
The Journal of

H A R M A C Y

VOLUME I. No. 6 JUNE, 1949

— v,- . „ ...V’* .

L O N D O N ,  W . C . l





The Journal of

P H A R M A C Y  a n d  P H A R M A C O L O G Y
Successor to T h e  Q uarterly Jo u rn a l o f  P h arm acy an d  P h arm acology  

33,  B E D F O R D  P L A C E , L O N D O N , W .C .l .
Telephone : CHAncery 6387 

Telegrams: Pharmakon, Westcent, Londcn

E d ito r : C . H . H am pshire, M .B ., B .S ., B .Sc ., P h  C .,  F .R .I .C .

Annual Subscription 40s. Single Copies 5s.

V o l. I . N o . 6

C O N T E N T S
Review Article

Anticoagulants. By F. C. Macintosh ..

Research Papers

The Identification of Clinically-Important Slt phonamides.
By E. Hucknall and G. E. Turfitt . . . . . . . . 368

The Isolation of the Toxic Principle of (Enanthe crocata. By 
E. G. C. Clarke, D. E. Kidder and W. D. Robertson . . 377

[Continued on page ii

June, 1949

PAGE

"A

T H E  C L I N B R I T I C  

V A C C IN E  B O T T L E

PATENT No. 492200
The following description is taken 
from WAR MEMORANDUM 
No. 15. MEDICAL RESEARCH 
COUNCIL.

J

“  A  very satisfactory pattern o f  vaccine bottle , which is rapidly 
com ing in to  general use, is that described b y  B erry (1938). The 
skirted rubber vaccin e  cap w hich  closes the bottle  is protected  b y  
an outer B akelite screw cap containing an absorbent pad w hich  
can be im pregnated w ith  a 10 per cent, solution  o f  ch loroxylenol 
B .P . P rov id ed  that the pad  is kept well w etted w ith  the solution  
o f  ch loroxylen ol, the skirted rubber cap beneath it will rem ain 
always sterile, and will require no further treatm ent before 
puncturing.”

Full details and samples gladly sent on request.

I. R .  C a p  F i t t e d , .

B R I T T O N  M A L C O L M  &  C O M P A N Y  L T D
38 SO UTHW ARK BRIDGE ROAD, LO N D O N , S.E.I.
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N E O - H E P A T E X
» .

A n  e s s e n t i a l  l i n k

Neo-Hepatex is an essential link in the chain o f  
chemical reactions leading to normal erythropoiesis.

W ithin six to ten hours o f  the initial injection a remarkable 
change occurs in the megaloblastic marrow o f pernicious 
anaemia. The nuclei o f  the megaloblasts becom e smaller and 
in 32 to 72 hours the megaloblastic picture has becom e 
normoblastic.
N eo-H epatex is a non-toxic, highly fractionated, protcolysed 
extract o f  liver containing 10 microgrammes o f Vitam in Bi* 
per ml., estimated b y  a com bined m ethod o f paper chrom a
tography and m icrobiological assay, using Lactobacillus lactis 
Dorner. Each batch is controlled b y  clinical tests on hospital 
cases o f  true, uncom plicated Addisonian anaemia.

D e t a i l e d  L i t e r a t u r e  o n  r e q u e s t

A m p o u le s  o f  2 c .c .  in  £  R u b b e r -ca p p e d  bottles

b oxes o f  3 an d  2 5 . o f  10  c .c .  and 25  c .c .

M a d e  in E n g l a n d  at  T h e  E v a n s  B i o l o g i c a l  I n s t i t u t e

E V A N S  M E D I C A L  S U P P L I E S  L T D
L I V E R P O O L  A N D  L O N D O N

238-I7/D9
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EULISSIN
1 ratio Mark

S t e r i le  s o l u t i o n  o f  d é c a m é t h o n iu m  i o d i d e .  

( A  s y n t h e t i c  c u r a  r is in g  a g e n t )

T h e  curarising action o f décaméthonium 
iodide (¿/.strimethylammonium decane di-iodide, 
or CIO) was reported by Paton and Zaimis from 
the laboratories o f the National Institute for 
Medical Research, Hampstead (Nature, 1948, 
162, 810).

On the basis o f tests on laboratory animals 
it was demonstrated that this compound has a 
powerful action in blocking transmission at neuro
muscular junctions. This action spares the 
respiration and is not associated with a marked 
liberation o f histamine.

Preliminary reports o f the action o f this com
pound on human subjects, published in the Lancet, 
1949, 1, 22, indicated the clinical potentialities 
o f this synthetic neuromuscular blocking agent for 
producing muscular relaxation during anaesthesia 
or convulsive therapy.

EULISSIN is not antagonized by neostigmine but an 
antidote, when needed, is available in ANTILUSIN (penta
méthonium iodide or C 5).

PRESENTATION.
EULISSIN (décaméthonium iodide or C 10) 

is supplied in ampoules containing 5 mg. in 2'5 c.c. 
in boxes o f 6, 12 and 100 ampoules.

AL L E N &- H A N B U R Y S  LTD.  L O N D O N .  E. 2
TELEPHONE: B/SHOPSCATE 220/ (!2 UNES). TELEGRAMS- CREENBURYS. BETH. LONDON.



R E V I E W  A R T I C L E

A N T I C O A G U L A N T S

B y  F .  C .  M a c i n t o s h , P h .D .

National Institute for Medical Research, Hampstead, London

T h e  p rocesses  that u n d erly  the c lo tt in g  o f  b lo o d  are still fa r  fr o m  
a d eq u a te ly  u n d e rs to o d , in  sp ite  o f  th e  m a n y  fa cts  u n co v e re d  b y  g en era 
tio n s  o f  pa tien t in vestigators . T h e  c la ss ica l sch em e assoc ia ted  w ith  the 
n a m e  o f  M o ra w itz 1, a lth ou g h  neith er co m p le te  n o r  u n iversally  
a cce p te d , is still u se fu l as a  su m m ary  o f  th e  m a in  events. A c c o r d in g  
to  th is s ch em e , the p la sm a  co n ta in s  th ree essentia l in gred ien ts o f  the 
co m p le te  c lo tt in g  sy s te m : th ese  are  io n is e d  ca lc iu m  a n d  th e  p rote in s  
p ro th ro m b in  a n d  fib rin og en . T h e  a d d it io n  o f  a fou rth  ingred ien t, 
th ro m b o k in a se  (o r  b e tte r  th ro m b o p la s tin , s ince  its e n z y m ic  nature is  still 
in  d o u b t )  c o m p le te s  the system , a n d  in itiates c lo tt in g . T h ro m b o p la s t in  
is presen t in  th e tissues gen era lly  an d  a lso  in  the b lo o d  p latelets. W h en  
b lo o d  m a k es  c o n ta c t  w ith  tissue flu id , o r  the p la telets are  in ju red  b y  
c o n ta c t  w ith  a h y d r o p h ilic  su rface , p ro th ro m b in  reacts w ith  th r o m b o 
p la stin  a n d  w ith  c a lc iu m  ion s  to  fo r m  an  en zym e, th rom b in  : th is is the 
first stage o f  c lo ttin g . I n  the se co n d  stage o f  c lo tt in g  th rom b in  acts u p on  
fib r in og en , ch a n g in g  it in to  the in so lu b le  p ro te in  fibrin , w h o se  threads 
con stitu te  the m a tr ix  o f  the c lot. O r  in  su m m ary  :

. T h ro m b o p la st in , C a  ion s  „
P r o th ro m b in ---------------------------  -» T h r o m b in ;

. T h ro m b in  . 
r ib r m o g e n —  -----------»-Fibrin.

A n y  su b sta n ce , o r  treatm en t, w h ich  re m o v e s  o r  in activates an y  o f  the 
fiv e  c lo tt in g  fa c to r s  w ill p reven t co a g u la tio n . A n tico a g u la n ts  m igh t 
th ere fo re  b e  d iv id e d  in to  fiv e  g ro u p s , a c c o rd in g  to  the fa c to r  in terfered  
w ith : su ch  a c la ss ifica tion , h o w e v e r , w o u ld  n o t  b e  a v ery  u se fu l o n e , 
s in ce  so m e  im p o rta n t a n ticoa gu la n ts  a ffect m o r e  than  o n e  c o m p o n e n t  o f  
th e system , an d  since a single c o m p o n e n t  m a y  b e  a tta ck ed  b y  a n t ico a g u 
lants d iffer in g  co m p le te ly  in  th eir  m o d e  o f  a ction . In  a d d it io n , it m u st 
b e  em p h a sised  that the M o ra w itz  sch em e  is o v ers im p lified . T h u s , at 
least o n e  fu rth er p la sm a  p ro te in 2’3’4 is in v o lv e d  in th e  co n v e rs io n  o f  
p ro th ro m b in  to  th ro m b in ; an d  p r o th ro m b in  itse lf has b e e n  reg a rd ed  as 
a c o m p le x  o f  tw o  eas ily  sep a ra b le  fa c to r s 5’6’7. T h e  v e lo c ity  o f  b o th  
stages o f  c lo tt in g  is re la ted  to  the nature a n d  co n ce n tra tio n  o f  the e le c tr o 
ly tes presen t, an d  th at o f  the se co n d  stage is red u ce d  b y  a n tith rom b in , o f  
w h ich  traces are  a lw a ys presen t in  p la sm a  an d  fu rther a m ou n ts  are  set 
free  d u rin g  c lo tt in g . F in a lly , th e re la tion  o f  the p la sm a  p rotea ses  an d  
their in h ib itors  to  c lo tt in g  is still p o o r ly  d e fin ed . N o  fu rth er m en tion  
w ill b e  m a d e  o f  these fa c to rs , an d  th e  a c t io n  o f  a n ticoa gu la n t su bstances 
w ill b e  d iscu ssed  in  term s o f  the M o ra w itz  sch em e a lon e .
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F. C. MACINTOSH

M o d e s  o f  A c t i o n  o f  A n t i c o a g u l a n t s

A  list o f  the p o s s ib le  m ech a n ism s o f  an ticoa g u la n t a c t io n  is g iven  
b e lo w , w ith  a  n u m b er  o f  the m o s t  im p orta n t su bstan ces e x h ib itin g  ea ch  
ty p e  o f  activ ity .

P reven tio n  o f  p latelet disintegration : h y d r o p h o b ic  su rfaces (para ffin , 
a m b er , p ersp ex , c o l lo d io n , s ilicon e , e tc .) ; m o s t  an ticoagu lants.

R e m o v a l o f  calcium  ions: ox a la tes , flu orid es , c itrates, soa p s  o f  a lk a li 
m etals , io n -e x ch a n g e  resins.

Interferen ce w ith p roth rom bin  fo rm ation : d ic o u m a r o l, sa licylates.
In h ib itio n  o f  the co n versio n  o f  pro th rom bin  to th rom bin : h ep arin , 

o th er  su lp h u ric  a c id  esters, salts o f  the rare earth  m etals , o rg a n ic  bases , 
red u c in g  agents, trypsin  in h ib itors .

In h ib itio n  o f  the action o f throm bin  on fibrin og en : h ep arin , o th er  
su lp h u ric  a c id  esters, red u cin g  agen ts (cyste in e , g lu ta th ion e , b isu lp h ite , 
e tc .), ‘  lip id  in h ib ito rs  o rg a n ic  ba ses , try p sin  in h ib itors .

In activatio n  o f  fibrin og en : fib rin o ly s in , p rota m in es.
R ele a s e  o f  heparin  fro m  the tissues: p e p to n e , antigens (in  sensitised  

an im als), ra d io a ct iv e  su bstances, n itrogen  m u stard s, d ia m in es , d ia m id in es , 
etc.

T h e  fo llo w in g  d iscu ss ion  w ill b e  co n c e rn e d  c h ie fly  w ith  th ose  su b 
stan ces th at are n o w  u sed  w ith  the p r im a ry  a im  o f  in h ib itin g  co a g u la tio n  
in vitro  o r  in  v ivo . O n ly  b r ie f  m en tion  w ill b e  m a d e  o f  su bstances 
fo r m e r ly  so  u sed , b u t n o w  d is ca rd e d  in  fa v o u r  o f  m o r e  active  o r  less to x ic  
m ateria ls , a n d  o f  su bstan ces w h o s e  an ticoa g u la n t a c t io n  is im p orta n t 
o n ly  as a s id e -e ffe ct  o f  th eir  th erap eu tic  e m p loy m en t.

S u b s t a n c e s  P r e v e n t i n g  t h e  D i s i n t e g r a t i o n  o f  t h e  P l a t e l e t s

I t  is d ifficu lt  to  w ith d ra w  b lo o d  f r o m  a  v e in  o r  artery  w ith o u t c o n 
ta m in atin g  it w ith  tissue flu id , b u t w ith  g o o d  te ch n iq u e  (c lea n  p u nctu re, 
a v o id a n c e  o f  stasis, d is ca rd in g  o f  the first p o r t io n  o f  efflu ent b lo o d )  the 
c o n ta m in a tio n  m a y  b e  k e p t  sm all. T h e  sp eed  o f  c lo tt in g  th en  d ep en d s , 
o th e r  fa c to r s  b e in g  eq u a l, o n  the ra te  o f  p la te let d is in teg ra tion , a n d  this 
in  turn  d e p e n d s  o n  th e  su rface  w ith  w h ich  the b lo o d  is  in  co n ta ct. 
C lo ttin g  is p r o m o te d  b y  in creasin g  the area  o f  c o n ta c t ; the large co n ta c t  
area  is th e  m a in  fa c to r  in  the haem ostatic e ffic ien cy  o f  g a u ze  a n d  o f  its 
a b so rb a b le  substitutes su ch  as fib rin  fo a m  a n d  gelatin  fo a m . T h e  
ch e m ica l nature o f  th e  su rfa ce  is eq u a lly  im p orta n t. C lo ttin g  is s low er  
in a P y re x  g lass vesse l th an  in  a  sod a -g la ss  vessel, a n d  still s low er  in  a 
v esse l lin ed  w ith  a w ater-rep e lla n t su bsta n ce  su ch  as para ffin , a m b er , 
c o l lo d io n  o r  an y  o f  a variety  o f  p la stics . T h e  b es t o f  a ll su rfaces f o r  
th e  d e la y  o f  p la te let lysis is p r o v id e d  b y  the s ilicon e  film  fo r m e d  b y  the 
h y d ro ly s is  o f  d im e th y ld ich lo ro s ila n e 8. B lo o d  tak en  w ith  s ilic o n e -co a te d  
syringes a n d  n eed les, a n d  k ep t in  s ilic o n e -c o a te d  vessels, m a y  rem ain  
flu id  fo r  severa l h ou rs . T h e  s ilicon e  te ch n iq u e  sh ou ld  fa cilita te  th e study  
in vitro, o r  in  p e r fu s io n  ex p erim en ts  o f  p h e n o m e n a  d e p e n d in g  o n  th e 
p resen ce  o f  n o rm a lly  rea ctiv e  p la te le ts : f o r  e x a m p le , th e  liv er  o f  a 
sensitised  d o g  m a y  b e  p erfu se d  w ith  n o rm a l w h o le  b lo o d ,  a n d  c a n  th en  
re sp o n d  w ith  a m a x im u m  a n a p h y la ctic  r e a c tio n  w h en  the sp ecific  an tigen
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is a d d e d  to  th e p e r fu s io n  stream , an  e ffe ct  n o t  o b ta in e d  w hen  h ep arin ised  
o r  d e fib rin a ted  b lo o d  is u sed  fo r  the p erfu s ion ".

T h e  m e ch a n ism  o f  p la te let lysis b y  c o n ta c t  w ith  fo re ig n  su rfaces is 
little u n d e rs to o d  : there is so m e  e v id e n ce 10 that a p la sm a  fa c to r  tak es a n  
a ctive  part. A n tico a g u la n ts  g en era lly , an d  n o ta b ly  h ep arin , d e la y  the 
lysis , p erh a p s th rou g h  an  a c tio n  o n  th e p la sm a  fa c to r  rather th an  d irectly  
o n  the p la telets th em selves. In  v ivo , p la telets agg lu tin ate  o n  a d a m a g e d  
area o f  e n d o th e liu m ; i.e. they  stick  to  o n e  a n oth er  as w e ll as to  the in ju red  
b lo o d  v esse l w all, fo r m in g  a “  w h ite  th rom b u s  ”  o r  “  p la te let c lo t .”  W h en  
the c lu m p e d  p la telets lyse , fib rin  is fo r m e d  lo c a lly ; in  a d d itio n , the 
c lu m p in g  is itse lf in  som e  w a y  fa v o u re d  b y  the p rocesses  g iv in g  rise to  
the fib rin  c lo t . W r ig h t11, a p p ly in g  a  s im p le  qu an tita tive  test fo r  the 
m ea su rem en t o f  p la te let “  stick in ess,”  fo u n d  that this w as r e d u ce d  in 
an im als treated  w ith  an ticoa g u la n t drugs, in clu d in g  d ic o u m a r o l12, w h ich  
has n o  im p o rta n t d ire c t  e ffe ct  o n  an y  c o m p o n e n t  o f  the c lo tt in g  system , 
b u t ow es  its a ctiv ity  en tire ly  to  its ab ility  to  p reven t p ro th ro m b in  fo r m a 
tion . A  p la te le t th rom b u s  m a y  fo r m  w ith in  a vesse l ev en  w h en  fib rin  
fo r m a t io n  is c o m p le te ly  in h ib ited , as fo r  in stan ce  b y  the a d m in istra tion  
o f  h ep a rin ; if the d ose  o f  h ep a rin  is p u sh ed  still h igher, p la te let ag g lu tin a 
tion  is s to p p e d  to o . T h e  e ffe ct  o f  h ep arin  o n  p la telet agg lu tin ation  
beg in s  later an d  lasts lo n g e r  th an  that o n  the c lo tt in g  tim e 13. T h ese  
ob se rv a t io n s  are a m o n g  m a n y  w h ich  em p h a sise  the d is so c ia b ility  o f  
p la te le t agg lu tin ation  an d  c lo tt in g  in  the o rd in a ry  sen se ; y e t the tw o  
p rocesses  are  fa v o u re d  o r  p rev en ted  b y  v a r iou s  c o m m o n  in flu ences, a n d  
th eir  in terre la tion sh ip s are h ard  to  d isen tan g le , e x ce p t  f o r  the o b v io u s  
fa c t  th at the p la te le t th ro m b u s  is a  r ich  p o ten tia l s o u rce  o f  t h r o m b o 
p lastin , a n d  to  that ex ten t a lik e ly  site o f  fib rin  fo rm a tio n . F u rth er study  
is n e e d e d  o f  the p la sm a  fa c to rs  a ffectin g  p la te let ad h esiven ess a n d  
frag ility . T h e  o b s e rv a t io n  o f  W r ig h t14 that the p la telets b e c o m e  m o r e  
s tick y  a fter su rg ica l op e ra t io n s  m a y  p erh a p s b e  related  to  th e fin d in g  b y  
M a c fa r la n e  a n d  B ig g s15 o f  in crea sed  fib r in o ly tic  a ctiv ity  a t this t im e , as 
w ell as to  the grea tly  in creased  risk  o f  in travascu lar  c lo t  fo rm a tio n .

D ecalcifying A nticoagulants

I t  h as b e e n  k n o w n  fo r  o v e r  fifty  years that ca lc iu m  p récip ita n ts lik e  
ox a la tes , flu or id es  a n d  the soa p s o f  a lk a li m eta ls  c a n  in h ib it  th e  c lo tt in g  
o f  sh ed  b lo o d ,  a n d  that th e in h ib it ion  c a n  b e  re m o v e d  b y  a d d in g  an  e x cess  
o f  s o lu b le  c a lc iu m  salt. C itrates a c t  sim ilarly , b u t w ith ou t precip ita tin g  
ca lc iu m , w h ich  b e c o m e s  b o u n d  as p art o f  a c o m p le x  a n io n 16. T h e  c h e a p 
ness a n d  lo w  to x ic ity  o f  c itrate  h ave  m a d e  it the an ticoa g u la n t o f  c h o ic e  
in b l o o d  tran sfu sion . T h e  in je c ted  c itra te  is so  g rea tly  d ilu ted  b y  th e  b o d y  
flu id s that it h as n o  an ticoa g u la n t a c t io n  in v ivo  ; th e c lo tt in g  tim e m a y  
e v e n  b e  sh orten ed  so m e w h a t17. W h e n  v ery  la rge  v o lu m e s  o f  b l o o d  o r  
p la sm a  h a v e  to  b e  tran sfu sed  w ith in  a  sh ort tim e, th e to x ic ity  o f  c itrate 
m a y  b e c o m e  sign ifican t.18

T h e  p re v e n tio n  o f  c lo tt in g  in  b l o o d  trea ted  w ith  io n -e x ch a n g e  resins, 
th rou g h  rep la cem en t o f  the p la sm a  C a  b y  N a , has recen tly  been  
d e s cr ib e d 19.
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Substances Interfering with Prothrombin Formation

I t  h as lo n g  b e e n  b e lie v e d  th at p r o th ro m b in  is m a n u fa ctu red  b y  the 
liver , a n d  th is b e lie f  h as b e e n  fu lly  su bstantia ted  b y  re cen t in vestigation s. 
W h e n  the liv er  is ex tirp a ted  o r  severe ly  d a m a g e d  (e.g. b y  c a r b o n  tetra 
c h lo r id e ) the p la sm a  p ro th ro m b in  fa lls  w ith in  a fe w  d a y s  to  a  n eg lig ib ly  
lo w  level. L e ss  ex ten siv e  liv er  in ju ry  p ro d u ce s  a sm aller, b u t still read ily  
d etecta b le , r e d u c tio n  in  p la sm a  p ro th ro m b in . T h e  fo r m a t io n  o f  
p r o th ro m b in  ca n , h o w e v e r , b e  d ep ressed  w ith ou t n o tice a b ly  in terfering  
w ith  the o th er  fu n ctio n s  o f  the liver. T h e  su bsta n ce  w h ich  m o s t  c lea r ly  
acts in th is w a y  is d ic o u m a r o l.

D icou m aro l. T h e  ob se rv a t io n s  o f  S ch o fie ld 20 a n d  R o d e r ic k 21 sh ow ed  
th at the h aem orrhagic c o n d it io n  o f  ca tt le  fe d  o n  sp o ile d  sw eet-c lov er  
h a y  w a s d u e  to  the in gestion  o f  a  w a te r -so lu b le  t o x ic  p r in cip le , an d  m a d e  
it p r o b a b le  th at p r o th ro m b in  w a s the p o in t  o f  attack . T h e  rem a rk a b le  
w o r k  o f  L in k  a n d  h is  co lle a g u e s22’23’24 led  to  the id e n tifica tio n  o f  the 
h aem orrhagic agen t as 3 ,3 ,-m ethy len e-h is ’-h y d r o x y c o u m a r in , n o w  
k n o w n  as d ic o u m a r o l.
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Dicoumarol 2-methyl-l :4-naphthoquinone
(Menaphthone)

T h e re  is n o  d o u b t  that th e w h o le  o f  the an ticoa g u la n t a c t io n  o f  d ic o u 
m a ro l is  d u e  to  its in ter feren ce  w ith  p r o th ro m b in  sy n th e s is : it  h a s  p r a c 
t ica lly  n o  e ffe ct  o n  c lo tt in g  in  vitro. T h e  stru ctura l sim ilarity  o f  the 
d ic o u m a r o l h a lf-m o le cu le  to  the c o m p o u n d s  o f  th e v itam in  K  g ro u p  
(m e n a p h th o n e  is a  syn th etic  v ita m in -K  a n a lo g u e : the natural v itam in s 
h a v e  b ra n ch e d  unsatu rated  a lk y l ch a in s  in stead  o f  m eth y l in  the 
2 -p o s it io n ) early  su ggested  that d ic o u m a r o l a c te d  as a n  a n ta gon ist t o  the 
v itam in . A lth o u g h  the first a ttem p ts to  c o u n te ra c t  the a c t io n  o f  
d ic o u m a r o l b y  treatm en t w ith  m en a p h th o n e  w ere u n su ccessfu l, it is  n o w  
c le a r  th at the tw o  c o m p o u n d s  a c t  a n ta gon istica lly  o v e r  a  certa in  r a n g e : 
th e  v itam in  m u st, h o w e v e r , b e  g iv en  in  d o s e s  fa r  e x ce e d in g  th e  usual 
th erap eu tic  o n e s . A s c o r b ic  a c id  p oten tia tes  the a n t i-d ic o u m a r o l e ffe ct  o f  
m en a p h th on e , an d  it has b e e n  su ggested 25 that the b le e d in g  ten d en cy  
ch a ra cteris tic  o f  c h r o n ic  d ic o u m a r o l p o is o n in g  m a y  b e  d u e  in  p a rt to  
a  d is tu rb ed  v ita m in  C  m e ta b o lism . F u rth er e v id e n ce  o f  th e  re la tion  
o f  d ic o u m a r o l to  v ita m in  K  c o m e s  fr o m  the ob se rv a t io n s  o f  M e u n ie r  a n d  
h is  c o lle a g u e s26’27, w h o  h a v e  d e scr ib e d  co u m a rin  d eriva tives w ith  v itam in  
K  activ ity  as w e ll as n a p h th o q u in o n e s  a ctin g  lik e  d ico u m a ro l. T h e  v ie w  
th at d ic o u m a r o l a c ts  b y  b lo ck in g  the v itam in  is n o w  g en era lly  a c ce p te d ,
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b u t its m o d e  o f  a c t io n  c a n n o t  b e  fu rth er an a lysed , since the ro le  o f  the 
v ita m in  itse lf in  p ro th ro m b in  fo r m a t io n  is u n k n ow n .

D ic o u m a r o l  is a  w ea k  a c id , n early  in so lu b le  in  w ater  b u t fo rm in g  w ater- 
s o lu b le  salts. U n lik e  m o s t  o th er  a n ticoa gu la n ts , it is a c tiv e  b y  m ou th . 
T h e  c lo tt in g  tim e as o rd in a rily  m ea su red  d o e s  n o t  p r o v id e  a  sa tis fa cto ry  
in d e x  o f  the e ffectiven ess o f  d ic o u m a r o l, a n d  so m e  fo r m  o f  p r o th ro m b in 
tim e test is  u n iversa lly  u sed  in  b o th  ex p erim en ta l an d  c lin ica l w o rk  to  
g a u g e  th e e ffectiven ess o f  the drug. T h e  a c tio n  o n  p ro th ro m b in -t im e  is 
a  d e la y e d  o n e , s in ce  tim e m u st b e  a l lo w e d  fo r  the ex isting  p ro th ro m b in  
to  d is a p p e a r : the m a x im u m  p r o lo n g a t io n  is seen  in  2 to  4  d a y s  a fter 
the a d m in istra tion  o f  a  single d o s e . A  rath er lon g er  tim e is req u ired  fo r  
the resto ra tion  o f  p r o th ro m b in  a fter  the e ffe ct  has beg u n  to  w ear o ff. In  
the p re se n ce  o f  liv er  in ju ry  the e ffe ct  o f  th e d ru g  is e n h a n ced  b o th  in 
d eg ree  a n d  in  d u ra tio n ; the sam e is  true w h en  the k id n e y  is d a m a g ed . 
T h e re  is n o  d o u b t  that th e resp on se  to  d ic o u m a r o l varies co n s id e ra b ly  
fr o m  su b je ct  t o  s u b je c t : the e ffe ct  o f  a n  ex ce ss iv e  red u ction  o f  p r o th r o m 
b in  c a n  b e  co u n te ra c te d  b y  the ad m in istra tion  o f  a v ita m in  K  p rep a ra tion , 
o r  (s in ce  sy m p to m s  d o  n o t o c c u r  u n less the p la sm a  p ro th ro m b in  is 
d e p le te d  to  a  sm all fr a c t io n  o f  the n o rm a l v a lu e ) b y  th e tran sfu sion  o f  
n o rm a l b lo o d  o r  p lasm a.

T h e  to x ic ity  o f  d ic o u m a r o l f o r  b o th  an im als a n d  m a n  is re la ted  a lm ost 
en tirely  to  its a n ticoa gu la n t a c t io n , a n d  d ea th  w h en  it o c cu rs  is d u e  to  
haem orrhage. M o r p h o lo g ic a l  ch a n g es  in  the liver, w h en  seen  at all, are 
u su a lly  se co n d a ry  to  lo c a l h aem orrhage, a n d  m o s t  liver  fu n c tio n  tests 
revea l n o  im p a irm en t o f  the org a n . T h e  p la sm a  fib r in o g e n  lev e l is, 
h o w e v e r , som ew h a t ra ised  b y  m o d e ra te  d o s e s  o f  d ic o u m a r o l, a n d  re d u ce d  
b y  la rg e  d o s e s 28: s im ilar e ffects  are p r o d u c e d  b y  v a r iou s agents t o x ic  to  
the liver , a n d  it m a y  b e  that the a b n o rm a lity  in  this o rg a n  is n o t  strictly  
c o n fin e d  to  the p r o th ro m b in -fo rm in g  system . P la sm a  fib rin og en  levels  
a re , h o w e v e r , d is tin ctly  la b ile , a n d  th e d eg ree  o f  g en era l h e p a t ic  in ju ry  
p r o d u c e d  b y  d ic o u m a r o l is at m o s t  an  ex tre m e ly  slight on e .

Salicylates. L in k 24 h as su ggested  that th e  a c t io n  o f  d ic o u m a r o l m a y  
b e  an  in d irect o n e : its b r e a k d o w n  w ith in  the b o d y  m a y  lib era te  sa licy l
ates, a n d  these m a y  b e  resp on sib le  fo r  in h ib itin g  the fo r m a t io n  o f  p r o 
th rom b in . W h ile  th ere  is n o t  yet en o u g h  e v id e n ce  to  p r o v e  o r  d isp ro v e  
th is id ea , the d e le te riou s  a c t io n  o f  sa licy la tes o n  p r o th ro m b in  fo rm a tio n  
has b e e n  a m p ly  co n firm e d  in b o th  h u m a n  an d  an im al studies.

Substances Inhibiting the Conversion of Prothrombin to 
T hrombin and/ or the A ction of T hrombin

I t  m ig h t b e  th ou g h t co n v e n ie n t to  co n s id e r  in  separate  section s  the su b 
stan ces o p p o s in g  th e fo r m a t io n  o f  th ro m b in , an d  the su bstan ces im p ed in g  
its a ction . In  p ra c tice  th is is d ifficu lt. H ep a rin , the m o s t  im p orta n t o f  
a ll, acts o n  b o th  stages o f  c lo tt in g ; an d  the sam e is rue o f  som e , at 
least, o f  th e an ticoa g u la n ts  w h ich  resem b le  it in  b e in g  su lp h u ric  a c id  
esters o f  h igh  m o le cu la r  w eigh t. E v e n  in  the ca se  o f  h ep a rin  it is very  
h a rd  to  assess the rela tive  co n tr ib u t io n  m a d e  b y  its a n tip ro th ro m b in  a n d  
a n tith rom b in  activ ities t o  its ov era ll e ffe ct  on  c lo tt in g  system s con ta in in g
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w h o le  b lo o d ;  a n d  the sam e statem ent a p p lies  w ith  greater fo r c e  to  the 
rela ted  an ticoa gu la n ts , n on e  o f  w h ich  has been  investigated  in  su ch  deta il 
a s  h ep arin . A n tip ro th r o m b in  activ ity , in turn, m igh t b e  d u e  to  in a cti
v a tion  o f  e ith er th ro m b o p la s tin  o r  p r o th ro m b in  itself. In  p ra ctice , the 
a m o u n t o f  an ticoa g u la n t req u ired  to  p reven t th ro m b in  fo r m a t io n  g oes  
u p  if  th e  c lo tt in g  system  is e n r ich e d  in  e ither th ro m b o p la s tin  o r  
p ro th ro m b in . T h is , h o w e v e r , w o u ld  b e  e x p e cte d  o n  the basis  o f  any 
th e o ry  p ostu la tin g  a reversib le  c o m b in a t io n  b e tw e e n  either o f  the c lo tt in g  
fa c to r s  an d  th e in h ib itor. It is lik e ly  that b o th  p r o th ro m b in  and  t h r o m b o 
p lastin  m a y  c o m b in e  w ith  the an ticoa g u la n t a n d  lo se  a ctiv ity  o n  so  d o in g ; 
b u t until the fa c to rs  co n c e rn e d  in  th ro m b in  fo rm a t io n  can  all b e  iso la ted  
a n d  stud ied  b y  a d e q u a te  p h y s io -c h e m ica l m e th o d s , the re la tive  im p o r t 
a n ce  o f  th e v a r io u s  p o ss ib le  re a ctio n s  ca n  on ly  b e  guessed  at.

M o s t  o f  th e  a n ticoa gu la n ts  listed  as p ossess in g  a n tip ro th rom b in  o r  an ti
th rom b in  a ctiv ity  h a v e  la rge  m o le cu le s , o r  c a n  fo r m  m o r e  o r  less stab le 
c o m p le x e s  w ith  p ro te in  con stitu en ts  o f  the p la sm a . T h e y  thus rem a in  in 
the b lo o d  f o r  so m e  tim e a fter  in je c tio n , a n d  th eir  a n ticoa g u la n t a c t io n , 
u n like th at o f  the d e ca lc ify in g  an ion s , is d em on stra b le  in  v iv o  as w ell as 
in  vitro. M a n y  o f  them  are  c o m p o u n d s  co n ta in in g  su lp h u ric  a c id  in 
ester lin k age . O f  these h ep arin  h as re ce iv e d  b y  fa r  the m o s t  a tten tion , 
b o th  b eca u se  it is a  n atu ral con stitu en t o f  the b o d y  a n d  m a y  b e  c o n ce rn e d  
in  m a in ta in in g  the n o rm a l flu id ity  o f  the b lo o d , an d  b eca u se  its to x ic ity  
is lo w  en o u g h  to  p erm it its p ro lo n g e d  ad m in istra tion  to  patients in d anger 
fr o m  in travascu la r  th ro m b o s is .

H ep arin . T h e  m o n o g ra p h  b y  J o rp e s32 is a recen t an d  co m p re h e n s iv e  
treatise on  the ch em istry , p h y s io lo g ic a l a c tion  an d  c lin ica l a p p lica t io n s  o f  
th e su bstan ce . E a rlier  su m m aries b y  B est33’34 an d  W ila n d e r33, b o th  
o f  w h o m  h av e  m a d e  im p orta n t co n tr ib u t io n s  in this fie ld , are still w ell 
w orth  con su ltin g .

H istory  a n d  chem istry o f  heparin . H e p a rin  w as d is co v e re d  by  
M c L e a n 36 in  1916 du rin g  an  in vestig a tion , u nder H o w e ll ’ s d ire c tion , o f  the 
th ro m b o p la s tic  a c t io n  o f  p h o sp h a tid e  p rep a ra tion s  fr o m  liver  a n d  heart. 
D u rin g  the n e x t ten  years H o w e ll  an d  h is  co lle a g u e s  stud ied  it in tensively  
a n d  sh o w e d  that it w as n ot, as h a d  b e e n  th ou g h t at first, a  l ip o id ; their 
b est p rep a ra tion s  co n ta in e d  u ro n ic  a c id s  an d  h a d  a h igh  ash con ten t. In 
the fu rther p u rifica tion  o f  h ep arin  an d  in  the e lu c id a t io n  o f  its ch e m ica l 
nature, the m a jo r  p a rt w as p la y e d  b y  C h arles a n d  S co tt  in T o r o n t o  an d  
b y  J orp es  an d  h is  c o -w o r k e r s  in  S to ck h o lm . T h e  C a n a d ia n  w o rk e rs37 
d e v ise d  an  a lk a lin e  ex tra ction  te ch n iq u e  w h ich  g a v e  an im p ro v e d  y ie ld  
o f  a p u rer  p ro d u c t , and  th ey  sh o w e d  th at m a n y  m a m m alia n  tissues 
co n ta in e d  h ep arin , o x  lu ng  b e in g  a p a rticu la rly  r ich  sou rce . T h e  Sw edish  
in vestiga tors 38,39 co n firm e d  the p resen ce  o f  a u ro n ic  a c id  in the p u rified  
m a teria l, a n d  id en tified  g lu co sa m in e  a n d  ester su lphate as fu rth er  c o n 
stituents ; the rem a rk a b ly  h igh  co n te n t o f  su lp h ate  e x p la in e d  the la rge  
p r o p o r t io n  o f  ash  in H o w e ll ’ s m ateria l. J orp es  an d  B e rg s tro m 39 c o n 
c lu d e d  that h ep a rin  is a m u co it in  p o ly su lp h u ric  a c id , and  th is v iew  has 
b e e n  susta ined  b y  su bsequ en t in vestigation .

A b o u t  the sam e tim e C h a rles  an d  S co tt40, w h o  h a d  b e e n  co n tin u in g
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their p u rifica tion  studies, r ep orted  the is o la tion  o f  a crysta llin e  barium  
salt o f  h eparin  h av in g  a con sta n t c o m p o s it io n . T h e re  has b een  a g o o d  
d ea l o f  c o n tro v e rs y  a b o u t the sign ifican ce  o f  this m aterial. Its iso la tion  
h as b e e n  rep eated  an d  th e fo rm u la  C 2 eH 4 4 0 .5 8N 2 S 5 has been  su ggested41-42 
fo r  the co rr e sp o n d in g  h ep arin  a c id , bu t J o rp e s32 regards the b a riu m  
salt as a m ixtu re  o f  c o m p o u n d s  v ary in g  in th eir  d egree  o f  esterifica tion . 
T h e re  is little d o u b t  that the ba riu m  salt o f  C h arles an d  S cott w as 
rea lly  cry sta llin e  an d  that the cry sta llisa tion  p ro ce d u re  is a v a lu a b le  
m e th o d  o f  p u rifica tion . T h e  h ep arin  m o le cu le  is , h o w e v e r , su ch  a la rge  
o n e  (th e  m o le cu la r  w e igh t o f  the ba riu m  salt is 3462  a c c o rd in g  to  the 
fo r m u la  o f  C h arles  a n d  T o d d  an d  the c o m p o u n d  m a y  be a p o ly m e r ) that 
crysta llin ity  a lo n e  is an insu fficien t gu arantee o f  purity . T h ere  is, in d eed , 
a g o o d  d e a l o f  e v id e n ce  that the cry sta llised  p rep a ra tion  d o e s  n o t  n e ces - 
sarily  rep resen t a ch e m ica l in d iv id u a l; sa m p les o f  it vary  a p p re c ia b ly  in 
c o m p o s it io n 32 a n d  h ave  been  sep ara ted  in to  fra ction s  o f  unequa l 
p o te n c y 43; the p o te n cy  m a y  g o  d o w n  w ith  rep eated  recrysta llisa tion 44; 
and  the ba riu m  salts o b ta in ed  fro m  d ifferen t m a m m alia n  sp ecies  are o f  
qu ite  d iv ergen t p o te n c y , a lth ou g h  s im ilar in e lem en tary  c o m p o s it io n , 
crysta llin e  fo r m , an d  ch e m ica l b e h a v io u r45. It is h ard  to  say w hether 
h ep arin  in its n atu ral state o u g h t to  b e  reg a rd ed  as a c h e m ica l in d iv id u a l, 
d ifficu lt to  o b ta in  in  strictly  u n m o d ifie d  c o n d it io n , o r  w h eth er a fam ily  
o f  c lo s e ly  re la ted  h ep arin s  ex ists  in the t is su e s : th e latter is p erh a p s the 
m o r e  lik e ly  a lternative, if o n ly  b eca u se  so  c o m p le x  a su bsta n ce  is 
p r o b a b ly  n o t  syn th esised  in a sing le  step . N ev erth eless, it  seem s 
p r o b a b le  th at the b es t p rep a ra tion s  o b ta in e d  b y  the C a n a d ia n  a n d  the 
S w edish  w ork ers , a n d  b y  o th ers, represen t a n ear a p p ro a ch  to  the m ost 
p o ten t h ep arin  ob ta in a b le , at an y  rate fr o m  b o v in e  tissue.

T h e  standardisation  o f  h eparin . T h e  d ifficu lty  o f  o b ta in in g  heparin  
o f  u n ifo rm  qu ality  m a k es it d es ira b le  th at e a ch  p rep a ra tion  sh ou ld  b e  
sta n d a rd ised  fo r  p o te n cy . H o w e ll46 or ig in a lly  d e fin ed  a u n it o f  h ep arin  
activ ity  as the m in im u m  a m ou n t w h ich , w h en  a d d e d  to  1 c .c .  o f  fresh ly  
d ra w n  c a t ’ s b lo o d ,  w o u ld  k eep  it flu id  fo r  24  h ou rs . E x p e r ie n ce  w ith  
m a n y  d ru g s has sh o w n  that su ch  a unit, d e fin e d  in term s o f  a p o o r ly  
r e p ro d u c ib le  b io lo g ic a l  system , c a n n o t  b e  re lied  o n  to  b e  co n s ta n t; a n d  
in a c c o rd a n c e  w ith  the p ra ctice  n o w  gen era lly  a c ce p te d , severa l g rou p s  
o f  w ork ers  set u p  stab le  re fe ren ce  p rep a ra tion s , b y  c o m p a r is o n  w ith  
w h ich  th e  p o te n c y  o f  o th e r  sa m p les  w as d eterm in ed . T h ese  h a v e  n o w  
b e e n  re p la ce d  b y  an  In tern a tion a l S tan d ard  H e p a rin 47, the bu lk  o f  w h ich  
is p reserved  at the N a tio n a l In stitu te fo r  M e d ic a l R e s e a rch , L o n d o n ,
N .W .3 , u n d er  the a u sp ices  o f  the C o m m itte e  o n  B io lo g ic a l S tan d ard isation  
o f  th e W o r ld  H ea lth  O rg an isa tion . T h e  In tern a tion a l U n it represents 
the strength  o f  1 / 1 3 0  m g. o f  th is p r e p a r a t io n : it is p ra ctica lly  id en tica l 
w ith  th e T o r o n t o  un it48, d e fin ed  in  term s o f  a sa m p le  o f  ba riu m  salt, an d , 
s o  fa r  as c a n  b e  a scerta in ed , rou g h ly  equ a l to  the H o w e ll unit. It is to  
b e  e x p e cte d  th at the p ra ctice  o f  la b e llin g  p o te n cy  in  units w ill b e c o m e  
su p erflu ou s in tim e, b eca u se  a ll c o m m e r c ia l p rep a ra tion s  w ill b e  o f  the 
sa m e m a x im u m  strength ; bu t m ea n w h ile  the c o m m o n  n ra ctice  o f  r e p o rt
ing  d o s e s  in m g . in trod u ces  an uncerta in ty  o f  at least 30  to  4 0  per cen t.
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a n d  is to  b e  d ep reca ted . I t  is p erh a p s u n fortu n a te , as J o rp e s32 p o in ts  ou t, 
th at the estab lish ed  unit is su ch  a sm all o n e : it is in con v en ien t to  h ave  
to  w rite o u t “  30 ,000  units ” , f o r  in stan ce, w h en  re ferrin g  to  a single 
h u m a n  d o se .

A  grea t variety  o f  assa y  m e th o d s  h as b een  su ggested  fo r  the s ta n d a rd i
sa tion  o f  h ep a rin  p re p a ra t io n s : the c lo tt in g  system s w h ich  h a v e  been  
u sed  in clu d e  fresh  b l o o d ;  c itra ted  o r  o x a la te d  b lo o d  o r  p la sm a , re ca lc ified  
w ith  o r  w ith ou t the a d d it io n  o f  tissue e x tra ct; fresh  f o w l  p la sm a  p lus 
tissue e x tra ct; an d  w h o le  b l o o d  o r  p la sm a  p lu s  th rom b in . R e p r o d u c ib le  
results ca n  b e  o b ta in e d  w ith  an y  o f  these system s, b u t w h en  tw o  sam p les 
o f  h ep a rin  are  c o m p a r e d  b y  d ifferen t m e th o d s  the va lu es o b ta in e d  f o r  the 
re la tive  p o te n c y  m a y  d iffe r  s o m e w h a t : this is p a rticu la rly  true w h en  the 
sam p les are o b ta in e d  fr o m  d ifferent sp ec ies411 o r  w h en  o n e  o f  th em  has 
been  d en a tu red  b y  treatm en t w ith  a c id 50. T h e  ca u se  o f  su ch  d is cre p a n 
cies  is p re su m a b ly  the v ary in g  affinity  o f  the severa l a ctive  p r in cip les  fo r  
d ifferent con stitu en ts  o f  the c lo tt in g  m ixtu re . A s  it ap p ears th at m o s t  
o f  th e h ep arin  n o w  o n  th e  m a rk et is o f  b o v in e  o r ig in , and  is at least 
tw o -th ird s  as a ctive  as the best p rep a ra tion  o b ta in a b le  fr o m  th e sp ecies , 
the u n certa in ties d u e  to  the use o f  v ary in g  assay  m e th o d s  are  n o t  v ery  
seriou s.

P h y s ic a l  and chem ical properties o f heparin. H ep a rin  an d  its salts 
w ith  the a lk a li an d  a lk a lin e  earth  m eta ls  are co lo u r le s s  su bstances, s o lu b le  
in  w ater  b u t n o t  in  m o s t  o rg a n ic  so lv en ts ; they  d o  n o t  d ia ly se  a p p re c ia b ly  
th rou gh  o rd in a ry  c o l lo d io n  m em b ra n es . T h e  so d iu m  salt, w h ich  is the 
fo r m  usually  su p p lied , is v ery  stab le  in  neu tra l o r  a lk a lin e  so lu tion  
a n d  c a n  b e  sterilised  b y  h eatin g ; w h en  h ea ted  in a c id  so lu tion  it s lo w ly  
lo ses  its activ ity . H ep a rin  is p recip ita ted  b y  m a n y  o rg a n ic  bases , 
in clu d in g  b en z id in e , p ro ta m in es , to lu id in e  b lu e  an d  s tre p to m y c in : this 
p ro p e rty  has b e e n  e m p lo y e d  f o r  in activa tin g  h ep arin  b o th  in vitro  an d  in 
vivo . T o lu id in e  b lu e  ch a n g es  w hen  c o m b in e d  w ith  h ep arin  in to  its 
r e d d ish -v io le t  “  m e ta ch ro m a tic  ”  ta u tom er51; a s im ilar sort o f  c o lo u r  
ch a n g e  is sh o w n  b y  o th er  b a s ic  d y e s  in th e p resen ce  o f  h eparin . T h e  m e ta 
c h ro m a tic  r e a ctio n  w as sh o w n  b y  L is o n 52 to  b e  sp ecific  fo r  su lp h u ric  a c id  
esters o f  h igh  m o le cu la r  w e ig h t: it  is g iven  b y  a  la rge  n u m b er  o f  s u b 
stan ces, b o th  n atu ral an d  syn th etic , w h ich  p ossess  a n ticoa g u la n t activ ity . 
T h e  S w edish  w ork ers , in a series o f  p a rticu la rly  e legan t ex p erim en ts53’54’35, 
h a v e  sh o w n  th at th e g ra n u la r  m a teria l o f  the m a st ce lls , w h ich  takes an 
in tense m e ta ch ro m a tic  stain, is r ich  in h ep arin .

T h e  m o s t  strik ing  p ro p e rty  o f  h ep arin  is the rem a rk a b ly  stron g  n e g a 
tive  ch a rg e  ca rr ie d  b y  its m o le cu le  in a q u e o u s  so lu tion . In d e e d , as Jorp es  
p o in ts  o u t , th is is a lm o st its on ly  im p orta n t ch e m ica l p ro p e rty , s in ce  
ap art fr o m  its a c id ic  (su lp h u ric  a n d  c a r b o x y l)  rad ica ls  the m o le cu le  has 
n o  rea ctiv e  g ro u p s . T h e  a c id ic  strength  o f  h ep arin  en a b les  it t o  rea ct 
w ith  the b a s ic  g ro u p s  o f  p ro te in s  an d  o th er  su bstan ces an d  is certa in ly  
the basis  o f  its an ticoa g u la n t a c tion . T h a t  its affinity fo r  p rote in s  is a 
genera l o n e  a n d  is n o t  c o n fin e d  to  the p rote in s  c o n c e rn e d  w ith  c lo tt in g  
w as sh ow n  b y  F is ch e r55, w h o  o b s e rv e d  that the isoe le ctr ic  p o in t  o f  casein  
w as sh ifted  to  the a c id  sid e  in  the p resen ce  o f  h eparin .
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M o d e  o f  action  o f heparin . A lth o u g h  there is n o  d o u b t  that the 
n ega tiv e  ch a rg e  ca rr ie d  by  its m o le cu le  is re sp o n s ib le  fo r  the ch a ra cteris tic  
a ctiv ity  o f  h ep a rin , th e  a ctiv ity  is n o t  s im p ly  a  fu n c t io n  o f  th e  p r o p o r t io n  
o f  esterified  su lp h u ric  a c id  that is presen t. T h e  la rg e  size  o f  the m o le cu le  
is a lso  in v o lv e d  in  so m e  w ay . T h e  lo w  p o te n c y  o f  the h ep a rin  ob ta in e d  
fr o m  so m e  m a m m a lia n  sp ecies , a n d  th e  r e d u c e d  a ctiv ity  o f  h eparin  
su b je cte d  to  m ild  treatm en t w ith  a c id , w h ich  h a v e  b e e n  re fe rred  to , 
p r o b a b ly  in d ica te  a  co rre la t io n  b e tw e e n  p o te n c y  a n d  d eg ree  o f  p o ly m e r i
sa tion 44. T h a t  p o te n c y  in creases w ith  m o le cu la r  size is m o r e  o b v io u s  in  
the ca se  o f  th e syn th etic  esters o f  su lp h u ric  a c id , w h ich  w ill b e  re ferred  
to  later.

W h ile  the k e y  to  the a c t io n  o f  h ep a rin  m u st b e  so u g h t in  th e  la rg e  size 
a n d  e le ctron eg a tiv ity  o f  its m o le cu le , th ese p rop ertie s  d o  n o t  e x p la in  w h y  
h ep a rin  sh o u ld  a c t  p a rticu la rly  o n  th e b lo o d -c lo t t in g  system . In d e e d , 
it is b y  n o  m ea n s certa in  th at its p h y s io lo g ic a l fu n c tio n  has to  d o  w ith  
the m a in ten a n ce  o f  th e flu id ity  o f  the b lo o d .  H e p a r in  d o e s , in  fa c t , act 
o n  o th er  en zy m e  sy ste m s : it neutra lises c o m p le m e n t56; a n ta gon ises 
fu m a ra se57, try p sin 58, a n d  fib r in o ly s in 59; a n d  it h as so m e  in h ib ito ry  e ffect 
o n  a  v arie ty  o f  a llerg ic  rea ction s . W h e n  it is in je c ted  o r  lib era ted  in to  
the b lo o d  stream , its lo w  d iffu s ib ility  w ill ten d  to  k eep  it th ere, a n d  it 
m a y  b e  in  p art f o r  this re a so n  that it h as s o  fe w  ex trav ascu lar  a ction s .

H e p a rin  c a n  p rev en t b o th  the co n v e rs io n  o f  p r o th ro m b in  to  th ro m b in  
a n d  th e c lo tt in g  o f  fib rin og en  b y  th rom b in . In  e ither ca se  the in h ib ito ry  
a c t io n  d isa p p ea rs  w h en  the iso la ted  c lo tt in g  reagen ts are u sed . T h u s , 
h ep a rin  d o e s  n o t in h ib it  th e c lo tt in g  o f  p u rified  fib r in o g e n  b y  p u rified  
th ro m b in 60, o r  th e fo r m a t io n  o f  th ro m b in  fr o m  p u rified  p ro th ro m b in 61. 
A n  a d d it io n a l fa c to r , h ep a rin  co m p le m e n t62’63’64, m u st b e  presen t i f  e ither 
rea ction  is to  b e  p r e v e n te d : th is su bsta n ce  is a con stitu en t o f  the a lbu m in  
fra c tio n  o f  the p la sm a , b u t is n o t the cry sta llisa b le  seru m  a lb u m in  p ro p e r . 
T h e  a n tith rom b in  o f  n o rm a l p la sm a  is a lso  fo u n d  in  the a lb u m in  f r a c 
tion , a n d  th e a ttractive  su ggestion  h as b e e n  m a d e  th at it m a y  b e  h ep a rin - 
c o m p le m e n t  c o m b in e d  w ith  a sm all fra c t io n  o f  its p o s s ib le  ch a rg e  o f  
h eparin . T h e  b a la n ce  o f  e v id e n ce 64’65 seem s at presen t, h o w e v e r , n ot 
to  su p p o r t  th is h yp oth es is .

H ep a rin : fate  in the b o d y . H e p a r in  g iven  b y  v e in  ex h ib its  its greatest 
e ffe ct  o n  c lo tt in g  w ith in  the first fe w  m in u tes . I t  is th en  rath er ra p id ly  
in a ctiv a ted  o r  r e m o v e d  fr o m  th e c ircu la tio n . S om e  is e x cre te d  in  the 
u rin e66’35’37; th e greater p a rt ap p a ren tly  e sca p es  s lo w ly  in to  th e tissues, 
w h ere  it m a y  b e  e n zy m a tica lly  in a ctiv a ted 68. T h e  d u ra tion  o f  th e  an ti
co a g u la n t e ffe ct  is rou g h ly  p r o p o r t io n a l to  the d o s e , b u t  d o e s  n o t  e x ce e d  
2  to  3 h ou rs  u n less the d o s e  is so  grea t that its in itia l e ffect is to  raise 
th e c lo tt in g  tim e to  in fin ity .

O rganic esters o f  su lph u ric  acid. T h e  p o ss ib ility  o f  ob ta in in g  a ch ea p , 
syn th etic  a n ticoa g u la n t su itab le  fo r  u se  in v iv o  b e g a n  to  re ce iv e  atten tion  
a b o u t  20  y ears a g o . T h e  a n ticoa g u la n t a c t io n  o f  th e tr y p a n o c id a l d ru g  
su ram in  (so d iu m  m -b e n z o y l-m -a rn in o -p -m e th y lb e n z o y l-l-a m in o n a p h - 
th a le n e -4 : 6 : 8 -trisu lp h on a te , germ an in , B a y e r  2 0 5 ) h a d  b e e n  k n o w n  fo r  
so m e  tim e 69, an d  in  1930 Stuber a n d  L a n g 70 re p o rte d  its su ccessfu l u se
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in  the th erap y  o f  th rom b os is . In  the sam e y ea r  R o u s , G ild in g  an d  S m ith 71 
n oted  the a n ticoa gu la n t effect o f  the d y e  C h icago b lu e  6B  (ch lo ra z o l sky- 
b lu e  F F , th e so d iu m  salt o f  te tra zotised  d ia n is id in e  c o u p le d  w ith  1 -a m in o -
8 -n a p h th oF 2  : 4 -d isu lp h o n ic  a c id ) ; an d  D e m o le  a n d  R e in e r t72 p rep a red  
a  variety  o f  su bsta n ces  o f  h igh  m o le cu la r  w eigh t and  fo u n d  so m e  o f  
them  active  against c lo tt in g , the m o s t  p o ten t b e in g  su lp h on ated  a ro m a tic  
p o ly m e rs . O n e  o f  th ese , th e sod iu m  salt o f  p o ly a n e th o le su lp h o n ic  a cid , 
w as later m a rk eted  as “  l iq u o id ,”  an d  has h a d  som e  p o p u la r ity  as an 
a n ticoa g u la n t fo r  in vitro  a n d  an im al e x p e r im e n ts : it is a rather to x ic  
su b sta n ce  ca u sin g  d e la y e d  death  in d o s e s  n o t fa r  a b o v e  the e ffective  
on es . C h lo r a z o l sk y -b lu e , h o w e v e r , an d  so m e  related  a z o -su lp h o n ic  d y es , 
esp ecia lly  C h lo r a z o l fa st-p in k  B K S  (so d iu m  3 ; 5 -d isu lp h o -d ip h e n y lu re a - 
4 ; 4 -d ia z o -h /s ,-2 -a m in o -8 -n a p h th o l-6 -su lp h o n a te ) w ere  fo u n d  b y  Fluggett 
a n d  h is c o lle a g u e s73’74 to  b e  re la tive ly  n o n -to x ic , an d  h ave been  used 
ex ten siv e ly  in p h y s io lo g ic a l ex p erim en ts . T h e y  act, ap p aren tly , m a in ly  in 
the first stage o f  c lo tt in g . In  this g ro u p  o f  d y es  there is n o  sim p le  re la 
tion sh ip  b e tw een  ch e m ica l structure a n d  an ticoa g u la n t activ ity  ; a ll h a v e  
h eavy  m o le cu le s  co n ta in in g  a n u m b er  o f  -  S O s g ro u p s  and  a z o  lin k ag es ; 
a n d  it is o f  in terest that they  resem b le  h ep arin , an d  the o th er syn th etic  
a n ticoa gu la n ts  co n ta in in g  ester su lphate, in h av in g  a stron g  affinity  fo r  
to lu id in e  b lu e  a n d  o th er  m e ta ch ro m a tic  dyes.

T h e  n ext series o f  syn th etic  a n ticoa gu la n ts  to  b e  in vestigated  re p re 
sen ted , c h e m ica lly  a t least a n earer a p p ro a ch  to  h ep arin . C h a rg a ff and  
his c o lle a g u e s75 an d  J o rp e s ’ c o l la b o r a to r  B e rg s tro m 7<i in d ep en d en tly  
rep orted  the activ ity  o f  ca rb o h y d ra te s  esterified  w ith  su lp h u ric  a c id  b y  
treatm en t w ith  ch lo r o s u lp h o n ic  a cid . T h e  esters d er iv ed  fr o m  m o n o -  
an d  d i-sa cch a r id e s  w ere  in activ e , b u t all the p o ly sa cch a r id e s  tested  g a v e  
rise to  a ctive  c o m p o u n d s . T h e  treatm en t w ith  c h lo r o s u lp h o n ic  a c id , if 
u nd u ly  p r o lo n g e d , y ie ld e d  less a c tiv e  p ro d u c ts , p resu m a b ly  b e ca u se  the 
m ateria ls w ere  be in g  d e p o ly m e r iz e d 76. T h e se  c o m p o u n d s  p r o b a b ly  a ct on  
b o th  stages o f  c lo tt in g , and  the b est o f  th em 77-78'7'' a p p ro a ch  h ep arin  in 
p o te n cy  : th e ra tio  o f  their a ctiv ity  to  that o f  h ep arin  ca n n o t  b e  ex a ctly  
stated, s ince it varies grea tly  w ith  the co n d it io n s  o f  assay. A l l  are  to o  
to x ic  fo r  c lin ica l use. I t  is o f  in terest that their to x ic ity  is d u e , at least in 
part, to  their e ffect o n  c lo tt in g  fa c to r s :  th ey  either ca u se  the p latelets 
to  agg lu tin ate , o r  p recip ita te  fib r in og en , o r  b o th . A c c o r d in g  to  K arrer  
an d  his c o lle a g u e s80 the to x ic ity  is red u ce d  b y  the in tro d u ct io n  o f  o th er  
a c id  g ro u p s  in to  the p o ly sa cch a r id e  m o le cu le  b e fo r e  the treatm ent w ith  
c h lo r o s u lp h o n ic  a cid .

M a n y  h ig h -m o le cu la r -w e ig h t esters o f  su lp h u ric  a c id  o c c u r  n atu ra lly  in 
b o th  an im als a n d  p la n ts; so m e  o f  these are  a n ticoa gu la n ts  an d  so m e  are 
n o t ;  a ctiv ity  is c o rre la te d  a t least rou g h ly  w ith  ester su lphate con ten t. 
M u c o it in  and  c h o n d ro it in  su lp h u ric  a cid s  are  n o t  a ctive , b u t  b e c o m e  so  
w h en  fu rther e s te r if ie d '6. T h e  m u cu s  o f  the m o llu s c  C h a ro n ia  lam  pus  
con ta in s  a p o te n t a n ticoa g u la n t81 w ith  m a n y  ch e m ica l sim ilarities to  
h ep arin . T w o  a n ticoa gu la n ts  fo rm e r ly  p o p u la r  w ith  p h y s io log ists  m a y  
p o s s ib ly  b e lo n g  to  this g ro u p , b u t little is  k n o w n  o f  th eir  ch em istry  
e x ce p t  that th ey  seem  to  b e  a c id ic  in n a tu re : these are h iru d in 82-83, fr o m

362



ANTICOAGULANTS

the b u c ca l g la n d s  o f  the m e d ic in a l lee ch , an d  n ov iru d in 84, a  m ela n in -lik e  
su b sta n ce  o f  v ege ta b le  or ig in . A  n u m b er  o f  m arine  a lga e  co n ta in  p o ly 
sa cch a rid es  esterified  w ith  su lp h u ric  a c id . A g a r -a g a r , the b est k n o w n  o f  
these, is n o t  an  a n tico a g u la n t; b u t re la ted  su bstances fr o m  C h ro n dru s  
crispu s85 an d  Iridece lam in ar io id es7a a re  m o d e ra te ly  active .

B a s ic  dyes  an d  other basic substances. A l l  th e su bstances ju st d is 
cu sse d  p resu m a b ly  a ct in  v irtue o f  th eir  s tron g ly  a c id  S O -H  g ro u p s  an d  
the size  o f  their m o le cu le s . T h e  p o ss ib ility  that b a s ic  su bsta n ces o f  h igh  
m o le cu la r  w e igh t are a lso  a n ticoa gu la n ts  has b e e n  in vestigated . T h is  t o o  
is  the c a s e :  p ro ta m in e  an d  h iston es86’87 h a v e  w e ll-m a rk e d  a ctiv ity , as 
h a v e  a  n u m b e r  o f  b a s ic  d y e s87, in clu d in g  m eth y len e  b lu e , cry sta l v io le t  
a n d  Janus green . E v e n  s o  sim p le  a b a se  as d ie th y la m in e  has so m e  an ti
c o a g u la n t a c tiv ity 88. T h e  m o d e  o f  a c t io n  o f  these su bstances is su p p o se d  
to  b e  a n a lo g o u s  to  that o f  th e syn th etic  h ep arin  an a log u es , b u t in  a reverse 
d ir e c t io n : i.e. th ey  d isp la ce  the is o e le ctr ic  p o in t  o f  p ro te in  c lo tt in g -fa c to rs  
to w a r d  th e  a lk a lin e  s ide, a n d  s o  re d u ce  their reactiv ity . T h e  a n ta gon ism  
b e tw een  c o m p o u n d s  o f  this g ro u p  a n d  the ester-su lp h ate  an ticoa gu la n ts  
has a lrea d y  b e e n  m e n tio n e d ; it is du e , h o w e v e r , n o t so  m u ch  to  a 
c a n ce llin g -o u t o f  o p p o s e d  a ction s  o n  the e le ctr ic  ch a rg e  o f  p ro te in  c lo tt in g  
fa c to rs , as to  a s im ple  c o -p re c ip ita t io n  o f  the a c id ic  an d  b a s ic  a n tico a g u l
ants. N o n e  o f  the bases so  fa r  in vestigated  ap p ears lik e ly  to  h a v e  any  
p ra c tica l va lu e  in d e la y in g  co a g u la tio n .

R e d u c in g  substances. A  n u m b e r  o f  re d u c in g  agents, b o th  in org a n ic  
an d  o rg a n ic , h a v e  a n ticoa gu la n t a c tiv ity ; they  a p p ea r  to  a ct o n  b o th  stages 
o f  c lo tt in g . S o d iu m  b isu lp h ite89 a n d  th iosu lp h a te90, cy s te in e91 an d  
g lu ta th io n e 92 m a y  b e  m en tion ed .

Salts o f  rare earth m etals. T h e  tr iv a len t ca tion s  o f  n e o d y m iu m 93’94 
p ra s e o d y m iu m , lan th a n u m  an d  o th er  e lem en ts o f  th is g r o u p 95 are 
ex trem e ly  a ctive  a n ticoa gu la n ts  b o th  in v itro  a n d  in v ivo . T h e y  a p p ea r  
to  a c t  m a in ly  o n  the first stage o f  c lo tt in g 94’96, b u t th e m ech a n ism  o f  their 
a c t io n  is n o t u n d e rs to o d . T h e  c o m p o u n d s  are t o o  to x ic  to  b e  o f  p ra ctica l 
v a lu e 97.

“  L ip id  in h ib itors  ”  o f  c o a g u la t io n  h a v e  b e e n  d etected  in  p h osp h a tid e  
fra c tio n s  o f  tissue ex tra cts  b y  C h a rg a ff98 a n d  d e  S i i t o -N a g y " .  T h e ir  
m o d e  o f  a c t io n  has n o t  been  stu d ied  in d eta il, a n d  w h eth er th ey  h a v e  an y  
p h y s io lo g ic a l s ign ifica n ce  f o r  the p rev en tion  o f  c lo tt in g  is u n k n ow n .

T ry p sin  inhibitors. T h e  p u rified  tryp sin  in h ib itors  o b ta in a b le  fr o m  
p a n crea s  a n d  fr o m  so y a  b ea n s  are  fa ir ly  a ctive  in  d e la y in g  c o a g u la 
t io n 100’101’102’103. T h e ir  m o d e  o f  a c t io n  is ob scu re .

Substances Inactivating Fibrinogen

T h e  fib r in o ly tic  en zy m e  o f  n o rm a l p la sm a , d is co v e r e d  fo r ty  years a g o  
b y  N o l f 104. sh o u ld  b e  listed  f o r  the sake o f  c o m p le te n e ss , s in ce  it ca n  
d ig est fib r in o g e n  a s  w e ll as fib r in 105. I t  is u su a lly  presen t in  an  
in activ e  fo r m , b u t c a n  b e  a ctiv a ted  in v itro  o r  in v iv o  b y  a n u m b er  o f  
d ifferen t w a y s. W h a tev er  th e  re la tion  o f  this e n zy m e  to  the c lo tt in g  
system , it is d o u b t fu l w h eth er it ev er , in v ivo , d estroys  fib r in og en  so  
ra p id ly  as to  m a k e  the b lo o d  in coa g u la b le .
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F ib rin og en  is p recip ita ted  m o re  o r  less se lective ly  by  b o th  prota m in es 
a n d  certa in  an ticoa gu la n ts  o f  the su lp h on ic  ester g ro u p , bu t th is is c e r 
ta in ly  n o t  the m ain  rea son  w h y  such  su bstan ces in h ib it c lo ttin g .

Substances Causing the R elease of H eparin

T h e  b lo o d  o f  d o g s  th row n  in to  sh o c k  b y  th e in je c t io n  o f  la rg e  a m ou n ts  
o f  W it te ’s p e p to n e , o r  o f  an  antigen  ( in  p re v io u s ly  sensitised  an im als), 
b e co m e s  in co a g u la b le ; a n d  it h as b e e n  c o n c lu s iv e ly  d em on stra ted  th at the 
in h ib ition  o f  c lo tt in g  seen  in  su ch  an im als is d u e  to  c ircu la tin g  
h ep a r in 107’108. T h e  liver  is the p r in c ip a l so u rce  o f  th e  re leased  h ep arin . 
A  s im ilar e ffe ct  is p r o d u c e d  b y  la rg e  d o se s  o f  ion is in g  ra d ia tio n 109, by  
the ra d io m im e tic  d ru g s  o f  th e  n itrogen  m u stard  series110, a n d  b y  certa in  
sim p le  b a s ic  d ru gs, particu la rly  d ia m in es  and  d ia m id in e s111. E v id e n ce  
that these stim u li re lease h e p a r in  in  the sa m e w a y  fr o m  h u m an  tissues 
is la ck in g , e x ce p t  in th e ca se  o f  ion is in g  rad ia tion s .

T he C linical Use of A nticoagulants

T h e  u tility  o f  a  n o n -t o x ic  a n ticoa g u la n t in  the th erap y  an d  p ro p h y la x is  
o f  th ro m b o s is  in  m a n  has lo n g  a p p e a re d  p r o b a b le , a n d  w as c o n fir m e d  as 
s o o n  as p u rified  h ep arin  b e ca m e  a v a ilab le  in  qu an tity . T h e  first fa v o u r 
a b le  c lin ic a l re p o rts  fr o m  S to ck h o lm 112 a n d  T o r o n t o 113 h a v e  been  
fo l lo w e d  b y  so m e  h u n d red s o f  p a p ers  d escr ib in g  the su ccessfu l use o f  
b o th  h ep a rin  a n d  d ic o u m a r o l in  a variety  o f  th r o m b o -e m b o lic  c o n d it io n s , 
i t  is im p o ss ib le  to  g iv e  a b r ie f  a d eq u a te  su m m ary  o f  th is w o r k ; an  
e x ce lle n t  a c c o u n t  w ill b e  fo u n d  in the m o n o g ra p h  b y  J o rp e s32, w h o  seem s, 
h o w e v e r , to  em p h a sise  u n d u ly  the to x ic  a c tion  o f  d ic o u m a r o l o n  the liver. 
B o th  d ru g s  a p p ea r  to  h a v e  an  estab lish ed  p la ce  in  th erap y . A s  c o m p a re d  
w ith  h ep arin , d ic o u m a r o l  h as the ad va n tages o f  ch ea p n ess  an d  o f  e ffe c 
tiven ess o n  o ra l a d m in is tra t io n : its d ra w b a ck s  are its s lo w  on se t o f  a c t io n , 
w h ich  m a k es it useless in  em erg en cies  unless su p p lem en ted  b y  h ep arin , 
an d  the c o n s id e ra b le  v a r ia b ility  in  the resp on se  o f  in d iv id u a l patien ts. 
A l l  a n ticoa g u la n t th era p y  in v o lv e s  th e risk  o f  h e m o r rh a g e , an d  th is risk  
c a n  o n ly  b e  m in im ised  b y  c lo s e  su p erv is ion  o f  the pa tien t a n d  frequ en t 
c h e ck s  o f  c lo tt in g  tim e  (in  the ca se  o f  h ep arin ) o r  p ro th ro m b in  tim e (in  
the ca se  o f  d ico u m a ro l) .

T h e  n u m erica lly  m o s t  im p o rta n t fie ld  o f  u sefu lness fo r  these d ru g s has 
b e e n  the p rev en tion  a n d  treatm en t o f  p o s t-o p e ra tiv e  th ro m b o s is , p a rti
cu la r ly  a fter p e lv ic  op era tion s . T h e  in c id e n ce  o f  this c o m p lica t io n  is 
n o to r io u s ly  v a r ia b le , a n d  the a v a ilab ility  o f  an e ffect iv e  th era p y  sh o u ld  
n o t  d istract a tten tion  fr o m  th e im p o rta n ce  o f  s im pler m easu res , e sp ecia lly  
a c tiv e  a n d  p a ssive  m o v e m e n t o f  the lim bs . T rea tm en t is u su a lly  b eg u n  
o n  the se co n d  d a y , w h en  th e  risk  o f  b le e d in g  at the site o f  o p e ra t io n  is 
sm all, an d  co n t in u e d  till the p a tien t is am bu la n t. O p in io n s  v a ry  as to  
w h eth er a n ticoa gu la n t th era p y  sh ou ld  b e  u sed  rou tin e ly  a fter p e lv ic  a n d  
a b d o m in a l su rgery  o r  reserved  until signs o f  c lo t  fo r m a t io n  a p p ear. E a rly  
d ia g n os is  o f  la ten t th ro m b o s is  is n a tu ra lly  o f  the greatest im p orta n ce , an d
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p h le b o g ra p h y  o f  th e  lo w e r  ex trem ities114 a n d  tests revea lin g  h y p e r co a g u 
la b ility  o f  the b l o o d ,  su ch  as th e h ep a rin  to le ra n ce  test o f  d e  T a k a ts115, 
h a v e  b e e n  fo u n d  u se fu l f o r  th is p u rp ose .

O th e r  fo r m s  o f  a c tiv e  v en ou s  th ro m b o s is  r e sp o n d  eq u a lly  w e ll to  an ti
co a g u la n t th erap y , w h ich  u n d o u b te d ly  red u ces  th e  in c id e n ce  o f  e m b o lic  
c o m p lica t io n s . T h r o m b o s is  o f  th e m esen teric  ve ins , the retin al v e in s  an d  
th e  ca v e rn o u s  sinus, h a v e  a ll b e e n  treated  su ccess fu lly , in  a d d it io n  to  the 
m o r e  c o m m o n  c o n d it io n  in  w h ich  the in itia l site o f  c lo t  fo r m a t io n  is o n e  
o f  th e d e e p  v e in s  o f  th e lo w e r  leg . T h e  status o f  th e a n ticoa g u la n t drugs 
in  th e treatm en t o f  o c c lu s iv e  c o ro n a r y  artery  d isea se  is still u ncerta in . 
T h e y  are qu ite  useless in  su ba cu te  b a cteria l en d oca rd itis . O v e rd o sa g e  
w ith  h ep a rin  is trea ted  b y  w ith d ra w a l o f  th e dru g , w h en  th e  b l o o d  rega ins 
its n o rm a l c lo tt in g  p o w e r  w ith in  a fe w  h ou rs , o r  in  e m e rg e n cy  b y  the 
in tra v en ou s in je c t io n  o f  p ro ta m in e , w h ich  h a s a n  in stan ta n eou s effect. 
D ic o u m a r o l  o v e rd o s a g e  ca n  b e  co r r e c te d  b y  the ad m in istra tion  o f  m a s 
sive  d o se s  o f  v ita m in  K  p rep a ra tion s , o r  m o r e  ra p id ly  b y  the tra n sfu sion  
o f  fresh  b l o o d  o r  p la sm a.

F in a lly  it sh o u ld  b e  m e n tio n e d  th at h ep a rin  is a  v a lu a b le  a d ju n c t  to  
v a scu la r  surgery , a n d  h a s  so m e  a d va n ta g es  o v e r  c itrate  as an  a n tico a g u 
la n t in  b l o o d  tran sfu sion .

T h e  ex p e n se  a n d  in co n v e n ie n ce  o f  h ep a rin  th era p y  h a v e  u n d o u b te d ly  
restr icted  its fie ld  o f  u sefu ln ess. W h ile  in trav en ou s a d m in istra tion , e ither 
sev era l tim es a d a y  o r  b y  c o n t in u o u s  d r ip , is still th e  m e th o d  m o s t  c o m 
m o n ly  u sed , a  n u m b e r  o f  m en stru a  f o r  th e  in co r p o r a t io n  o f  h ep a rin  h ave  
b e e n  d e v is e d 116’117, w h ich  p e rm it a p r o lo n g e d  e ffect to  b e  o b ta in e d  w ith  
a  sm aller  n u m b e r  o f  in tram u scu la r  o r  su b cu ta n eou s in jection s .
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R E S E A R C H  P A P E R S

T H E  I D E N T I F I C A T I O N  O F  T H E  C L I N I C A L L Y - I M P O R T A N T  
S U L P H O N A M I D E S

B y  E . H u c k n a l l  a n d  G . E . T u r f it t

From the Metropolitan Police Laboratory 
Received March 23, 1949

Sin c e  the d is co v e r y  in  1935 o f  the c h e m o th e ra p e u tic  va lu e  o f  the red  
a z o -d y e  p ro n to s il ru b ru m , a n d  the su bsequ en t p r o o f  th at its a ctiv ity  in 
v ivo  is du e  to  its c o n v e rs io n  in to  su lp h an ilam id e , an  im m en se  n u m b e r  o f  
su lp h on a m id e  d er iv a tives  h a s  b e e n  syn th esised . T h e  vast m a jo r ity  o f  
th ese  d er iv a tives  has fo u n d  n o  p la ce  in  m e d ic in e , an d  in this co u n try  
so m e  d o ze n  o n ly  are in  cu rren t c lin ica l use.

O w in g  to  th eir  re la tive ly  lo w  to x ic id e s , the su lp h on a m id e  d ru g s are 
u n lik ely  su ic id a l agents, b u t  du rin g  their th erap eu tic  use t o x ic  sy m p tom s 
o f  v ary in g  severity  n ot in freq u en tly  d e v e lo p , n ecessita ting  c lin ica l a n d  
ch e m ica l su p erv ision . E x cr e t io n  o f  the dru gs o c cu rs  essentia lly  via  th e 
u rin e , in  w h ich  they  are  fo u n d  e ith er  u n ch a n g ed , in  a ce ty la ted  fo r m , o r  
t o  a  lesser d eg ree  as th e su lph ates o r  g ly cu ron a tes  o f  d e r iv e d  p h e n o ls , 
the rela tive  p r o p o r t io n s  o f  ea ch  fo r m  v a ry in g  w ith  th e  n atu re  o f  the 
or ig in a l su bstituent ra d ica l (W illia m s1). T h u s  u rin e, o r  b lo o d ,  is the 
u su a l m a ter ia l ex a m in e d  in the b io c h e m ic a l c o n t r o l  o f  su lp h on a m id e  
th erap y , b u t  th e to x ic o lo g is t  m a y  b e  fu rth er co n c e rn e d  w ith  th e  is o la t io n  
a n d  id en tifica tion  o f  these drugs w h en  occu rr in g  in  v iscera  an d  
m e d ic in a l p rep ara tion s . F r o m  an  an a ly tica l s tan d p o in t, a  seriou s d iffi
cu lty  arises fr o m  the fa c t  that n o  rea ction s  sp ecific  fo r  the ty p ica l 
su lp h on a m id e  lin k a g e  h a v e  been  d e scr ib e d . Q ua n tita tive  d eterm in a tion s 
o f  the su lp h o n a m id e  co n te n t o f  u rin e a n d  b lo o d  are  usually  b a sed  u p o n  
su ch  rea ction s  o f  the free  p r im a ry  a m in o  g ro u p  as d ia z o tisa t io n  (F u lle r2 
B ratton , M a rsh a ll, B a b b itt  a n d  H e n d r ick so n 3), p r o d u c t io n  o f  th e  y e llo w  
SchifE’ s ba ses  w ith  p -d im e th y la m in o b e n z a ld e h y d e  (W e rn e r4), o r  the 
in d o p h e n o l rea ction  (L a p ie re 5-12). W h ils t  su ch  rea ction s  h a v e  so m e  
m erit o f  s im p lic ity , it is ev id en t th at in terferen ce  w o u ld  resu lt fr o m  the 
p resen ce  o f  o th er  a ry l p r im a ry  a m in o  c o m p o u n d s  (P o n s  a n d  A b e l13), and  
c lea r ly  th e m e th o d  is in e ffect iv e  w ith  su lp h on a m id es  in w h ich  the 
p r im a ry  a m in o  g ro u p  is substituted.

M e th o d s  fo r  the qu a lita tive  id en tifica tion  o f  in d iv id u a l su lp h on a m id es  
fig u re  w id e ly  in the literature, a n d  ran ge  fr o m  the sy n o p tic  sch em es o f  
B u rk h a m 14, D e n ig e s15, P e se z 16, a n d  H o ffm a n n  and W ilk e n s17’18, to  th e 
c o lo u r  rea ction s  o f  C h a v e z 19, S a m p le20, a n d  o th er  w ork ers  an d  th e cry sta l 
rea ction s  su ggested  b y  B e c k 21, D o d s o n  a n d  T o d d 22, a n d  L a p ie re 5-12. 
T h e  presen t au th ors h a v e  rep ea ted ly  in vestigated  the v a r io u s  m e th o d s  
h ith erto  d e scr ib e d , bu t n everth eless h a v e  fe lt  the n eed  fo r  a  sim p le  
te ch n iq u e  fo r  id en tifica tion  o f  the drugs in  the m icro -q u a n tit ie s  in  w h ich  
th ey  m a y  b e  e n cou n tered  in  t o x ic o lo g ic a l  an alyses.

T h e  n u m b e r  o f  su lp h on a m id es  is so  la rge , w h ilst th ose  o f  c lin ica l 
im p o rta n ce  are  so  re la tive ly  fe w , th at an y  attem pt at system a tic  id en tifi-
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IDENTIFICATION OF SULPHONAMIDES 

TABLE I
/ 3  2 \

S U LP H O N A M ID E  DRUGS (R — <^4 1^>S0;! • N R 'r " *
\5____6 /

R R ' R* M  pt.
(°C )

S u lphan ilam ide B .P.................... n h 2- - H - H 165
Proseptasine ... c 8h 6 c h 2 n h - - H - H 175
Sulphacetam ide B.P. n h 2- - H - C O - C H , 183

N H

S u lphaguanid ine B .P .... N H , - - H ~ c \ 191
n h 2

/ \
S u lphapyrid ine  B .P.C. n h 2- - H 191

\
U le r o n ............................................ N H , (  /S O ...N H — - c h 3 —c h 3 194

s
Succinylsu lphath iazole B.P. C H o C O N H - - H

N
195 (185)

C H .C O O H \ /

- N — . * * e

S u lphad im id ine n h 2- - H _ /  \

\ N _ /  
N M e

199 (176)

S
S u lpha th iazole B.P. ... N H a~ - H

N  |
201

V /

/  \
Sulphamerazine N H a — - H

\ N  /
236

N  M e

Sulphadiazine B .P....................... N H a — - H
~ V - /

255 d.

/ \
/  N  C O .N H — s

P h thalysulphath iazo le
l  J C O O H

- H N  |
\ /

260 d.

S o lu se p ta s in e .............................. P h .C H .C H o .C H .N H  — - H - H —

SOsN a  S 0 3N a
/ \

S o lu p y r id in e .............................. P h .C H .C H 2.C H .N H  — - H | —

¿ 0 3N a  S O jN a \  u  s '

1 SSo luth iazole .............................. P h .C H .C H 2.C H . N H - - H
N —

SOsN a  SOaN a

* The drugs are listed under the name given in the British Pharmacopoeia or 
British Pharmaceutical Codex, or if non-official, under a common trade name. 
The obsolescent azo-compounds prontosil rubrum and prontosil soluble are not 
included in this survey.
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cation  in the field as a w hole w ou ld  be  unnecessarily cum bersom e and 
w ould  have little practical value. The investigations described in this 
publication , therefore, have been con fin ed  to  those sulphonam ide drugs 
com m ercially  available at the present tim e in this country (T ab le  I).

R esidues isolated from  m edicinal preparations, or from  viscera or 
other b io log ica l sources, are exam ined in a series o f  separate stages:
(1) purification o f  crude residues, (2) provisional identification as a 
sulphonam ide com p ou n d , (3) dem onstration  o f the presence or absence 
o f  a free prim ary am ino group , (4) sim ple crystal tests, (5) co lou r  test 
indicative o f  the substituted sulphapyrim idines, (6) final conclusive 
identification b y  m icrom ixed  m elting-point determ ination. T he c o m 
plete schem e provides a sim ple and rapid m ethod  fo r  the identification 
o f  the listed sulphonam ides, but in m any instances characterisation m ay 
be achieved w ithout inclusion  o f  all the stages. It is em phasised that 
the ob ject o f  the prelim inary stages is essentially the indication o f  the 
likely com p ou n d , and whilst by  the use o f  con tro l experim ents it is 
frequently possib le to  obtain  a clear identification o f an unknow n sul
phonam ide by  m eans o f  the prelim inary tests alone, the ultimate p ro o f 
should be  by  m icrom ixed  m elting-point determ ination.

Experimental

Isola tion  o f  the sulphonam ides. Sulphonam ide therapy is o f  so recent 
introduction  that few  o f  the standard tox ico log ica l w orks have any 
m ention  o f  this group o f  drugs. B a m ford 23, in a brief treatment o f  the 
sulphonam ides, deals largely with m ethods o f  determ ination, and 
observes “  Identification  m ust depend on  their isolation— often a difficult 
process— and exam ination  o f  physical properties. G enerally, how ever, 
the history o f  the case, com bin ed  with the results o f  the non-specific  
diazotisation  and condensation  reactions suffice to  establish (or, m ore 
usually to con firm ) the nature o f  the p o ison .”  T h e difficulties o f  isola
tion w hich this author so rightly m entions are largely attributable to 
the low  solubilities o f  the sulphonam ides in the w ater-im m iscible 
organic solvents. Literature figures fo r  the solubilities are by  n o  means 
consistent, but the com parative record  o f  available data (T ab le  II) is 
useful, particularly w hen dealing with m ixtures o f  sulphonam ides.

In the Stas-Otto process, and also in the tungstic acid  m ethod described 
by  V a lo v 24, sulphonam ides are fou n d  in the ether extract o f  the aqueous 
acid ic solution. T h e solubilities in ether, how ever, are so low  that a 
small percentage on ly  o f  the sulphonam ide is recovered in this w ay, but 
in dealing with m ixtures o f  sulphonam ides with other com pou n ds this 
is a definite advantage, as it frequently affords a ready m eans o f  separa
tion. C om plete rem oval from  the aqueous acid  m edium  m ay be  effected 
by  addition  o f  half the volum e o f acetone, fo llow ed  by  thorough extrac
tion with ether. F or  quantitative determ ination o f  total sulphonam ides 
in m aterial from  bio log ica l sources, hydrolysis o f  the various derivatives 
is necessary. Sulphonam ides generally, are present partly in the form  
o f  N 4-acetyl derivatives, whilst the three disodium  cinnam ylidene bisu l
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phite com p ou n d s listed occu r (W ien  and H am pton 25) as the parent 
sulphonam ides, their acetyl derivatives, and possib ly  also as the 
unchanged bisulphite com pou nds. H ydrolysis is readily accom plished 
by  refluxing with 2N  h ydroch loric  acid  fo r  20 to 30 minutes.

Purification o f  crude residues. T he low  solubilities o f  the drugs are 
an undoubted advantage in con n ection  w ith their purification. A s  a 
general m ethod , heating with activated charcoal in acetone solution  is 
fou n d  satisfactory; losses due to  absorption  are negligible, and a clean 
product, suitable fo r  a prelim inary m elting poin t determ ination, is 
usually obtained.

W id e  differences are fou n d  in the reported melting points o f  several 
sulphonam ides. In  the case o f  sulphadim idine, this variation is attributed

TABLE II

IDENTIFICATION OF SULPHONAMIDES

S o l u b il it i e s  o f  s u l p h o n a m i d e  d r u g s . *

.
W ate r

2N
su lphuric

acid

2 N
sodium

hydrox ide
A lco h o l E th e r C h lo ro fo rm Acetone

L ig h t 
Petroleum  

b.p t. 60° to  
80° C.

Su lphan ilam ide ... 1-125 Soluble Soluble 1-37 1-600 1-4000 1-5 Inso lub le
Sulphaguanidine 1-1000 Soluble Inso lub le 1-200 Inso lub le Inso lub le 1-300, Inso lub le
Su lphapyrid ine 1-3500 Soluble Soluble 1-340 1-2200 1-1500 1-65 Inso lub le
Sulphadiazine ... 1-13,000 Soluble Soluble 1-1100 Inso lub le Inso lub le 1-170 Inso lub le
Sulphamerazine 1-6250 Soluble Soluble 1-400 Inso lub le 1-2000 1-60 Inso lub le
S u lp h a d im id in e ... 1-5000 Soluble Soluble 1-200 1-5000 1-600 1-20 Inso lub le
Sulphacetam ide 1-150 Soluble Soluble 1-15 1-600 1-1200 1-7 Inso lub le
S u lpha th iazole ... 1-2000 Soluble Soluble 1-200 1-2400 1-375 1-23 Inso lub le
Suecinylsulpha-

th iazo le
1-4800 S ligh tly

soluble
Soluble 1-100 Inso lub le Inso lub le 1-110 Inso lub le

P h tha ly lsu lpha*
th iazo le

1-7500 S ligh tly
soluble

Soluble 1-500 Inso lub le Inso lub le 1-250 Inso lub le

Proseptasine 1-32,000 S ligh tly
soluble

S lig h tly
soluble

1-145 1-320 1-1500 1-10 Inso lub le

U le ro n  ............ 1-50,000 S ligh tly
soluble

Soluble 1-250 Inso lub le 1-1000 1-20 Inso lub le

* Solubilities in water are given numerically throughout. Organic solvent 
solubilities lower than 1 in 5000 are indicated as Insoluble.

(N orthey26) to  the occurrence o f  unstable hydrates. A  similar explana
tion  m ay h o ld  fo r  other sulphonam ides, and the figures in parenthesis 
in T ab le  I m ay represent the melting points o f  these hydrates. It is 
further likely that this m ay also b e  the explanation  o f  the w ide differences 
in solubilities recorded  in the literature.

P rovisional identification as a sulphonam ide. U sing m acro-quantities, 
identification b y  standard analytical m ethods presents n o  particular 
problem , bu t o n  a m icro-sca le  the lack  o f  a specific reaction  fo r  the 
sulphonam ide grouping is a serious disadvantage. L ap iere27 has investi
gated the cob a lt reaction  described by  Parri28 in conn ection  with the 
identification o f  barbiturates, and has fou n d  that certain sulphonam ides, 
notably  sulphathiazole, sulphapyridine and sulphadiazine, also give the 
characteristic purple-violet co lou r. U nfortunately, the reaction  cannot 
be  regarded as a general test fo r  the presence o f  sulphonam ides.

P rovisional characterisation o f  isolated and purified residues as
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sulphonam ide com pou n ds has been  accom plished  b y  the present authors 
in the fo llow in g  m a n n er:

(i) D etection  o f  elem ents by  an adaptation  o f  the m icro-m eth od  
described by  Bennett, G ou ld , Swift and N iem ann29. T he procedure 
is given in detail in T ab le  III.

TABLE III
M i c r o - i d e n t i f i c a t i o n  o f  e l e m e n t s

1 mg. residue +  5 tim es weight 
o f  Z n  dust — CaO  m ix tu re  ( 1 :1 )  
heated in  4*5 cm . x  0 -5  cm . tube

Red h o t tube dropped in to  1 m l. water. 
I Bo iled  ; filte red

N H 3 evolved 
= N IT R O G E N

Residue Filtrate
I P recip ita te w ith

A g N O s 
+  H N O s

I =  H A L O G E N S

Fragm ent o f  so lid  placed in  contact w ith  1 d rop  
reagent (1 g. N a N 3 ; 1 g. N a l ; 1 mg. io d in e  ; 
3 m l. water) held in  lo w e r end o f  open m e lting  
p o in t cap illa ry  tube. Stream  o f  bubbles issuing 
up tube =  S U L P H U R

(2).
A c id ifie d  w ith  2 N  H N 0 3 ; filte red

Filtrate
1 d rop  each am m on ium  m olybdate, benzi
d ine in  acetic acid, satd. sodium  acetate 
(Fe ig l81) B lue c o lo u r= P H O S P H O R U S

(ii) I f  nitrogen and sulphur on ly are detected sulphonam ides m ay 
be present, and the effect o f  heating in adm ixture with soda-lim e is 
then investigated accord ing  to  the schem e in T ab le  IV .

TABLE IV
D e c o m p o s it io n  o n  h e a t i n g  w i t h  s o d a - l im e

0* 1 m g. residue heated w ith  equal 
q u a n tity  soda-lim e

V O LA T ILE 'PR O D U C TS
(a) A m m on ia— od o u r ; litm u s
(b ) an iline— od o u r ; fu rfu ra l/ace tic  acid

R ESID UE
1 d rop  saturated H g C l2 added
(a) Su lphide — io d ine  azide reaction
(b ) Su lph ite  — acid ified  w ith  HC1, and

vapours tested w ith  
starch-iodate paper.

T he clin ically-im portant sulphonam ides listed are all prim ary am ino 
derivatives, and on  fusion  with soda-lim e are decom posed  with the 
p roduction  o f  am m onia o r  readily volatile  am ines, aniline bases and 
sod ium  sulphite; sulphathiazoles and the cinnam ylidene bisulphite c o m 
pounds yield , in addition, sod ium  sulphide. Thus, b y  the m ethod  in 
T ab le  I V , positive tests fo r  am m onia, aniline and sulphite provide  pre
sumptive evidence o f  the presence o f  a  sulphonam ide; sulphide in ad d i
tion  suggests the sulphathiazoles or  cinnam ylidene bisulphite com pou nds.

Individual sulphonam ides differ considerably  in the rate at w hich  the 
various products are form ed , bu t b y  using a standard technique the 
reactions with quantities o f  the order o f  OT m g. are equally as satis
factory  as those utilising larger am ounts o f  material.

OT m g. o f  the test material intim ately m ixed  with an equal weight
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o f  soda-lim e is gently w anned  in a sm all test tube (4-5 cm . x  0-5 cm .). 
T h e issuing vapours are tested with a pointed strip o f  m oist red litmus 
paper introduced just inside the tube. Stronger heat is n ow  applied 
until an oily  distillate accom panied  b y  white fum es approaches to  within 
approxim ately  0-5 cm . from  the op en  end o f  the tube. T h e  tube is 
p laced  on  a white tile, and a pointed strip o f  filter paper m oistened with 
a 2 per cent, solution  o f  furfural in glacial acetic acid  carefully introduced. 
In  the presence o f  aniline (w hich m ay also frequently be  detected by  
od ou r) a distinct reddish-pink band appears around the tube in the 
region  o f  the oily  distillate. A t  this stage one d rop  o f  saturated aqueous 
m ercuric ch loride  solution  is added  to  the solid  residue in the tube, in 
order to  obviate interference from  h ydrogen  sulphide on  subsequent 
acidification ; a fragm ent o f  the treated residue is tested fo r  sulphide by  
the iodine-azide reaction. T h e contents o f  the tube are finally heated with 
dilute h ydroch loric  acid, and the issuing vapours tested with a pointed 
strip o f  m oistened filter paper im pregnated with starch and potassium  
iodate, w hen a blue co lo u r  develops in the presence o f  sulphur dioxide. 
T h e results o f  this test with the listed sulphonam ide drugs are sum 
m arised in T ab le  V . It should be  em phasised that this procedure does

TABLE V
R e a c t io n s  o f  S u l p h o n a m id e s

D e com p os ition  by soda-lim e fus ion
F u rfu ra l

A m m on ia A n ilin e Sulphite Sulphide free N H 2

S u lp h a n ila m id e .............................. ■ 4- 4 _ +
Proseptasine .............................. -I- 4 4 — —
S u lp h a c e ta m id e .............................. 4 4- 4 — 4-
Sulphaguanid ine ................ _u 4 + — 4-
S u lphapyrid ine  .............................. 4 4 4 — 4-
U le ro n 4 4- + — 4-
S u c c in y ls u lp h a th ia z o le ................. 4 4 + + —
S u lp h a d im id in e .............................. -j- 4~ + *7 4-
Sulphath iazole .............................. 4 4 + + 4-
S u lp h a m e ra z in e .............................. 4 4 4 4
Sulphadiazine .............................. 4 4- + — 4
P h tha lysu lphath iazo le  ................. 4 4 4- —
Soluseptazine 4 4- 4- —
S olupyrid ine  .............................. 4- 4- —
Soluth iazole .............................. 4 4 4-

not provide u nequivocal p ro o f that the material is a sulphonam ide, but 
positive reactions here cou p led  with indications o f  unusual insolubility 
is strong presum ptive evidence.

D etection  o f  free  N H 2 groups. A ry l prim ary am in o groups m ay be 
detected by  a variety o f  reactions, o f  w hich  diazotisation  fo llow ed  by 
coup ling  is perhaps the m ost usual. T h e inform ation  can  how ever be 
obtained equally satisfactorily, and m uch m ore rapidly, b y  m eans o f  
the furfural condensation . 0T  m g. to  1 m g. o f  material is p laced in a 
white porcelain  dish and treated with 1 drop  o f  2 per cent, solution  o f 
furfural in glacial acetic acid. T h e liqu id is allow ed to evaporate spon 
taneously, during w hich  process a free prim ary am ino group is indicated 
b y  the production  o f  an intense red co lou r , rapidly turning reddish- 
violet.
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T h e reactions o f  the sulphonam ides are listed for  convenience in T ab le
V . It is notew orthy that in the case o f  the pyrim idine derivatives, the 
co lo u r  is appreciably  slow er in develop ing , and m ay not be apparent 
until evaporation  is com plete. O f the listed sulphonam ides, positive 
tests fo r  both  sulphide and free -N H 2 are given by  one com p ou n d  only, 
sulphathiazole. Sim ilarly, one com p ou n d  on ly, proseptasine, gives 
negative tests fo r  both  sulphide and free -N H 2.

C rystal tests. Since the sulphonam ides are, in general, soluble both  
in acid  and alkali, acid ification  o f  an am m oniacal solution as recom 
m ended fo r  the identification o f  barbiturates (Turfitt30) is valueless. It 
has been fou nd , how ever, that by  a variation in the technique, crystals 
o f  the sulphonam ides m ay in m ost cases be readily obtained. The

TABLE VI
C r y s t a l  F o r m a t io n

Strong solution o f 
ammonia 

0-880
Acetic acid vapour

Sulphanilamide Soluble with difficulty * No peripheral precipitation. Long fine 
needles radiate from undissolved particles ; 
also occasional hexagonal forms.

Proseptasine ... Insoluble • —

Sulphacetamide Very readily soluble -

Suiphaguanidine Insoluble. Slightly solu- . -— 
ble hot ; long needles i 
on cooling.

Sulphapyridine Readily soluble * Rapid peripheral precipitation. Character
istic ‘ banded ’ crystals, with some hexagonal 
and arborescent needle formations.

Uleron ............... Readily soluble ! * Rapid peripheral precipitation. Minute 
, globules with characteristic ‘ dumb-bell ’ 

shaped crystals. Wrinkled surface skin 
! develops over drop.

S u c c in y  I sulphathiazole Very readily soluble

Sulphadimidine Readily soluble | Rapid peripheral precipitation. Minute globules 
giving large rosettes o f  brownish needles. 
Wrinkled surface skin develops over drop.

Sulphathiazole ... ! Very readily soluble \ * Slow peripheral precipitation. Minute drops
coalescing rapidly into large globules, and 

: giving arborescent needle-shaped growths.

Sulphamerazine Readily soluble. On eva- ' Rapid peripheral precipitation. Three crystal- 
poration‘curved ’ crys- line forms usually obtained : (a) rods, often 
tals usually obtained with bifurcated ends, followed by (b) 

' twinned ’ crystals, and finally (c) aggregates 
! o f  ‘ curved ’ crystals. Any one o f  these forms 

is characteristic o f  the compound.

Sulphadiazine Readily soluble Fairly rapid peripheral precipitation. Needles 
individually or in clusters.

Phthaly sulphathiazole Readily soluble * Slow peripheral precipitation. Thin massed 
needle rosettes. Wrinkled surface skin forms 
over drop.

Soluseptasine... Very readily soluble —

Solupyridine ... Very readily soluble —

Soluthiazole............... Very readily soluble \ —

* The same crystalline forms are obtained on spontaneous evaporation o f the 
cold ammoniacal solution.
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crystalline form s are generally highly distinctive, and it is frequently 
possible to  identify a sulphonam ide b y  m eans o f  this test alone.

0-1 m g. o f  m aterial is finely pow dered  on  a m icroscope  slide and 1 d rop  
o f  0-880 am m on ia  added. T h e m ixture is stirred thoroughly with a 
fine glass rod  and observation  m ade o f  the ease or difficulty o f  solution. 
A  drop  o f  glacial acetic acid on the end o f  a glass rod  is then held just 
ab ove  the surface o f  liquid until a white turbidity appears at the m argin 
o f  the drop, or, as in the case o f  sulphanilam ide, crystals appear within 
the drop  itself, when the slide is exam ined m icroscop ica lly  at a m agnifi
cation  o f  approxim ately  X  50.

A  general description  o f  the crystals obtained with the various sul
phonam ides is given in T ab le  V I , whilst fo r  reference purposes the 
characteristic form s are illustrated in Figures 1 to  11.

It is regarded as essential that con tro l crystal tests should be m ade 
with authentic material, and it is further recom m ended that after 
exam ination  o f  the crystals these should be redissolved b y  treatment 
with am m onia vapour or  solution , reprecipitated with glacial acetic 
vapour, and again exam ined. N o  loss o f  material is incurred during this 
repeated test, but confirm ation  o f  the typical crystalline form  is obtained.

Vanillin reaction for substituted sulphapyrimidines. W hen w arm ed 
with vanillin and concentrated sulphuric acid  the m ajority o f  the sul- 
phonam ides give a yellow ish-green co lou r ; the m ethylpyrim idine c o m 
pounds sulpham erazine and sulphadim idine how ever, give an intense 
bright red co lou r. This property  has been fou nd  useful as a confirm atory 
test, and has been adapted fo r  m icro-quantities.

A  quantity o f  vanillin o f  the order o f  0-01 m g. is m ixed  on  a m icro 
scope slide with 1 small drop  o f  concentrated sulphuric acid . Into the 
liqu id is d rop p ed  approxim ately 0-01 mg. o f  the sulphonam ide, and the 
m ixture w arm ed over a m icro-flam e until fum es are just observable. 
T h e slide is p laced  upon  a white tile, and the presence or absence o f  a 
red co lo u r  arising from  the sulphonam ide particles is noted.

Final mixed melting-point. T h e in form ation  derived from  the fo re 
going tests is invariably conclusive fo r  any one o f the listed sulphona- 
m ides, but the con clu sion  should be checked by  a m ixed m elting-point 
with a specim en o f  the indicated com pou n d .

M ixtures of Sulphonamides
W ith the introduction  o f  proprietary m ixtures, e.g. sulphatriad, 

containing sulphathiazole, sulphadiazine and sulpham erazine, the to x i
co log ist m ay be required to  identify the individual com ponents o f  such 
m ixtures, either in b io log ica l material or  during the analysis o f  actual 
tablets.

It is clearly essential in such cases to  effect a prelim inary separation 
o f the com ponents. This m ay be  achieved satisfactorily on  the basis o f 
solubility differences (T ab le  II), subsequent identification o f  each fraction  
being accom plished  by  the described m ethods.

T h e authors have encountered n o  insuperable difficulties in the 
qualitative analysis o f  m ixtures treated in this manner.
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Summary

1. A  schem e is described fo r  the identification o f  all the sulphonam ide 
drugs at present available in this country.

2. T h e six stages o f  the process are sim ple and rapid operations, in 
volving n o  unusual reagents or apparatus:

(i) purification  o f  the crude m aterial by  charcoal treatment in ace
tone solution, fo llow ed  by  m elting-point determ ination.

(ii) prelim inary identification  as a sulphonam ide com p ou n d  by 
decom p osition  with soda-lim e.

(iii) detection  o f  free prim ary am ino group by  condensation  with 
furfural.

(iv) sim ple crystal tests based on  precipitation  from  am m onia solu 
tion  b y  acetic acid  vapour.

(v) vanillin confirm atory  test fo r  sulpham erazine and sulphadim idine.
(vi) m ixed  m elting-point determ ination.
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THE ISOLATION OF THE TOXIC PRINCIPLE OF
CENANTHE CROCATA
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Introduction

CENANTHE CROCATA H em lock  W ater D ropw ort, belonging to the fam ily 
U m belliferae, is com m on  in wet places all ov er  W estern E u rope, includ
ing the British Isles. Its toxicity  has been know n fo r  a great m any 
years, Linnaeus having noted it in Sweden in 1746 (Skarm an1), while 
O rfila2 quotes a num ber o f  instances o f  poison ing in the 17th and 18th 
centuries. W itthaus3 cites 159 cases, 42 o f  them  (i.e., 26 per cent.) being 

fatal, while there are num erous references to  the 
subject in m ore recent m edical literature 
(T h om as4 : M cG arth 5). H olm es6 refers to
(Enanthe croca ta  as the m ost poisonou s plant in 
England, while Fenton and R ob ertson 7 state that 
it is responsible fo r  m ore stock  poison ing  than 
any other. T h e frequency with w hich cases o f  
poisoning occu r is probably  because it has a 
pleasant taste, and an attractive smell, rather like 
celery.

In spite o f  its well-established toxicity, very 
little w ork  has been d on e  on  the chem istry o f  the 
plant. C om ierais and P ih an -D ufeillay8 fou nd  
the active ingredient to  be  contained in a resinoid 
material in  the root, while G erding6 d iscovered a 
similar material in CE. fistulosa. B y  purifying an 
ethyl a lcoh o lic  extract o f  the root by  dissolving 
in ether, w ashing with sodium  h ydroxide and 
precipitating with light petroleum , P oh l10 o b 
tained a neutral resinous substance, w hich he 
nam ed cenanthotoxin, and to w hich he assigned 
the form ula C 17H 220 , .  T utin11 isolated several 
n on -tox ic  substances (triacontane, hentriacon- 
tane and ipuranol) from  an ethyl a lcoh olic  
extract o f  the root, but he also fou nd  that the 
toxicity was associated with the ether-soluble 
neutral resin. H e considered that “  P oh l’s 
cenanthotoxin ”  was not a pure substance. W e 
are not aware o f  any other chem ical investigation 
o f  value.

Experimental
Extraction . A s  a prelim inary experiment, 

ethyl a lcoh olic  extracts o f  roots, seeds and green
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stems were m ade, and tested for  toxicity  by intra-peritoneal 
in jection  in m ice. O nly the extract from  the roo t proved  lethal, 
so investigation was confined to  this part o f  the plant. T h e roots were 
obtained from  the banks o f the Tham es near K ew , and passed, while 
still fresh, through an ordinary kitchen m incer. A n  extract m ade 
with 0-9 per cent, sodium  ch loride solution  show ed no activity, while 
there w as little to  ch oose  in toxicity  between extracts m ade with ethyl 
a lcoh ol, ch loro form  or ether. T h e latter solvent was chosen ow ing to 
the ease o f  rem oval. A ir-dried  roots  extracted with either ethyl a lcoh ol 
or  ether gave less tox ic preparations.

6 kg. o f  freshly m inced roots were gently refluxed in a 20-1. bolthead 
flask fo r  a total tim e o f  12 hours with 11 1. o f  ether. T he residue was 
w ashed with 6 1. o f  ether, the washings added to the extract, and the 
w hole dried over anhydrous sod ium  sulphate. T he ether was then 
distilled off, leaving 25 g. o f  a tox ic  brow n  oily  residue, with an A .L .D . 
in m ice o f  approx . 25 m g ./k g . T h is oil w as dissolved in 30 ml. o f  
ether and 600 ml. o f  light petroleum  was added. This threw dow n
17-5 g. o f  a tox ic resinous material. T he fraction  rem aining in the 
light petroleum  was not tox ic. T he resinous precipitate was dissolved 
in 300 ml. o f  ether and shaken with 300 ml. o f  40 per cent, sodium  
h ydroxide, then with 300 m l. o f  8 per cent, sodium  h ydroxide solution, 
and finally w ashed with saturated sodium  sulphate solution  (it having 
been fou n d  that water gave troublesom e em ulsions) until the washings 
were neutral. T h e sod ium  h ydroxide extract, neutralised with h yd ro 
ch loric acid , threw dow n  a dark resinous material that was n ot tox ic. 
T he ethereal solution was dried over anhydrous sodium  sulphate and 
evaporated to dryness, yielding 8 g. o f  light brow n viscous oil, which 
was highly tox ic. This o il deposited  a few  crystals on  standing, but 
insufficient fo r  investigation.

Chromatography

C hrom atography in daylight was unsatisfactory, but on  elution on  
alum ina colum ns under ultra-violet light a series o f  co lou red  bands was 
given b y  m ost organic solvents. T he best separation was obtained 
with a m ixture o f  dry benzene and ethyl a lcoh o l (9 9 :1 ) .  T herefore a 
solution  o f  the light brow n o il in benzene /  ethyl a lcoh ol (9 9 :1 )  w as placed 
on  an alum ina colum n  and d eveloped  with the same m ixed solvent. 
T he bands seen under u ltra-violet light were rem oved, eluted separately 
with ethyl a lcoh o l and the extracts tested on m ice. T h e toxicity  was 
fou n d  to  be associated with a band w hich gave a steel-grey fluorescence 
(Figs. 1 and 2).

T h e 5 g. o f  pale yellow  oily  m aterial obtained on  evaporating the 
extract from  this band deposited oily  crystals on  standing. These were 
recrystallised by  dissolving in the m inim um  o f  ch loro form  and coo lin g  
to -  15 °C . 400 mg. o f  colourless crystals was obtained, w hich w ere highly 
tox ic (v. infra.). T hey can  be purified, either by  recrystallisation from  
ch loroform , m ethyl a lcoh ol o r  benzene, dissolving at room  tem perature
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and coo lin g  as above, or by chrom atography on  an alum ina colum n, 
eluting with ben zen e/ ethyl a lcoh o l (9 9 :1 ) ,  w hen a single steel-grey zone 
is obtained. These purifications d o  not alter the melting poin t o r  crystal
line habit.

Properties

Crystalline “  cenanthotoxin ”  prepared by this m ethod form s small 
colourless irregular crystals, (Fig. 3) m .pt. 80° to  81CC ., insoluble in 
water, light petroleum , alkalis and dilute m ineral acids, but freely soluble 
in ether, ethyl a lcoh o l and ch loro form . I f  d issolved  in ethyl a lcoh ol, and 
the solvent allow ed to  evaporate, the substance crystallises in flat plates, 
m any o f  them  with a  characteristic “  bullet-shaped ”  appearance (Fig. 4). 
F ound C , 71-75; H , 7-29; O , 20-96 per cent. M olt. wt. (cry oscop ic  in 
benzene) 292 C 18H 220 4 requires C , 71-50; H , 7-43; O , 21-16, M ol. wt. 302.

N itrogen is absent. T he substance is extrem ely unstable, changing 
com paratively rapidly into a brow n  insoluble resinous material, d e co m 
posing w ithout melting ab ove  2 0 0 °C „  and possessing n o  pharm acolog ical 
activity. This change is accelerated b y  a high tem perature and by  oxygen. 
A t 4 °C . under oxygen-free n itrogen cenanthotoxin is m uch m ore stable, 
on ly a slight yellow  co lo u r  develop ing  in a period  o f  weeks. T h e specific 
rotation  in ch loro form  is +  14-7°. (E nanthotoxin  gives an im m ediate 
black co lou r  with concentrated sulphuric acid.

Pharmacology
(E nanthotoxin , in the form  o f  an em ulsion , was in jected intraperi- 

toneally  into white m ice. In  the earlier preparations the em ulsion had 
been  prepared b y  dissolving the substance in 0-5 m l. o f  ethyl a lcoh o l

TABLE I
Results o f  injecting 0-5 ml. o f  lecithin-saline suspension o f  crystalline cenantho

toxin containing the dose shown, intraperitoneally into white mice, c.18 g. weight. 
C— Interval before onset o f  convulsions. (In minutes from time o f injection). 
D — Time elapsing before death. S— Survived.

TOXIC PRINCIPLE OF (ENANTHE CROCATA
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Controls received 0-5 ml. lecithin saline only.
This gives an A.L.D. o f approximately 0-83 mg./kg. Pohl’s cenanthotoxin killed 

one rabbit in 105 minutes at a dose o f  24 mg./kg.
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and pouring this into 9-5 ml. o f  0-9 per cent, sodium  chloride. In  the 
case o f  the crystalline product, the em ulsion produced  by this m ethod 
was unstable, ow ing to the rem oval o f  som e em ulsifying agent by the 
purification. T h e em ulsion o f  crystalline cenanthotoxin fo r  injection 
was m ade by pouring an ethyl a lcoh o lic  solution into a 0T  per cent, 
solution o f lecithin in 0-9 per cent, sodium  ch loride solution.

T he results o f  the experim ent on m ice with the crystalline substance 
are given in T ab le  I.

Signs

Shortly after in jection  the anim al becom es perceptibly less active, 
respiration is accelerated but the anim al shows no sign o f  distress. 
1 to  20 minutes after in jection the anim al becom es restless and adopts 
the characteristic feeding posture with excessive m ovem ent o f  the fore  
limbs.

Soon  trem ors o f  varying intensity are observed which m ay be c o n 
fined to  on ly loca l regions, but m ore frequently are general. T h e onset 
o f  convulsions may be sudden, but it is usually preceded by a generalised 
trem or o f  the w hole bod y . D epending on the dose  the convulsive m ov e 
ments vary from  those involving ton ic contractions and rolling, to wild 
jum ping m ovem ents. T he convulsive stage varies in its d u ra tio n : 
usually several convulsions fo llow  in rapid succession, but occasionally  
an interval o f  som e minutes m ay intervene between any two.

T he terminal phase is invariably heralded by pedalling m ovem ents o f  
the hind lim bs and irregular v igorous m ovem ents o f  the fore  lim bs. 
A b d u ction  o f  the digits is m arked, and always accom panies the pedalling 
m ovem ents. A t this stage haemorrhages from  the buccal cavity m ay be 
observed accom panied  by  trismus o f the jaw  muscles. Prior to  death 
the anim al assumes a characteristic posture, lying on  one side with the 
fore  lim bs acutely flexed and the hind lim bs rigidly extended to  the 
full. D eath follow s.

These sym ptom s correspond closely  with those recorded in cases o f 
poison ing in m an and dom estic anim als fo llow in g  the ingestion o f  the 
roots o f  CE riant lie crocata.

Summary

1. A  m ethod is described for  the preparation o f highly tox ic  crystals 
from  water d ropw ort root. Previous w orkers have on ly reported oils 
or  resins o f  far less toxicity.

2. T hese can be purified by recrystallisation, or  by chrom atography 
on  an alum ina colum n, when a single steel-grey zon e  is obtained. These 
purifications d o  not alter the melting poin t or the crystalline habit.

3. T he crystalline material, m .pt. 80° to 81 ° C „  is insoluble in water, 
light petroleum , alkalis, and diluted mineral acids, but readily soluble 
in ch loro form , ethyl a lcoh ol and ether.

4. T h e crystals are extrem ely unstable, yielding an insoluble infusible 
resinous material, with no ph arm acolog ical activity.
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5. I f  kept under nitrogen at 4 ° C „  the crystals can be  preserved for  
weeks with little loss o f  activity.

6. D eath after characteristic convulsions fo llow s the intraperitoneal 
in jection o f  an em ulsion o f  the crystalline material into mice.

7. T he A .L .D . is 0-83 m g ./k g . o f  b od y  weight.
W e  wish to  express ou r thanks to M r. G . K night, o f  the Beaum ont 

H ospital, fo r  the loan  o f  apparatus and to M rs. King fo r  her drawing 
o f  Figure 2. W e are also indebted to M r. Burgess for  the p h oto -m icro 
graphs, and to our technician, M r. W aterm an, for  his help and fo r  the 
co llection  o f material.

T he photograph  o f  the chrom atographic colum n  was taken at the 
O ptical D epartm ent o f  the M edical R esearch  Council, H am pstead, and 
to D r. Smiles, o f  this unit, w e wish to a ccord  our thanks. Thanks are 
also due to  D r. K lyne, o f  the Postgraduate M edica l S chool, for the use 
o f  the m icropolarim eter.

O ur thanks are also due to Professor E . C . A m o ro so , H ead  o f  the 
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gestions during the course o f  this investigation.
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A  number o f  derivatives o f  thiourea and especially  the substituted 
thiouracils inhibit thyroid  activity in anim als1’2; in particular thiouracil 
and m ethylthiouracil have been  used in the treatment o f  hyperthyroidism  
in m an. M iller, R o b lin  and A s tw o o d 3 studied the reaction  betw een iodine 
and 2-thiouracil and fou n d  that at p H  7-4 in the presence o f  sod ium  bicar
bonate a disulphide from  tw o m olecu les o f  thiouracil was form ed. T he 
absorption  o f  iod ine w as such that tyrosine and casein w ere protected 
from  iodination  under these cond ition s in the presence o f  2-thiouracil. 
This was held to  support the hypothesis that th io-derivatives m ay prevent 
horm one synthesis in the thyroid gland by  b lock in g  the iodination  o f  
horm one precursors. D oubts, how ever, have been expressed by  
R im in gton  and L aw son 4 concern ing  the validity o f  this reaction  
(2 R S H  + 12 R S .S R  +  2 H I) as a m echanism  ow ing to the activity o f  
sulphonam ide derivatives w hich  have n o  free -  SH  group.

W illiam s and K a y 5 fou n d  that the activity o f  thiouracil was distinctly 
decreased o r  in som e instances lost by  the addition  o f  m ethyl or  ethyl 
substituents on  the nitrogen atom s or by  the addition  o f  substitutents on 
the sulphur atom . Since both  o f  these alterations to  the m olecu le are 
conn ected  directly  or  indirectly with the ionisable hydrogen  atom  it seems 
probable  that ionisation  is an im portant factor in thiouracil activity. 
It was therefore decided  to  investigate the dissociation  o f  2-thiouracil 
and 2-thio-4-m ethyluracil and to  try and determ ine the probable  structure 
o f  the resulting ion . W ith  the latter o b je ct  in view  the m ethylated th iol 
structures corresponding  to  2-thio-4-m ethyluracil, nam ely, 2-m ethylm er- 
capto-4 -m ethyl-6 -oxypyrim idin e and 1 : 4-d im ethyl-2-m ethylm ercapto-6- 
oxypyrim idine, w ere prepared and their ultra-violet absorption  spectra 
determ ined under varying p H  conditions. A t  the same tim e the d issocia 
tion  o f  the com p ou n ds prepared was investigated by  m eans o f  an electro
m etric titration. „

E xp er im e n ta l

A b sorp tion  Spectra. T h e absorption  curves were determ ined at varying 
p H  values using a  B eckm an  photoelectric  spectrophotom eter. Sam ples o f  
2-thiouracil and 2-thio-4-m ethyluracil o f  appropriate strengths were d is
solved  in potassium  dihydrogen phosphate-sodium  hydroxide buffer 
solutions and exam ined in a 1 cm . cell. Solutions o f  high and low  p H  
were obtained b y  dissolving in carbon  d iox ide-free  water and adding 
sod ium  h ydroxide  or h ydroch loric  acid  until the required p H  was 
obtained as indicated by  p H  m eter; solutions obtained in this m anner 
were used im m ediately.

E lectrom etric  T itrations. T hese were carried out in general by  
running N /1 0  aqueous sodium  hydroxide into solutions o f  thiouracil
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derivatives in 50 per cent, aqueous ethyl a lcoh ol, the p H  o f  the solution 
being determ ined at intervals by a standard C am bridge p H  meter. A  
typical result is show n for  2 -th io-4 -m ethylu racil:

Per cent, neutralised 10 20 30 40 50 60 70 80
/>Ka ..........................  8-6 8-5 8-5 8-6 8-5 8-5 8-4 8-4

T he tem perature throughout the p H  measurem ents was 1 8 ° ± 2 ° C .  
T h e results are not corrected fo r  the effects o f  a lcohol.

Preparation o f  the m ethylated  derivatives.

1 HC1. O 1 NaOH 2 NaOH

F ig. 1. Electrometric titration curves :
------- 2-thio-4-methyluracil;
—  2-methylmercapto-4-methyl-6-oxypyrimi dine;
------1 : 4 - dimethyl - 2 - methylmercapto-6-
oxypyrimidine.

2 - M ethylm ercapto - 4- 
m ethyl - 6 - oxypyrim i- 
d ine was prepared by 
m éthylation o f  2-thio-
4-m ethyluracil in so 
dium  ethylate using 
methyl iod ide a cco rd 
ing to  L ist6. A fter 
crystallisation from  
alcoh ol it had m .pt. 
22 0°C. D i-m ethylation  
o f  2-thio-4-m ethylura- 
cil, by  the m ethod  o f  
W heeler and M acF ar- 
land7 produced  1 : 4 -  
dim ethyl - 2 - m ethyl
m ercapto - 6 - oxypyr- 
im idine w hich after 
crystallisation from  
alcoh ol had m.pt. 
94°C . T h e constitution 
o f  the methylated c o m 
pounds was p roved  by  
W heeler and M acF ar- 
land ( l o c .  c i t . )  since on  
heating with h yd ro 
ch loric acid 1 : 4 -  
dim ethyl - 2 - m ethyl
m ercapto - 6 - oxypyr- 
im idine gave 1 : 4 -  
dim ethyluracil.

R e su l t s

T he results in gene
ral are o f  interest in 
show ing the c lose  c o r 
relation between d is
sociation  as show n by 
the p H  curves and 
changes in absorption
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spectrum , i.e. structural changes are due prim arily to ionisation. Thus 
2-thio-4-m ethyluracil possesses a potentiom etric titration curve (Fig. 1) in 
aqueous ethyl a lcoh ol with a break corresponding to  an acidic dissociation

Fig. 2. Absorption spectra of 2-thio-4-methyluracil. A, at pH 2; B, at pH 7; 
C, at pH 8; D, at pH 9; E, at pH 10; F, at pH 12.

constant o f  p H  8-5. The spectra o f  this com p ou n d  (Fig. 2) show  m inor 
differences only at p H  values up to 7, and at p H  8 the m ain peak 
Ama* ca - 270 mu s max ca. 16,000 is still not appreciably changed. A t  higher 
p H  values, corresponding  to  increasing ionisation three peaks becom e 
evident, a transition curve occurring at pH  9.
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2-M ethylm ercapto-4 -m ethyl-6-oxypyrim idine does n ot show  any m ain 
peak $max ca. 16,000 as fo r  2 : th io-4-m ethyluracil, and the changes are not 
so  fundam ental (F ig. 3). A  break  in the p H  curve (Fig. 1) between 
pH  0 and p H  2 correspon ds to  a change in absorption  spectra at these

ABSORPTION SPECTRA OF THIOURACIL DERIVATIVES

210 230 250 270 290 310 330
W a v e l e n g t h  mp.

F ig . 3. Absorption spectra of 2-methylmercapto-4-methyl-6-oxypyrimidine. A, at 
pH 0; B, at pH 1; C, at pH 2; D, at pH 8; E, at pH 9.

values. T h e electrom etric titration results fo r  this com p ou n d  show  it 
to  be a w eak acid , having a p K a value o f  7 9.

1 : 4 -D im ethyl-2 -m ethylm ercapto-6 -oxypyrim idine show s absorption  
changes on ly  at p H  values less than 2 (F ig. 4), again corresponding  to  a
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break in the electrom etric titration curve (Fig. 1). T he spectrum  o f  
2-thiouracil (Fig. 4) is in general agreem ent with the graphical results o f  
E h on, Id e  and H itch ings3 and o f  M iller, R o b lin  and A stw o o d 3.

It was not possible d irectly  to  calculate the dissociation  constants from  
absorption  measurem ents (see e.g. M orton  and T ipp in g9 fo r  violuric acid, 
Stuckey10 for  barbituric acid), as the relationship between absorption  
m axim a and ionisation  was not linear. It is obv iou s  from  this, and from

210 230 250 270 290 310 330
Wavelength, mp.

Fig. 4. Absorption spectra of 1 : 4-dimethyl-2-methylmercapto-6-oxypyrimidine. 
A, at pH 0; B, at pH 1; C, at pH 2; D, at pH 12.

E, 2-Thiouracil, at pH 7.

the fundam ental spectrum  changes, that variations in p H  must be causing 
spectrum  changes associated with resonance effects or with m ore than 
on e group in the m olecule.
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D isc u ssio n

Tautom erism  in 2-thio-4-m ethyluracil (I) can  theoretically occu r in 
m ore than on e  part o f  the m olecu le , n otably  involving the hydrogen 
attached to  the nitrogen atom  in the 3-position  producing  a A 2-3 structure, 
o r  involving the h ydrogen  attached to the nitrogen atom  in the 1-position  
producing  either a A 1’2 o r  a A 1’6 structure. T he potentiom etric titration 
curve fo r  this com p ou n d  (Fig. 1) shows a single dissociating group with a 
p K a value in aqueous ethyl a lcoh ol o f  8 5, but the fact that the absorption

TABLE I

p H ^max emax

2 - T h io u r a c i l ..............................  .............................. 7 274 13,940

2 -Th i o-4-m ethy 1 u ra d  I 2 275 16.980
7 275 16,160
8 272 16,100
9 267 11,800

10 232-5 12,180
260 11,500
305 8,050

12 232-5 11,070
260 10,430
305 7,080

2-M e thy lm ercap to -4 -m e thy l-6 -oxypyrim id ine 0 250 10,800
270 8,810

1 222-5 10,730
250 10,000

2 230 14,260
8 272-5 6,600
9 247-5 7,980

275 5,960

1 : 4 -D im ethy l-2 -m ethy l-m ercap to -6 -oxypyrim id ine 0 250 8,320
1 222-5 8,040

282-5 7,620
2 241 5,750

285 9,050
12 241 5,740

286 9,420

changes d o  n ot show  a linear relationship betw een peak values and 
ionisation  indicates that spectrum  changes are not directly associated with
a single ion ic  structure.

NH,—6CO NH—CO1 I NH— CO 1 1| |
SC2 5CH - >  H +

1 1
+  SC CH

1 I 
SC CH

! II i ii 'll II
NH3—4C.CH3 ~N — C.CH3 N — C.CH3

I II III

T h e absorption  spectra o f  2-thio-4-m ethyluracil show  a m ain broad
peak ca. 270 m u with relatively little change at p H  values up to  8. This 
peak correspon ds to  the undissociated form  I, by  analogy with other 
pseudo-acids, e.g., barbituric acid  derivatives, the th io-ketone form  being 
present in aqueous acid  solution. It is notew orthy that Schneider and 
H alverstadt11 fou n d  from  a study o f  d ip o le  m om ents in d ioxan  that 
2-thiouracil possessed the structure corresponding  to  I. T he change in
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spectrum  accom panying dissociation  (from  p H  7 to  p H  10) is fu nda
mental, w ith-the splitting o f  the m ain band  into three subsidiary bands; 
at p H  10 the change is virtually com plete, the absorption  m axim a at 
higher p H  values show ing a slight decrease on ly , com m on  to  the spectra 
o f  m any pseudo-acids in alkaline solution  (c f. Stuckey10), the m ain  
characteristics being retained. T h e reason fo r  the m ain spectrum 
change is not easily interpreted, but it is probable  that this fo llow s 
ion ic rearrangement, predom inantly with the p roduction  o f  struc
tures I I  and III  with associated resonance effects. This is supported by 
the fact that p H  m easurem ents show  on ly  on e dissociating group. A n y  
second  dissociation  with the addition  o f  a further d ou b le  link (from  
subsequent tautom erism ) w ou ld  produ ce  the basic pyrim idine structure 
with three dou b le  links; this w ou ld  have characteristically low er ab sorp 
tion  values, w hich  are n ot actually found. M éthylation , with the p rod u c
tion in the first instance o f  2-m ethylm ercapto-4-m ethyl-6 -oxypyrim idine
(IV ), gives support to  the supposition  that the nitrogen in the 3-position  
is the dissociating group. T h e  spectra o f  I V  in alkaline solution  show , 
broad ly , a similar pattern to  2-thio-4-m ethyluracil in alkaline solution.

T h e spectrum  o f  2-thiouracil (F ig. 4) agreed w ith the graphical results 
o f  E lion , Id e  and H itchings8 and o f  M iller, R o b lin  and A s tw o o d 3. The 
peak values in acid  solution  w ere considerably  low er than fo r  the 4-m ethyl 
com p ou n d  and low er than fo r  2-thiothym ine. A lth ough  the introduction  
o f  a  m ethyl grou p  in the 4-position  has n o  direct effect on  the tautom erism  
it m ust obv iou sly  have som e effect other than the norm al weighting 
although exactly what is causing the increase in s max is rather obscure. 
T h e parent uracil has s max 11,000 at 258 mu. (L o o fb o u ro w , Stimson and 
H art12) so that the replacem ent o f  oxygen  b y  sulphur has caused on ly  a 
slight increase in  s max.

HN — CO
I I

c h 3s c  c h
II II

N — C.CH,

IV

-N  — CO
I I

c h 3s c  c h
II II
N — C.CH3

V

CH:)N — CO
I I

CH3SC CH

© N — C.CH3 
H

VI

2-M ethylm ercapto-4 -m ethyl-6-oxypyrim idine (IV , Fig. 3) show s an 
absorption  curve at p H  2 with a m axim um  at 230 mu, but lacking any 
peak values at longer w avelengths; at this pH , ionisation  accom panied  
by the splitting off o f  a hydrogen  atom  does not take place to  any extent 
and the spectrum  w ill b e  that o f  the undissociated structure IV . T here 
is a change in spectrum  with the developm ent o f  tw o subsidiary peaks 
in alkaline solution  (pH  9) corresponding  to dissociation  as show n by 
the electrom etric titration curve. T h e spectrum  at p H  9 is due to  the 
ion  (V ) with the possibility  o f  resonance with a fu lly  unsaturated p yr
im idine ion  having a 1 :6  dou b le  link. T h e p H  curve fo r  2-m ethyl- 
m ercapto-4 -m ethyl-6-oxypyrim idine show s a slight break with an  in 
flexion  corresponding  to  a radical change in the spectra ca. p H  1 and
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p H  0, undoubtedly  due to  the partial conversion  o f  the tertiary nitrogen
©

to a = N H  -  structure.
1 : 4 -D im ethyl-2 -m ethylm ercapto-6 -oxypyrim idine show s no change 

from  p H  2 to  p H  12, w hich  is to  be expected  in the absence o f  an 
ionisable hydrogen  atom . T h e break in the p H  curve between p H  0 to 
p H  1 corresponds, as with the m onom ethylated com p ou n d  IV , to  the 
addition  o f  a proton  to  the tertiary nitrogen in the 3-position  (V I).

T h e  iod ine absorption  theory o f  anti-thyroid activity is supported by 
the w ork  o f  A lbert, R a w son , M errill, L en n on  and R iddell13, w h o fou nd  
that the loss o f  thyrotrop ic activity occurring during exposure o f  a 
pituitary extract to  iodine, was restored by  treatment o f  the iodinated 
horm onal m aterial with 2-thiouracil. T h e  production  o f  a disulphide 
com p ou n d  incorporating the th iol form  o f  the thiouracil m olecu le  (I II ) 
in A s tw o o d ’s iod ination  experim ents, together with the findings o f  
W illiam s and K a y 3, suggest that any m echanism  o f  iod in e  absorption  
depends on  ionisation  and subsequent ion  tautom erism . In  view  o f  
this it appears that ionisation is necessary fo r  antithyroid activity in 
thiouracil derivatives. T he present w ork  has show n that 2 -th io-4- 
m ethyluracil has a  p K a value in 50 per cent, aqueous a lcoh o l o f  8-5; 
in order to  m ake this figure applicable to  an aqueous solution  it is neces
sary to  apply  a correction . M izutani14 fou n d  values for  A p K a between 
water and 50 per cent, aqueous ethyl a lcoh ol to  be  o f  the order o f  0-9 
to T 2 , with an approxim ate average o f  IT, for  the num erous acids 
studied. It is unfortunate that a m ore  precise correction  can not be 
applied since a small difference in pK a in the region p K a 6-6— 8-0 corre 
sponds to  a b ig  difference in percentage dissociation  at pH  7-3; the very 
lim ited solubility  o f  2-thio-4-m ethyluracil, how ever, m akes an accurate 
determ ination in aqueous solution  a m atter o f  difficulty. A ssum ing 
A p K a to  be IT  units, the corrected figure fo r  2-thio-4-m ethyluracil is, 
therefore, 7-4. This correspon ds to  a d issociation  o f  44 per cent, at a 
b lo o d  p H  o f  7-3. O n  the lim ited evidence available an appreciable 
d issociation  o f  th iouracil derivatives at pH  7-3 w ould  seem to  be  neces
sary fo r  iod ine absorption  in anti-thyroid activity.

T h e peak absorption  values in acid  solution  show n by  2-thio- and 
2-thio-4-m ethyluracil provide a useful property fo r  the analytical estim a
tion  o f  these com pou n ds. This, together with the d issociation  properties 
o f  th iouracil derivatives, is the subject o f  further investigation.

Summary
1. T h e ultra-violet absorption  spectra o f  2-thiouracil, 2 -th io-4- 

m ethyluracil, 1 : 4-d im ethyl-2-m ethylm ercapto-6-oxypyrim idine and 2- 
m ethylm ercapto-4-m ethyl-6 -oxypyrim idine have been determ ined at vary
ing p H  values.

2. E lectrom etric titration curves have been  plotted  fo r  2-thio-4- 
m ethyluracil, 2-m ethylm ercapto-4-m ethyl-6 -oxypyrim idine and 1 : 4 -  
d im ethyl-2-m ethylm ercapto-6 -oxypyrim idine, and pK a values fo r  these 
com p ou n ds in aqueous ethyl a lcoh o l have been recorded.
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3. T h e c lose  conn ection  between change in p H  and change in ultra
violet light absorption  fo r  the com pou n ds studied show s that absorption  
changes are due prim arily to ionisation  and subsequent ion ic rearrange
ment.

4. O n  the basis o f  the iodine ox idation  theory, the p robable  ion ic 
nature o f  the iod ine absorption  m echanism  suggests that thiouracil 
derivatives w hich  are appreciably ionised at p H  7-3 are m ost likely to 
exhibit anti-thyroid activity.

T h e writer w ou ld  like to  thank M iss H . M . Oster fo r  technical assist
ance and the D irectors o f  T he British D rug H ouses, L td ., fo r  per
m ission to  publish these results.
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P r ogu an il  (Paludrine), introduced as an antimalarial drug in 1946, has 
the constitution N i-p -ch lorophen yl-N s-A opropylb iguan ide.

Cl<^ \ —NH—C—NH—C—NH.CH(CH3)2
NH NH

It is a strongly basic substance w hich is adm inistered orally as tablets 
containing the m on oh ydroch loride  and by injection -as a 5 per cent, 
solution  o f  the lactate.

M ethods fo r  the determ ination o f  traces in b io log ica l fluids have been 
described by Spinks and T ottey1 and G age and R o s e 2. Spinks and Tottey 
em p loy  hydrolysis with N /4  h ydroch loric  acid  in a sealed tube at 1 0 0 °C  
fo llow ed  by  diazotisation  o f  the p -chloroaniline, coupling  with N-|f sulph- 
atoethyl-m -toluidine and colorim etric determ ination o f the azo dye 
w hich is form ed. G age and R o s e ’s m ethod depends on  form ation  and 
extraction o f  the cop p er-com p lex  (C 11H i5N 5C1)2C u (see page 392) with 
benzene and determ ination o f  the cop p er  in the extracted com p lex  by  the 
w ell-know n dithiocarbam ate m ethod.

Neither m ethod, how ever, is o f  sufficient accuracy to  be satisfactory for  
the determ ination o f  m a jor am ounts, either in the bulk product or  in 
pharm aceutical preparations, and the m ethods w hich have been developed 
for  these purposes are described herein.

Methods of A nalysis

1 . V o l u m e t r i c  D e t e r m i n a t i o n  i n  t h e  H y d r o c h l o r i d e  b y  T i t r a t i o n  w i t h  

A c i d . T h e drug is in reality a d iacidic base, and although the form  in 
w hich it is m ainly encountered (the m on oh ydroch loride) is neutral in 
aqueous solution, this salt can  be  dissolved in glacial acetic acid  and the 
second basic group  can  be titrated with a standard solution o f  perch loric 
acid in glacial acetic acid  in the m anner described by  Bandel and Blum - 
rich fo r  the titration o f  weak bases with strong acids3. T h e indicator is 
tt-naphthol benzein, w hich changes from  yellow  to green at the end-point.

This m ethod  has the advantage o f  rapidity and the results are not 
affected by  n orm al tablet excipients (e.g. starches, gum s, sugars, etc.); it 
can, therefore, be used for the direct determ ination o f the content o f  
tablets.

R eagen ts required : 1. A cetic  acid, glacial, analytical reagent quality.
2. N / 1 0  solution  o f  perch loric acid  in glacial acetic a c id : d issolve the 

equivalent o f  10-05 g. o f  perch loric acid (calculated from  the acid content
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o f  the 60 per cent, aqueous solution ) in 50 ml. o f  acetic acid ; add this m ix 
ture, a  d rop  at a  time, to  an am ount o f  freshly distilled acetic anhydride 
(boiling poin t 137° to  139°C .) w hich  is exactly  sufficient to  com bin e  with 
the water present in the perch loric acid, coo lin g  the m ixing vessel in ice 
during the addition. D ilute with acetic acid  to  1 litre.

3. Standard solution  o f  sod ium  acetate in acetic a c id : cautiously d is
solve 1 -325 g. o f  sod ium  carbonate, previously dried  for  5 hours at 300°C ., 
in 50 m l. o f  acetic acid , transfer to  a 250-m l. m easuring flask and m ake 
up to  volum e with acetic acid.

4. a-N aphthol benzein in d icator; dissolve 0 2 g. o f  a-naphthol benzein 
in 100 ml. o f  acetic  acid.

D eterm ination . Standardise the perch loric acid  (reagent 2) by  titrating 
50 0  m l. o f  the standard solution  o f  sod ium  acetate (reagent 3) and 1 ml. 
o f  the indicator (reagent 4) until the co lo u r  changes from  brow n  to  green. 
T h e tem perature o f  the perch loric and sodium  acetate solutions should  be  
k ept as near to  20 °C . as possib le fo r  all m easurem ents o f  volum e in order 
to m inim ise errors du e to the large coefficient o f  expansion  o f acetic acid.

E xperience has show n that the norm ality o f  this solution  rem ains 
constant, under ordinary cond ition s o f  storage in a stoppered bottle, for  at 
least 3 m onths.

W eigh  about 0 8 g. o f  the sam ple, o r  its equivalent in tablet form , into 
a  dry con ica l flask and dissolve in  30 ml. o f  acetic acid, warm ing to  a 
tem perature n ot exceeding 80 °C . C o o l to  room  tem perature, add  0 5 ml. 
o f  indicator solution  and titrate with the perch loric acid  solution  until the 
co lo u r  o f  the titration m atches that obtained in the standardisation.

I f  B =  vol. o f  N / 1 0  perch loric acid  required

2-90B
wt. o f  sam ple

per cent, calculated as h ydroch loride, m ol. wt. 290

2 .  G r a v i m e t r i c  D e t e r m in a t i o n  i n  t h e  H y d r o c h l o r i d e  o r  L a c t a t e  b y  P r e 

c i p i t a t i o n  o f  t h e  C o p p e r  C o m p l e x . W hen an excess o f  am m oniacal cupric 
ch loride solution  is added  to  a c o ld  aqueous solution  o f  the h ydro 
ch loride  or  lactate, the base is precipitated as a co p p e r  com p lex  conta in 
ing ten atom s o f  nitrogen fo r  each atom  o f  copper. T here is little dou bt 
that this precipitate is an inner com p lex  having the fo rm u la :

Cl< ^-NH.C.NH.C.NH.QH,
II IINH N
Ni. /

Cu
^  \NH N
II II.C.NH.C.NH.C3H7

and it has been fou nd  to be suitable fo r  gravim etric determ ination, being 
easily w ashed free from  the excess o f  reagent and dried at 130°C .

392



DETERMINATION OF PROG UANIL

R e a g e n t  r e q u ir e d .  5 .  A m m o n i a c a l  c u p r i c  c h l o r i d e  s o l u t i o n : d i s s o l v e  

2 2 - 5  g . o f  c u p r i c  c h l o r i d e ,  C u C 1 2 , 2 H 20 ,  i n  2 0 0  m l .  o f  w a t e r  a n d  a d d  

1 0 0  m l .  o f  a m m o n i a  s o l u t i o n  ( 8 8 0 ) .

D e te r m in a t io n .  W e i g h  0 - 5  t o  0 - 7  g .  o f  s a m p l e  i n t o  a  2 5 0 - m l .  b e a k e r ,  

a n d  d i s s o l v e  i n  5 0  m l .  o f  w a t e r  b y  g e n t l e  w a r m i n g .  C o o l  i n  a n  i c e  b a t h  

t o  5 °  t o  1 0  ° C .  a n d  a d d  a m m o n i a c a l  c u p r i c  c h l o r i d e  s o l u t i o n  ( r e a g e n t  5 ) ,  

w i t h  s t i r r i n g ,  u n t i l  t h e  s o l u t i o n  r e m a i n s  a  d e e p  b l u e  c o l o u r .  A l l o w  t o  

s t a n d  a t  r o o m  t e m p e r a t u r e  f o r  a t  l e a s t  1  h o u r  a n d  t h e n  f i l t e r  o n  a  s i n t e r e d  

g l a s s  c r u c i b l e ,  p o r o s i t y  3 — p r e f e r a b l y  o n e  h a v i n g  a  l a r g e  f i l t e r i n g  s u r f a c e  

— f i t t e d  w i t h  a n  a s b e s t o s  p a d  a n d  p r e v i o u s l y  d r i e d  a t  1 3 0 ° C .  t o  c o n s t a n t  

w e i g h t .  W a s h  t h e  p r e c i p i t a t e  w i t h  1 0 0  m l .  o f  d i l u t e  a m m o n i a  a n d  t h e n  

w i t h  c o l d  w a t e r  u n t i l  t h e  w a s h i n g s  a r e  q u i t e  c o l o u r l e s s .  D r y  a t  1 3 0 DC .  

( ± 5 ° )  t o  c o n s t a n t  w e i g h t .

W t .  o f  p r e c i p i t a t e  x 1 - 0 2 0  _  p e r  c e n t ,  c a l c u l a t e d  a s  h y -  

W t .  o f  s a m p l e  —  d r o c h l o r i d e ,  m o l .  w t .  2 9 0

D is c u s s io n

T h e  c o l o u r  c h a n g e  w h i c h  o c c u r s  a t  t h e  e n d - p o i n t  o f  t h e  v o l u m e t r i c  

m e t h o d  e x t e n d s  o v e r  a  r a n g e  o f  a b o u t  0 - 5  m l .  o f  t i t r a n t  i n  a  t i t r e  o f  2 5  m l . ,  

a n d  t h e  a v e r a g e s  o f  d u p l i c a t e  t e s t s  b y  t w o  o p e r a t o r s  u p o n  t h e  s a m e  s a m p l e  

o f t e n  d i f f e r  b y  1 - 5  p e r  c e n t .  T h e  m e t h o d  h a s ,  h o w e v e r ,  t h e  a d v a n t a g e  

o f  r a p i d i t y  a n d  i s ,  t h e r e f o r e ,  o f  s p e c i a l  v a l u e  w h e r e  l a r g e  n u m b e r s  o f  

d e t e r m i n a t i o n s  h a v e  t o  b e  c a r r i e d  o u t ,  a s ,  f o r  e x a m p l e ,  i n  t h e  r o u t i n e  

e x a m i n a t i o n  o f  t a b l e t s .

T h e  p r e c i s i o n  o f  t h e  g r a v i m e t r i c  m e t h o d  i s  c o n s i d e r a b l y  h i g h e r  t h a n  

t h a t  o f  t h e  v o l u m e t r i c  m e t h o d ,  a n d  t h e  a v e r a g e s  o f  d u p l i c a t e  t e s t s  b y  

t w o  o p e r a t o r s  u p o n  t h e  s a m e  s a m p l e  u s u a l l y  a g r e e  w i t h i n  0 - 5  p e r  c e n t .  

R e c o v e r y  f r o m  s p e c i a l l y  p u r i f i e d  h y d r o c h l o r i d e  h a s  n o t  b e e n  d e t e r m i n e d ;  

t h i s  w a s  n o t  c o n s i d e r e d  t o  b e  n e c e s s a r y ,  s i n c e  t h e  t e c h n i c a l  h y d r o c h l o r i d e  

( i . e . ,  t h e  m a t e r i a l  w h i c h  i s  n o r m a l l y  m a n u f a c t u r e d  f o r  u s e  i n  p h a r m a 

c e u t i c a l  p r e p a r a t i o n s )  i s  i t s e l f  a  v e r y  p u r e  p r o d u c t ,  a n d  t h e  s u m  o f  t h e  

d e t e r m i n e d  c o n s t i t u e n t s — a c t i v e  a g e n t ,  p - c h l o r o a n i l i n e ,  m o i s t u r e  a n d  a s h  

i n  t e c h n i c a l  s a m p l e s  i s  n o r m a l l y  o v e r  9 9 - 0  p e r  c e n t .

A n a l y s i s  o f  a  t y p i c a l  s a m p l e  o f  t e c h n i c a l  p r o g u a n i l  h y d r o c h l o r i d e  

i s  g i v e n  b e l o w :

c o n t e n t ,  b y  g r a v i m e t r i c  m e t h o d ,  c a l c ,  a s

h y d r o c h l o r i d e ,  m o l .  w t .  2 9 0  .................................  9 9 - 5  p e r  c e n t .

p - C h l o r o a n i l i n e  ..........................................................................................  L e s s  t h a n  0 - 0 1  p e r  c e n t .

M o i s t u r e  ( b y  l o s s  o f  w e i g h t  o n  h e a t i n g  a t  

1 0 0  C . )  .................................................................................................

S u l p h a t e d  a s h  ..........................................................................................

T o t a l  ......................................................................................................................
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S u m m a r y

1 .  T w o  m e t h o d s  a r e  d e s c r i b e d  f o r  t h e  d e t e r m i n a t i o n  o f  p r o g u a n i l  

h y d r o c h l o r i d e : o n e  m e t h o d  d e p e n d s  u p o n  t i t r a t i o n  w i t h  p e r c h l o r i c  a c i d  

i n  g l a c i a l  a c e t i c  a c i d  s o l u t i o n ,  a n d  t h e  o t h e r  u p o n  g r a v i m e t r i c  d e t e r m i n a 

t i o n  o f  t h e  c o p p e r - c o m p l e x  p r e c i p i t a t e d  f r o m  c o l d  a q u e o u s  s o l u t i o n  b y  

a m m o n i a c a l  c u p r i c  c h l o r i d e .

2 .  T h e  v o l u m e t r i c  m e t h o d  i s  r a p i d  a n d  i s  a p p l i c a b l e  t o  t h e  d e t e r m i n a 

t i o n  i n  t a b l e t s ,  b u t  i s  l e s s  p r e c i s e  t h a n  t h e  g r a v i m e t r i c  m e t h o d .

3 .  T h e  g r a v i m e t r i c  m e t h o d  i s  a p p l i c a b l e  a l s o  t o  t h e  l a c t a t e .

R e f e r e n c e s

1 .  S p i n k s  a n d  T o t t e y ,  A n n . trop. M e d . Parasit., 1 9 4 6 ,  4 0 ,  1 0 1 .
2 .  G a g e  a n d  R o s e ,  ibid., 1 9 4 6 ,  4 0 ,  3 3 3 .
3 .  B a n d e l  a n d  B l u m r i c h ,  A n gew . C hem ., 1 9 4 1 ,  3 7 4 .
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B y  L .  K .  S h a r p .

R e c e i v e d  M a r c h  3 ,  1 9 4 9 .

( » - D i b r o m o q u i n a l d i n e  c a n n o t  b e  p r e p a r e d  b y  s e l e c t i v e  b r o m i n a t i o n  o f  

q u i n a l d i n e ,  t h e  o n l y  p r o d u c t  i s o l a t e d  b e i n g  t h e  w - t r i b r o m o  d e r i v a t i v e ,  b u t  

t h e  f o r m e r  m a y  b e  p r e p a r e d  b y  r e d u c t i o n  f r o m  t h e  l a t t e r .  H a m m i c k 1 

r e d u c e d  t r i b r o m o q u i n a l d i n e  b y  m e a n s  o f  s t a n n o u s  c h l o r i d e  i n  a c e t o n e  

s o l u t i o n ,  o b t a i n i n g  a  y i e l d  o f  6 0  p e r  c e n t ,  o f  t h e o r y .  I n  o r d e r  t o  s e p a r a t e  

t h e  p r o d u c t  f r o m  t i n  c o m p o u n d s ,  s t e a m  d i s t i l l a t i o n  w a s  e m p l o y e d .  A s  

d i b r o m o q u i n a l d i n e  i s  o n l y  s l i g h t l y  v o l a t i l e  i n  s t e a m  t h e  p u r i f i c a t i o n  

p r o c e s s  i s  t e d i o u s .  T h e  r e d u c t i o n  m a y  h o w e v e r  b e  p e r f o r m e d  b y  r e f l u x i n g  

<»-t r i b r o m o q u i n a l d i n e  w i t h  a  2 0  p e r  c e n t ,  v / v  s o l u t i o n  o f  s u l p h u r i c  a c i d  

i n  a l c o h o l  a n d  p o u r i n g  t h e  m i x t u r e  i n t o  w a t e r .  T h e  p r o d u c t  s e p a r a t e s  

a l m o s t  p u r e  i n  e x c e l l e n t  y i e l d ,  a n d  a  s i n g l e  c r y s t a l l i s a t i o n  f r o m  a l c o h o l  i s  

a l l  t h a t  i s  n e c e s s a r y .  T h e  i d e n t i t y  o f  t h e  p r o d u c t  w a s  c o n f i r m e d  b y  i t s  

c o n v e r s i o n ,  b y  m e a n s  o f  a l c o h o l i c  s i l v e r  n i t r a t e ,  t o  q u i n a l d i c  a l d e h y d e  

b y  t h e  m e t h o d  o f  H a m m i c k 2 .

E x p e r i m e n t a l .

« - T r i b r o m o q u i n a l d i n e  ( 1 0  g . )  p r e p a r e d  b y  H a m m i c k ’ s 3 m e t h o d  w a s  

r e f l u x e d  f o r  4  h o u r s  w i t h  a  m i x t u r e  o f  a l c o h o l  ( 9 7  p e r  c e n t . )  ( 8 0  m l . )  a n d  

c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 2 0  m l . ) ,  a n d  t h e  m i x t u r e  t h e n  p o u r e d  i n t o  

w a t e r .  T h e  w h i t e  p r e c i p i t a t e  w a s  w a s h e d  a n d  d r i e d .  Y i e l d  7  g .  ( 8 8  p e r  

c e n t ,  o f  t h e o r y ) .  M . p t .  1 1 9 ° C .  A f t e r  r e c r y s t a l l i s a t i o n  f r o m  a l c o h o l  t h e  

p u r e  p r o d u c t  m e l t e d  a t  1 2 0 ° C .  F o u n d :  C ,  3 9 - 9 5 ;  H ,  2 - 6 7 ;  N ,  4 - 9 ;  B r ,  

5 2 - 9  p e r  c e n t . : C i 0H 7N B r 2 . r e q u i r e s  C ,  4 0  0 ;  H ,  2 - 3 ;  N .  4 - 7 ;  B r ,  5 3 - 3  p e r  

c e n t .

P r o o f  o f  C o n s t i t u t i o n .

2 - 5  g .  i n  1 5  m l .  o f  b o i l i n g  a l c o h o l  w a s  t r e a t e d  w i t h  s i l v e r  n i t r a t e  s o l u 

t i o n  a n d  t h e  p r o d u c t  w o r k e d  u p  i n  t h e  m a n n e r  d e s c r i b e d  b y  H a m m i c k 2 . 

A f t e r  s t e a m  d i s t i l l a t i o n  0  9  g .  ( 7 0  p e r  c e n t ,  o f  t h e o r y )  o f  q u i n a l d i c  

a l d e h y d e  w a s  o b t a i n e d : M . p t .  6 9  ° C . ;  m i x e d  m e l t i n g - p o i n t  w i t h  q u i n a l d i c  

a l d e h y d e ,  7 0  C .

R e f e r e n c e s

1 .  H a m m i c k ,  / .  chem . Soc., 1 9 2 6 ,  1 3 0 2 .
2 .  H a m m i c k ,  Ibid., 1 9 2 6 ,  1 3 0 3 .
3 .  H a m m i c k ,  Ibid.. 1 9 2 3 ,  1 2 3 ,  2 8 8 2 .

A  NOTE ON THE CONVERSION OF w-TRIBROMOQUINALDINE
TO -DIBROM OQUINALDINE AND THE PRODUCTION

OF QUINALDIC ALDEH YD E

395



A PRELIMINARY INVESTIGATION ON THE GROWTH OF 
CEPHAELIS IPECACUANHA (BROT) A. RICH, UNDER

TROPICAL CONDITIONS AT CALCUTTA
B y  G o p a l  C . M it r a  a n d  D ip t is h  C h a k r a b o r t y

From the Bengal Immunity Research Institute, Calcutta 

R e c e i v e d  O c t o b e r  5 ,  1 9 4 8

I n t r o d u c t o r y

T h e  f i r s t  p l a n t  o f  C e p h a e lis  I p e c a c u a n h a  w a s  t a k e n  t o  C a l c u t t a  b y  D r .  

K i n g  i n  1 8 6 6 ,  a n d  i n  a b o u t  1 8 6 8  e x p e r i m e n t s  w i t h  a  v i e w  t o  t h e  i n t r o 

d u c t i o n  o f  t h e  p l a n t  i n t o  I n d i a  w e r e  b e g u n  b y  D r .  A n d e r s o n  i n  t h e  R o y a l  

B o t a n i c  G a r d e n s ,  C a l c u t t a .  T h e  o r i g i n a l  s t o c k  o f  p l a n t s  c a m e  f r o m  

K e w  a n d  E d i n b u r g h .  G a m m i e  o b s e r v e d  t h a t  t h e  v a r i e t i e s  f r o m  K e w  

a n d  E d i n b u r g h  d i f f e r e d  g r e a t l y ,  t h e  l e a v e s  o f  t h e  f o r m e r  b e i n g  m o r e  

r o u g h  a n d  h e n c e  m o r e  h a r d y  t h a n  t h e  l a t t e r .  B a l f o u r 1 ’ 2 h a d  p r e v i o u s l y  

d e s c r i b e d  t h e  d i f f e r e n c e  i n  t h e  c h a r a c t e r  o f  t h e  l e a v e s  b e t w e e n  t h e  p l a n t s  

r e c e i v e d  f r o m  K e w  a n d  t h o s e  s e n t  b y  G u n n i n g  f r o m  R i o  d e  J a n e i r o .  

T h e  l e a v e s  o f  t h e  K e w  p l a n t s  a r e  f i r m e r  i n  t e x t u r e ,  s o m e w h a t  c o r i a c e o u s ,  

e l l i p t i c a l  o r  o v a l ,  w i t h  a p e x  r a t h e r  b l u n t ,  a n d  m a r g i n  w a v y .  T h e  l e a v e s  o f  

t h e  R i o  d e  J a n e i r o  p l a n t s  a r e  t h i n n e r  a n d  m o r e  d e l i c a t e  i n  t e x t u r e ,  t h e  

s h a p e  i s  r a t h e r  e l l i p t i c o - l a n c e o l a t e ,  t h e  a p e x  p o i n t e d ,  a n d  t h e  m a r g i n  

l e s s  w a v y ;  i n  t h e  y o u n g  s t a t e  t h e  l e a v e s  a r e  f r i n g e d  w i t h  h a i r s ;  t h e  p l a n t s  

g r o w  m o r e  f r e e l y  a n d  a r e  l e s s  s h r u b b y .  T h e  K e w  p l a n t s  w e r e  a l s o  

c h a r a c t e r i s e d  b y  f l o w e r s  p o s s e s s i n g  l o n g  s t a m e n s  a n d  s h o r t  s t y l e  a s  

d e s c r i b e d  b y  H o o k e r 3 , w h i l e  t h e  p l a n t s  p r o d u c e d  f r o m  R i o  d e  J a n e i r o  

s p e c i m e n s  s h o w e d  t w o  f o r m s  o f  f l o w e r s ,  v i z . ,  o n e  w i t h  a  s h o r t  s t y l e  

a n d  l o n g  s t a m e n s  a s  i n  t h e  K e w  p l a n t  a n d  t h e  o t h e r  w i t h  a  l o n g  s t y l e  

a n d  s h o r t  s t a m e n s .  U n d e r  c u l t i v a t i o n  b y  G a m m i e  t h e  E d i n b u r g h  p l a n t s  

d i d  n o t  s u r v i v e  f o r  m o r e  t h a n  a  y e a r  o r  t w o ,  b u t  p l a n t s  o f  t h e  K e w  

v a r i e t y ,  i n  t h e  s h a d e ,  l i v e d .  T h e  K e w  v a r i e t y  t h u s  s e e m e d  t o  b e  m o r e  

h a r d y  a n d  m o r e  s u i t a b l e  f o r  c u l t i v a t i o n  i n  I n d i a .  L a t e r  i p e c a c u a n h a  

w a s  s u c c e s s f u l l y  c u l t i v a t e d  i n  t h e  S i k k i m  H i m a l a y a s .  T h e  s e e d s  a n d  

p l a n t s  f o r  t h e  p r e s e n t  i n v e s t i g a t i o n  w e r e  o b t a i n e d  f r o m  a  n u r s e r y  a t  

L a b d a h .  E v i d e n t l y  t h e  o r i g i n a l  s t o c k  o f  t h e s e  p l a n t s  i s  t h e  K e w  v a r i e t y ,  

a n d  t h e y  r e s e m b l e  t h e  d e s c r i p t i o n  a n d  d r a w i n g s  g i v e n  b y  B e n t l e y  a n d  

T r i m e n 4 a n d  b y  B a l f o u r 2 . B u t  t o  t h e  a u t h o r s  i t  s e e m s  t h a t  t h e  c h a r a c t e r s  

o f  t h e  t w o  f o r m s  a s  m e n t i o n e d  b y  B a l f o u r  h a v e  b e c o m e  l e s s  c l e a r l y  

d e f i n e d  d u r i n g  n a t u r a l  f e r t i l i s a t i o n s  a t  t h e  e a r l y  p e r i o d  o f  t h e i r  

a c c l i m a t i s a t i o n  i n  I n d i a .  T h e  p r e s e n t  p r o d u c t i o n  o f  t h e  d r u g  i n  I n d i a  

i s  i n s u f f i c i e n t  t o  m e e t  t h e  d e m a n d ,  a n d  m o r e  a t t e n t i o n  a n d  s y s t e m a t i c  

r e s e a r c h  i s  n e e d e d  t o  i m p r o v e  t h e  q u a l i t y  a n d  y i e l d .

E x p e r im e n t a l

A l l  t h e  p r e l i m i n a r y  e x p e r i m e n t s  o n  t h e  c u l t i v a t i o n  o f  C e p h a e lis  
Ip e c a c u a n h a  i n  I n d i a  s h o w  t h a t  f o r  f a v o u r a b l e  g r o w t h  a n d  d e v e l o p m e n t  

t h e  p l a n t  r e q u i r e s :  — a  f o r e s t  a r e a  w i t h  s a n d y  l o a m  s o i l  r i c h  i n  h u m u s ,
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p o t a s h ,  m a g n e s i a  a n d  l i m e ;  a  m i n i m u m  t e m p e r a t u r e  o f  5 0 ° F .  a n d  a  

m a x i m u m  o f  1 0 0 ° F . ,  w i t h  s m a l l e r  v a r i a t i o n s  i n  t e m p e r a t u r e  d u r i n g  

s u m m e r  a n d  w i n t e r  a n d  d u r i n g  d a y  a n d  n i g h t ;  a n d  a  m i n i m u m  r a i n f a l l  

o f  a b o u t  9 0  i n .  d i s t r i b u t e d  d u r i n g  m o n s o o n ,  w i n t e r  a n d  s p r i n g .

T h e  e x p e r i m e n t s  r e p o r t e d  h e r e  w e r e  c h i e f l y  c o n c e r n e d  w i t h  g e r m i n a 

t i o n  o f  s e e d s ,  g r o w t h  o f  c u t t i n g s  a n d  o f  y o u n g  p l a n t s  o f  C e p h a e lis  
I p e c a c u a n h a  ( K e w  v a r i e t y )  o b t a i n e d  f r o m  M u n g p o o  u n d e r  t h e  c h a n g e d  

t r o p i c a l  c o n d i t i o n s  o f  t h e  p l a i n .  T h e  e x p e r i m e n t s  w e r e  m a d e  u n d e r  

t h a t c h e d  s h e d s  a n d  o n  p r e p a r e d  s o i l  b e d s ,  a s  i s  u s u a l  i n  M u n g p o o .

G e r m in a tio n  f r o m  s e e d s .  T h e  s e e d s ,  w h i c h  u s u a l l y  t a k e  4  t o  6  m o n t h s  

t o  g e r m i n a t e ,  h a v e  a  v e r y  h a r d  c o a t ,  a r e  p l a n o - c o n v e x  a n d  3  t o  5  m m .  

i n  l e n g t h .  T h e y  w e r e  s o w n  o n  p r e p a r e d  b e d s  i n  D e c e m b e r ,  1 9 4 6 ,  a n d  

J a n u a r y ,  1 9 4 7 .  T h e y  w e r e  w a t e r e d  m o r n i n g  a n d  e v e n i n g .  B y  t h e  e n d  

o f  A p r i l ,  t h e  D e c e m b e r  a n d  J a n u a r y  s o w i n g s  s t a r t e d  g e r m i n a t i o n  a l m o s t  

a t  t h e  s a m e  t i m e .  T h e  c u r v e d  s e e d l i n g s  w e r e  v e r y  w e a k  a n d  t o o k  1 5  

t o  2 0  d a y s  t o  b e c o m e  e r e c t  w i t h  t h e  h a r d  s e e d  c o a t  s t i l l  e n c l o s i n g  t h e  

a p i c e s  o f  t h e  f i r s t  p a i r  o f  l e a v e s .  T h e  s e e d l i n g s  w e r e  s o  d e l i c a t e  a n d  

t h e  h a r d  s e e d  c o a t s  w e r e  s o  t o u g h  t h a t  i t  w a s  n o t  p o s s i b l e  t o  r e m o v e  

t h e  s e e d  c o a t s  w i t h o u t  d a m a g i n g  t h e  s e e d l i n g s .  T h e  s e e d l i n g s  d i e d  

u n d e r  t h e s e  c o n d i t i o n s .  L a t e r  o n  m o n t h l y  s o w i n g s  o f  s e e d s  a n d  t h e  

t r e a t m e n t  o f  t h e  s e e d s  w i t h  a c i d s  t o  r e m o v e  t h e  h a r d  s e e d  c o a t  w e r e  

t r i e d .  T h e  s e e d s  w e r e  a l s o  s u b j e c t e d  t o  l o w  t e m p e r a t u r e s  f o r  d i f f e r e n t  

p e r i o d s  a n d  t o  a l t e r n a t e  h i g h  a n d  l o w  t e m p e r a t u r e s  b e f o r e  s o w i n g .  B u t  i n  

n o  c a s e  d i d  t h e  s e e d s  s p r o u t  e v e n  a f t e r  6  o r  7  m o n t h s .  T h e  c a u s e s  o f  

d o r m a n c y  a r e  b e i n g  s t u d i e d  i n  d e t a i l .

G r o w t h  f r o m  C u tt in g s .  B y  t h e  e n d  o f  F e b r u a r y ,  1 9 4 7 ,  s o m e  y o u n g  

p l a n t s  w e r e  o b t a i n e d  f r o m  M u n g p o o .  A  f e w  c u t t i n g s  o f  r o o t s ,  s t e m s  

a n d  l e a v e s  f r o m  t w o  s u c h  y o u n g  p l a n t s  w e r e  m a d e  a n d  p l a n t e d  o n  p r e 

p a r e d  b e d s .  T h e  c u t t i n g s  w e r e  k e p t  u n d e r  h u m i d  c o n d i t i o n s  b y  a  c o v e r  

o f  w e t  m o s s .  T h e y  w e r e  w a t e r e d  e v e r y  3  h o u r s  d u r i n g  t h e  d a y  w i t h  a  

s u i t a b l e  a r r a n g e m e n t  t o  a v o i d  w a t e r l o g g i n g .  D u r i n g  A p r i l  s o m e  o f  t h e  

r o o t  c u t t i n g s  b e g a n  t o  s p r o u t ,  b u t  t h e  s t e m  c u t t i n g s  d i d  n o t  a n d  t h e  l e a f  

c u t t i n g  b e g a n  t o  r o t .  W i t h  t h e  a p p r o a c h  o f  t h e  m o n s o o n  ( i . e . ,  d u r i n g  

t h e  m o n t h s  o f  M a y ,  J u n e ,  J u l y ,  A u g u s t  a n d  S e p t e m b e r )  m o r e  o f  t h e  

r o o t  c u t t i n g s  s p r o u t e d  a n d  s h o w e d  p r o g r e s s i v e  a c t i v i t y  b y  t h e  p r o d u c t i o n  

o f  m i n u t e  l e a v e s  a n d  3  t o  4  n o d e s .  T h e  i n t e r n o d e  v a r i e d  i n  l e n g t h  f r o m  

1  t o  2  c m .  T h e  a c t i v i t y  o f  t h e  c u t t i n g s  w a s  b e s t  i n  A u g u s t .  B y  t h e  

b e g i n n i n g  o f  N o v e m b e r  t h e  r o o t  c u t t i n g s  w e r e  a f f e c t e d  f o r  t h e  t i m e  

w i t h  b r o w n i n g  o f  t h e  a p i c e s  o f  t h e i r  l e a v e s .  B r o w n i n g  p r o g r e s s e d  w i t h  

t h e  a d v a n c e  o f  t h e  m o n t h  a n d  r e s u l t e d  i n  g r a d u a l  d r y i n g  u p  o f  t h e  

c u t t i n g s .

G r o w t h  o f  y o u n g  p la n ts .  A  f e w  o f  t h e  y o u n g  p l a n t s  o b t a i n e d  f r o m  

M u n g p o o  b y  t h e  e n d  o f  F e b r u a r y ,  1 9 4 7 ,  w e r e  p l a n t e d  o n  p r e p a r e d  b e d s  

i n  e a r t h e n  p o t s .  T h e y  w e r e  w a t e r e d  e v e r y  t h r e e  h o u r s  d u r i n g  t h e  d a y .  

T h e  l e a v e s  o f  y o u n g  p l a n t s  w i t h i n  a  f e w  d a y s  s h o w e d  b r o w n i n g  o f  t h e i r  

a p i c e s  a n d  p e r i p h e r y .  B r o w n i n g  p r o g r e s s e d  f r o m  t h e s e  a r e a s  t o  t h e  

m i d d l e  r e g i o n  o f  e a c h  l a m i n a .  A s  a  r e s u l t ,  t h e  l e a v e s  s o o n  c r u m p l e d
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a n d  w e r e  s h e d .  M i c r o s c o p i c a l  e x a m i n a t i o n  o f  t h e  b r o w n  p a t c h e s  o f  t h e  

l e a f  l a m i n a  s h o w e d  t h a t  t h e y  w e r e  n o t  d u e  t o  f u n g a l  a t t a c k ,  a n d  t h e  

a n a t o m i c a l  s t r u c t u r e  o f  t h e  l e a f  s h o w e d  t h e  c h a r a c t e r i s t i c  t i s s u e  d e v e l o p 

m e n t  a n d  d i f f e r e n t i a t i o n  o f  a  s h a d e  a n d  m o i s t u r e - l o v i n g  p l a n t .  

F r e q u e n t  s p r a y i n g  w i t h  w a t e r  f a i l e d  t o  c h e c k  t h e  b r o w n i n g  o f  t h e  l e a v e s ,  

a n d  b y  t h e  e n d  o f  A p r i l  a l l  t h e  l e a v e s  o f  t h e  y o u n g  p l a n t s  w e r e  s h e d .  

T h o u g h  t h e y  w e r e  c o m p l e t e l y  d e f o l i a t e d ,  t h e y  w e r e  a l i v e ,  a s  s h o w n  b y  

t h e  f r e s h n e s s  o f  t h e i r  t e r m i n a l  b u d s ,  a n d  t h e  g r a d u a l  a p p e a r a n c e  o f  

a x i l l a r y  b u d s  g r a d u a l l y  i n c r e a s e d  d u r i n g  t h e  m o n t h s  o f  M a y ,  J u n e ,  J u l y ,  

A u g u s t  a n d  S e p t e m b e r .  T h e  b u d s  o n l y  s l i g h t l y  e x p a n d e d  i n t o  o n e  o r  

t w o  p a i r s  o f  m i n u t e  l e a v e s .  T h e  g r o w t h  w a s  b e s t  i n  A u g u s t .  B y  t h e  

b e g i n n i n g  o f  N o v e m b e r  t h e  y o u n g  p l a n t s  w e r e  a g a i n  a f f e c t e d  w i t h  b r o w n 

i n g  o f  t h e  a p i c e s  o f  t h e  s m a l l  l e a v e s  o f  t e r m i n a l  a n d  a x i l l a r y  b u d s .  

B r o w n i n g  o f  t h e  a p i c e s  o f  l e a v e s  o f  t h e  b u d s  s i m i l a r l y  p r o g r e s s e d  v e r y  

q u i c k l y ,  a n d  b y  t h e  e n d  o f  t h e  t h i r d  w e e k  o f  t h e  m o n t h  r e s u l t e d  i n  t h e i r  

d r y i n g  u p .

E x p e r i m e n ts  u n d e r  scien tific ia lly  in c r e a s e d  h u m id  c o n d it io n s .  T o 

w a r d s  t h e  e n d  o f  t h e  t h i r d  w e e k  o f  N o v e m b e r ,  w h e n  t h e  r o o t  c u t t i n g s  

a n d  t h e  y o u n g  p l a n t s  w e r e  b o t h  s h o w i n g  d e f i n i t e  s i g n s  o f  d r y i n g  u p ,  t h e y  

w e r e  s u b j e c t e d  t o  i n c r e a s e d  h u m i d i t y  f o r  t h e  p u r p o s e  o f  s t u d y i n g  i t s  e f f e c t  

u p o n  t h e i r  g r o w t h .  A c c o r d i n g l y ,  o n  N o v e m b e r  2 1 ,  1 9 4 7 ,  t h e  r o o t  c u t t i n g s  

a n d  y o u n g  p l a n t s ,  w h i c h  w e r e  a l r e a d y  a f f e c t e d  w i t h  b r o w n i n g  o f  t h e i r  

l e a v e s ,  w e r e  c o v e r e d  w i t h  b e l l - j a r s  l e a v i n g  a  l i t t l e  s p a c e  f o r  t h e  a c c e s s  o f  

a i r ;  i n s i d e  e a c h  b e l l - j a r  a  d i s h  c o n t a i n i n g  w a t e r  w a s  k e p t .  E a c h  m o r n i n g  

a n d  e v e n i n g ,  f r e s h  a i r  w a s  a d m i t t e d  s o  a s  t o  a v o i d  t h e  a c c u m u l a t i o n  

o f  c a r b o n  d i o x i d e .  B o t h  r o o t  c u t t i n g s  a n d  y o u n g  p l a n t s  r e s p o n d e d  

q u i c k l y  t o  t h i s  t r e a t m e n t .  I t  w a s  o b s e r v e d  t h a t  b r o w n i n g  o f  a p i c e s  o f  

l e a v e s  o f  t h e  r o o t  c u t t i n g s ,  w h i c h  h a d  a l r e a d y  s t a r t e d ,  c o u l d  n o t  b e  

c h e c k e d ,  b u t ,  l a t e r ,  n e w  l e a v e s  w e r e  f o r m e d .  T h e  e f f e c t  w a s  m o r e  

m a r k e d  i n  y o u n g  p l a n t s .  O n e  o f  t h e  a x i l l a r y  b u d s  o f  a  y o u n g  p l a n t  

n e a r  t h e  b a s e  o f  i t s  s t e m  s t e a d i l y  i n c r e a s e d  i n  l e n g t h  a n d  i n  t h e  

s u r f a c e  a r e a  o f  i t s  l e a v e s .  A t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t s  t h e  

l e n g t h  o f  t h e  a x i l l a r y  s h o o t  w a s  1  c m . ,  a n d  8  w e e k s  l a t e r  i t  h a d  i n 

c r e a s e d  t o  5  c m . ,  w h i l e  i n  t h e  s a m e  p e r i o d  t h e  l e n g t h  o f  o n e  o f  t h e  f i r s t  

p a i r  o f  l e a v e s  o f  t h e  a x i l l a r y  s h o o t  w h i c h  w a s  T 2  c m .  a n d  t h e  o t h e r  

o n e  w h i c h  w a s  0 - 6  c m .  h a d  i n c r e a s e d  t o  5 - 3  c m .  a n d  3 T  c m .  r e s p e c 

t i v e l y .  T w o  m o r e  p a i r s  o f  l e a v e s  o f  t h e  a x i l l a r y  s h o o t  w e r e  d e v e l o p i n g  

b y  t h i s  t i m e .

D i s c u s s i o n

T h e  p r e l i m i n a r y  e x p e r i m e n t s  i n  t h e  a c c l i m a t i s a t i o n  o f  p l a n t s  i n  I n d i a  

s h o w  t h a t  t h e  p l a n t s  c a n  e a s i l y  b e  p r o p a g a t e d  f r o m  r o o t  c u t t i n g s  a n d  

s e e d s ,  a n d  t h a t  t h e y  p r e f e r  m o i s t  s h a d y  s p o t s  w h e r e  t h e r e  i s  m u c h  

v e g e t a b l e  m o u l d  i n  t h e  s o i l  a n d  a n  e q u a b l e  s t e a m y  a t m o s p h e r e .  T h e  

p l a n t s  a n d  c u t t i n g s ,  e s p e c i a l l y  t h e  r o o t s ,  s h o w e d  t h e  b e s t  g r o w t h  i n  

A u g u s t  i n  n u r s e r y  c o n d i t i o n s  b u t ,  i n  a r t i f i c i a l l y  i n c r e a s e d  h u m i d i t y ,  d u r i n g  

t h e  w i n t e r  m o n t h s ,  t h e  g r o w t h  w a s  m u c h  m o r e  t h a n  i n  A u g u s t .  T h e  

m e a n  m i n i m u m  t e m p e r a t u r e  c u r v e  o f  L a b d a h  i s  a l w a y s  f a r  b e l o w  t h a t
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o f  C a l c u t t a  t h r o u g h o u t  t h e  y e a r ,  a n d  i n  s o m e  m o n t h s  t h e  d i f f e r e n c e  i s  

a s  g r e a t  a s  2 0 ° F . ,  w h i l s t  t h e  m e a n  m a x i m u m  t e m p e r a t u r e  c u r v e  a t  

L a b d a h  i s  s l i g h t l y  b e l o w  t h a t  o f  C a l c u t t a ,  e x c e p t i n g  i n  t h e  m o n t h s  o f  

J u l y  a n d  A u g u s t .  S o  t h e  m e a n  m a x i m u m  t e m p e r a t u r e  o f  t h e  p l a i n  m a y  

n o t  a f f e c t  t h e  g r o w t h  o f  t h e  p l a n t s ,  b u t  t h e  d u r a t i o n  o f  t h e  m a x i m u m  

t e m p e r a t u r e  i n  t h e  h i l l s  a n d  i n  t h e  p l a i n s  i s  t o  b e  t a k e n  i n t o  c o n s i d e r a 

t i o n .  I n  t h e  h i l l s  t h e  m e a n  m a x i m u m  t e m p e r a t u r e  l a s t s  f o r  a  f e w  h o u r s ,  

w h i l e  i n  t h e  p l a i n s  i t  p e r s i s t s  f o r  a  l o n g e r  t i m e .  A s  r e g a r d s  t h e  d u r a t i o n  

o f  t h e  m e a n  m i n i m u m  t e m p e r a t u r e  i t  i s  j u s t  t h e  r e v e r s e .  T h e  r a i n f a l l s  

o f  t h e  t w o  p l a c e s  s h o w  w i d e  d i f f e r e n c e s .  T h e  t o t a l  r a i n f a l l  d u r i n g  a  

y e a r  a t  L a b d a h  i s  1 3 7  i n . ,  w h i l e  a t  C a l c u t t a  i t  i s  6 3  i n .

I t  w a s  s e e n  f r o m  t h e s e  e x p e r i m e n t s  t h a t  t h e  h i g h  t e m p e r a t u r e  o f  t h e  

s u m m e r  m o n t h s ,  A p r i l ,  M a y  a n d  J u n e ,  d i d  n o t  p r e v e n t  t h e  n a t u r a l  

g r o w t h  o f  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s  a n d  t h e  g e r m i n a t i o n  o f  s e e d s .  

F u r t h e r ,  u n d e r  n a t u r a l  c o n d i t i o n s ,  t h e  g r o w t h  o f  t h e  c u t t i n g s  a n d  o f  

y o u n g  p l a n t s  i m p r o v e d  w i t h  t h e  o n s e t  o f  r a i n s ,  a n d  w a s  f o u n d  t o  b e  t h e  

b e s t  i n  A u g u s t .  I n  N o v e m b e r ,  h o w e v e r ,  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s  

s h o w e d  t h e  s i g n s  o f  d e c a y  a s  s e e n  b y  t h e  b r o w n i n g  o f  t h e i r  l e a v e s .  

A g a i n ,  i t  w a s  f o u n d  t h a t  o n  i n c r e a s i n g  t h e  h u m i d i t y ,  w h i c h  w a s  6 4 ,  b y  

g r o w i n g  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s  u n d e r  b e l l - j a r s  t h e i r  g r o w t h  

w a s  r e v i v e d  t o  a  g r e a t  e x t e n t  a s  s e e n  b y  t h e  d e v e l o p m e n t  o f  t h e  

b r a n c h e s  a n d  l e a v e s .  T h u s  f r o m  N o v e m b e r  o n w a r d s ,  t h r o u g h  t h e  w i n t e r  

m o n t h s ,  t h e  c o n d i t i o n  o f  t h e  g r o w t h  o f  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s ,  

i f  k e p t  i n  i n c r e a s e d  h u m i d  c o n d i t i o n ,  w a s  m u c h  b e t t e r  t h a n  w h a t  w a s  

f o u n d  i n  t h e  n a t u r a l  c o n d i t i o n  d u r i n g  t h e  m o n t h  o f  A u g u s t .  T h e  h u m i d i t y  

i n s i d e  t h e  b e l l - j a r  m a y  b e  a s s u m e d  t o  a p p r o x i m a t e  t c  t h a t  p r e v a i l i n g  

i n  t h e  m o n s o o n ,  s a y ,  i n  t h e  m o n t h  o f  A u g u s t .  T h e  o b s e r v a t i o n s  i n 

d i c a t e  t h e  f a v o u r a b l e  i n f l u e n c e  o f  t h e  l o w e r  t e m p e r a t u r e  o f  t h e  w i n t e r  

m o n t h s  a s  c o m p a r e d  w i t h  A u g u s t ,  p r o v i d e d  t h e  h u m i d i t y  i s  n o t  a l l o w e d  

t o  d e c r e a s e ,  a n d  t h e  m e a n  m a x i m u m  t e m p e r a t u r e  w h i c h  p e r s i s t s  f o r  a  

l o n g e r  d u r a t i o n  i n  t h e  p l a i n  a p p e a r s  t o  b e  a b o v e  t h e  o p t i m u m  t e m p e r a 

t u r e ,  o t h e r w i s e  w e  w o u l d  h a v e  e x p e c t e d  t h e  b e s t  g r o w t h  i n  A u g u s t .

T h e  a n a t o m i c a l  s t r u c t u r e  o f  t h e  l e a v e s  a l s o  i n d i c a t e s  t h a t  t h e  p l a n t s  

a r e  s e n s i t i v e  t o  d e s i c c a t i o n ,  w h i c h  w a s  s u p p o r t e d  b y  t h e  r e v i v a l  o f  g r o w t h  

o f  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s  i n  N o v e m b e r  w h e n  t h e y  w e r e  g r o w n  

u n d e r  t h e  b e l l - j a r s  i n  i n c r e a s e d  h u m i d  c o n d i t i o n s .  T h e  b r o w n i n g  o f  

l e a v e s  i n  N o v e m b e r  c a n  b e  a s c r i b e d  t o  t h e  d e s i c c a t o r y  e f f e c t  o f  l o w e r i n g  

o f  h u m i d i t y  i n  t h a t  m o n t h .

S u m m a r y

1 .  U n d e r  t h e  t r o p i c a l  c o n d i t i o n s  o f  t h e  s u b u r b s  o f  C a l c u t t a  t h e  s e e d s  

o f  C e p h a e lis  I p e c a c u a n h a  ( K e w  v a r i e t y )  s p r o u t e d  i n  A p r i l ,  4  a n d  5  

m o n t h s  a f t e r  t h e i r  s o w i n g ,  b u t  q u i c k l y  d i e d .

2 .  T h e  y o u n g  p l a n t s  a n d  c u t t i n g s ,  e s p e c i a l l y  t h e  r o o t s ,  s h o w e d  t h e  

g r e a t e s t  a c t i v i t y  i n  A u g u s t  w h e n  t h e  r a i n f a l l  w a s  1 5 - 4  i n c h e s  a n d  t h e  

m e a n  m i n i m u m  t e m p e r a t u r e  7 9 - 5 ° F . ,  w h i l s t  i n  N o v e m b e r ,  w h e n  t h e r e
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w a s  n o  r a i n  a n d  t h e  m e a n  m i n i m u m  t e m p e r a t u r e  w a s  6 4 - 6  ° F . ,  t h e >  

s h o w e d  s i g n s  o f  d r y i n g  u p .

3 .  A r t i f i c i a l  i n c r e a s e  o f  h u m i d i t y  a t  t h i s  s t a g e  r e v i v e d  t h e  g r o w t h  o f  

y o u n g  p l a n t s  a n d  c u t t i n g s .  O n w a r d s  t h r o u g h  t h e  w i n t e r  m o n t h s  t h e  

g r o w t h  o f  t h e  c u t t i n g s  a n d  y o u n g  p l a n t s  w a s  m a i n t a i n e d .

4 .  T h e  o b s e r v a t i o n s  i n d i c a t e  t h e  f a v o u r a b l e  i n f l u e n c e  o f  t h e  l o w e r  

t e m p e r a t u r e  o f  t h e  w i n t e r  m o n t h s  p r o v i d e d  t h a t  t h e  h u m i d i t y  i s  n o t  

a l l o w e d  t o  d e c r e a s e .  T h e  m o n t h l y  m e a n  m a x i m u m  t e m p e r a t u r e  o f  t h e  

p l a i n s  a p p e a r s  t o  b e  a b o v e  t h e  o p t i m u m  f o r  g r o w t h  o f  t h e  p l a n t .

T h i s  w o r k  h a s  b e e n  c a r r i e d  o u t  u n d e r  t h e  d i r e c t i o n  o f  M r .  S .  N .  B a l ,  

D i r e c t o r ,  P h a r m a c o g n o s y  L a b o r a t o r y ,  G o v e r n m e n t  o f  I n d i a .  T h e  a u t h o r s  

a r e  g r a t e f u l  t o  M r .  S .  C .  S e n  f o r  p r o v i d i n g  p l a n t  m a t e r i a l .
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THE PREPARATION OF INDONES
B y  D .  D a l e v  

R e c e i v e d  S e p t e m b e r  2 5 ,  1 9 4 8

T h e r e  a r e  m a n y  m e t h o d s  o f  p r e p a r i n g  i n d o n e s .  O n e  o f  t h e  c o m m o n e s t  

i s  t h a t  w h i c h  w a s  g i v e n  m o r e  o r  l e s s  a t  t h e  s a m e  t i m e  b y  L o w e n b e i n  

a n d  U l i c h 1  o n  t h e  o n e  h a n d ,  a n d  b y  W e i s s  a n d  S a u e r m a n n 2 o n  t h e  

o t h e r .  T h i s  m e t h o d  i s  n o t  v e r y  c o n v e n i e n t  b e c a u s e  m o s t  o f  t h e  i n d o n e s  

p r o d u c e d  b y  i t  c o n t a i n  m u c h  i m p u r i t y  i n  t h e  f o r m  o f  3 - b e n z a l p h t h a l i d e  

a n d  s o m e  b y - p r o d u c t s ,  a n d  t h e  m i x t u r e  o f  t h e  l a t t e r  w i t h  t h e  i n d o n e s  

i s  a  s t i c k y ,  r e s i n o u s  s u b s t a n c e  w h i c h  p r e v e n t s  t h e  i n d o n e s  f r o m  c r y s t a l l i s a 

t i o n .  W e i s s  a n d  h i s  f e l l o w  w o r k e r  r e m o v e d  t h e  b e n z a l p h t h a l i d e  b y  

s a p o n i f i c a t i o n  w i t h  c o n c e n t r a t e d  a l c o h o l i c  a m m o n i a .  U n d e r  s u c h  c o n d i 

t i o n s  t h e  p u r i f i c a t i o n  o f  t h e  g r e a t e r  p r o p o r t i o n  o f  t h e  i n d o n e  i s  d i f f i c u l t .  

W e i s s  d o e s  n o t  m e n t i o n  t h e  r e a s o n s  w h i c h  m a d e  h i m  c h o o s e  a m m o n i a  •  

f o r  t h e  s a p o n i f i c a t i o n  o f  b e n z a l p h t h a l i d e .

M y  e x p e r i m e n t s  h a v e  s h o w n  t h a t  d i l u t e  a q u e o u s  s o l u t i o n s  o f  a l k a l i n e  

h y d r o x i d e s  o r  c a r b o n a t e s  d o  n o t  c h a n g e  t h e  i n d o n e s  t o  a n y  m a r k e d  

e x t e n t  w h e n  b o i l e d .  T h e  l a t t e r  d o  n o t  c h a n g e  e v e n  w h e n  t h e y  a r e  m i x e d  

w i t h  b e n z a l p h t h a l i d e .  T h e  c r u d e  i n d o n e s  w h i c h  a r e  p r o d u c e d ,  a f t e r  t h e y  

a r e  d i s t i l l e d  f r o m  t h e  e t h e r - b e n z e n e  m i x t u r e  a t  a  t e m p e r a t u r e  b e l o w  

1 0 0 °  C . ,  f o r m  a  t h i c k  s u b s t a n c e  r e s e m b l i n g  m o l t e n  r e s i n .  T h e  b y - p r o 

d u c t s  o f  t h e  r e a c t i o n ,  s u c h  a s  h y d r o c a r b o n s  a n d  u n c h a n g e d  h a l o g e n i d e s ,  

a r e  s e p a r a t e d  f r o m  t h i s  m a s s  b y  s t e a m  d i s t i l l a t i o n .

T h e  u s e  o f  s t e a m  h a s  t h i s  a d v a n t a g e ,  t h a t  i t  c o n t i n u o u s l y  s t i r s  t h e  

r e s i n o u s  s u b s t a n c e  a n d  a l m o s t  c o m p l e t e l y  s e p a r a t e s  t h e  v o l a t i l e  c o m 

p o u n d s .  F r o m  t h i s  i t  a p p e a r e d  t h a t  t h e  b e n z a l p h t h a l i d e  i n  t h e  c r u d e  

i n d o n e  w o u l d  b e  e a s i l y  s o l u b l e  u n d e r  t h e s e  c o n d i t i o n s  i f  t h e  m e d i u m  w a s  

a l k a l i n e .  E x p e r i m e n t  p r o v e d  t h a t  a  1  t o  2  p e r  c e n t ,  s o l u t i o n  o f  s o d i u m  

h y d r o x i d e  i s  s u i t a b l e  f o r  s a p o n i f i c a t i o n .  A n  a q u e o u s  s o l u t i o n  o f  s o d i u m  

o r  p o t a s s i u m  c a r b o n a t e  c a n  b e  u s e d  e q u a l l y  s u c c e s s f u l l y .  W h a t  q u a n t i t y  

o f  u n c h a n g e d  b e n z a l p h t h a l i d e  t h e r e  i s  w i t h  t h e  d i f f e r e n t  i n d o n e s  i s ,  o f  

c o u r s e ,  n o t  k n o w n .  I t  c a n  s a f e l y  b e  a s s u m e d  t h a t  t h e  h y d r o x i d e  o r  t h e  

c a r b o n a t e  c a n  b e  c a l c u l a t e d  f o r  a t  l e a s t  5 0  p e r  c e n t ,  o f  u n c h a n g e d  

b e n z a l p h t h a l i d e .  T h e  s a p o n i f i c a t i o n  i s  c o m p l e t e d  i n  m o s t  c a s e s  i n  a b o u t  

h a l f  a n  h o u r .

E x p e r i m e n t a l

G e n e r a l  m e th o d .  T h e  o r g a n o m a g n e s i u m  c o m p o u n d  i s  p r o d u c e d  f r o m  

0 T  g .  m o l .  o f  h a l o g e n i d e  w i t h  a  c o r r e s p o n d i n g  e x c e s s  a c c o r d i n g  t o  G i l 

m a n ’ s  t a b l e 3 i n  o r d e r  t o  p r o d u c e  a  1 0 0  p e r  c e n t ,  y i e l d .  T h e  e t h e r  s o l u t i o n  

o f  t h e  o r g a n o m a g n e s i u m  c o m p o u n d  i s  t r a n s f e r r e d  t o  a  s e p a r a t i n g  f u n n e l  

i n  s u c h  a  w a y  a s  t o  p r e v e n t  o x i d a t i o n  f r o m  t h e  a i r .  T h e  f l a s k  i s  c l o s e d  

w i t h  a  r u b b e r  s t o p p e r  t h r o u g h  w h i c h  p a s s e s  a  s h o r t  g l a s s  t u b e .  T h e  

f l a s k  i s  t u r n e d  o v e r  q u i c k l y ,  t h e  t u b e  i s  p u t  i n  t h e  s e p a r a t i n g  f u n n e l  a n d  

a l m o s t  a l l  t h e  e t h e r  s o l u t i o n  i s  p o u r e d  o u t  o f  t h e  f l a s k  i n  w h i c h  t h e r e  

a l w a y s  r e m a i n s  a  l i t t l e . o f  t h e  e t h e r  s o l u t i o n  o f  t h e  o r g a n o m a g n e s i u m  c o m -
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p o u n d  a n d  a  l i t t l e  m a g n e s i u m .  A  s o l u t i o n  o f  2 2 - 2  g .  o f  b e n z a l p h t h a l i d e  

i n  1 0 0  m l .  o f  d r y  b e n z e n e  i s  q u i c k l y  p o u r e d  i n ,  f o l l o w e d  b y  t h e  s o l u t i o n ,  

f i r s t  d r o p  b y  d r o p ,  a n d  t h e n  i n  a  t h i n  s t r e a m ,  a t  t h e  s a m e  t i m e  c o n 

t i n u a l l y  s h a k i n g  t h e  f l a s k .  V e r y  o f t e n  t h e  i n s i d e  o f  t h e  f l a s k  b e c o m e s  

c o v e r e d  w i t h  a  t h i c k  y e l l o w - b r o w n  p r e c i p i t a t e  w h i c h  f i l l s  t h e  w h o l e  

f l a s k  b e f o r e  a l l  t h e  e t h e r  s o l u t i o n  i s  a d d e d .  T h e  t e m p e r a t u r e  r i s e s  a n d  

t h e  s o l u t i o n  i n  t h e  f l a s k  b e g i n s  t o  b o i l .  B o i l i n g  i s  p r e v e n t e d  b y  c o o l i n g  

w i t h  w a t e r  f r o m  t i m e  t o  t i m e .  A f t e r  a d d i n g  a l l  t h e  e t h e r  s o l u t i o n ,  t h e  

c o n t e n t s  a r e  s t i r r e d  w e l l  w i t h  a  m e t a l  r o d  a n d  b o i l e d  o v e r  s t e a m  f o r  1  

h o u r .  A t  t h e  b o t t o m  o f  t h e  f l a s k  t h e r e  a l m o s t  a l w a y s  g a t h e r s  a  d a r k  

r e d  s t i c k y  s u b s t a n c e  w h i c h  i s  s c r a p e d  o f f  a n d  s t i r r e d  w i t h  a  r o d ,  t w o  o r  

t h r e e  t i m e s  w h i l e  t h e  h e a t i n g  l a s t s .  I t  i s  l e f t  o v e r n i g h t  a n d  d e c o m p o s e d  

w i t h  i c e  a n d  d i l u t e  s u l p h u r i c  a c i d .  I n  s o m e  c a s e s  w a t e r  f o l l o w e d  b y  

s u l p h u r i c  a c i d  m a y  b e  u s e d — t h e  t e m p e r a t u r e  d o e s  n o t  r i s e  v e r y  m u c h .  

D e c o m p o s i t i o n  i s  c o m p l e t e d  i n  a  s h o r t  t i m e ,  a n d  t h e  e t h e r - b e n z e n e  l a y e r ,  

o f  a  c o l o u r  s o m e t h i n g  b e t w e e n  o r a n g e  a n d  r e d ,  i s  s e p a r a t e d .  I t  i s  

w a s h e d  s e v e r a l  t i m e s  w i t h  a  d i l u t e  a l k a l i  a n d  w i t h  w a t e r  a n d  d i s t i l l e d  

d i r e c t l y  i n  s t e a m .  A t  f i r s t  t h e  e t h e r  a n d  t h e  b e n z e n e  d i s t i l  q u i c k l y ,  a n d  

a f t e r w a r d s  t h e  u n c h a n g e d  h a l o g e n i d e  a n d  t h e  o t h e r  b y - p r o d u c t s  o f  t h e  

r e a c t i o n  w h i c h  a r e  v o l a t i l e  i n  s t e a m .  T h e  d i s t i l l a t i o n  i n  s t e a m  i s  c o n t i n u e d  

u n t i l  a  c l e a r  l i q u i d  p a s s e s ,  s o m e t i m e s  o v e r  1 0  o r  1 2  h o u r s .  D i s t i l l a t i o n  

i s  t h e n  s t o p p e d  a n d ,  w i t h o u t  c o o l i n g ,  a  s u f f i c i e n t  q u a n t i t y  o f  d i l u t e  

s o d i u m  h y d r o x i d e  s o l u t i o n  t o  p r o d u c e  a b o u t  a  2  p e r  c e n t ,  s o l u t i o n  i s  

p o u r e d  i n  a n d  d i s t i l l a t i o n  i n  s t e a m  i s  c o n t i n u e d  f o r  a n o t h e r  h o u r .  W h e n  

t h e  r e s i n o u s '  s u b s t a n c e  h a s  d e p o s i t e d ,  t h e  d e e p - r e d  a q u e o u s  l a y e r  i s  

p o u r e d  o f f ,  a n d  t h e  r e s i n o u s  s u b s t a n c e  i s  a g a i n  d i s t i l l e d  i n  s t e a m  f o r  

a n o t h e r  h o u r .  W h e n  t r e a t e d  w i t h  a l k a l i  t h e  i n d o n e  o f t e n  t u r n s  i n t o  a  

s o l i d  m a s s ,  a n d  i t s  r e m o v a l  f r o m  t h e  f l a s k  b e c o m e s  i m p o s s i b l e .  T h e  

S o l i d  m a s s  c o n t a i n s  a  g o o d  d e a l  o f  w a t e r ,  a n d  f o r  t h i s  r e a s o n  i t s  s o l u b i l i t y  

i n  e t h e r  i s  v e r y  s m a l l ,  b u t  i t  d i s s o l v e s  e a s i l y  i n  c h l o r o f o r m .  T h e  c h l o r o 

f o r m  s o l u t i o n  i s  w a s h e d  w i t h  w a t e r ,  a n d  d r i e d  w i t h  d e h y d r a t e d  s o d i u m  

s u l p h a t e  a n d  t h e  c h l o r o f o r m  i s  d i s t i l l e d  o f f .

T h e  f o l l o w i n g  1 2  i n d o n e s  h a v e  b e e n  p r e p a r e d  b y  t h i s  m e t h o d  a n d

i d e n t i f i e d : —

m . p t .

2 : 3 - d i p h e n y l i n d o n e 4 ..................    1 5 3 ° C .

2 - p h e n y l - 3 - t o l y l i n d o n e 5 ..............................................................  1 2 3 °  t o  1 2 5 ° C .

2 - p h e n y l - 3 - m - t o l y l i n d o n e  .......................................................  1 1 3 ° C .

2 - p h e n y l - 3 - p - t o l y  U n d o n e 7 ....................................................... 1 3 3  t o  1 3 4 ° C .

2 - p h e n y l - 3 - p - b r o m o - p h e n y l i n d o n e 7 ..........................  1 7 2  t o  1 7 4 ° C .

2 - p h e n y l - 3 - a - n a p h t h y l i n d o n e  ................................................ 1 8 2  t o  1 8 3 ° C .

2 - p h e n y l - 3 - b e n z y l i n d o n e  .......................................................  1 3 5 ° C .

2 - p h e n y l - 3 - f l - n a p h t h y l i n d o n e  ................................................ 1 3 2 ° C .

2 - p h e n y l - 3 - c y c 7 o h e x y I i n d o n e  ................................................ 1 6 2  t o  1 6 3 ° C .

2 - p h e n y l - 3 - / s o p r o p y l i n d o n e  ................................................ 1 1 0 ° C .

2 - p h e n y l - 3 - / s o a m y l i n d o n e  .......................................................  7 4 ° C .

2 - p h e n y l - 3 - e t h y l i n d o n e  ........................................................... » 9 8  ° C .
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T h i s  m e t h o d  c a n  b e  a p p l i e d  f o r  t h e  p r e p a r a t i o n  o f  m a n y  d i f f e r e n t  i n -  

d o n e s ,  a n d  t h e  w o r k  i s  b e i n g  c o n t i n u e d  w i t h  a  v i e w  t o  t h e  p r o d u c i n g  

t r i k e t o n e s  f r o m  w h i c h  t o  p r e p a r e  a n t h r a c e n e  d e r i v a t i v e s  s i m i l a r  t o  t h o s e  

u s e d  a s  c a r c i n o g e n i c s  i n  c a n c e r  r e s e a r c h .

R e f e r e n c e s

1. L o w e n b e i n  a n d  U l i c h ,  Ber. dtsch. chem . G es., 1 9 2 5 ,  5 8 ,  2 6 6 2 .
2 . W e is s  a n d  S a u e r m a n n ,  ibid. 1 9 2 5 ,  5 8 ,  2 7 3 6 .

THE SPECTROPHOTOMETRIC DETERMINATION OF RUTIN 
AND QUERCETIN IN MIXTURES

B y  R .  V .  S w a n n

T h is  J o u rn a l,  1 9 4 9 ,  1 ,  3 2 3 - 3 2 9

C o r r e c t i o n s

P a g e  3 2 4 ,  f i g u r e  1 ,  h o r i z o n t a l  s c a l e ,  f o r  5 2 0  r e a d  2 5 0 .

P a g e  3 2 8 ,  f i g u r e  2 ,  h o r i z o n t a l  s c a l e ,  f o r  3 6 7  r e a d  3 4 7 .

v e r t i c a l  s c a l e ,  f o r  0 ,  1 0 ,  2 0  p e r  c e n t . ,  e t c . ,  r e a d  0 - 0 ,  

1 0 ,  2  0 ,  e t c .

B o t t o m  l i n e ,  f o r  P o r t e r  e t  a i r  re a d  P o r t e r  e t  a l.1.
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A B S T R A C T S  O F  P A P E R S  P U B L I S H E D  I N  

O T H E R  J O U R N A L S

C H E M I S T R Y

A N A L Y T I C A L

Boric Acid, Estimation of Minute Amounts of. N. T  r i n d e r.(Analyst, 1948, 73, 494.) Conditions have been worked out for the deter
mination of small amounts of boric acid using the dyes alizarin blue S and 
the unsulphonated dye base of Solway purple (Colour Index No. 1073). 
Alizarin blue S in strong sulphuric acid changed in colour from purple to 
brown to green. The final concentration of sulphuric acid fo r this dye is 
important, a high acidity being needed. Alizarin blue S is only half as 
sensitive as the base of Solway purple but it has the advantage that it is 
stable in sulphuric acid solution and, except for fluorides and nitrates, is 
unaffected by the presence of large amounts of impurities. The base of 
Solway purple gives a colour change from pale yellowish-green to deep 
blue. I t  has the disadvantage that it sulphonates slowly to a blue compound 
at high sulphuric acid concentrations and gives a slight colour change if  
comparatively large amounts of manganese are present. I t  has the 
advantage that it is twice as sensitive as alizarin blue S and the dye colour 
deepens progressively over a wide range of boric acid concentrations. The 
most suitable dye fo r use in any particular determination w ill depend on 
the impurities present and the concentration of borate. Details are given 
of the methods using both dyes, the colour estimations being made using a 
Spekker absorptiometer with Ilfo rd  violet filters (No. 601) for alizarin 
blue S and Ilfo rd  Yellow filters (No. 606) fo r the unsulphonated dye base 
of Solway purple. r . e . s .

Drying Conditions. A Study of U.S.P. X III and N.F. VIII. N. L. D e a h 1,
J. L. P o w e r s and M. W. G r e e n .  (Bull. Nat. Form. Comm., 1948, 16, 
153.) The results of investigations on the drying conditions o f over 1,000 
substances contained in the U.S.P. X I I I  and N.F. V I I I  are given. .Attempts 
were made in the work to standardise on a few different temperatures and 
conditions which were consistent with accurate and reproducible results. 
Another object was to establish the temperature and the time required for 
the drying of a large class of substances which are at present dried to “  con
stant weight.”  Where substances gave identical results when dried under 
a wide range o f conditions, the easiest and most acceptable laboratory pro
cedure was recommended; weighings were made to within ±0-1 mg., 
weighing bottles after removal from  the ovens were cooled in desiccators 
over calcium chloride until they reached room temperature (kept constant 
at 25°C.); drying over sulphuric acid was done at 25°C. and vacuum drying 
was carried out at a pressure of less than 1 mm. Hg.; the temperature of 
drying was controlled to within ± 1°C. of the desired temperature; other pre
cautions taken followed the directions of the U.S.P. X II I ;  dryings were 
carried out on two or more samples of each substance. In general drying 
was carried out wherever possible under “  standard conditions ”  as follows:
(1) at 60°C.; (2) at 80°C.; (3) at 105°C.; (4) at 120°C.; (5) at 150°C.; (6) over 
sulphuric acid at room temperature; (7) in vacuum. The following general 
results are recommended for drying over sulphuric acid: (1) fo r the removal
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of “  surface moisture ”  only, when the amount present is small and the 
material is non-hygroscopic in character, 2 to 4 hours drying time was usually 
sufficient; (2) fo r the removal of “ surface moisture”  from materials o f a 
hygroscopic nature, overnight drying (16 to 24 hours) may be required; (3) 
drying over sulphuric acid for removal o f water of hydration was generally 
unsatisfactory, either because of incomplete dehydration or because o f the 
time involved. It is recommended that substances dried at normal pressure 
and high temperatures should, in many cases, be dried at 105°C. rather than 
at 100°C. W ith drugs such as acacia and sterculia gum, the particle size 
was found to influence the loss on drying to a considerable extent, indicating 
that definite specifications for particle size as well as for temperature and 
time of drying were necessary; thus losses ranged from 10-2 to 14-4 per cent, 
on the same sample when reduced to different particle sizes. In vacuum 
drying, the working pressure is important, since greater losses are obtained 
with a low vacuum. It  is recommended that vacuum drying should be 
carried out at a pressure of less than 5 mm. Hg. Tables are given covering 
over 1,000 recommended drying conditions: for U.S.P. X I I I  drugs; for the 
methods of drying applicable in general tests and analytical processes; and 
for the methods o f drying applicable to U.S.P. X I I I  reagents. Methods of 
drying are similarly given for drugs, processes, and reagents of the N.F. V III, 
following the principles outlined above. Graphs are included, showing the 
loss on drying with time of acetophenetidin, cotarnine chloride, emetine 
hydrochloride, sulphathiazole, digitalis, stibophen, ovary, and liquid glucose, 
under varying conditions. R. e. s.

Morphine, Amnioniacal Zinc Ferrocyanide Solution as Reagent for.
G. D e n i g e s .  {Bull. Soc. Pharm. Bordeaux, 1947, 85, 29.) The reduction 
o f ferricyanide by morphine, with subsequent formation o f Prussian Blue, 
forms a familiar test fo r the alkaloid. Owing to the strong colour o f ferric 
ferricyanide, the reaction is not very sensitive and cannot be employed quanti
tatively. These objections are removed by employing zinc in place o f iron 
to detect the ferrocyanide formed. The reagent is prepared by mixing 
immediately before use, equal volumes of a 6 per cent, solution o f potassium 
ferricyanide (free from  ferrocyanide) and of a solution of 2-5 g. of zinc 
sulphate in 50 ml. of water to which is added 20 ml. of ammonia. A  few 
drops o f this reagent is added to about 1 ml. o f the solution to be tested, 
when in presence of morphine a turbidity or precipitate appears in a short 
time, and may be estimated nephelometrically. The method may be applied 
to any clear preparation of morphine, even i f  coloured. G. m .

Oxydimorphine in presence of Morphine, Determination of. N. T h o r n  
and A. A g r e n .  (Svensk. farm. Tidskr., 1949, 53, 33, 49.) Both morphine 
and oxydimorphine give colours with aromatic aldehydes in presence ol' 
sulphuric acid, but in the former case the extinction is very small at 600m. 
The method described below may be used fo r the determination o f oxydi
morphine formed in solutions o f morphine after storage or sterilisa
tion. For the test, 0-50 ml. of the solution to be tested is transferred to a dry 
test tube and treated with 10-0 ml. of a solution of 1-0 g. of vanillin in 
100 ml. of sulphuric acid (95 ± 1 per cent.) The reagent must be added 
slowly from a pipette, with continuous shaking and cooling. The mixture 
is stirred with a glass rod, immersed in a water-bath for 20 minutes, and 
then cooled in running water. A  blank test is carried out at the same 
time using a solution of pure morphine of the same concentration. The 
difference in the extinctions is measured at 600 m,u. The official solvent o f
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the Swedish Pharmacopoeia fo r morphine injection contains 5 per cent, of 
glycerol and 15 per cent, of alcohol, and the method may be applied directly 
to such solutions, but the extinction is somewhat different, as shown by the 
table below.

Extinction
Oxydimorphine in solution

per cent.
in water in dilute glycerol-alcohol

0 -2 0 1 9 0
0-4 0-372 0-315,0-325
0 -6 0-530,0-549 0-456,0-463
1 0 0-894,0-907 0-814,0-844

G . M .

Procaine Penicillin G, Spectrophotometric Determination of Procaine
in. C. V. St. J o h n. (7. Amer. pharm. Ass., Sci. Ed., 1948, 37, 343.) Weigh 
accurately approximately 50 mg. o f procaine penicillin G and transfer to a 
100 ml. volumetric flask. Dilute to volume with distilled water and shake until 
completely dissolved. Transfer 5 ml. of this dilution to a 250 ml. volumetric 
flask, dilute to volume, and measure the optical density of the resulting 
solution at 290a against water in the reference cell. Obtain the concentra
tion of the solution by calculation from an extinction coefficient determined 
on a sample of pure procaine hydrochloride or a sample of pure procaine 
penicillin G analysed by the chloroform shake-out titrimetric procedure. 
The accuracy of the method compares very favourably with that of the 
conventional method. Care must be taken, however, to clean the cells 
frequently with dichromate-sulphuric acid cleaning solution and to make 
careful adjustment of the instrument. Cell calibration should also be 
checked. The arithmetical average o f the readings for several adjustments 
of the instrument on each of two fillings of the cell should be taken.

s. l . w.

B I O C H E M I S T R Y

G E N E R A L  B I O C H E M I S T R Y

Anti-Pernidous Anaemia Factor, Presence of Cobalt in. E. L e s t e r  
S m i t h .  (Nature, 1948, 162, 144.) The use o f the borax bead test and the 
specific red colour reaction with nitroso R salt reveals the presence of cobalt 
in the ash of the anti-pernicious anaemia factor recently isolated as red 
needle-shaped crystals. The crystals, dried in vacuo at 56°C. contain 4 0 per 
cent, o f cobalt, estimated colorimetrically with a-nitroso-/3-naphthol. 
Assuming 8 per cent, loss on drying and one atom o f cobalt per molecule, 
this corresponds to a molecular weight of 1,600, in agreement with the result 
(1,500 to 1,750) obtained by X-ray crystallography. The different molecular 
weight (3,000) found by diffusion may be due to errors in the method, impure 
material, or possibly association in solution. The molecule also contains 
three atoms o f phosphorus. American workers have confirmed the presence 
o f cobalt and phosphorus in vitamin B12 isolated by them. g . b .

Bacitracin, Stability of. G. C. B o n d ,  R. E. H  i m e 1 i c k and
L. H. M a c d o n a l d .  (7 Amer. pharm. Ass.. Sci. Ed., 1949, 38, 30.)
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Bacitracin, the antibiotic produced by the growth o f the “ Tracy I  ”  strain of Bacillus 'subtilis was studied to ascertain its stability in various pharma
ceutical preparations. It  was found to parallel penicillin quite closely in  its 
stability, or lack of it, w ith various substances. The dry substance was quite 
stable at 37°C., but showed definite decomposition at 56°C. A t 80°C. 
decomposition occurred within 48 hours. W ithin a pH range of 5 to 7, 
aqueous solutions of bacitracin, with or without buffers, were stable for 
several months at refrigerator temperature, but lost about 50 per cent, of 
their activity in a week at room temperatures. Ointments prepared with 
anhydrous fatty bases showed good stability at room temperature, but 
attempts to prepare a stable water-miscible ointment were unsuccessful. A  
lozenge and a powder containing ephedrine fo r the preparation of nasal 
solutions were shown to be stable. Assay was by the cylinder-plate method 
using Staphylococcus aureus or Micrococcus flavus. g . R . k .

Lactobacillus casei, Growth Factors for. F. W. C h a 1 1  a w a y, D. E. 
D o l b y  and F. C. H  a p p o 1 d. (Biochem. J., 1948, 43, 567.) The con
centration and separation from  liver of further factors promoting acid 
production by Lactobacillus casei are described. Importance is attached to 
the preparation of the casein digest used in the growth medium as some pro
cesses do not remove appreciable L. casei activity. Growth factors insoluble 
in saturated baryta were separated from the crude liver extract together with 
at least three factors soluble in saturated baryta and in silver nitrate at pH
1-0; these consist of a filtrate fraction which is not adsorbed on alumina at 
pH 3, and two fractions which are adsorbed, one of which is eluted with 
a 20 per cent, v /v  solution o f methyl alcohol or water and the other 
with 0-5 per cent, w /v  solution o f ammonia. The three latter
components have properties dissimilar to both pteroyl glutamic acid 
and the folic acid of Mitchell et al. (1941). The greatest concen
tration of folic acid-like material was found in the silver salts 
insoluble at pH 1 (from the baryta-soluble material) which contained none 
of the components discussed above. The differential action of ninhydrin and 
nitrous acid, and of esterification and acetylation, upon the activity o f the 
material eluted by a 2 per cent, w /v  solution of ammonia fo r Streptococcus fcecalis R. and L. casei, confirms that there are two components present in 
this material. The fact that the above chemical treatment affects the filtrate 
fraction and the baryta-insoluble fraction dissimilarly to one another, and 
to the above ammonia-eluate material, is evidence that four separate and 
distinct factors are present. R. e . s .

Penicillin Activity in vitro, Enhancement by Vitamin K 5. R o b e r t s o n  
P r a t t ,  J. D u f r e n o y  and P. P. T. S a h. (J. Amer. pharm. Ass., Sci. Ed., 
1948, 38, 435.) The addition of vitamin K r, (2-methyl-4-amino-l-naphthol 
hydrochloride) in concentrations of 0-1 to 10 mg./l. enhances the effect of 
pencillin against Staphylococcus aureus, Proteus vulgaris and Escherichia coli as measured by the cup plate method to a greater extent than would be 
expected from the sum of the activities of the two components acting 
separately. The magnitude of the enhancement depended on the concentra
tion o f K 5 and of pencillin and on the test organism. The enhancement 
is particularly marked with E. coli. a . l .

Penicillin, New Absorption Delaying Vehicle. F. H. B u c k w a l t e r  
and H. L. D i c k i s o n. (/. Amer. pharm. Am ., Sci. Ed., 1948, 37, 472.)
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In  this preliminary report the authors describe experiments which show that 
peanut oil-aluminium stearate gels are superior to peanut oil or peanut oil- 
beeswax combinations as repository forms fo r penicillin. j. w. f .

Penicillin G Sodium in Aqueous Solution, Stability of. T. J. M a c e k ,
E. J. H a n u s  and B. A. F e l l e r .  (J. Amer. pharm. Ass., Sci. Ed., 1948, 
37, 322.) Solutions of crystalline sodium benzylpenicillinate (penicillin G 
sodium) in water lost 50 per cent, of their activity in about 2 days at 25°C. 
and in about 16 days at 10°C. The rate of decomposition was unchanged 
when normal saline solution and 5 per cent, dextrose solution were the 
solvents, and was independent of the initia l concentration. I t  was also 
observed that the pH of the solutions fell from pH 6 to pH 4 in about the 
time required for 50 per cent, decomposition, but thereafter rose to about 
pH 4-5, the rise being attributed to the decarboxylation of benzylpenicilloic 
acid. The greater stability of solutions of partly purified penicillin sodium 
suggested that the process of purification removed substances capable of 
acting as buffers and preventing the rapid fa ll in pH, which accelerates 
the rate o f decomposition. By adding various phosphate and citrate buffers 
to maintain the pH at about 6-0, the stability of solutions o f sodium benzyl
penicillinate was increased so that at 25°C. the time for 50 per cent, decom
position was 15 days and at 10°C. solutions still had 75 per cent, o f their 
original activity after 56 days. The stabilising effect was shown to be due 
to the buffering action of the phosphate or citrate ion and not to a specific 
ion effect; it  was also shown to increase with increase in the concentration 
of the buffer mixture. G. R. K .

Streptomycin, Degradative Studies on. M. L. W o l f r o m  and W. J. 
P o l g l a s e .  (J. Amer. chem. Soc., 1948, 70, 2835.) An inactive product 
was obtained by degradation o f dihydrostreptomycin; this, when acetylated 
with pyridine and acetic anhydride gave crystalline C16H ,40 12N 3. 
(CH3C) (COCH3)10.(I) m.pt. 261-5° to 262-5°C. [a] g°c- -8 4  (c. 1; water). 
Methanolysis o f (I), designated deca-acetyldideguanyldihydrostreptomycin 
with subsequent reacetylation yielded hexa-acetylstreptamine, transition point 
250°C. m.pt. 341 to 345°C., and methyl penta-acetyldihydro-a-L-streptobios- 
amide, m.pt. 194 to 195°C., unchanged on admixture with a specimen pre
pared from  dihydrostreptomycin trihydrochloride, [a] g3 C- —120° (c,0.5; 
chloroform). (I) was found to be readily soluble in methyl alchohol, water and 
hot ethyl alcohol, sparingly so in chloroform, ethyl acetate and ethyl alcohol, 
and insoluble in benzene and ethyl ether. Aqueous solutions of N,N,N- 
tetra-acetyldideguanyldihydrostreptomycin (II), N ^N 3,-diacetyl streptamine
(III)  and N-acetyldihydro-a-L-streptobiosaminide were prepared by partial 
deacetylation of the aforementioned acetyl derivatives with 0-05N sodium 
hydroxide in water-dioxane. Treatment with periodate showed the presence 
in I I  of an a-glycol which is not in I I I ,  and this a-glycol is present in the 
streptamine moiety of II. The presence o f such a glycol group indicates 
that streptobiosamine is attached at C4 o f streptidine, thus confirming the 
result of Folkers. r . e . s .

Streptomycin and Mannosidostreptomycin, Crystalline Trihydrochlorides
of. L. I. H  e u s e r, M. A. D  o 11 i v e r  and E. T. S t i 11 e r. (/. Amer. chem. Soc., 1948, 70,2833.) Crystalline streptomycin trichloride dihydrate has been 
prepared as monoclinic prisms showing birefringence. On heating, gradual 
decomposition without melting took place. Drying at 55°C. in vacuo gave 
C2iH 39N 70 123 HCl,2 H ;0 ; after drying at 100°C. in vacuo a substance was
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obtained which gave [«] ^  6 C' -86-1° (1 per cent, in water) and 
C21H 3!)N 70 12)3HC1. When assayed with Klebsiella pneumonia in a broth- 
dilution test, the trihydrochloride dihydrate had a potency o f 820 units/mg. 
and on this basis the anhydrous material would have an activity of 891 
units/mg. The trihydrochloride of mannosidostreptomycin crystallised in 
the form of isotropic hexagonal plates. By means of the counter-current 
distribution method, this material was also shown to be a single entity and 
to be free o f streptomycin. Drying at 55°C. in vacuo gave C ,rH 49N 70 17, 
3HC1,2H20 ; at 100°C. in vacuo analysis showed C27H49N70 1T,3HC1, [a]
— 54-1° (1 per cent, in water). When assayed with K. pneumonia in a broth- 

dilution test, the anhydrous mannosidostreptomycin had a potency o f ca.210 
units/mg. r. e. s.

Vitamin A in Whale-Liver Oil, Chromatographic Estimation of. N. T.
G r i d g e m a n ,  G. P. G i b s o n  and J. P. S a v a g e .  (Analyst, 1948, 73, 
662.) The method given is based on the fact that the main components of 
the unsaponifiable fraction o f whale-liver o il are selectively adsorbed on 
weakly active alumina in the order: anhydro-vitamin Acoxidised vitamin A 
cvitam in A(alcohol)<kitol<sterols<selachyl alcohol. The technique con
sisted o f depositing the material on the column from a non-polar solvent 
and then developing and eluting the chromatogram with solvents of progres
sively increasing polarity; the eluate was collected fractionally and Carr- 
Price spot tests were used to identify the vitamine A  portions, from which 
aliquots were bulked fo r spectrophotometric estimations. A  quantity 
(approximately 0-35 to 0-40 g.) of the unsaponifiable fraction in light 
petroleum was used fo r chromatography and 25 ml. quantities of light 
petroleum-ether mixture were used to elute the fractions, the proportion 
of ether being gradually increased in each succeeding fraction. The eluate 
was collected in  5 ml. fractions and a few drops of solution from individual 
tubes were tested with Carr-Price reagent to establish the range of tubes 
containing the vitamin. The tubes corresponding to the zone below the 
vitamin A  usually give a reddish-purple colour with the reagent; while those 
corresponding to the zone above the vitamin gave a bluish-purple or 
greenish-purple colour. Both these colours are readily distinguished from the 
bright blue of the vitamin A  solution. Moreover, in  a good chromatogram, 
the set of vitamin A  tubes w ill be separated at either end from the sets 
containing the adjacent zones by one of two tubes whose eluate content is 
almost nil; these correspond to the inter-zone regions in the chromatogram 
and w ill give only a faint coloration with the Carr-Price reagent. Aliquots 
drawn from  those tubes showing vitamin A  reaction were pooled, diluted 
with cyclohexanol and E| „ ” ,cent' 326 to 328/j, was measured; i f  the 
fraction is pure, the maximum of the absorption curve w ill lie between 326u 
and 328p, E SOOfi/EX^ w ill be not more than 0-63, and E 360p/Xmai not 
more than 0-35. Details are given of the fu ll analysis by this method of 
a sample of whale-liver oil. The method could be extended to more 
normal oils. Chromatography of the unsaponifiable matter of a shark liver 
oil, a mixed fish-liver oil diluted in vegetable oil, a distilled vitamin A  ester 
concentrate, and a cod-liver oil, showed that of the total absorptions at 
326a (on the whole o il fo r the first three samples and “  via unsap.”  for the 
cod-liver oil) the following fractions were due to vitamin A: 85, 92, 91 and 
90 per cent., respectively. Recovery experiments on vitamin A  acetate dis
solved in vegetable oil and in dolphin oil gave results of 97 to 99 per cent, 
on the unsaponifiable fractions. R. E, s.
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B I O C H E M I C A L  A N A L Y S I S

Folic Acid, Polarographic Determination of. W. J. M a d e r  and
H. A. F r e d i a n i .  (Anal. Chem., 1 9 4 8 ,  20, 1 1 9 9 . )  The determination of 
folic acid can be made quantitatively and rapidly. The sample is dissolved 
in 1 per cent, tetramethylammonium hydroxide solution containing cadmium 
chloride as internal standard with sufficient ammonium chloride to prevent 
precipitation of the cadmium from alkaline solution. A  polarogram o f this 
solution yields two clearly defined waves, one at 0 - 7 4  volt (against the 
saturated calomel electrode) for the cadmium, and one at 0 - 9 8  fo r the fo lic 
acid. W ith known fo lic acid concentrations (and fixed cadmium concen
tration) a straight line results on plotting the step-height ratios of cadmium- 
fo lic acid against folic acid concentration using log log coordinates. Repli
cate runs on a fixed sample indicated a reproducibility of ±  2 per cent, if  
the drop rate was controlled within 0 - 7  second, and the temperature within 
1 0 ° C . ,  variations which exceed the conditions ordinarily encountered in an 
analytical laboratory. The diffusion current constant as defined by Lingane 
was calculated to be 1  - 7 2 .  I t  was found more convenient to utilise the ratio- 
concentration curve and thus to read off sample concentrations directly in 
mg./ml. than to calculate sample concentrations. The method could be 
applied to folic acid tablets and to tablets with vitamin BG added, but could 
not be used in the presence of iron. r . e . s .

Penicillin, Spectroscopic Estimation of. G. H. T w i g g. (Analyst, 1948, 73. 
211.) The author has reviewed various applications o f ultra-violet and infra
red spectroscopy for the estimation o f total and individual penicillins, and 
has discussed the limitations o f these methods. The aim o f spectroscopy is 
to discover in the absorption spectrum a band which is characteristic o f each 
penicillin molecule as a whole. This is not attained in practice and the absorp
tions arising from separate parts o f the molecule have to be used. Such a 
procedure may provide an estimate o f total penicillin, but it leads to funda
mental difficulties in assaying individual penicillins; impurities and deactivated 
penicillin products may contain similar molecular groupings and thus have 
bands almost identical with those o f the penicillins. I t  is, therefore, likely that 
spectroscopic estimation o f individual penicillins can only be applied to the 
pure material. The ultra-violet analysis o f total penicillin depends on the 
development o f an absorption band at 3220 a  when an aqueous solution o f 
penicillin is treated with acid under standard conditions. The band, which is 
due to an intermediate product, disappears after a time and the reading must 
be taken at its maximum intensity. The method can be used with impure 
material and gives an accuracy to within 5 per cent.; chemical methods of 
estimation are probably more speedy and accurate. The ultra-violet analysis 
o f penicillin G depends on the development o f absorption bands in the ultra
violet spectrum due to the phenyl group. Two methods have been developed. 
One compares the ultra-violet spectrum o f the unknown sample with that o f 
a known standard by photography and for pure samples o f penicillin G gives 
an accuracy o f + 2 per cent. The second method is based on the relative 
absorption at 2630 a  and 2800 a  . Penicillin G has no absorption band at the 
higher wave-length but impurities and decomposition products have. A ll 
measurements o f optical density are made with solutions o f constant penicillin 
content (T8 mg. per ml.) as both penicillin K  and F show some absorption 
at 2630 a  . The optical density difference E 2630- E 2800 is plotted against percentage 
o f penicillin G content and gives a straight line, the analyses being evaluated from 
this calibration curve. Both these methods suffer from similar defects, phenyl-
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containing inactivated materials interfere and concentrations o f penicillin X  in 
excess o f 1 per cent, w ill invalidate the results. Infra-red analysis o f the indi
vidual penicillins is theoretically the ideal method, as the infra-red spectrum o f 
any subtance is unique. Unfortunately serious practical difficulties arise; the 
penicillin may contain impurities or inactivated materials which have' absorption 
bands in the same position as the bands used for analysis, the penicillin may also 
be in the form o f a salt which is insoluble in all the solvents that are o f use 
in infra-red measurements, and degradation may occur when converting it 
to the free acid and transferring to a suitable dry solvent. The effect o f crystal 
structure is not known and a separate calibration may be necessary with 
amorphous material, and it is not easy to measure 10, the intensity of 
incident radiation. A  suitable internal standard, generally ¿/-alanine, in 
known concentration has to be mixed with the penicillin. The ratio R = log  
(I0/ I ) 703log /(I0/ I ) 85i  is determined for penicillin G, where I 0 and I are the 
intensities o f incident and transmitted radiations respectively at both 703 cm ."1 
and 851 cm.'1. A  calibration curve R against percentage o f penicillin G is 
plotted by diluting the pure penicillin G with magnesium oxide; results using 
this curve have an accuracy o f ± 2 per cent. For other penicillins different 
bands are used. l . h . p .

Salicylate in Blood, Fluoropholometric Method for the Estimation of.
A. S a l t z m a n .  (/. biol. Chem., 1948, 1 7 4 , 399.) One ml. o f oxalated or 
citrated plasma is shaken in a test-tube with 9 ml. of a freshly prepared 
mixture of 1 volume of a 10 per cent, solution of sodium tungstate and 8 
volumes of N/12 sulphuric acid, and the precipitated proteins are filtered off 
after 10 minutes. To 5 ml. of the filtrate 7 ml. of sodium hydroxide solution 
(40 per cent.) is added and the mixture is placed in a fluoropho:ometer. The 
fluorescence is directly measured within 30 minutes using the same filters 
as in the vitamin B, determination. The values are read off a standard 
reference curve, plotted by adding varying amounts of a standard salicylate 
solution, containing 1-16 mg. of sodium salicylate in 12 ml. of water to a 
reagent blank mixture, consisting of 5 ml. of tungstic acid and 7 ml. of 
sodium hydroxide solution (40 per cent.). These values must be multiplied by 
2 to correct for the dilution. Salicylate concentrations of 1 to 2 mg. in 100 
ml. are detectable, and both free and combined salicylate is determined. A 
modification o f the ethylene dichloride method for determining salicylate 
concentration in the blood is also described. l . h . p .

Streptomycin B, Chemical Assay of. W. B. E m e r y  and A. D. 
W a l k e r .  (Nature, 1948, 1 6 2 , 525.) The use of 0-2 per cent, anthrone, a 
reduction product of anthraquinone, in 95 per cent, sulphuric acid is described 
for distinguishing streptomycin B (a mannoside) from streptomycin A ; it can 
aiso be used for estimating the former in a mixture. The results obtained 
are in accord with those calculated from biological and chemical assays, 
making the accepted assumption about the relative biological activities of the 
two steptomycins. The glucosamine moiety, present in both molecules, does 
not react with the reagent. R. E. s.

Urea in Blood, An Improved Diacetyl Reaction for the Estimation of.
V. R. W h e a t l e y .  (Biochem. J., 1948,43,420.) The enhancing effect of 
a number of substances on the diacetyl-urea reaction has been studied. 
Phenols were unsatisfactory and produced precipitates; with aromatic amines 
the colour produced was orange or red, and not yellow, whilst diphenylamine 
and its derivatives produced an intense magenta colour. The reaction with
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N-phenyl anthranilic acid was studied in detail and adopted for the estimation 
of urea in blood. Investigations of the reaction conditions were made 
involving a study of the quantities of reagent used, the time of heating, the 
development of the colour and the specificity of the reaction. Calibration 
and absorption curves are given for the reaction colour, which obeyed Beer’s 
law up to a urea concentration of 20 gg./ml. Under the conditions prescribed 
ammonia, histidine, tyrosine, cystine, caffeine, uric acid, barbiturates, 
acetamide, asparagine, creatine, sulphonamides and thiouracil all give negative 
reactions. Proteins and monosubstituted ureas give red colorations; semi- 
carbazide gives a magenta colour similar to that obtained with urea, while 
biuret gives a brown colour. Creatinine gives a positive reaction, but 
fortunately the sensitivity in this case is only one hundredth of that with 
urea, so that creatinine w ill not interfere with the estimation o f urea in 
biological fluids. The method showed fa irly good agreement w ith the mano- 
metric hypobromite method except that in 10 per cent, o f cases errors of 
8 to 10 m g ./100 ml. were obtained. The estimation can be performed with 
as little as 0-2 ml. of blood and compares favourably with other colorimetric 
urea determinations, although it is not sufficiently accurate for urea clearance 
tests. r . e . s.

C H E M O T H E R A P Y
Fungistatic Activity and Structure in a Series of Simple Aromatic Com

pounds. G. W. K. C a v i l l ,  J. N. P h i l l i p s  and J. M. V i n c e n t .
(J. Soc. chem. Ind., Lortd., 1949, 68, 12.) Derivatives of benzene are assessed 
fo r activity against Aspergillus niger. For comparison, the logarithm of the 
reciprocal o f the m illimolar concentration giving 50 per cent, inhibition is 
used to express fungistatic activity. In the case of ionised substances, this 
is calculated relative to the un-ionised form as there is some evidence that 
the ionised forms are not so active fungistaticafly. Benzene and toluene 
have a small activity, aniline, benzoic acid, phenol and nitrobenzene are less 
active, but chlorobenzene is more active. Saturated compounds are con
siderably less active than the corresponding aromatic substances. In general,, 
halogen substitution increases activity. Substitution o f aniline, benzoic acid 
or phenol with hydroxyl or amino groups nearly always reduces activity, 
except that —OH substituted ortho to carboxyl groups increases activity 
slightly. Meta o r para substitution o f a carboxyl group in phenol or in 
aniline decreases activity, but ortho carboxyl groups cause an increase, or 
little change, in activity. N itration of phenol or aniline increases activity 
(except for picric acid and trinitroresorcinol which are ionised), but nitro- 
benzoic acid is less active than benzoic acid. The introduction o f -C H „  — 
groups between ring and carboxyl group does not enhance the activity of 
benzoic acid, and decreases that of 4-aminobenzoic acid; the same applies to 
the methyl esters. To conform to the conclusions above, 4-hydroxybenzoic 
acids have to be regarded as substituted benzoic acids, not as substituted 
phenols. Alkylation, akyl esterification or alkyl etherification generally 
increases activity. There is some correlation between reciprocal water solu
bility and activity fo r a homologous series, but this breaks down i f  a wider 
range o f compounds is taken. Slightly better agreement is obtained when 
the logarithm of relative solubility in alcohol and water is compared with 
activity, but there are considerable deviations. g . b .

Polymethylene bis-Quaternary Ammonium Salts, Curare-like action of.
R. B. B a r l o w  and H. R. In g . (Brit. J. Pharmacol., 1948, 3, 298.) The 
following series of polymethylene bii-quaternary ammonium dibromides
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were prepared and tested fo r curare-like activity on the phrenic-nerve dia
phragm preparation o f the rat (n =  number of carbon atoms in the poly
methylene chain):—Ni-trimetbylammonium series, n =  2, 3, 4, 5, 7, 8, 9, 
10, 11, 12 and 13; 6/i-triethylammonium series, n =  2, 3, 4, 5, 7, 8, 9, 10 and 
13; Zn'i-strychninium series, n =  2, 3 and 5; 6/s-quinolinium series, n =  3, 5 
and 10; My-(phenyldimethylamrnonium) series, n =  3 and 5. In the bis- 
trimethyl series, the salt with n =  2 is about twice as active as tétraméthyl
ammonium iodide; salts with n =  3, 4 or 5 are only feebly active; activity 
increases from n =  7 to n =  9; salts with n =  9, 10, 11 and 12 are about 
5 to 6 times as active as tétraméthylammonium. In  the ¿Es-triethyl series, 
salts with n =  2 or 3 are relatively inactive; activity increases from n =  4 
to n =  13. None of the members o f the other three series was so active 
as the most active members of the ¿w-trimethyl series. In the rabbit head- 
drop test the èft-trimethyl member with n =  9 was nearly as active as 
tubocurarine chloride; the member with n =  10 was about 3 times as 
active. The />/.v-triethyl member with n =  13 was about two-fifths as active 
as tubocurarine. Some ¿»ft-onium salts augment the response o f the rat 
diaphragm to maximum stimuli and inhibit the cholinesterase of caudate 
nucleus (dog). The sensitivity of the rat diaphragm to ¿u's-onium salts 
differs greatly from that o f the rabbit, and the rat diaphragm is less sensi
tive to methylstrychninium and more sensitive to tétraméthylammonium 
iodide than the frog’s sartorius, suggesting that synthetic curare-like drugs 
ought to be tested on a variety of species. s. l . w .

P H A R M A C Y
D I S P E N S I N G

Fatty Oils, Neutralisation of, for Injection. C. G. v a n  A r k e l  and 
J. J. M. v a n S o n s b e e k. (Pharm. W eekbl., 1949, 84, 70.) Neutralisation 
of fatty oils is sometimes carried out by shaking the o il with excess o f 
calcium or magnesium oxide, possibly with the addition o f a trace of 
alcohol. The method was found effective in reducing the natural acid value 
of an oil from 0-32 to 0T6 (with magnesia) or 0 09 (with lime). Traces of 
these metals could be detected in the neutralised oils. When using an oil 
to which fatty acid had been added to give an acid value o f 9-63, it was 
found necessary to add water in order to obtain a satisfactory result, but 
too much water causes formation o f emulsions and difficulty in filtration. 
The dissolved metal amounted to, for magnesium 0-2 mg./100 ml., and for 
calcium, 6-5 mg./100 ml. If, however, the filtration is carried out with the 
aid o f heat, larger quantities are dissolved. I t  is concluded that the method 
of neutralisation with soda is to be preferred on account of greater reliability 
and the possibility of filtration at a raised temperature. G . M .

Penicillin Ointment, Stability of. S. H. C u l t e r .  (/. A m er, pharm. 
Ass., Sci. Ed., 1948, 37, 370.) A  number o f penicillin ointments, using various 
types of bases, with sodium, potassium, and calcium salts o f varying degrees 
o f potency were prepared. These ointments were stored in collapsible tin 
tubes at room and refrigerator temperatures and assayed from time to time 
to determine the stability of the penicillin. I t  was found that impure sodium 
penicillin (400 I.U ./mg.) is very unstable in an aqueous cr a non-aqueous 
water-miscible ointment base and has only limited stability in  an anhydrous 
petrolatum base. Calcium penicillin (500 to 650 I.U./mg.) is much more 
stable than the impure sodium salt in the same bases, while the high potency 
(1583 to 1620 I.U./mg.) crystalline sodium or potassium salts are equal, if

413



ABSTRACTS

nqt superior, to the impure calcium salt for ointment purposes in respect 
of stability. Penicillin ointments are somewhat more stable at refrigerator 
temperatures than at higher temperatures. The inclusion of sulphadiazine, 
sulphathiazole, adrenaline, or benzocaine in a penicillin ointment does not 
materially influence the stability of the penicillin, but water, zinc stearate, 
aluminium hydroxide gel hasten its deterioration to a marked degree.

s. l . w.
Penicillin Powders, Preparation of. J. B ü c h i and F. O. G u n d e r s e n.

(Pharm. A cta  H elvet., 1949, 24, 31.) A  penicillin powder, prepared by dilu
tion of penicillin with lactose, had a limited stability, since 15 per cent, of 
the activity was found to be lost after keeping for 2 months at 4°C. Pre
parations made according to the following formula were more satisfactory 
and showed no loss after 4 months at 4°C., provided that the materials were 
dried thoroughly before use, and the powder was kept over calcium chloride. 
Crystalline sodium penicillin, 1,000,000 units; hydrogenated arachis oil 
(m.pt. 37°C.), 0-25 g.; anaesthetic ether, 5 ml.; sodium laurylsulphate, 0-50 g.; 
de-enzymated gum acacia, 1-50 g.; diluent, to 50-00 g. In the preparation 
the penicillin is rubbed down with a solution o f the hardened arachis o il in 
the ether, in order to coat the particles of penicillin, and the other substances 
are then added. The mixture is finally passed through sieve V I (approx. 100 
mesh/inch; wire 0 08 mm. diam.). Anhydrous lactose, sulphanilamide or 
dried m ilk may be used as diluent. g . m .

Sterility of Chemicals, Employment of Filtration in Testing. O. B a n g ,
G. B o w i t z  and A. T. D a i s  g a a r d .  (Arch. Pharm. Chemi., 1949, 56, 
643.) The authors have examined the method of testing for sterility proposed 
by Davies and Fishburn (Quart. J. Pharm. Pharmacol., 1946, 19, 36). Their 
results show that the risk of infection arising during manipulation cannot be 
ignored, since out of 113 tests (30 with a dry filter, the others with sterile 
solutions) 15 gave positive results. Tests were carried out with a number 
of pure chemicals, and positive results were obtained with a proportion in 
the cases of ascorbic acid, hexobarbitone, morphine hydrochloride, dextrose, 
allylwopropyl barbitone, phenobarbitone, oxedrine tartrate, benzocaine, and 
boric acid. “  Sterilised ”  boric acid powder gave positive results in 9 tests 
out of 10. Generally the contaminating organism was a Gram-positive rod. 
The authors consider that the method is worthy of further study and possible 
official adoption. g . m .

P H A R M A C O G N O S Y

Antimalarial Plants, Chinese. S. T. Y a n g .  (J. A m er pharm. Ass., 
Sci. Ed., 1948, 37, 458.) A  brief description of five Chinese medicinal plants 
which may have antimalarial activity is given. 1. Fraxinus malacophylla 
Hensl. This tree occurs in S.E. Yunnan and is known as Pei Chiang K an; 
the root-bark is used. Recent tests indicate the absence of antimalarial 
activity. 2. Fraxinus chinensis Roxb. Grows in Szechuan and Yunnan; 
the bark yields fraxetin which earlier workers claimed to possess antimalarial 
activity; however recent work indicates it is ineffective. 3. Clerodendron  
yunansis Hu. Grows near Kunming where thin slices o f the twigs o f this 
tree are sold as Fien Ch’ang Shari. No investigations have been conducted 
on this plant. 4. Alstonia yunansis Diel. Also grows near Kunming; the 
bark, twigs and pods are sold as Chih K u  Ch’ang Shan. Several alkaloids 
and a resinous substance are present, but they show no antimalarial activity.
5. Dichroa febrífuga  Lour. This is the only plant in the group whose anti-
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malarial activity has been established. I t  is an evergreen shrub growing in 
Szechuan and Yunnan; the dried roots are known as Ch’ang Shan. In 
Yunnan the leaves and twigs are used and these have been shown to be much 
more active than the roots. j. w. f .

Belladonna, Indian, Pharmacognosy of. H. W. Y  o u n g k e n and
W. E. H a s s  an,  Jr.  (J. A m er. pharm. Ass., Sci. Ed., 1948, 37, 450.) 
A  complete description and comparison of this plant with Airopa Belladonna 
Linn, is given. The materials used were grown by the workers from authenti
cated seeds and surplus material has been deposited in the Herbarium of the 
Massachusetts College of Pharmacy. Leaves: the following data are 
reported; Vein Islet Num ber, species average =  10; Palisade Ratio, 5-0 -
8-3 — 12-4 (A . Belladonna, 4-5 — 6*9 — 9-2), Stomatal Index, Upper Surface,
3-4; Lower surface, 17-6; (A . Belladonna, 2-9 and 17-6 respectively). Floral 
M em bers; the Indian variety has larger flowers than European, and the 
corolla is bright yellow. R oots and stems: similar basic structure except 
that the cells o f the Indian variety are larger than those of the European. 
Alkaloidal content: the Indian variety has a high alkaloidal content. Drying 
under infra-red lamps at 145° C. destroys the alkaloidal content. No 
significant increase- in alkaloidal content resulted from the injection of 
amino-acids into the growing plant. The authors suggest that Indian bella
donna is a variety of the European and should be named A iropa Belladonna 
variety acuminata. J. W. F.

P H A R M A C O L O G Y  A N D  T H E R A P E U T I C S

Adrenaline and nor Adrenaline, Action on Human Heart-rate. H. Ba r -  
c r o f t  and H. K  o n ze 11. (Lancet, 1949, 256, 147.) The actions of intra
venous infusions of noradrenaline and of adrenaline on the heart-rate and 
arterial blood pressure of normal men and women have been studied. In  
doses of 10 to 20gg./minute noradrenaline causes bradycardia, whereas 
adrenaline causes tachycardia. Subjective effects during the adrenaline infu
sions included mild palpitation, hyperventilation, tightness in the chest, and 
muscular fatigue; there were usually no subjective symptoms during infusions 
of noradrenaline. The explanation of the different actions of adrenaline and 
noradrenaline on the heart-rate is not known, but the authors suggest that 
two factors are probably concerned—the direct excitatory action of the drug 
on the pacemaker, and its reflex inhibitory action due to its pressor action 
on the vascular system. . s, l . w .

Courbonia virgata. Identification of Toxic Principle as a Tetranaethyl- 
amjaoniiBn Salt. A. J. Henry. (Brit. J. Pharmacol., 1948, 3, 187.) The 
tuberous root of Courbonia virgata A. Brongn. (Fam. Capparidaceae), a 
plant occurring in the Southern Sudan, Northern Uganda, Kenya, and 
French Equatorial Africa, has been found to contain a toxic principle, 
tetramethylammonium iodide. This was also found in the scaly shoots and 
the superstructure, and in the leaves of the subsidiary shoots. I t  has been 
named tetramine and the fresh root contains about 0-2 per cent. About 
0-25 g. o f the base taken orally (in the form of the root) has proved lethal 
to adult human beings within an hour. Lethal dose of the iodide sub
cutaneously was 0-5 to 1 m g./25 mg. of mouse, the symptoms being con
vulsive spasms, collapse, and death within 30 minutes. Intravenous injection 
of 8 mg. o f the iodide into a rabbit caused death within 2 minutes. The
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toxic principle is not extracted from alkaline solution by organic solvents 
and unless its presence is suspected and its properties known, it might easily 
be overlooked. The toxic properties o f the plant are well known to the 
natives. As a qualitative test fo r tetramine, the crystalline precipitate which 
it produces with Wagner’s reagent can be used. From warm dilute solutions, 
either acid or neutral, the periodide rapidly separates as well-shaped rhombic 
crystals which are readily recognised under the microscope. s. l . w .

Dextran as a Plasma Substitute. J. J. B u l l ,  C. R i c k e t t s ,  
J. R. S q u i r e ,  W. d’A. M a y  c o c k ,  S. J. L. S p o o n e r ,  P. L. 
M o l l i s o n  and J. S. C. P a t e r s o n .  (Lancet, 1949, 256, 134.) 
Dextrans are produced by the growth in culture of certain micro
organisms, in  particular of Leuconostoc mesenteroides, in a substrate 
of glucose and phosphate. A fter removal of protein and inorganic 
salts from  the culture fluid dextran is precipitated as a syrupy gum by 
organic solvents such as acetone; so obtained, it is a polysaccharide com
posed entirely o f glucose units. The molecules of this crude dextran are 
too large fo r infusion purposes and preparations of smaller molecular size 
are produced by partial hydrolysis with acid. In  defining a specification 
of dextran fo r intravenous use the proportion of dextran o f low 
molecular weight should be kept to a minimum; it is probably also important 
to define the upper lim it of molecular size. Physico-chemical methods for 
controlling molecular size are described. The solution fo r infusion is colour
less or pale straw colour and of about the same specific gravity and saline 
concentration as plasma, with a colloid osmotic pressure 1.5 to 2.0 times that 
of normal plasma. I t  is well tolerated as an infusion by man and is not 
pyrogenic, toxic, or antigenic. Immediately after infusion the erythrocyte- 
sedimentation rate is increased and rouleaux can be observed in smears of 
blood. No increase in the osmotic fragility o f the red cells has been observed. 
Dextran has proved efficacious as a plasma substiute in cases o f bums and 
has produced a sustained increase in the venous return in patients with 
surgical shock or haemorrhage, but as there is still doubt as to the ultimate 
fate of dextran in the body it cannot yet be recommended unreservedly for 
intravenous infusion. s. l . w .

Histamine Antagonists, Comparison of. I. I. Re u s e .  {Brit. J. Pharmacol., 1948, 3, 174.) Comparison of a number of histamine antagon
ists on isolated organs placed them in the following order o f descending 
activity: neoantergan, 3277 RP, benadryl, antistin, nupercaine. Besides being 
the most active o f these drugs against histamine, neoantergan is also the 
most specific; it had the least action against acetylcholine, and its action 
against nicotine, potassium and adrenaline was much smaller than its action 
against histamine. I t  is thus clearly the best of the drugs studied to use in 
specific tests fo r histamine in unknown solutions, but it  is useless i f  high 
concentrations are used. A  satisfactory method fo r carrying out tests o f this 
kind is first to find doses o f the tissue extract and of histamine which cause 
equal effects on a piece of guinea-pig’s ileum, and then to continue giving 
these doses alternately and to study the effect, in a series o f responses, o f a 
brief addition (1 minute) of a small dose of neoantergan to the bath. The 
dose o f neoantergan is chosen so as to produce 50 to 70 per cent, inhibition of 
the subsequent response to histamine. The concentration of neoantergan for 
this effect is usually about 1/10 the concentration of histamine. A  method 
fo r the rough biological assay o f neoantergan is described which involves the 
use o f only about 0-002 u,g. of the drug per dose. The antihistamine drugs
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were found to depress the isolated heart and dilate the coronary vessels. The 
activity o f these drugs as local anesthetics on the frog's lumbar plexus 
appeared to be more nearly related to their activity against acetylcholine than 
to their activity against histamine; benadryl and 3277 RP were, in fact, 
much more potent than antistin and neoantergan both as local anaesthetics and 
as acetylcholine antagonists. s. l . w .

I s o m e r i c  H e p t y l a m i n e s ,  C o m p a r a t i v e  P h a r m a c o l o g y  o f .  D .  F. M a r s h ,  

(/. Pharmacol, 1948, 94, 225). In  this study the vasopressor activity of the 
isomeric heptylamines in anaesthetised and unanaesthetised dogs was deter
mined and compared with adrenaline. By lim iting the investigation 
primarily to compounds with a total of seven carbon atoms it  was possible 
to determine the relationship between spatial configuration and pharmaco
logical activity without having to consider differences in molecular weight. 
The most potent of the compounds was 4-methyl-2-heptylamine which is 
about 1/200 as active as adrenaline and has a long duration of action; orally, 
the heptylamines have but little pressor action in man. With the exception o f 
the 4-heptylamine, they increased the tone of isolated rabbit jejunum with a 
concentration of 4 m g./100 ml., caused contraction of the rat uterus and 
antagonised the relaxant action of adrenaline. In  the perfused heart they 
produced a decrease in  rate, force of contraction and outflow of perfusate. 
They do not antagonise histamine constriction in the perfused guinea-pig 
lung. s. L. w.

I s u p r e l  i n  S p o n t a n e o u s  a n d  I n d u c e d  A s t h m a .  F. C. L o w e l l ,  J .  J .  

C u r r e y  and I .  W .  S c h i l l e r .  (New Engl. J. Med., 1949, 2 4 0 ,  45.) 
Isuprel, l-(3: 4-Dihydroxyphenyl)-2-/sopropylaminoethanol, (wopropyladrena- 
line) has been studied fo r a number o f years in Europe under the name 
of aleudrin, and has been advocated for use in the form of an aerosol 
fo r the relief of attacks of bronchial asthma. The authors report their 
observations o f the administration o f isuprel to asthmatic subjects in  the 
out-patient clinic, in the wards, and in the laboratory (induced asthma). 
In  most cases the drug was given as an aerosol, in a concentration o f 1-0 and 
0-5 per cent., but it was subsequently given in tablets sublingually containing 
10 mg., or subcutaneously or intramuscularly in a concentration o f 0-02 or 
0-01 per cent. Given by aerosol it was very effective in relieving mild 
or moderately severe asthma and appears the most effective agent available 
fo r self-medication; in severe and prolonged attacks it  was far less satis
factory. In  certain cases other medication, particularly aminophylline 
intravenously, was required; on recovery, isuprel was again effective in 
the control of milder attacks. Sublingual and parenteral administration of 
the drug was not very effective. Side-effects were uncommon in the doses 
used in this study. s. l . w .

P r o c a i n e ,  I n f l u e n c e  o f  P o t a s s i u m  a n d  C a l c i u m  I o n s  o n .  H. J. B e i  n.(Brit. J. Pharmacol., 1948, 3, 251.) The action of procaine on the refractory 
period o f the isolated rabbit auricle was determined in the presence o f vary
ing amounts of potassium and calcium. The influence of potassium and 
calcium was shown to be antagonistic; increasing the amount o f potassium 
or decreasing the amount of calcium both potentiated the action o f procaine, 
about the same potential change being obtained by raising the K  by 50 per 
cent, or by lowering the Ca by 50 per cent. A  reduction of the potassium 
or an increase of the calcium content produced the same effect qualitatively 
but not quantitatively. The action of procaine was depressed, but to obtain
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the same degree of depression as that obtained by reducing the K  concentra
tion by 50 per cent, it was necessary to increase the Ca concentration by 
600 per cent. The determining factor is therefore not the ratio K / Ca  but 
the absolute amount of potassium present, though the presence of at least 
the normal amount of Ca is necessary. s. L. w.

Proguanil (Paludrine), Intravenous. R. N. C h a u d h u r i  and H. 
C h a k r a v a r t i .  {Brit. med. J„ 1949, 1, 91.) Proguanil acetate was 
administered by intravenous injection to 11 patients ranging in age from 
9 to 60 years, in 8 of whom Plasmodium falciparum infection was pre
dominant, while 2 had P. vivax infection and 1, mixed infection. Four patients 
were gravely i l l  with pernicious symptoms, 4 had heavy parasitic infection 
with frequent vomiting, and 3 had “  ordinary ”  malaria. Doses varied from 
25 to 400 mg., and were repeated in a few cases, the total amount injected 
ranging from  200 to 600 mg. Although the series was too small to determine 
the best dosage, in the majority of cases 200 to 400 mg. produced a striking 
effect, controlling the temperature and clearing the peripheral blood of 
asexual parasites in 2 or 3 days. One patient admitted in a moribund state, 
died; another, with typical cerebral malaria, remained unconscious for 
several days and later developed signs and symptoms of encephalitis, from 
which, however, he recovered completely. The injections were well tolerated, 
although 2 patients complained of pain along the injected vein, possibly due 
to some local phlebitis. A  footnote to this paper reports that proguanil 
lactate is more soluble and less irritant than the acetate, and is being used 
by intramuscular injection. g . r . k .

Proguanil (Paludrine) in Prophylaxis and Treatment of Malarial Infections 
caused by a West African Strain of Plasmodium falciparum. G. C o v e 11,
W. D. N  i c o 1, P. G. S h u t ®  and M. M a r y o n. (Brit. med. J„ 1949, 
1, 88.) Proguanil was found to act as a true causal prophylactic of infections 
of the strain of Plasmodium falciparum used, and the prophylactic 
dose recommended fo r non-immune adults exposed to malarial 
infection in West Africa is 100 mg. daily. Although it  controlled the 
clinical attack caused by infections with the same strain, its action 
in this respect and in clearing asexual parasites from the peri
pheral blood was somewhat less rapid than that o f mepacrine or quinine, 
and by itself, it did not effect a radical cure. Nevertheless, a course of 
300 mg. twice daily fo r 10 days effectively sterilised the gametocytes 
and rendered them non-infective to mosquitos for as long as they continued 
to be present in the peripheral blood in  sufficient numbers fo r infection to 
occur. Proguanil also has the lowest toxicity of any known antimalarial 
drug. In the treatment o f P. falciparum malaria infections, rapid termination 
of the clinical attack, a high radical cure rate, sterilisation of the gametocytes 
and minimum risk o f injurious side-effects is achieved by a course of 300 mg. 
o f proguanil twice daily for 10 days with 900 mg. of mepacrine given in 
3 doses on the first day, followed by a maintenance dose of 100 mg. of 
proguanil for the ensuing 6 weeks. a .  R. K.

Pyrogens and Fever of Acute Infection. J. L. B e n n e t t .  (I. exp. Med., 
1948, 88, 267, 279.) The possibility that the fever accompanying acute infec
tions is a response to a pyrogen produced by the infecting organism was 
investigated in rabbits. Animals surviving dermal pneumococcal infections, or 
peritonitis due to Escherichia coli, were given intravenous injections of 
typhoid or E. coli vaccine. They showed no tolerance to the fever-promoting
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effect of these pyrogenic materials, indicating that the pyrogen produced by 
the organisms is not a significant factor in the production of fever. I t  was, 
however, found that tolerance developed on repeated injection of pyrogenic 
material during fever, showing again that the pyrogen produced by E. coli is 
not the main factor in the causation of a raised temperature. I t  is suggested 
that perhaps a product of cell in jury is the cause of the fever. Similar experi
ments were carried out with the injection o f sterile exudates of acute in
flammation, the exudates being produced by the intrapleural injection of 
turpentine in dogs. Daily injection of exudate produced no tolerance to 
its fever-producing effect. Animals tolerant to pyrogens remained fu lly 
responsive to exudate. The fever-producing property of exudates is not 
therefore due to the presence of bacterial pyrogen. H. T. B.

p-Pyrrolidine-ethyl-phenothiazine (Pyrrolazote), Pharmacology of. M. I.
V a n d e r  B r o o k ,  K.  J. O l s o n ,  M.  T. R i c h m o n d  and M. H. 
K u i z e n g a .  (/. Pharmacol, 1948, 9 4 ,  197). This compound was com
pared with pyribenzamine and was shown to be highly specific as a histamine 
antagonist. I t  appears to be effective for a longer period of time than 
pyribenzamine as judged by both the activity it exhibits against histamine 
spasms of smooth muscle in vitro and the protection it  affords against fatal 
histamine intoxication by aerosol in vivo. I t  possesses anti-anaphylactic 
properties similar to those of pyribenzamine. Pyrrolazote has no effect on 
the pressor responses to adrenaline; in this respect it differs from pyribenza
mine, benadryl and neoantergan, all of which enhance the pressor response. 
Acute toxicity experiments show that pyrrolazote is considerably less toxic 
than pyribenzamine in mice, rats and rabbits, and chronic toxicity studies 
in  rats showed that a dose o f 10 mg./kg. orally 5 days each week fo r 10 
weeks produced no gross pathology, and growth was not impaired. Histo- 
pathology limited to degenerative fatty infiltration of the liver occurred at 
doses o f 25 mg./kg. and greater. s. l . w .

Quinine Methiodide, Pharmacology of. F. H. S h a w ,  P. K e o g h  
and M. M a c C a l l u m .  (Austral. I. exp. Biol., 1948, 26, 147). The 
authors show that while quinine methiodide retains many of the properties of 
quinine it  has also a curare action on the neuromuscular junction and sympa
thetic ganglia. I t  weakens the depressor action of adrenaline and in this 
respect is the complement o f yohimbine and ergotoxine. Because of its 
extreme toxicity towards the respiratory centre it would be an unsuitable 
clinical substitute fo r curare. Intravenous doses of as low as 10 mg./kg. 
in the cat or dog nearly always resulted in immediate cessation of respiration. 
I t  is suggested that it may provide another useful pharmacological test for 
adrenaline. s. L. w .

Thyroid Activity, Biological Assay of. D. E. H  u t  c h e o n (/.Pharmacol., 1948, 9 4 ,  308). The results of two relatively simple methods 
fo r estimating the physiological potency of thyroxine are presented. One is 
a quantal response type of assay depending on the decreased resistance to 
anoxia of mice treated with thyroxine. For this, adult mice, weighing from 
20 to 25 g., were divided into 4 groups of 10 animals, one group serving as 
a control while the other 3 were given thyroxine 2-5, 5-0 ano 10-0|xg. subcu
taneously daily fo r 7 days. 48 hours after the last injection the mice were 
all placed in  an air-tight chamber of 32 litres capacity containing soda-lime. 
When approximately half the mice had died the survivors were removed 
and the mortality-rate of each group noted. The method of calculating the

{Continued on page 4 2 1 )
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THE PLANT ALKALOIDS, by T. A. Henry. 4th edition, 1949, p.p. xxii 
+ 783 and Index J. and A. Churchill, Ltd., London.

The international reputation of Henry’s “  Plant Alkaloids ”  is such that 
workers in many branches o f science throughout the world w ill be grateful 
that Dr. Henry has been able to keep track of, digest, and present in his 
usual lucid and authoritative manner, the wealth of information that has 
been published on topics relating to the plant alkaloids and their analogues 
in the past decade since the third edition appeared. A  large part of the 
volume has had to be rewritten and its bulk continues to increase. Not only 
have the years since 1939 brought to light a considerable volume o f new 
knowledge o f the occurrence and distribution o f alkaloids in plants, of 
their biogenesis, isolation, purification and properties, chemical structure 
and pharmacological action, but they have also led to very extensive work 
on the preparation and study o f synthetic analogues. Perusal of the edition 
under review has failed to reveal any important or less important publica
tion having a bearing on plant alkaloids that has not received Dr. Henry’s 
attention. As in the previous edition the material is classified primarily on the 
basis of nuclear structure although it  is admitted that the basis adopted must 
necessarily be arbitrary in many cases where chemical complexity is such that 
the structures could have been accommodated under more than one nuclear 
heading. Two new groups have been required to accommodate new types 
encountered, namely the pyrrolizidine group comprising so far principally 
the necine derivatives found in Senecio species and the steroidal alkaloid 
group which includes the alkaloids o f Aconitum, Delphinium and Veratrum 
species and the glucosidal alkaloids o f Solanum species. The difficulty o f 
keeping pace with additions to knowledge in this field is shown inter alia 
by the fact that while the text was going through the press evidence was 
published o f the steroidal nature o f the alkaloid conessine, derived from 
Kurchi bark which has recently attracted much attention from pharma
cologists. A  reference to the recent assignment of an «//opregnane structure 
to conessine has been inserted in the introduction, though the Holarrhena 
alkaloids had necessarily to be dealt with in the body o f the work under 
“  Alkaloids of Undetermined Constitution.”  Alkaloids derived from an 
acridine nucleus have recently been isolated from certain members o f the Rutacece in Australia and, as Dr. Henry points out, a new group w ill 
require to be added to his classification to accommodate these. The literature 
on synthetic analogues of alkaloids is duly ¡referred to and the repercussions 
o f the extensive war-time work on synthetic potential antimalarials on 
-the correlation o f structure with action are taken into account. 
Due attention is paid to the biogenesis of alkaloids, including Robinson’s 
recent discussions on strychnine and emetine.

In  addition to the physical, physicochemical and chemical properties 
o f something like two thousand alkaloids and their derivatives, references 
are included to the newer techniques applied to alkaloidal analyses, 
including micro-methods o f detection and estimation and the applica
tion of procedures involving chromatographic and polarograp-hic methods. 
A ll who are concerned, however remotely, with the plant alkaloids and 
related chemistry w ill require to ensure that this new edition, which is as 
carefully written and produced as its predecessors, is among their available 
works o f reference. F. H a r t l e y .
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The Assay of Mersalyl

Sir,—Methods of assay of mersalyl [sodium salt of salicyl-(y-hydroxymercuri- 
/t-methoxypropyljamide-O-acetic acid], phenylmercuric nitrate, and 
unguentum hydrargyri nitratis dilutum as proposed by Waterhouse1 and 
modified by Pierce2 have become official in the British Pharmacopoeia, 1948. 
All involve reduction to metallic mercury under reflux, solution of the pre
cipitated mercury in nitric acid, and titration with ammonium thiocyanate. 
It was found that erratic results were sometimes obtained in the assay of 
mersalyl, and also when this assay process was applied to injection of 
mersalyl. An investigation was therefore undertaken into the cause. Under 
the conditions of assay, mercury being to some extent volatile, it was found 
that vigorous boiling caused condensation of the metal on the cold part of 
the reflux condenser, mercury in such a form often being difficult to wash off. 
It is suggested, therefore, that glass jointed apparatus be used, and that after 
the reduction, the condenser should be washed with water and the precipitate 
transferred to the filter paper as directed. Nitric acid (20 ml.) and water 
(10 ml.) are then placed in the flask and refluxed in the apparatus for 10 
minutes. The condenser is finally washed with 10 ml. of water, and the acid, 
after cooling, used to dissolve the zinc amalgam in the usual way, the assay 
then being completed in accordance with the directions given.

P. S. Stross .
R. E. Stuckey

The British Drug Houses, Ltd.,
City Road, London, N.l.

March 30, 1949.
R eferences

1. Waterhouse, Quart. J. Pharm. Pharmacol., 1938, 11, 458.
2. Pierce, ibid., 1942, 15, 367.

ABSTRACTS (continued from page 419)
slope of the dose-mortality curve was that described by Finney, allowances 
being made for the mortality rate of the control groups. The weighted 
mean slope was found to be 3-53 with a standard error of ±0-76. The 
other method is a graded response method based on the acute weight loss 
of rats following thyroxine injections. For this, adult male albino rats, 
weighing 220 to 280 g., were given drinking water containing 0T per cent, of 
thiouracil for 10 days prior to injection. They were then placed in individual 
cages and assigned at random to the various treatments; focd and water were 
not restricted. Two subcutaneous injections of 0-25 to 2-0 mg. of thyroxine 
were given on successive days. The body weights were measured for several 
days before and after the injections. The data obtained from two experi
ments are presented and were subjected to an analysis of variance according 
to the method of Bliss and Marks {Quart. J. Pharm. Pharmacol., 1939, 12, 
82, 182). The mean deviation of this method was 4-4 and the slope of the 
log dose response curve was 9*1; the value for /. was therefore 0-478. Though 
this method is easily performed in a very short time, a very large number of 
animals is necessary (400). The asphyxiation test is approximately as 
accurate and its precision is of the same order as that of other assays based 
on the all-or-none response. s. L. w.
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S O M E  A S P E C T S  O F  P H A R M A C O L O G IC A L  C H E M IS T R Y

By F. Bergel, D.Sc., F.R.I.C.

A Summary of Three University Lectures given in the Department o f Pharmacology, 
University College, London. January-February, 1949.

O n l y  the symptomatic drugs were considered in this series. The first lecture 
dealt with the significance of total chemical constitution and the theories of 
modes of drug action1. Examples indicating constitution-action-parallelism 
were quoted, but it was emphasised that much more data were required to 
produce a more secure basis for a rational approach. In the next lecture 
the work on the analgesic substances,' particularly on morphine, was 
discussed2. On the third occasion the chemistry of the parasympatho- 
mimetics and parasympatholytics was considered. These drugs are based on 
acetylcholine, which is not strange to the organism. Acetylcholine has three 
pharmacological actions, muscarinic, nicotinic and under certain conditions, 
curare-like. As an ester, it is hydrolysed by the enzymes, cholinesterases of 
blood cells and plasma and transformed into the weakly active choline. Its 
re-synthesis may be due to the action of an acetylase, the co-enzyme of which 
may consist partly of pantothenic acid. Its existence was demonstrated by 
Feldberg and Mann in brain and by Biilbring and Bum in rabbit heart 
auricles. There exists also an inactive acetylcholine complex, the formation 
of which may partly explain the disappearance of the neurohormone. That 
it also occurs in plants was shown by Feldberg’s discovery of acetylcholine 
in the stinging nettle. The instability and amphotropic properties of acetyl
choline stimulated the pharmacological chemist to synthesise substances with 
more sustained and clear-cut action. When considering substances which, 
like acetylcholine, possess parasympathomimetic action, Pfeiffer’s theory of 
prosthetic3 distances comes to mind, postulating an optimum distance between 
the N-methyl group and the two oxygen atoms. Thus it can be understood 
why three natural drugs—muscarine, pilocarpine, and arecoline—show, on 
the whole, lower activities and have never gained clinical importance. Virtual 
changes of the acetylcholine molecule itself have produced evidence that the 
free aminoalkanols are very much weaker and that, for the existence of full 
muscarinic action, the alcohol group must be esterified and the nitrogen 
carry at least two methyl groups. When the chain of the alcohol or the 
acid is elongated, activity falls considerably. There is one exception, and 
that is when the aminoalkanol chain is branched, as in mecholyl which shows 
strong muscarinic effect. Acetic acid has been exchanged against other 
acidic residues, such as carbamic acid in carbachol, thioacetic acid, etc. 
Transformation of the choline ester into choline ethers produces more stable 
but less active compounds. An ether-like product was made by Foumeau 
(2268 F) and found to be very potent indeed. Another ether-like compound 
is Esmodil which contains a double bond like arecoline and croton betaine 
methyl ester. The latter, carrying the nitrogen on the acidic side, is very 
much like acetylcholine though weaker. While choline itself shows very 
little activity, 3-hydroxymethylpyridine, the alcohol corresponding to 
nicotinic acid, possesses interesting parasympathomimetic properties. Other 
aromatic compounds with phenolic groups in place of alcoholic hydroxy 
groups, show remarkable properties, especially when esterified with carbamic 
acid. Such substances, like physostigmine, Prostigmine (neostigmine) are
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not only stable towards cholinesterase, but inhibit the action of cholinesterase 
on acetylcholine in a reversible manner. A similar action had been described 
for ¿Hs-p-dimethylaminobenzylacetone dimethiodide and for various alkyl 
phosphates, although the latter combine irreversibly with cholinesterase. 
The “  stigmines ”  act against the effect of curare, but are seemingly not able 
to counteract .the curariform action of 6/,v-trimethylammonium decane.

While the nicotinic action of acetylcholine is antagonised either by ganglia- 
blocking agents, such as tetraethylammonium salts or ¿/r-trimethyl- 
ammonium pentane, or on the skeletal muscle side by curariform compounds, 
the muscarinic action of the cholinergic neuro-hormone and parasympatho- 
mimetics is antagonised by atropine. This drug, together with similarly 
acting compounds, named parasympatholytics, and the papaverine and anti
histamine group, form what one may call the larger group of anti-spasmo- 
genics or spasmolytics. There is hardly any representative of this group 
which does not possess a multiplicity of action but usually one predominates 
over the others, either the atropine-like, the musculotropic papaverine-like, 
or the histaminolytic. The parasympatholytics or anti-acetylcholine drugs 
represent mostly nitrogen-containing esters which, when Pfeiffer’s theory of 
prosthetic distances is applied, show similar distances between the nitrogen- 
methyl group and the two oxygens to those of the protagonist group, the 
parasympathomimetics. This represents a very neat illustration of the 
receptor theory.

On looking through the list of drugs of the parasympatholytic group, we 
find that the acid part of the ester is “ heavier ” than acetic acid, Pfeiffer’s 
umbrella effect being obtained by additional phenyl or hydroxy groups. The 
alkanolamine part need not be so complicated as the tropine of atropine, but 
can be represented by dialkylamino alkanols. The original tropic acid has been 
changed in time to mandelic, benzilic, diphenylacetic and fluorene carboxylic 
and dihydroanthracene carboxylic acids. Compounds prepared for different 
purposes, but showing, superficially, similarities with the atropine group, 
except for the fact that they are not esters, show varied amounts of para
sympatholytic activities; but even compounds like Benadryl or diphenylpro- 
pylamfnes, without oxygen, still possess measurable anti-acetylcholine action 
in addition to anti-histamine and anti-barium activities.

R eferences

1. Bergel, J. Soc. chcm. Ind., Lond.. 1949, in the press.
2. Bergel and Morrison, Quart. Rev., 1948, 2, 349.
3. Ing, Science, 1949, 109, 264.
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The asterisk (*) after the name of an article indicates that the information 
given is derived from the makers' publications. Further information regarding 
these articles may be obtained by application to the Editor.

Atophan* balsam contains amyl ester of phenylcinchoninic acid 10 per 
cent., phenyl salicylate 10 per cent., camphor 2\ per cent., and synthetic 
menthol 2} per cent., incorporated in a neutral base. It is indicated in all 
forms of acute and chronic muscular rheumatism, especially lumbago, and 
in arthralgia resulting from rheumatism and gout, where local medication 
and massage are required simultaneously. It is supplied in jars containing 
2| ounces, and in tubes of 50 g. s. l . w .

Atophanyl* is a solution of equal parts of atophan sodium and sodium 
salicylate in sterile distilled water for parenteral administration in rheumatic 
and gouty affections of the muscles and joints. Injections are given either 
intravenously or intramuscularly, the contents of one ampoule being injected 
daily until the symptoms have disappeared, with an interval of 2 or 3 days 
after each 4 consecutive injections. The ampoules for intravenous injection 
contain 7 }  grains of each substance in 10 ml.; for intramuscular injection 
the same doses are contained in 5 ml. It is intended for the relief of severe 
acute symptoms and not for prolonged treatment; a course of more than 15 
injections is rarely called for. Atophanyl is issued in boxes of 5 ampoules 
of 10 ml. for intravenous injection, and boxes of 5 ampoules of 5 ml. for 
intramuscular injection (the intramuscular ampoule contains 4-j grains of 
urethane as a local anaesthetic). s. l . w .

M ethergin*, methylergometrine tartrate, is d-lysergic acid-/i-butanol- 
diamide, and differs structurally from ergometrine in possessing a butanol- 
amide^) radical instead of a propanol-amide(2) group. It is 1-5 to 2 times 
more active than ergometrine, while possessing a similar uterine action. It 
acts within 20 to 60 sec. intravenously, 30 to 60 sec. intramurally, and 2 to 
5 minutes intramuscularly; orally, it acts within 3 to 8 minutes. Its action 
is more prolonged than that of ergometrine but less than that of ergotamine. 
It is well tolerated even in high doses. It possesses no sympathicolytic 
activity and is valueless in migraine. It is indicated in all uterine haemorr
hages, especially those due to post-partum atony, and in lochiometra. 
endometritis, incomplete abortion and Caesarian section. It is contra
indicated before the birth of the child and is not recommended for the 
treatment of primary or secondary uterine inertia. It is supplied in bottles 
containing 10 ml. of a solution, 0-25 mg. in 1 ml., and in boxes of 6 ampoules 
0-2 mg. in 1 ml. s. l . w .

N eodren al,*  isopropyl adrenaline, is a stable synthetic sympathomimetic 
amine related to adrenaline. It is effective by mouth and is administered 
either as a sublingual tablet or as a spray-solution. It is employed for the 
symptomatic relief of bronchial asthma, spastic bronchitis, and status 
asthmaticus. The dose by sublingual administration is | to H tablets (10 to 
30 mg.) 3 times daily, gradually reducing to j  tablet daily; the effect is 
apparent within 4 to 10 minutes. Alternatively, relief may be obtained from 
oral inhalation of a 1 per cent, spray. Neodrenal is supplied in bottles of 
25 or 250 tablets, each containing 20 mg., and in bottles of 15 or 100 ml. of 
a 1 per cent, spray-solution. s. l . w .
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TR EA TM EN T OF

Spastic
AND

Hyperkinetic
states

evidence is accumulating as a result o f  clinical trials 
that a: |3-dihydroxy-y-(2-methylphenoxy)-propane ad

ministered orally in the form o f ‘ Myanesin ’ Elixir 
is o f value in relieving the muscular rigidity associated 
with epileptiform convulsions, spastic hemiplegia and 
paraplegia, cerebral diplegia and the muscular spasm 
o f arthritis, osteo-arthritis and tetanus. Beneficial 
effects are produced also in Parkinsonian tremor and 

paralysis agitans.

The most satisfactory form for administration is an elixir.
A suitable elixir has been prepared and is now available.

MYANESIN ELIXIR
BRAND

Further information is available on request.
MEDICAL DEPARTMENT

THE BRITISH DRUG HOUSES LTD. LONDON N.l
TELEPHONE: CLERKENWELL 3000 TELEGRAMS*. TETRADOME TELEX LONDON
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D I S P R I N
S o l u b l e ,  n e u t r a l  a n d  p a l a t a b l e  c a l c i u m  

a c e t y l s a l i c v l a t e  t a b l e t s  i n  s t a b l e  f o r m

di s p ri n  has all the valuable qualities of calcium aspirin — 
analgesic, antipyretic and anti-rheumatic. Since it is soluble, 
it is more rapidly absorbed and consequently more speedy in 
its clinical effect. Since it presents aspirin 
in the form of its calcium salt, it is more 
sedative. Moreover, it does not act as an 
irritant to the gastric mucosa, because, 
unlike aspirin, it is soluble.

STABLE,  P A L A T A B L E ,  N E UT R A L ,  
S O L UB L E  C A L C I UM AS P I RI N

Made by the manufacturers o /^ D e t to T
R E C K ITT  & COLMAN LTD., H U LL AND LONDON (PHARM ACEU TIC AL D E P T ., H U LL)

h a n d s  a n d  t h e  m a n  . . . n o . 7  M r. . . . , Genito-urinary Surgeon

It is the quality o f  sureness o f  touch in 
these hands w hich  is so im pressive. 
T here is sureness too in the sutures 
used when this Surgeon operates. T hey 
are m ade to the very highest standards 
by the M erson  Ethicon organisation, 
which also maintains a Suture Consul
tant Service visiting every m ajor hospital 
in the country. T h is  service exists to  see 
that every suture and ligature satisfies 
the needs o f  the Surgeon. All orders for  
■Ethicon and Ethicon Mersutures should 
be sent to your usual wholesaler.

MERSONS (SUTURES) LIMITED
Bankhead Avenue Sighthill, Edinburgh, 11
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T h e  n e w  p a in - r e l ie v in g  c o m p o u n d , ' H e p ta lg in  ’ , 

w a s  s y n t h e s is e d  in  th e  R e s e a r c h  D iv is io n  o f  

G la x o  L a b o r a to r ie s ,  ‘ H e p ta lg in  ’ is in  th e  s a m e  

s e r ie s  o f  c o m p o u n d s  as a m id o n e , b u t  s h o w s  in 

c r e a s e d  a n a lg e s ic  a c t iv ity  a n d  r e d u c e d  a cu te  

to x ic ity , It h as  a p r o f o u n d  a c tiv ity  o f  m o d e r a t e  

d u r a t io n  a n d  is  r e m a r k a b ly  f r e e  f r o m  u n w a n te d  

p h a r m a c o lo g ic a l  e f fe c t s . ' H e p ta lg in  ’ is  a v a il

a b le  o n ly  o n  m e d ic a l  p r e s c r ip t io n .

6-morpholino-4 : 4-diphenylheptcne-3-one hydrochloride 
Tablets (10 mg.) ; In bottles o f 25 and 100 

Ampoules ( 10 mg. per cc.) boxes of 6 x I cc.

GLAXO LABORATORIES LTD., GRt ENFORD, MIDDLESEX. BY Ron 3434
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THE ADELPHI OINTMENT MILL
For refining small batches 

of ointment with ease and 

speed, place the rough 

mixed ingredients on the 

top roll and the mill does 

the rest.

Sole Makers also o f the Adelphi Powder Blender,
Autofiller, Bottle Washer and Agitator

A D E L P H I  M A N U F A C T U R I N G  C O . L T D .
(Dept. A.6.)

393a,  C I T Y  R O A D ,  L O N D O N ,  E . C . I
Telephone : TERminus 2959

H E A T I N G

M A N T L E S

The most up-to- date Electric 
Appliance for foolproof heating 
of round and flat bottom flasks 
SO ml to 100 litre. Available from 
all usual laboratory suppliers.

Safe, efficient and 
economical in use.

Elect rot he m al Enqineerinq ltd.
2 70 NEVILLE ROAD • LONDON • E.7 mm M
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S O D I U M  and C A L C I U M  S A L T S

Manufactured by

T H E  D I S T I L L E R S  C O M P A N Y
(BIOCHEMICALS) LIMITED

The above products and pharmaceutical preparations 
thereof are distributed throughout the world by

ALLEN & HANBURYS LTD.
BOOTS PURE DRUG CO. LTD.
BRITISH DRUG HOUSES LTD.
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EVANS MEDICAL SUPPLIES LTD.
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