters, Assay of. C. T rolle-L assen. { A r c h . P k a r m .  
C h e m i . ,  1954, 61, 435.) For the assay of chloramphenicol esters it is first 
necessary to hydrolyse them, and as chemical hydrolysis leads to destruction of 
the chloramphenicol, the author uses a commercial bacterial lipase (Lipase 
A. Rohm  and Haas Co.). A study of the effect o f different conditions led to the 
following method. A suitable quantity of the ester is dissolved in ethanol and 
diluted with buffer solution (pH  6) to give a suspension containing about 0T mg. 
of ester per ml. To this is added 1 mg. of the lipase per ml., and after vigorous 
shaking, the mixture is kept at 37° C. for 4 hours. The chloramphenicol is 
then assayed in this solution microbiologically in the usual way. g . m .

C H E M O T H E R A P Y
Amidines, Anaesthetic Activity of. O. G isv o ld . (J . A m e r .  p h a r n i .  A s s . ,  

S c i .  E d . ,  1954, 43, 372.) The duration of anaesthesia caused by application of 
a  1 per cent, solution of several p-carboxybenzamidines to the eyes and skin of 
guinea-pigs was determined.

NH

R N H -C -^ A -C O O R '

The compounds tested included R = H , methyl, ethyl, propyl and bu ty l,R '=
2-chloroethyl, benzyl, cyc/ohexyl and cyc/opentyl. Some of the compounds 
showed a high anaesthetic activity, but in some cases irritation of the skin was 
reported. Most o f the substances were bactericidal at a concentration of 0T 
per cent, against S t a p h y lo c o c c u s  a u r e u s  and S a lm o n e l la  ty p h o s a . g . b.
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Antispasmodics, New Synthetic. J. C y m e rm a n -C ra ig , K. V. M a r tin ,

P. C. W a ile s , R. H. T h o rp , R. L a d d  and G. T h o rb u r n .  ( N a t u r e , L o n d . ,  
1954, 174, 231.) A series o f A-alkyl-l :2-di-(p-methoxyphenyl)-ethylamines 
( I ; X — CH2), N-alkyl-a-aminodeoxyanisoins ( I ; X  =  CO), and A-alkyl-2- 
amino-1 :2-di-(/>-methoxyphenyl)-ethanols (I; X =  CHOH) were prepared and, 
in view of the promising activity of certain l-phenyl»'<?quinoIine compounds, a

number o f Ar-aIkyl-di-(p-methoxy-phenyl)-methylamines ( I ; X =  —) were also 
synthesised. All compounds exhibited spasmolytic activity when tested on 
isolated guinea-pig ileum against spasms produced by barium chloride and 
carbachol, using papaverine and atropine as standards. Some of the compounds 
were more active than papaverine. Relative neurotropic activity was between 
0-005 and 0-2 of atropine, and acute toxicities (intravenous in mice) were uni
formly between 60 and 80 mg./kg. for the compounds o f the series, a . h . b .

Benzotriazines, Compounds having Antimalarial Activity. F. J. W olf, K. 
P fis te r , 3rd, R. M. W ilso n , Jr. and C. A. R o b in s o n .  ( /. A m e r .  c h e m .  
S o c . ,  1954, 76, 3551.) In an attem pt to obtain compounds having the desirable 
therapeutic properties of sulphaquinoxaline, without the undesirable effect o f 
forming a highly insoluble 3-hydroxy com pound which may cause the formation 
of kidney stones when high levels o f the drug are administered, the preparation 
of a nitrogen isostere, 3-sulphanilamido-l : 2 :4-benzotriazine was undertaken. 
The substitution of nitrogen for carbon eliminates the possibility o f hydroxyla- 
tion. The method o f synthesis is described. A series o f chloro substituted 
compounds was prepared because of the antimalarial properties exhibited 
in the intermediate bases. 7-Chloro-3-amino-l :2:4-benzotriazine-l-oxide and
7-chloro-3-amino-l : 2 :4-benzotriazine had excellent activity as suppressive 
agents in avian malaria. On a weight basis, these compounds are about 4 times 
as potent as quinine and 5 times as potent as sulphadiazine, or about equivalent 
to sulphaquinoxaline. Effectiveness was limited to  the series having a halogen 
in the 7-position and maximum activity was obtained with an amino group in 
position 3. Activity could not be detected when the halogen was in other posi
tions, or when other groups were substituted in the 7-position. Replacement o f  
the amino group by hydroxyl, or acylation of the amino group, gives a great 
reduction in the activity. a . h . b .

1 :3-Dioxanes, Basic, as Antispasmodics. F. F. B lic k e  and E. L. 
S c h u m a n n . ( J .  A m e r .  c h e m . S o c . ,  1954, 76, 3153.) A series of sub

stituted 1 : 3-dioxanes of type I : where R =  H and C6H 5- ; 
R ' -  -C H 2N(CH3)2,-C H 2N(CH3)3I, and C6H5 ; X =  CH 3, 
C2H 5, C6H5, H, and CH 2OH ; Y =  CH ,N(CH 3),,
-C H 2N(CH3)3I, CH.OH, C6H 5, N H 2, N (CH 3)2, 
-C H 2N(C2H5)2, -C H 2CH2N H 2 were prepared. The pharm a
cological activity is recorded against acetylcholine and 
barium chloride induced spasm of isolated rabbit jejunum 

and histamine induced spasm of isolated guinea-pig intestine. a . h . b .
X Y (I)
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3-IndoIecarboxaIdehyde Thiosemicarbazone, a New Antitubercular Compound.
L. E. W e lle r , H. M. S e ll and R. Y. G o t t s h a l l .  (J . A m e r .  c h e m . S o c . ,  1954,
76, 1959.) The synthesis of 3-indolecarboxaldehyde thiosemicarbazone is
described. It has been shown to have high bacteriostatic activity in  v i t r o  and to
suppress tuberculosis in mice after injection of virulent tubercle bacilli, a. h . b.•

Local Anaesthetics Derived from p-Cymene. B. S a m d a h l,  G . G je r s ta d  
and E. R y d s tro m . { A n n .  p h a r m .  / r a n g . ,  1954, 12, 125.) Diethylaminoacetyl- 
carvacrylamine, the p-cymene derivative analogous to lidocaine (lignocaine) 
was prepared by reaction of carvacrylamine with chloracetyl chloride and treat
ment of the product with diethylamine. The substance was anesthetic to the 
tongue and rabbit cornea, but the hydrochloride, sulphate and nitrate were too 
acid for injection. Certain organic acid salts are being investigated, and the 
possibility o f making a long-acting anesthetic solution of the base in a mixture 
of propylene and polyethylene glycols and water is being examined. Carvacryl- 
oxyethanol and chlorcarvacryloxyethanol were obtained by reaction of glycol 
monohydrin with the corresponding phenolate. The substances, analogous to 
phenoxyethanol, were not sufficiently soluble in water to show antibacterial 
properties. A feeble local anaesthetic activity was observed in phenoxyethanol, 
carvacryloxyethanol and chlorcarvacryloxyethanol. The p-aminobenzoic esters 
were prepared with the object of intensifying this property, and the products may 
be useful as local anaesthetics for use in propylene/polyethylene glycol solution.

G. B.

PH A RM A CY

NOTES AND FORMULAE
Cetrimide and Acriflavine in Ointments, Bactericidal Action of. R. F r a n k  and

G. S ta rk . { P h a r m . A c t a  H e l v e t . ,  1954, 29, 81.) The action of cetrimide and 
acriflavine was tested in a number of ointm ent bases. In water in oil emulsions 
the action of both of these compounds was poor. Oil in water emulsions (e.g., 
emulsifying ointm ent B.P.) gave much better results. The diffusion of acri
flavine from  pure soft paraffin was good, at least in fairly high concentrations. 
The best results were obtained with a glycerine ointment and with sodium 
alginate jelly. It was observed that there was no incompatibility between 
cetrimide and sodium alginate, in spite of opposite electrical charges. There is 
a marked incompatibility between acriflavine and cetrimide on the one hand 
and hydrous emulsifying ointment B.P. on the other hand. The two antiseptics 
in question have no synergistic action together. Optimum concentration of the 
antiseptics is between 1 and 1.5 per cent. G. M.

Steroids, Preparation of, in Microcrystalline Form by Freeze-Sublimation.
A. P. L e m b e rg e r , T. H ig u c h i, L. W. B usse , J. V. S w in to sk y  and D. E. 
W u rs te r .  { J . A m e r .  p h a r m .  A s s . ,  S c i .  E d . , 1954, 43, 338.) A solution of the 
steroid in chloroform or carbon tetrachloride was allowed to fall from a funnel 
into liquid air or liquid nitrogen, so that droplets were formed before they came 
into contact with the frozen liquid. The frozen solution was transferred to a 
chilled sample tube, which was then connected to a condensing vessel and vacuum 
pump. The sample tube and condenser were surrounded with liquid air and 
the apparatus evacuated. The cooling material around the sample tube was 
replaced by acetone/solid carbon dioxide mixture and sublimation allowed to 
proceed, about 24 hours being required to dry 50 ml. of the frozen solution.
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The particle size of the resulting powder was determined by making measure
ments of the specific surface area, using the low temperature nitrogen absorption 
method. The process appeared to be well suited to the production of sub- 
microscopical particles, a diameter as low as 0-25 p, being achieved under 
optimum conditions. Differences were observed with the various steroids and 
solvents employed, but generally an optimum concentration of solution could be 
found which would yield the smallest particles. Larger particles were produced 
when the temperature of the subliming sample approached the melting point of 
the solvent. The addition of ethanol, methanol or tween mixture increased 
the particle size. When caffeine or polyvinylpyrrolidone were introduced as 
protective agents, the powders were readily wetted and the steroid particles 
tended to aggregate. There was however no tendency towards aggregation with 
powders prepared with tween mixture and polyvinylpyrrolidone, and dis
persions of almost colloidal characteristics could be obtained. g . b .

W ater, Demineralisation of, by a  Single Column. J. Biichi and M. Soliva. 
{ P h a r m . A c t a  H e lv e t . ,  1954, 29, 221.) A column of 60 cm. height and 5 cm. 
diameter was layered first with 250 ml. o f cation exchange resin (Amberlite 
IR  120) upon which rested the widened end (2 cm. diameter) of a 50 cm. length 
of glass tubing of 1 cm. diameter. 500 ml. of anion exchange resin (Amberlite 
IR A  410) was then added around the tubing giving a column of resin 40 cm. in 
height. 300 ml. of 15 per cent, sodium hydroxide solution was run through the 
column which was afterwards rinsed with tap water to nearly neutral reaction. 
The cation exchange resin was then treated with 300 ml. of 10 per cent, hydro
chloric acid run in through the glass tubing. After rinsing, the two beds of 
resin were mixed by bubbling air through the column. W ater was run at the 
rate of about 12 to 151. per hour until the column was exhausted, as shown by 
the presence of chloride in the issuing fluid. F or bacteriological reasons it is 
best to  run the apparatus so that all the water required is produced in one 
operation. The quality of the product corresponds in every way to Swiss 
Pharmacopoeial requirements and the authors consider that demineralised 
water should be permitted for all preparations except eye-drops and solutions 
for injection. g . m .

PH A R M A C O G N O SY
Alkaloid Production in D a t u r a ,  Influence of Shoot and Root on. E. Steinegger. 

{ P h a r m . A c t a  H e l v e t . ,  1954, 29, 141.) The influence of root and shoot on 
alkaloidal production was followed by experiments in grafting the diploid 
D a tu r a  ta tu la  with the tetraploid D a tu r a  t a tu la  var. in e r m is . It was found that 
the 4n root produces a somewhat lower proportion of alkaloids as compared 
with the 2n root. On the other hand, a 4n shoot graft gives a considerably 
higher yield than a 2n graft. The highest alkaloidal production was obtained with 
a 4n shoot and 2n root, but calculated on a basis o f alkaloid per sq. m. of soil 
area the highest yield is given by the wholly 4n plant. The increase in the size 
of the plant in the latter case is however undesirable in practice. The composi
tion of the alkaloids was not influenced by the chromosome number. The 
results appear to indicate a  balance between two opposing factors: a  slightly 
increased production with the 2n root, and a decisive increase in the 4n shoot. 
Although it has been observed that the alkaloids are produced in the root of 
D a tu r a ,  it is now shown that the shoot can influence the production, e.g., by 
influencing the root growth. g . m .
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C i n c h o n a  s u c c i r u b r a ,  Biosynthesis of Alkaloids in. P. de M o e rlo o s e .

(.P h a r m . W e e k b l . ,  1954, 89, 541.) Plants o f C in c h o n a  s u c c ir u b r a  were grown 
under laboratory conditions in an atmosphere containing radio-active carbon 
dioxide, which after a varying time was replaced by ordinary carbon dioxide. 
The results show that the view that the alkaloids are formed in the leaf and 
transported to other parts of the plant is incorrect. Study o f the time factor 
showed that synthesis occurs both in the leaf and in the bark. The leaf produces 
mostly quinine and quinidine, while cinchonine and cinchonidine are formed 
mainly in the bark. It does not appear probable that one of the alkaloids is a 
precursor o f the others. Apparently all o f the alkaloids are derived from a 
common precursor, the syntheses being independent o f one another. Bio
synthesis in the leaves is inhibited by illumination, but not in the bark. g . m .

D i g i t a l i s  p u r p u r e a  L. and D i g i t a l i s  l u t e a  L., Carbohydrate and Chlorophyll 
Content of Leaves of, after Freeze-drying and Oven-drying. F . P . C o s g ro v e  
and E . P . G u th .  ( J .  A m e r . p h a r m .  A s s . ,  S c i .  E d . ,  1954, 43, 268.) A comparison 
was made between leaves dried at 50° C. and freeze-dried. An ethanolic extract 
was made, diluted with water and the ethanol removed on a  water bath. Phenols, 
tannins, etc., were removed with lead acetate, the excess o f which was precipitated 
with sodium carbonate. After hydrolysis with hydrochloric acid, followed by 
neutralisation, the product was analysed for sugars (as glucose) and for 
chlorophylls A  and B by the A.O.A.C. method. N o significant difference was 
found in sugar content between the freeze-dried and oven-dried leaves of
D . p u r p u r e a ,  whereas oven-dried D . lu te a  contained appreciably more sugars 
than freeze-dried. N o correlation was established between sugar content and 
total glycosides, as estimated by a colorimetric m ethod; therefore it is unlikely 
that there is a greater yield of total glycosides from oven-dried leaves. A more 
likely explanation is that the heat renders the glycosides more soluble in ethanol. 
Freeze-drying appeared to preserve more chlorophyll A, but there was little 
difference in the yield of chlorophyll B after freeze- or oven-drying. g . b.

P H A R M A C O L O G Y  AND T H E R A P E U T I C S
Adrenaline and Noradrenaline in Urine after Adrenalectomy. U. S. von

E uler, C. F ra n k sso n  and J. H ellstrom . (A c t a  p h y s io l ,  s c a n d . , 1954, 31, 1.) 
The adrenaline and noradrenaline content of the urine of patients, suffering either 
from hypertension or from cancer o f the prostate or mammary gland, was 
estimated both before and after either unilateral or bilateral adrenalectomy. 
Unilateral adrenalectomy did not significantly alter the output o f adrenaline or 
noradrenaline but after bilateral removal the adrenaline output fell considerably 
while the noradrenaline output was either m aintained or increased. These 
results indicate that most of the adrenaline excreted in the urine is derived from  
the adrenals while the noradrenaline comes from other sources, probably the 
adrenergic nerves. m. m.

IV-AHylnormorphine, Effect of, on the Antidiuretic Action of Morphine. C.
W inter, C. G affney  and L. F la tak er. ( /. P h a r m a c o l . ,  1954, 111, 360.) 
A-Allylnormorphine (nalorphine) effectively blocks the antidiuretic effect of 
morphine in rats. The drug itself has neither a diuretic nor an antidiuretic 
action nor does it antagonise the antidiuretic effect of vasopressin. It is sug
gested that m orphine stimulates the release of antidiuretic horm one from  the

1089



ABSTRACTS
posterior lobe of the pituitary gland and that nalorphine blocks this action, 
the site of action being the hypothalamus. m . m .

Autonomic Ganglia, Relation of Chemical Structure to Action on. R. W ien . 
{ A r c h .  in t .  P h a r m a c o d y n . ,  1954, 97, 395.) Spatial configuration of the molecule 
appears to play a greater part in determining the ganglionic blocking activity 
of the bisquaternary ammonium series than does the interquaternary chain 
length. In the methonium series the maximum potency (blockade of the sup
erior cervical ganglion) for chain lengths of 5 and 6 carbon atoms was obtained 
where the “onium” radical was dimethylethyl and for a chain length of 4, 
where the radical was diethylmethyl. In hexaméthonium, replacement of the 
nitrogen by sulphur, or a primary amino group for one of the quaternary 
nitrogens, or an amino group for one of the methyl groups on each nitrogen, or 
tertiary nitrogens for the quaternary nitrogens all reduced the activity on the 
superior cervical ganglion. Phenylethane p-o>-bis(trimethyl ammonium) iodide 
was 3 times more active than hexaméthonium iodide. The fact that the inter
quaternary distance was intermediate between penta- and hexa-methonium 
might be significant. Also in this compound saturation of the phenyl radical 
gave two geometric isomers, one of which was as potent as the unsaturated com
pound while the other had only one-tenth the activity. W ith the two isomers the 
interquaternary distance differed only slightly. Other polymethylene series, 
where the “onium” radicals were the nitrogens of quaternary heterocyclic 
nuclei, confirmed these results. The peak activity in a polymethylene bis(l- 
methylpyrrolidinium) series was very sharp with the pentane member, while in 
similar morpholinium and piperidinium series the peaks were comparatively 
flat. To extend these results to  parasympathetic ganglia in the cat several 
procedures were used : (i) mydriasis ; in the presence of light the sympathetically 
denervated eye is reduced to a slit. The compounds when injected dilated the 
pupil quantitatively; (ii) salivary flow on stimulation of the chorda-lingual nerves; 
(iii) vagal ganglionic-blocking activity—the fall in blood pressure being the 
response measured; (iv) the bladder-pelvic nerve preparation. Further results 
were obtained with the peristaltic reflex of the isolated guinea-pig ileum and in 
the mouse with the standard mydriasis test for atropine-like agents. There was 
good agreement of activity between the superior cervical ganglion and the 
mydriasis and salivary flow tests in cat for hexaméthonium, penta- and hexa- 
methylene pyrrolidinium, and phenylethane (bis-trialkyl) ammonium derivatives. 
F or various reasons discrepant results were obtained on the guinea-pig ileum, 
cat blood pressure, cat bladder-pelvic nerve preparation and mouse mydriasis 
test. g . p.

Cortisone Acetate v .  Cortisol in Rheumatoid Disease. H. F. W e s t and G. R. 
N ew ns. (L a n c e t , 1954, 267, 168.) Cortisol (hydrocortisone “ free alcohol”), 
the natural adrenocortical hormone, has been administered to 22 patients who 
had received cortisone acetate daily for from 1 to 3 years and had not improved. 
The patients were observed over three months. The physical ability o f 6 
patients was considerably improved, 15 showed no change and one was worse. 
The erythrocyte sedimentation rate fell on an average from 27 to 21-5 mm. 
Increased effectiveness was however paralleled by an increase in side effects— 
increased deposition o f fat, increased leucocytosis and a very definite rise in 
blood pressure. Cortisol is a more potent antirheumatic than cortisone acetate 
but because o f the increased side effects the authors do not advocate its use in 
place of cortisone acetate. g . f . s.
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Cortisone, a Chloro-derivative of, with Enhanced Activity. R. K. C a llo w , 
J. L lo y d , and D. A. L ong . (L a n c e t , 1954, 267, 20.) The biological activity 
of a new chloro derivative o f cortisone (9-a-chloro-17-a-hydroxy-corticosterone) 
has been studied in mice, rats and guinea-pigs. A dose of 50 mg./kg. injected 
intramuscularly daily for ten days killed 7 out o f 10 mice, compared with 3 out 
o f 10 with cortisone. There was a greater fall in body weight and an increase 
in kidney size. In nestling rats 9oc-chlorohydrocortisone (2-5 and 1-25 mg./kg.), 
and cortisone at the same doses, inhibited growth to a comparable degree ; but 
9a-chlorohydrocortisone was 3-4 times as active as cortisone in causing thymus 
involution, and 4-76 times as active in producing liver hypertrophy. In the 
tuberculin sensitivity test in guinea-pigs, 2 mg./kg. o f 9a-chlorohydrocortisone 
had approximately the same desensitising activity as 10 mg./kg. o f cortisone. 
In all tests therefore 9a-chlorohydrocortisone was more active than cortisone, 
and it is suggested that a  high therapeutic activity in man may be expected.

g . f . s.

Curarising Agents, Central Action of Some. R. H a z a rd , J. C h e y m o l, 
P. C h a b r ie r ,  Y. G ay  and P. M u lle r . ( T h é r a p ie , 1954, 9, 314.) Considerable 
sedative action, in addition to curariform action, was found in some members of 
a series of bisquaternary ammonium compounds with a piperazine nucleus in the 
interquaternary chain. Activity was measured directly, and by the prolongation 
o f the sedative action of hexobarbitone, in mice. There was no correlation with 
curarising and central depressant activity. The quaternary nitrogens could be 
replaced by corresponding tertiary groups, but with loss o f central depressant 
potency. On the “onium” radical, ethyl was more effective than either methyl 
or benzyl substitution. The piperazine nucleus in the interquaternary chain 
appeared essential for sedative action since a similar series where this nucleus 
was replaced by an ethylene oxide ( -0 -C H 2-C H 2- 0  ) grouping was without 
activity. G. p .

/3-Diethylaminoethyldiphenylpropylacetate Hydrochloride, Pharmacological 
Effect of. L. C o o k , J. T. T o n e r  and E. J. F e llo w s . ( /. P h a r m a c o l . ,  1954, 3, 
131.) This paper describes the effects of the com pound on the duration of hypno
sis (loss of righting reflex) induced by hexobarbitone sodium in mice and rats. 
Premedication with 25 mg./kg. i.p. enhanced a subhypnotic dose of hexobarbitone 
(50 mg./kg. i.p.) in rats, which slept for an average time of 35-2 minutes. In 
mice oral o r i.p. doses of 50 mg./kg. administered simultaneously with 100 mg./ 
kg. of hexobarbitone i.p., significantly prolonged the duration of hypnosis, 
indicating quick absorption and onset of action. The optimal premedication 
time was 40 to 60 minutes, but the duration of action was long, the compound 
being still effective after 15 to 20 hours. There was a linear relationship between 
the log. sleeping time and the log. dose. The compound had a wide margin of 
safety, 1 /500th of the oral LD50 (=  538 mg./kg.) in mice enhancing the duration 
of hexobarbital hypnosis. Normally the duration of hypnosis with hexobarbi
tone is limited because of toxic effects. Premedication with the compound 
prolonged hypnosis with very little effect on the toxicity of hexobarbitone. 
Neither kidneys nor adrenals were essential for the compound to produce its 
effects. Mice did not become tolerant but some rats did. When it was ad
ministered to rats immediately after recovery from hexobarbitone hypnosis, 
further hypnosis did not occur. Diphenylpropylacetic acid, which has been 
supposed to  be a metabolite of the compound, showed only a weak activity. 
The paper also describes other pharmacological actions of this compound.

g . f .  s.

PHARMACOLOGY AND THERAPEUTICS
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Diethyl-p-nitrophenyl Phosphate (Paraoxon), Acetylcholine Production in 

Animals Poisoned by. J. M. B a rn e s  and J. I. D u ff . ( B r i t .  J .  P h a r m a c o l ,  1954, 
9, 153.) Anaesthetised fully atropinised rabbits, cats and dogs recovered from 
a lethal dose of paraoxon (E600) if artificial respiration were administered. 
The animals were then insensitive to further injections of the same dose of the 
anticholinesterase. Concomitant determinations of the venous blood level of 
acetylcholine showed that in the cat and the rabbit this rose with each dose of 
paraoxon, but in the dog the rise was not as great and doses subsequent to the 
first had no further effect. Evisceration of the cat resulted in a slower acetyl
choline blood level rise after the anticholinesterase. Acetylcholine production 
by the isolated rat diaphragm stimulated a t a rate of 50 per second through the 
phrenic nerve for twenty minutes, was assayed on the cat blood pressure and 
found to be constant over a long period, in presence of either eserine or paraoxon. 
An explanation is advanced for this tachyphylaxis to paraoxon. g . p .

Isoniazid and p-Aminosalicylic Acid, Study of a Combination of. R. K o u r i l -  
sky , S. K o u r i ls k y  and S. M ic o u la u d . ( T h é r a p ie , 1954, 9, 273.) The 
compound formed by the interaction between p-aminosalicylic acid and isoniazid 
was well tolerated by guinea-pigs when given in doses 8 times those used in 
isoniazid therapy. Tolerance in man was good a t an oral dose level o f 10 mg.,/kg. 
Increasing the dose to 15 mg./kg. also increased the incidence of side effects, 
mainly of an intestinal nature. In experimental tuberculosis in the guinea-pig 
and in pulmonary tuberculosis in man the activity of the compound was com
parable with those of isoniazid, p-aminosalicylic acid and dihydrostreptomycin. 
Experimetally its activity was similar to that o f isonizid, but was more rapid 
and more regular with the same dose. I n  v i tr o  studies on H37Rv sensitive, 
H37Rv resistant and “D ” strains o f M y c o .  tu b e r c u lo s is  showed the drug to be 
more active and more constant in activity over period o f time than was 
isoniazid. Also, isoniazid-resistant strain “ D” organisms were not resistant 
to the compound. g . p .

Isoniazid and Weight Gain. I . S. M u d ie , N . W . H o rn e  and J . W . 
C r o f to n .  (B r i t . m e d . J ., 1954,1,1304.) In groups of patients with pulmonary 
tuberculosis treated with isoniazid a  remarkable gain in weight has been one of 
the principal effects reported. 8 healthy males, aged between 25 and 40, none 
of whom had had tuberculosis, were divided into a treatm ent group and a control 
group. The control group received capsules containing lactose and the treat
ment group capsules containing 100 mg. isoniazid twice daily. The total period 
of trial was 14 weeks, including an initial observation period of 2 weeks before 
adm inistration of any drugs and a final 2 weeks period after stopping adminis
tration. The control group received lactose for the whole 10 weeks. During 
the 10 weeks of administration the treatm ent group received isoniazid for 
8 weeks and lactose for 2 weeks. The average weekly weight gain in the 4 
subjects receiving isoniazid for 8 weeks was similar to the gain in the same group 
treated for 2 weeks with capsules containing lactose and to the gain during 
4 weeks on observation alone. The average weekly gain was less than that 
o f the group treated for 10 weeks with lactose alone. The authors conclude 
that there is no evidence from this trial to suggest that isoniazid in tuberculosis 
patients has any effect on weight gain other than that due to its effect on the 
disease. s. l . w .
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Mephenesin and Gallamine Triethiodide in Tetanus. C. M. P a rk e s . { B r i t ,  
m e d . J . ,  1954, 2,445.) The case under review deals with the treatment o f tetanus 
in a young man o f 22. In spite of the administration of 100,000 units o f tetanus 
antitoxin intravenously, soluble penicillin 500,000 units 4-hourly, and 14 ml. o f 
paraldehyde in 100 ml. o f saline rectally, painful muscle spasms began, increasing 
in frequency and severity. An intravenous infusion o f normal saline was set 
up and run in at the rate o f 1 pint in 8 hours (5000 units of heparin to each pint 
o f saline); this was kept going for 9 days. To control the spasms a 10 per cent, 
solution of mephenesin was injected into the drip tubing in doses o f 5 to 10 m l.; 
this was followed by immediate relief o f the spasm. To reduce the general 
muscular rigidity between spasms the patient was also given mephenesin elixir 
by mouth, 1 fl. oz. (1 g.) 5 times daily, and 30 ml. o f the 10 per cent, solution was 
added to each bottle o f normal saline. The dosage of mephenesin needed rose 
daily and on the 5th day hem oglobinuria occurred and the mephenesin was 
replaced by gallamine triethiodide, given in a maximum single intravenous dose 
o f 0-5 ml. (10 mg.), when immediate loss o f spasm and pain followed. With 
the diminution in the frequency and intensity of spasms and the reduction in the 
am ount o f gallamine required to control them the respiratory condition improved 
and the patient made an uneventful recovery. The author concludes that the 
absence of respiratory depression makes mephenesin a highly useful drug in the 
treatm ent o f tetanus, but it has the disadvantage that increasing dosage is 
required which may result in hem oglobinuria. Gallamine triethodide should 
be reserved for those cases which fail o r cease to respond to mephenesin since 
it carries a risk of respiratory depression. s. l . w .

Mercurial Diuresis, Observations on the Character of. R. A. D a le  and 
P. H. S a n d e rs o n . { B r i t .  J .  P h a r m a c o l . ,  1954, 9, 210.) 0-2 g, mersalyl injected 
intravenously into norm al male human subjects caused a fall in potassium 
excretion where norm al diet was being tak en ; on salt-poor diets the potassium 
excretion rate rose. W ith normal diet the mersalyl increased urinary p H ,  
but had no constant effect on inorganic phosphate excretion. There was a rise 
in ammonia excretion and a fall in bicarbonate excretion where the subjects 
were in normal acid-base balance. These results were reversed where the 
mersalyl was given after acidosis was induced by ingestion of ammonium 
chloride, although in both normal and acidotic subjects a fall in urinary p H  
occurred. In subjects made alkalotic with sodium bicarbonate, mersalyl 
diuresis was inhibited. The creatinine excretion fell transiently between 30 and 
90 minutes of the injection, but the fall was not marked. Uric acid excretion 
rose within 30 minutes of injection whereas changes in the rates of water, sodium 
and chloride excretion generally occurred only after 60 minutes. The signi
ficance of the results in relation to the sites of excretion of the urinary con
stituents and to the site o f action of mersalyl is discussed. Four points are put 
forward as worthy of further attention: the changes in potassium excretion; 
the delay in onset of diuresis; the reversal of the usual changes in ammonia and 
bicarbonate excretion in acidosis; and the abolition of diuresis in alkalosis.

G. P.

PHARMACOLOGY AND THERAPEUTICS

Nitrogen M ustard in Treatment of Systemic Lupus Erythematosus. E . L.
D u b o is . { A r c h ,  in te r n .  M e d . ,  1954, 93, 667.) 20 patients with active systemic 
lupus erythematosus on maintenance cortisone dosage were treated with mustine 
hydrochloride or triethylene melamine. The mustine hydrochloride was adminis
tered in a single dose of 20 mg. injected into the tubing of an intravenous infusion
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of 5 per cent, dextrose in water. The drug was given during the evening after 
pre-medication with OT g. of phenobarbitone and 0-1 g. of pentobarbitone 
sodium. The triethylene melamine was given in 5 mg. tablets, taken with water 
on an empty stomach an hour before breakfast. Initial courses consisted of a 
total dose of 10 to 15 mg. over a 2- to 3-day period and the interval between 
courses was not less than 2 weeks. 4 of 5 very cedematous patients with the 
nephrotic syndrome of lupus nephropathy had good results, diuresis appearing 
in 3 of the patients within 3 to 14 days after administration of the drug. 5 of 6 
relatively dry nephrotic patients had improvement in their renal and in their 
general condition. 2 patients with hypertension and nephropathy and no 
oedema were not benefited. None of 7 patients without evidence of renal damage 
were benefited. Triethylene melamine was administered by mouth to 5 patients 
in 11 courses. Agranulocytosis occurred in 1 case and fatal aplastic anaemia in 
another despite the usual precautions. No serious toxicity was noted from the 
34 courses of intravenously administered nitrogen mustard. s. l . w .

Octylamine and Compound 48/80—Comparison of Histamine Release by.
W. Feldberg and J. L. Mongar. {B rit. J . P h a rm a co l., 1954, 9, 197.) Octyl
amine is a more potent liberator of histamine from minced guinea-pig lung than 
is 48/80. The situation reverses when the two are compared by the triple 
response of human skin in vivo . To investigate the comparison further the 
activities of the two agents on isolated perfused tissues were determined. 
Throughout the range of preparations used 48/80 was in most cases much more 
active than octylamine. The ratios of potency (48/80: octylamine) on the 
preparations were:—cat skin flaps and gastrocnemius muscle, 200:1; perfused 
hind-quarters—rat 1000:1,—guinea-pig 60:1; perfused lung, 1:1 to 20:1 
depending on species. With the lung preparations large doses of the drugs 
had to be used to liberate the histamine. g . p .

Pilocarpine, as an Antagonist to the Undesired Effects of Ganglion-blocking 
Agents. J. A. Gunn and A. M. Cooke. {B rit, tried. J ., 1954, 1, 1473.) A 
hypertensive patient, under treatment first with hexamethonium and later with 
pentolinium tartrate, was treated successfully with pilocarpine to abolish the 
dryness of the mouth and eyes, constipation, difficulty with micturition and loss 
of accommodation consequent to the parasympathetic ganglionic blockade 
caused by the blocking agents. With 6-6 mg. of pilocarpine nitrate given orally, 
salivation was excessive and the dose was reduced to 5 mg. which appeared 
adequate. The side effects of the ganglionic blockade disappeared within half 
an hour of taking the pilocarpine and returned in 6 to 10 hours, depending on 
the dose.  ̂ g . p .

Serotonin, (5-Hydroxytryptamine), Species Difference in the Respiratory 
and Cardiovascular Response to. J. A. Schneider and F. F. Yonkman. 
{J . P h a rm a co l., 1954, 111, 84.) The authors have, by pharmacological and 
surgical means, attempted to localise species differences in respiratory and 
cardiovascular responses to 5-hydroxytryptamine. The study was conducted 
on dogs, cats and rabbits under barbiturate anaesthesia. Blood pressure was 
recorded by a glass membrane manometer, respiration by body plethysmog
raphy, afferent nervous activity was recorded from the intact vagus and heart 
rate by an electronic frequency recorder. In all 3 species a period of apnoea 
and bradycardia was observed after 5-hydroxytryptamine, but in the dog this 
apnoea was preceded by a short period of hyperpnoea. The blood pressure
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response in the dog was mainly pressor, preceded in some instances by a brief 
fall. In cats and rabbits only a sustained vasodepressor response was obtained. 
On the isolated perfused Langendorff heart preparations of the 3 species 5- 
hydroxytryptamine had the same action, any difference being quantitative. 
Heart rate, rate of coronary flow and amplitude of contraction were all increased. 
Activation of pulmonary stretch receptors as evidenced by afferent nerve activity 
in the vagal fibres subserving this function was demonstrable after 5-hydroxy- 
tryptamine intravenous injection in the cat and dog, but not in rabbit. The 
bradycardia and initial blood pressure fall were considered to be due to such a 
reflex mechanism, since in all 3 species these effects could be abolished by 
procaine (in a dose which had been found to abolish similar effects by the 
veratrum alkaloids), by cutting the vagi, by ganglionic blockade with pendio- 
mide, and by atropine. This reflex effect of 5-hydroxytryptamine was also 
responsible for the respiratory arrest in expiratory position in the cat; both 
bilateral vagotomy and intravenous procaine abolished the response. In the 
rabbit respiratory stimulation could be abolished only by combining spinal 
cord section at C6 and bilateral vagotomy. Neither of these measures alone 
completely eliminated the stimulation, nor did procainisation. The initial 
respiratory stimulation in the dog, however, was easily blocked by either cord 
section at C6 or bilateral vagotomy. In the dog the rise in blood pressure was 
due to a direct vasoconstriction and probably also to a direct effect on the heart. 
Regitine effectively blocks this action, but ganglionic blockade by Pendiomide 
potentiates the rise. The prolonged fall in blood pressure in rabbits produced 
by 5-hydroxytryptamine was reversed by cord section at C6, but not by ganglionic 
blockade. It would thus appear to be reflex in origin, but of a different nature 
from that seen in the cat. It was concluded that reflexes originating from the 
heart and lungs were responsible for the differences in cardiovascular and 
respiratory responses to 5-hydroxytryptamine in the species studied. A direct 
stimulation of the carotid body or of the brain is unlikely to be the cause of 
these effects. g . p .

Stanolone (Dihydrotestosterone) in the Treatment of Mammary Cancer.
A. Gellhorn, J. Holland, J. B. Herrmann, J. Moss and A. Smelin 
(/. A m e r . m ed . A s s ., 1954, 154, 1274.) This is a report on the evaluation of 
stanolone in the treatment of 26 patients with carcinoma of the breast, in all 
of whom the extent of metastatic disease was such that radiotherapy was not 
feasible. The disease had been present for 1 to 5 years in 18 of the patients, 
for more than 5 years in 4, and for less than a year in the remaining 4. The 
stanolone was given as a suspension in isotonic sodium chloride solution in a 
dose of 100 mg. intramuscularly either daily or 6 times weekly. 3 patients 
received less than 3 g. of the hormone, 3 were given more than 10 g., and the 
remainder received between 3 and 10 g. Treatment was continued for as long 
as improvement was maintained. 11 of the patients experienced subjective 
relief for periods of 14 to 183 days, and 4 of these showed objective evidence of 
temporary tumour regression; 19 of the patients died within 1 to 11 months. 
There was no indication that the therapy achieved any significant prolongation 
of life. Of the 26 patients, 24 had side-reactions which were predominantly 
those of virilisation. From the results obtained in this study the authors con
clude that stanolone has no qualitative or quantitative advantages over testo
sterone propionate in the therapy of metastatic cancer of the female breast. A 
much larger group of similarly studied cases will be required before it can be 
determined whether its therapeutic efficacy equals that of testosterone propionate.

* s. l . w.
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LETTER TO THE EDITOR
The Leucocyte Response in the Rabbit to Pyrogen from P r o t e u s  v u l g a r i s

Sir ,—In the discussion on this paper at the British Pharmaceutical Conference 
at Oxford Dr. Dare said that, of the three papers from this Department dealing 
with pyrogen and small lymphocyte percentage fall, the first had claimed that 
there was no correlation, the second that there was partial and the third complete 
correlation. Careful perusal of what Dr. Dare calls the first paper (/. P h a rm . 
P h a rm a c o l., 1952, 4, 972) will show his remarks to be misleading, because they 
betray an inaccurate interpretation of the paper, admittedly preliminary in 
nature, which dealt with only one dose level and which referred to the possibility 
of finding anomalous lack of correlation between two responses in any 
isolated rabbit and not the absence of correlation between the two responses 
(temperature and small lymphocyte percentage fall) in rabbits generally. To 
say that “partial correlation” was claimed in the second paper ( ib id ., 1954, 
6, 317) is quite wrong, since this term nowhere appears in the paper to which 
he refers. I would gladly refer him to standard texts for a description of this 
statistic even though, in my view, he used the term carelessly. In the third 
paper ( ib id ., 1954, 6, 962) a completely different index (percentage fall in the 
average number of lobes per neutrophil) was assessed and correlation found to 
exist over the range defined by the 4 dose levels. The index which was the 
subject of the previous papers (small lymphocyte percentage fall) was reinvesti
gated by a different worker (Mr. Anderson) over 4 dose levels, with the accumu
lated experience of the Department, and correlation was shown to exist. It 
was, therefore, with considerable astonishment that I heard Dr. Dare employ 
reasoning, not at all concerned with the new index presented, in criticism of 
a new suggestion presented by a young worker.
The School of Pharmacy, J. P. T o d d .

The Royal Technical College,
Glasgow, C.l.

October 11, 1954.

ABSTRACTS (Continued from page 1095.)

Thiopentone Sodium, Absorption, Excretion and Distribution of, in the Organs 
and Tissues of the Rat. L. I. G rebennik and Z. Solob’eva. (F a rm a k o lo g iya  
i T o k s ik o lo g iy a , 1954, 17, No. 1, 22.) Healthy male rats were given thiopentone 
sodium labelled with 35S in doses of 5 mg./lOO g. into the abdominal cavity, and 
the urine was examined for radio-active sulphur over the following 4 days. 
On the first day 53 per cent, of the total sulphur was excreted, and a total of 
62 per cent, after 4 cays; 30 per cent, was excreted in the oxidised form and
9-4 per cent, in the form of unchanged thiopentone or partial break-down 
products (extractable with dichlorethane at p H  4). In rats suffering from fatty 
dystrophy of the liver (induced by carbon tetrachloride), the initial rate of 
excretion was slower, but the total amount excreted in 4 days was unchanged. 
After either intravenous or intra-abdominal administration the greatest amount 
of radio-active sulphur was found in the liver; lesser quantities were found in 
the blood, lungs, heart and brain, in that order. e . h .
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