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W hen  b lo o d  c lo ts  o n e  o f  th e  p la sm a  p ro te in s , fib rin o g en , is tra n s fo rm e d  
to  a  gel, fib rin . A lth o u g h  f ib rin o g en  m a k es  u p  o n ly  o n e  th ir t ie th  o f  th e  
p la sm a  p ro te in , o n  c lo ttin g  i t  gives th e  b lo o d  a  so lid  co n s is ten cy , su ffic ien tly  
s tro n g  to  p re v e n t fu r th e r  b leed in g  in  case  o f  sm a lle r  lesions.

F rom W illiam  H ewson  to  H . P. Smith

T h e  firs t d e sc r ip tio n  o f  f ib rin  is to  be  fo u n d  in  M arce llo  M a lp ig h i’s 
Dissertatio de Polypo Cordis in  th e  y ea r  16661. W h en  th e  c o lo u re d  m a tte r  
w as w ash ed  aw ay  f ro m  th e  c lo tte d  b lo o d  a  w h itish  f ib ro u s  su b s ta n c e  
rem a in ed . E m b o li f ro m  th e  h e a r t  b eh a v ed  in  a  s im ila r w ay . A b o u t 
100 y ea rs  la te r  H ew so n 2’3 c lea rly  d iffe ren tia te d  “ th e  co a g u la b le  ly m p h "  
w h ich  c lo tte d  sp o n ta n e o u s ly  in  th e  a ir  a t  ro o m  te m p e ra tu re  f ro m  “ th e  
c lo tta b le  m a tte r  o f  se ru m ”  w h ich  lik e  egg -w h ite  c lo tte d  a t  firs t o u  
h ea tin g .

H ew so n  d e m o n s tra te d  th a t  b lo o d  w ith o u t c o n ta c t  w ith  th e  a ir  rem a in s  
flu id  fo r  a  lo n g  tim e  in  a  su sp e n d ed  v e in . H e  fo u n d  th a t  b lo o d , to  w h ich  
so d iu m  su lp h a te  h a d  been  a d d e d , re ta in e d  its  c lo ttin g  ab ility  fo r  a  tim e  
o n  d ilu tin g  a f te rw a rd s  w ith  w a te r ;  th is  w as th e  f irs t p ra c tic a l w ay  o f  
p re se rv in g  b lo o d  fo r  ex p e rim en ta l p u rp o se s . H ew so n  w as th e  firs t to  
p o in t  o u t th a t  flu id  b lo o d  d ep riv ed  o f  red  co rp u sc les , th a t  is th e  p la sm a , 
c o n ta in e d  all c o n s titu e n ts  necessary  fo r  th e  c lo t fo rm a tio n .

In  H e w so n ’s tim e  th e  id e a s  a b o u t  th e  f lu id ity  o f  th e  b lo o d  w ere  very  
sim p le . T h e  m o s t c o m m o n  view  w as th a t  th e  m o tio n  o f  th e  b lo o d  
se p a ra te s  th e  fib rin  p a r tic le s  a n d  th e  b lo o d  co rp u sc les , w h ich  w e re ^ h o u g h t 
to  p a r tic ip a te  in  th e  c lo t fo rm a tio n . T h e  escap e  o f  c a rb o n  d io x id e ,

• k n o w n  since  1783 to  o cc u r  in  th e  b lo o d , o r  o f  a m m o n ia , w h en  th e  b lo o d  
leaves th e  vessels, w as a lso  th o u g h t to  in d u c e  c o a g u la tio n . In  th e  m id d le  
o f  th e  p rev io u s  c e n tu ry , R ic h a rd so n , a n  E ng lish  p h y sic ian , w as a n  a rd e n t 
d e fe n d e r  o f  th e  th e o ry  th a t  a m m o n ia  k e p t th e  f ib rin  in  so lu tio n  in  th e  
c irc u la tin g  b lo o d . Jo se p h  L is te r4 d isp ro v ed  th is  v iew  in  h is  C ro o n ia n  
L ec tu re  o f  1863.

A n d re w  B u c h a n a n 5 in  G lasg o w  w as  th e  firs t to  m a k e  o b se rv a tio n s  
in d ic a tin g  a  c a ta ly tic  re a c tio n  in  th e  c lo ttin g  p rocess . In  1845 he  show ed  
th a t  a sc itic  a n d  h y d ro ce le  flu id  c lo tte d  w h en  a n  e x tra c t  o f  c lo tte d  fib rin  
w as a d d e d  to  th em . T h e  b lo o d  c lo t itself, m usc le , a n d  o th e r  tissues h a d  
a  s im ila r a c tio n  w h en  a d d e d  to  b lo o d . A c c o rd in g  to  B u c h a n a n  th e re  is  
a  re se m b la n ce  b e tw een  th e  c lo ttin g  o f  b lo o d  a n d  th e  c lo ttin g  o f  th e  m ilk  
by  ren n in .

* Papers read at the University (Scientific) Section of the London meeting of the 
Fédération Internationale Pharmaceutique on Tuesday, September 20, 1955.
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T h e  en z y m a tic  th e o ry  o f  c o a g u la tio n  w as p u t  o n  a  so u n d  £ a s is  b y  
V irch o w 6. T h e  fo u n d e r  o f  c e llu la r  p a th o lo g y  to o k  p a r t ic u la r  in te re s t 
in  b lo o d  co a g u la tio n . In  1845 h e  m a d e  o n e  o f  h is  g re a t c o n tr ib u tio n s  
to  m ed ic in e  w h en  h e  e x p la in e d  th a t  p u lm o n a ry  em b o li a re  c lo ts  f ro m  
d is ru p te d  th ro m b i o f  th e  p e r ip h e ra l veins. O u r  m a in  co n c e p tio n s  o f  th e  
en z y m a tic  p ro cesses  le ad in g  to  c o a g u la tio n  o r ig in a te  f ro m  h is  in s titu te . 
I t  w as h e re  th a t  A le x a n d e r  S ch m id t w as e d u c a ted . In  1861 S c h m id t’s 
new  th e o ry  a b o u t  c o a g u la tio n  w as p re se n te d  to  th e  B erlin  A ca d em y  o f  
S cience. H is  th e o ry  p o s tu la te d  th a t  th e  c o a g u la tio n  p ro ce ed s  in  tw o  
p h ases . I n  th e  f irs t p h a se  th ro m b o p la s tic  su b s tan ce s  a re  lib e ra te d  fro m  
b lo o d  ce lls a n d  tis su es , w h ich  a re  c a p a b le  o f  tra n s fo rm in g  a  p la sm a  
c o m p o n e n t,  p ro th ro m b in , in to  th e  ac tiv e  c lo ttin g  enzym e th ro m b in . In  
th e  seco n d  p h a se  th e  th ro m b in  p ro d u ce s  in so lu b le  f ib rin  f ro m  its  so lu b le  
p re c u rso r , w h ich  V irch o w  in  1847 n a m e d  fib rin o g en . T h u s  th e  te rm s  
th ro m b in , p ro th ro m b in , th ro m b o p la s tic  su b s tan ce s  a n d  fib rin o g en  all 
h av e  th e ir  o r ig in s  in  th e  sch o o l o f  V irchow .

A  new  c o m p o n e n t w as in tro d u c e d  in  th e  d iscu ss io n , w h en  A rth u s  a n d  
P ag es7 in  1890 fo u n d  ca lc iu m  sa lts  to  b e  necessary  fo r  co a g u la tio n . By 
a d d in g  d eca lc ify in g  ag e n ts  su ch  as  o x a la te , f lu o rid e  o r  c i tr a te  to  th e  b lo o d  
a  n ew  w ay  o f  k ee p in g  th e  b lo o d  flu id  b ec am e  av a ilab le .

O lo f  H a m m a rs te n 8 in  U p p sa la  p ro v e d  so m e  y ea rs  la te r  th a t  c a lc iu m  
is  n ecessary  o n ly  in  th e  firs t p h a se  o f  c o a g u la tio n , b u t  n o t  fo r  th e  a c tio n  
o f  th ro m b in .

T h e  classica l th e o ry  o f  A lex a n d e r  S ch m id t as  d e m o n s tra te d  in  F ig u re  1 
w as su p p le m e n te d  in  th e  y ea rs  a ro u n d  1905 by  th e  th e o ry  o f  S p iro , F u ld  
a n d  M o ra w itz  (see M o ra w itz 9).

Thromboplastin
Phase I. Prothrombin ----------------------------------------^Thrombin

Thrombin
Phase II. F i b r i n o g e n ----------------------------------------> Fibrin

Fig. 1. The classical theory of blood coagulation.

P a r tic u la r  a t te n t io n  w as p a id  to  th e  s tu d y  o f  th e  lip id  c o m p o n e n t o f  
th ro m b o p la s tin  by  B o rd e t in  B elg ium  a n d  H o w ell in  B a ltim o re . In  th is  
s tu d y  H o w ell a n d  M a c L e a n  d isc o v ered  h e p a r in  in  1916 (see Jo rp e s10). 
E x ce p t fo r  th is , re se a rc h  o n  b lo o d  c o a g u la tio n  w en t in to  a  30 -year h ib e r
n a t io n  p e rio d .

P rothrom bin  E nters C linical  M edicine 
In  th e  n in e te e n -th ir tie s  in te re s t in  b lo o d  c o a g u la tio n  w as g iven a  new  

im p e tu s . A t  th e  Io w a  S ta te  U n iv e rs ity  H . P . S m ith  in tro d u c e d  th e  
p r in c ip le  o f  s tu d y in g  th e  d iffe ren t stages in  th e  c o a g u la tio n  p ro ce ss  o n  
a  q u a n tita tiv e  b as is  w ith  p ro d u c ts  as p u re  as  possib le . T h u s  th e  firs t 
re liab le  m e th o d s  o f  d e te rm in in g  p ro th ro m b in  w ere  e lab o ra te d . T h ese  
a r e  a  tw o -s tag e  m e th o d  by  S m ith  a n d  o th e rs11 a n d  a  o n e -s tag e  m e th o d  
b y  Q u ick 12 in  M ilw au k ee . A  p ro th ro m b in  defic iency  w as n o w  fo u n d  to  
be  th e  ca u se  o f  cholaem ic b leed in g 13, th e  h aim o rrh a g es  d u e  to  defic iency 
o f  v ita m in  K 14 a n d  th e  b leed in g  te n d en cy  d u r in g  th e  n e o n a ta l p e r io d 15.

74



T h e  d isco v ery  o f  v ita m in  K  in  1934 b y  H e n r ik  D a m 16 in  D e n m a rk , a n d  
th e  w o rk  d o n e  b y  C h a rle s  a n d  S c o tt17 a t  th e  C o n n a u g h t L a b o ra to r ie s  o f  
th e  U n iv e rs ity  o f  T o ro n to  o n  h e p a r in  in  1933 fo llo w ed  by  th e  e lu c id a tio n  
o f  its  ch em ica l n a tu re  in  193518 gave tw o  new  th e ra p e u tic  p o ss ib ilitie s  o f  
th e  u tm o s t im p o r ta n c e  fo r  m ed ic ine . In  1938 v ita m in  K  w as in tro d u c e d  
a s  a  p ro p h y la c tic  a g e n t a g a in s t th e  h y p o p ro th ro m b in ae m ic  b leed in g  
te n d en c y  in  o b s tru c tiv e  ja u n d ic e  a n d  d u r in g  th e  n e o n a ta l p e r io d . A t 
a b o u t  th e  sam e  tim e  h e p a r in  w as fo u n d  to  b e  a n  effic ien t rem ed y  fo r  
fh ro m b o -e m b o lic  d iseases. N o th in g  in  th e  h is to ry  o f  c o a g u la tio n  h a s  
e x e r te d  su ch  a  s tim u la tin g  in flu en ce  as  th e se  h a p p e n in g s  p a r tic u la r ly  a f te r  
K a r l  P a u l L in k ’s w o rk . F ro m  1940 to  1942 h e  s tu d ied  th e  h aem orrhag ic  
a g e n t  c a u s in g  sw eet-c lover d isease  in  c a ttle . T h e  ag en t, n a m e d  d ic u m aro l, 
so o n  p ro v e d  to  b e  a n  exce llen t a n t i th ro m b o tic  rem ed y  (see J o rp e s19). 
I n  h is  in tro d u c tio n  to  th e  n u m b e r  o f  th e  British M edical Bulletin  (1955, 
11, N o . 1), d e v o te d  to  b lo o d  c o a g u la tio n  a n d  th ro m b o s is , M a c fa r la n e  
p o in ts  o u t  th a t  fo r  every  p a t ie n t w h o  d ies  as  a  re su lt o f  d efic ien t c o a g u la 
t io n , th e re  a re  th o u s a n d s  w h o  d ie  o f  th ro m b o s is . H en c e  th e  im p o r ta n c e  
o f  th is  new  effic ien t specific th e ra p y  a g a in s t th ro m b o -e m b o lic  d iso rd e rs . 
P ro th ro m b in  n o w  b eco m es a  key  su b s tan ce  in  c lin ica l an a ly sis , a lm o s t 
a s  im p o r ta n t  as  haem oglob in .

N ew  C oagulation  F actors are D iscovered

T h u s , in  th e  n in e tee n -th ir tie s  p ro th ro m b in  w as th e  c e n tra l to p ic  u n d e r  
d isc u ss io n . D u rin g  th e  n e x t d e c a d e  th e  m a in  in te re s t w as fo cu sed  o n  
new ly  d isco v ered  c o a g u la tio n  fa c to rs  co n c e rn e d  w ith  p ro th ro m b in  
a c tiv a tio n .

F ir s t  c o n s id e ra tio n  m u s t b e  g iven  to  so m e  ea rly  f ind ings a b o u t  th e  
c a u se  o f  haem oph ilia . In  1911 A d d is20 fo u n d  th a t  a  f ra c tio n  o f  n o rm a l 
p la sm a  ac ce le ra ted  th e  c lo ttin g  o f  haem oph ilic  b lo o d . H e  co n s id e re d  
p ro th ro m b in  to  b e  th e  ac tiv e  c o m p o n e n t in  it. D u r in g  th e  p e r io d  1936 
to  1937 P a te k , T a y lo r  et al,21>22 a t  th e  T h o rn d ik e  M e m o ria l L a b o ra to ry  in  
B o s to n  w ere  w o rk in g  o n  a  p la sm a  f ra c tio n  fo u n d  to  b e  la ck in g  ii^haem o- 
p h ilia  a n d  h en c e  ca lled  th e  an tih aem o p h ilic  g lo b u lin . T h e  g lo b u lin  
f ra c tio n , h o w ev e r, d id  n o t  p ro v e  to  b e  m o re  u se fu l th a n  w h o le  b lo o d  fo r  
th e  p u rp o se  o f  c o rre c tin g  th e  c lo ttin g  defic iency  in  haem oph iliacs a n d  n o  
p ra c tic a l  th e ra p e u tic  re su lts  c a m e  f ro m  th e  w o rk . T h ese  find ings fo cu se d  
th e  in te re s t u p o n  th e  p la sm a  p ro te in s  a t  a  tim e  w h en  th e  ca u se  o f  haem o
p h ilia  w as co n s id e red  to  be  exclusively  a  p la te le t deficiency.

M u c h  m o re  a t te n t io n  w as p a id  to  th e  d isco v ery  in  1943 b y  P a u l 
O w re n 23’24 in  O slo  o f  a  new  fa c to r , th e  ab sen c e  o f  w h ich  cau ses a  k in d  o f  
haem oph ilia , ca lled  by  O w ren  p a rah aem o p h ilia . H e  fo u n d  a  ca se  w ith  a  
c o n g e n ita l b leed in g  te n d en cy  in  w h o se  b lo o d  a ll k n o w n  c o m p o n e n ts  o f  
th e  c o a g u la tio n  system , f ib rin o g en , p ro th ro m b in  a n d  ca lc iu m , w ere  
p re se n t in  n o rm a l c o n c e n tra tio n s  a n d  th e  th ro m b o c y te s  seem ed  to  
fu n c tio n  as  in  n o rm a l b lo o d . O w ren  ca lled  th e  new  c o m p o n e n t fa c to r  V , 
th e re b y  d is re g a rd in g  P a te k ’s a n d  T a y lo r ’s d isco v ery  o f  th e  an tihaem o
p h ilic  g lo b u lin  so m e 6 to  7 y ea rs  ea rlie r . O w re n ’s d isco v ery  o f  fa c to r  V , 
la te r  ca lle d  p ro a c c e le r in  a n d  in  its  a c tiv a te d  fo rm  fa c to r  V I o r  acce le rin ,

THE BLOOD CLOTTING MECHANISM
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is u n iq u e  a t  le a s t in  o n e  re sp ec t. I t  w as  m a d e  b y  a  y o u n g  p h y s ic ia n  in  a  
m e d ica l clin ic , p ra c tic a lly  w ith o u t la b o ra to ry  fac ilities , a n d  th is  d u r in g  
th e  d ifficu lties o f  th e  G e rm a n  o c c u p a tio n  o f  N o rw ay .

A t th a t  tim e , A s tru p 25 in  C o p e n h a g e n  m a d e  o b se rv a tio n s  in d ic a tin g  th a t  
n o t  th ro m b in  b u t  th ro m b o p la s tin  is fo rm e d  d u r in g  th e  a u to c a ta ly tic  
re a c tio n  in it ia t in g  c o a g u la tio n , th e  ac tiv e  th ro m b o p la s tin  b e in g  d eriv e d  
fro m  a n  in a c tiv e  “ p ro k in a s e .”  T h is  c o rre sp o n d s  v ery  c lo se ly  to  o u r  
p re se n t-d a y  co n cep tio n s .

S im u lta n eo u s ly  w ith  O w ren , Q u ick 26, in  1943, fo u n d  th a t  a  la b ile  p la sm a  
c o m p o n e n t, a s su m ed  b y  h im  to  be  a  p a r t  o f  a  p ro th ro m b in  co m p lex  a n d  
ca lled  p ro th ro m b in  A , e n te rs  in to  th e  c o a g u la tio n  system . I n  fa c t 
S m ith 27 a n d  h is co lleag u es  o f  th e  Io w a  g ro u p  h a d  a lre a d y  in  1939 p o in te d  
o u t  th a t  th e re  is a  “ p ro th ro m b in  c o n v e rtib ility  f a c to r”  o c c u r r in g  in 
d iffe ren t c o n c e n tra tio n s  in  th e  p la sm a  o f  d iffe ren t m a m m a lia n  species. 
T h is  effect o f  p la sm a  w as  s tu d ie d  m o re  c losely  b y  S eegers28 a n d  co lleag u es 
in  1947. A s a  co n seq u e n ce  o f  th e se  s tu d ies  Seegers p re fe rs  to  u se  th e  
te rm  a c c e le ra to r  g lo b u lin  o r  p la sm a  A c-g lo b u lin  in s te a d  o f  fa c to r  V  o r  
p ro ac ce le r in .

In  sev era l la b o ra to r ie s  it  w as o b se rv ed  a t  th e  sam e tim e  th a t  an  
a d d it io n a l fa c to r , o th e r  th a n  ca lc iu m , th ro m b o p la s tin  a n d  fa c to r  V , w as 
essen tia l fo r  a  c o m p le te  a n d  ra p id  co n v e rs io n  o f  p ro th ro m b in  in to  
th ro m b in . In  a n a ly s in g  th e  d iffe ren t p r o th ro m b in  p re p a ra tio n s  O w ren 29 
in  1947 h a d  a lre a d y  d ra w n  a t te n t io n  to  a  c o -fa c to r  o f  p ro ac ce le r in , w h ich  
w as essen tia l fo r  c o a g u la tio n . L a te r  h e  ca lled  th e  f a c to r  p ro c o n v e rtin . 
A le x a n d e r30-31 a n d  co lleag u es  in  B o s to n , w h o  m a d e  th e  m o s t ex tensive  
s tu d y  o f  th is  p la sm a  c o m p o n e n t, n a m e d  i t  “ se ru m  p ro th ro m b in  c o n 
v e rs io n  a c c e le ra to r ,”  S P C A . In  1951, th is  c o m p o n e n t w as  sh o w n  by  
K o lle r , L o e lig e r a n d  D u c k e r t32 in  Z ü ric h  to  b e  c losely  re la te d  to  p r o 
th ro m b in , b e in g  ta k e n  u p  by  o rd in a ry  p ro th ro m b in  a d s o rb e n ts  a n d  
s tro n g ly  red u c ed  in  q u a n ti ty  b y  th e  a c tio n  o f  d ic o u m a ro l. K o lle r  n a m e d  
th e  c o m p o n e n t fa c to r  V II.

A n  in te re s tin g  m e m b e r  o f  th e  series o f  c o a g u la tio n  fa c to rs  is a  new  
a n t ih e m o p h il ic  p ro te in . I n  1947 P av lo v sk y 33 in  th e  A rg e n tin e  o b se rv ed  
th a t  n o rm a l c lo ttin g  c a p a c ity  o f  th e  b lo o d  o f  a  h e m o p h il ia c  co u ld  b e  • 
re s to re d  by  th e  b lo o d  f ro m  a n o th e r  h e m o p h ilia c ,  su g g estin g  th a t  th e  
h e m o p h i l ia  o f  th e se  tw o  p a tie n ts  m u s t h av e  b een  cau sed  by  th e  defic iency  
o f  tw o  d iffe ren t fa c to rs . S im ila r o b se rv a tio n s  w ere  m a d e  in  o th e r  
c o u n trie s . In  S w itze rlan d , in  1950, K o lle r  et a l.3i fo u n d  a  fam ily  w ith  a  
h e m o p h ilia - l ik e  d isease , th e  “ M o e n a  a n o m a ly ”  w h ich  b eh a v ed  in  a  
s im ila r  m a n n e r . In  1952 A g g ele r et a l r \  in  d esc rib in g  a  case  o f  h e m o 
p h ilia , sh o w ed  th a t  th e  c o a g u la tio n  defic iency  w as d u e  to  a  la ck  o f  a  
w ell-defined  p la sm a  p ro te in  d iffe ring  f ro m  th e  o rd in a ry  a n t ih e m o p h il ic  
g lo b u lin . I t  w as ca lle d  “ p la sm a  th ro m b o p la s tin  c o m p o n e n t, P T C .”

B iggs, D o u g la s  a n d  M a c fa r la n e 36-38 fo u n d  in  1952 a n d  1953 a  s im ila r 
c o a g u la tio n  defic iency  in  seven  p a tie n ts . T h ey  co in ed  th e  n am e  
C h ris tm a s -fa c to r  fo r  th e  essen tia l p la sm a  p ro te in  a n d  C h ris tm as-d isease  
fo r  th is  fo rm  o f  h e m o p h il ia .  N o t  less th a n  9 d iffe ren t nam es h av e  been  
su g g ested  b y  d iffe ren t a u th o rs  fo r  th is  p la sm a  c o m p o n en t.
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R o l le r 19 h a s  re c en tly  su g g ested  th e  u se  o f  n u m b e rs  fo r  th e  d iffe ren t 
c o m p o n e n ts  e n te r in g  in to  th e  c o a g u la tio n , f ib rin o g en  b e in g  fa c to r  I, 
p ro th ro m b in  f a c to r  I I ,  th ro m b o p la s tin  f a c to r  I I I ,  ca lc iu m  fa c to r  IV , 
p ro a c c e le r in  a n d  acce le rin  fa c to r  V  a n d  V I, co n v e rtin  fa c to r  V II , th e  
an tih aem o p h ilic  g lo b u lin  fa c to r  V II I  a n d  th e  C h ris tm a s -fa c to r , fa c to r  IX . 
R o l le r  h im se lf  ad d e d  still a n o th e r  c o m p o n e n t, fa c to r  X , to  th e  series. T h e  
sy n o n y m s suggested  fo r  th e  new  c o a g u la tio n  fa c to rs , f ro m  5 to  13 fo r  each  
o n e  o f  th e m , a re  p re se n te d  b y  d iffe ren t a u th o rs  o f  re c e n t m o n o g ra p h s40-42.

In  a d d it io n  to  th e  tw o  ty p es  o f  h aem oph ilia  c a u se d  by  th e  la c k  o f  fa c to r  
V II I  a n d  fa c to r  IX  respective ly , a  th ird  ty p e  w as d e sc rib ed  b y  R o s e n th a l43 
in  N e w  Y o rk  in  1953. T h e  m issin g  p la sm a  c o m p o n e n t w as ca lle d  p la sm a  
th ro m b o p la s tin  a n te c e d e n t o r  P T A . T h is  fo rm  o f  haem oph ilia  o cc u rre d  
w ith  e q u a l f re q u en c y  in  m ales  a n d  fem ales .

T h e  tw o  firs t m e n tio n e d  fo rm s  o f  haem oph ilia  w ere  n a m e d  haem o
p h ilia  A  a n d  B b y  C ra m e r  et a l.u  a n d  by  S o u lie r45.

A ll th e  fa c to rs  p re se n te d  h e re , ex cep t f ib rin o g en , a re  ac tiv e  in  th e  firs t 
p h a se  o f  th e  co a g u la tio n . A c c o rd in g  to  th e  m o d e rn  view  th e  fo llo w in g  
c lo tt in g  fa c to rs  ta k e  p a r t  in  th e  c o a g u la tio n  (F ig . 2 , R o l le r39).

THE BLOOD CLOTTING MECHANISM

Platelet factors +  Ca +  V +  VII +  VIII +  IX +  X
Antihaemophil. Christmas Koller’s

glob. factor factor
Thromboplastin

Phase I. Prothrombin --------------------------------------- > Thrombin
Thrombin

Phase II. Fibrinogen -----------------------------------------> Fibrin
F ig. 2

Some P roperties of the  C oagulation  F actors a nd  their  F ate D ur in g
C oagulation

E x c e p t fo r  th e  p ep tid e s  sp lit o f f  d u r in g  c o a g u la tio n  a ll th e  f ib rin o g en  is 
t ra n s fo rm e d  in to  fib rin .

T h e  an tih æ m o p h ilic  g lo b u lin  (V III)  b eh av es  in  m a n y  re sp e c ts  lik e  
f ib rin o g en . I t  is p re c ip ita te d  a t  25 p e r  cen t, s a tu ra tio n  w ith  a m m o n iu m  
su lp h a te  a n d  fo llow s th e  fib rin o g en  in  f ra c tio n  I  in  C o h n ’s f ra c tio n a tin g  
p ro c e d u re  6 fo r  th e  s e p a ra tio n  o f  p la sm a  p ro te in s . I t  is n o t a d s o rb e d  
o n  th e  o rd in a ry  p ro th ro m b in  a d s o rb e n ts  a n d  n o t  re d u c e d  d u r in g  d ic u m a ro l 
tre a tm e n t.  A s  sh o w n  co nc lu sively  b y  B rin k h o u s  et a l:K in  u s in g  h æ m o - 
p h ilic  d ogs i t  d isa p p e a rs  d u r in g  c o a g u la tio n . A c c o rd in g  to  T o c a n tin s  
a n d  S eegers th e  se ru m  still c o n ta in s  p le n ty  o f  an tih æ m o p h ilic  g lo b u lin , 
a l th o u g h  b o u n d  to  a  lip id  in h ib i to r ,  w h ich  ca n  b e  rem o v e d  w ith  e th e r .

T h e  C h ris tm a s -fa c to r  ( IX )  o n  th e  o th e r  h a n d  is p re c ip ita te d  a t  35 to  50 
p e r  ce n t, s a tu ra t io n  w ith  a m m o n iu m  su lp h a te , i t  p re c ip ita te s  in  f ra c tio n  IV  
o f  th e  C o h n  f ra c tio n a tio n , m ig ra te s  w ith  th e  ¿8-globulin a n d  is ta k e n  u p  
b y  th e  p ro th ro m b in  a d s o rb e n ts . A fte r  c o a g u la tio n  i t  is fo u n d  in  th e  
se ru m , w h ere  i t  is fa ir ly  s ta b le  o n  s to rag e .

F a c to r  V  a n d  V I, th e  A c-g lo b u lin , is s ta b le  in  th e  p la sm a  o n ly  fo r  a  
lim ite d  tim e  a n d  d isa p p e a rs  d u r in g  c o a g u la tio n . I t  is n o t  a d s o rb e d  o n  
c a lc iu m  p h o s p h a te ,  a sb e s to s  o r  a lu m in iu m  h y d ro x id e  a n d  is n o t  in f lu e n ced  
b y  d ic u m a ro l tr e a tm e n t.
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F a c to r  V II  b eh av es  a lm o s t exac tly  lik e  p ro th ro m b in . I t  is, h o w ev e r, 
n o t  c o n su m e d  d u r in g  c o a g u la tio n  a n d  is fa ir ly  s ta b le  in  se rum .

W hat  H appens D u r in g  C o a g u la tio n?
H e w so n  w as  fu lly  a w a re  o f  th e  fa c t th a t  c o n ta c t  w ith  fo re ig n  su rfa ce s  

in it ia te s  c o a g u la tio n  a n d  A lex a n d e r  S c h m id t sp o k e  a b o u t  th e  l ib e ra tio n  
o f  a c tiv a tin g  th ro m b o p la s tic  su b s tan ce s  f ro m  th e  cells a n d  tissues. 
B izzo zero 47 in  1882 o b se rv e d  th a t  th ro m b o c y te s  a c c u m u la te  a ro u n d  th e  
le sio n , w h en  a  th ro m b o s is  is p ro d u c e d  m ech a n ica lly  in  th e  m e se n te r ic  
vessels. In  1912 B o rd e t a n d  D e la n g e48 sh o w ed  th a t  th e  th ro m b o c y te s  
lib e ra te  th ro m b o p la s tic  su b stan ces . C o n seq u en tly  th e se  cells w ere 
co n s id e red  to  b e  th e  m a in  so u rce  o f  th e  th ro m b o p la s tin . In  th e  fo llo w in g  
y ea rs  th e  c lo t p ro m o tin g  ag e n ts  c o n ta in e d  in  tis su e  th ro m b o p la s tin  w ere

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

O F  T H E  N O R M A L  C O A G U L A T I O N  A C C O R D I N G  T O  B l G G S 42

Reactions involved Product formed
Time occupied 
by the reaction

I Contact with a foreign surface 
Platelets, antihasmophil. glob.

1 Intermediate 
> product of 2-5 min.

Phase I •< Christmas-factor (IX) and calcium J thromboplastin
Factor V and VII and calcium Thromboplastin 8-10 sec.

■ Prothrombin and calcium Thrombin 2-5 sec.
Phase II Fibrinogen Fibrin 2-5 sec.

s tu d ie d  p a r tic u la r ly  b y  C h a rg a ff  a n d  h is  co lleag u es49. T h ey  sh o w ed  th a t  
th e  th ro m b o p la s tin  p r e p a ra tio n s  f ro m  lungs, b ra in  a n d  o th e r  o rg an s  w ere  
h ig h -m o le cu la r  com p lex es o r  ag g reg a te s , c o n ta in in g  p ro te in , lip id s  
n u c le ic  ac id s  a n d  c a rb o h y d ra te s . U s in g  th ro m b o p la s tin  lab e lled  w ith  
ra d io a c tiv e  p h o sp h o ru s , C h a rg a ff  d e m o n s tra te d  th a t  ch em ica l co m b in a 
t io n  b e tw een  th ro m b o p la s tin  a n d  p ro th ro m b in  is im p ro b a b le . W ith  th e  
in tro d u c tio n  o f  th e  silicone  te c h n iq u e 50 i t  b ecam e  p o ssib le  to  s tu d y  th e  
p ía te le * m o rp h o lo g y  a n d  in te ra c t io n  o f  p la te le ts . H o w ev er, la te ly  i t  h a s  
b een  fo u n d  th a t  th e  p la sm a  th ro m b o p la s tin  is n o t  lib e ra te d  fu lly -fo rm ed  
f ro m  th e  th ro m b o c y te s  b u t  th a t  i t  a rise s  as  a  p ro d u c t  o f  a n  in te ra c t io n  
b e tw een  p la sm a  fa c to rs  a n d  a c ce le ra to rs  f ro m  th e  p la te le ts . T h e  q u e s tio n  
arise s  to  w h a t e x te n t th e  c o n ta c t  w ith  fo re ig n  su rfaces a c tiv a te s  th e  p la sm a  
fa c to rs  a n d  to  w h a t e x te n t th e  a c tiv a te d  c o m p o n e n ts  re a c t  w ith  th e  
th ro m b o c y te s . T h u s  B rin k h o u s51 in  1947 c lea rly  d e m o n s tra te d  th a t  a  
p la sm a  fa c to r , la ck in g  in  haem oph ilia , is re q u ire d  fo r  p la te le t u til is a tio n  
d u r in g  th e  n o rm a l co a g u la tio n . T h e  fa c to r  w as suggested  b y  h im  to  b e  
a  th ro m b o c y to ly s in .

T h e  in te ra c t io n  b e tw e en  th e  p la sm a  fa c to rs  a n d  fa c to rs  d eriv ed  f ro m  
th e  p la te le ts  h a s  b ee n  th e  m a in  to p ic  o f  s tu d y  d u r in g  th e  la s t years. 
B lo o d , la ck in g  som e o f  th e  a n tih æ m o p h ilic  fa c to rs , o r  w ith  so m e p la te le t 
defic iency , h a s  o ffe red  th e  b e s t m a te r ia l fo r  th e se  stud ies .

In  T a b le  I  a n d  F ig . 3 th e  v iew s co n c e rn in g  th e  c o a g u la tio n  m ech a n ism  
h e ld  a t  p re se n t b y  tw o  w ell-k n o w n  a u th o rs ,  R o sem a ry  B iggs42 a n d  P a u l 
O w re n 40 a re  su m m arised .
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I t  is c o m m o n  k n o w led g e  th a t  a d d it io n  o f  b ra in  ex tra c t, th a t  is , 
“ ex trin s ic  th ro m b o p la s tin ,”  to  b lo o d  o r  p la sm a  cau ses ra p id  co a g u la tio n . 
A c c o rd in g  to  B iggs, D o u g la s  a n d  M a c fa r la n e 37 d u r in g  n o rm a l c lo ttin g  
a  su b s ta n c e  fo rm s  w h ich  is h ig h ly  ac tiv e , m u c h  m o re  so  th a n  th e  tis su e  
th ro m b o p la s tin .  T h u s  in  th e  p re se n ce  o f  ca lc iu m  th e  a c tiv a to rs  lib e ra te d  
f ro m  th e  th ro m b o c y te s  re a c t  w ith  th e  an tihaem oph ilic  g lo b u lin  a n d  th e  
C h ris tm a s -fa c to r  to  g ive a n  in te rm e d ia te  p ro d u c t  u su a lly  ca lled  “ in tr in s ic  
th ro m b o p la s t in .”  A c c o rd in g  to  B iggs, fa c to rs  Y  a n d  V II  a re , lik e  
ca lc iu m  assu m ed  to  p a r tic ip a te  in  th e  fina l th ro m b o p la s tin  fo rm a tio n . 
T h ese  p a r ts  o f  th e  c o a g u la tio n  p ro ce ss  a re  th e  m o s t tim e -co n su m in g  ones , 
th e  th ro m b in  a n d  fib rin  fo rm a tio n  lik e  m a n y  o th e r  enzym e re a c tio n s  
b e in g  a lm o s t in s ta n ta n e o u s . B iggs, D o u g la s  a n d  M a c fa r la n e 38 d ev e lo p ed  
a  th ro m b o p la s tin  g e n e ra tio n  te s t b y  m e an s  o f  w h ich  th e  haem oph ilias A  
a n d  B a n d  defic iencies o f  th e  th ro m b o c y te s  c a n  b e  recogn ised .

THE BLOOD CLOTTING MECHANISM

O w r en ’s Scheme of C oagulation , 1954 
In  O w re n ’s schem e fa c to r  V I a n d  V II  p a r tic ip a te  to g e th e r  w ith  th ro m b o 

p la s tin  in  th e  tr a n s fo rm a t io n  o f  p ro th ro m b in  to  th ro m b in . R o lle r  a n d  
co lleag u es52 lik e  B iggs d o  n o t  c o n s id e r  th e se  fa c to rs  n ecessary  fo r  th e  
a c tio n  o f  th e  p la sm a  th ro m b o p la s tin .  H o w ev er, th e  tw o  schem es d o  
ex p ress  th e  sam e  th in g  a l th o u g h  in  d iffe ren t w o rd s . O w re n ’s p ro th ro m -
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b in a se  is a  fu lly  c o r re c t n a m e  fo r  th e  fina l th ro m b o p la s tin  b ec au se  p ep tid e s  
a r e  sp lit o f f  en zy m a tica lly  f ro m  p ro th ro m b in  d u r in g  its  a c tiv a tio n .

A s to  th e  d iffe ren t fa c to rs  d e riv in g  f ro m  th e  p la te le ts  a n d  f ro m  th e  
p la sm a , p a r tic ip a tin g  in  th e  th ro m b o p la s tin  fo rm a tio n , S eegers63 gives 
th e  fo llo w in g  c la ss ifica tio n :

TABLE II
C la ssifica tio n  of pl a tel et  a n d  pla sm a  c o -facto rs

From the platelets: 
Platelet factor 1 
Platelet factor 2 
Platelet factor 3 
Platelet factor 4

In the plasma: 
Platelet co-factor I 
Platelet co-factor II

Accelerator factor (platelet-AcG) 
Fibrinoplastic factor (thrombin-fibrinogen) 
Threone component (thromboplastin factor) 
Antiheparin factor

Threone component (antihaemophilia factor) 
PTC (plasma thromboplastin component)

T h u s  n o t  less th a n  fo u r  fa c to rs  a re  o b ta in e d  fro m  th e  th ro m b o c y te s  
(see a lso  A c k ro y d 54). T h e  tw o  c o -fac to rs  o c c u rr in g  in  p la sm a , th e  
“ p la te le t c o -fa c to r  I ”  o r  th e  “ th re o n e  c o m p o n e n t”  a n d  th e  “ p la te le t 
c o -fa c to r  I I ”  o r  A g g ele r’s “ p la sm a  th ro m b o p la s tin  c o m p o n e n t” 55, w o u ld  
h av e  been  ea s ie r  to  reco g n ise  i f  th e y  h a d  been  n am ed  th e  an tih æ m o p h ilic  
g lo b u lin  (V II I )  a n d  th e  C h ris tm a s -fa c to r  ( IX )  respective ly .

A c c o rd in g  to  S eegers56’57 th e  p la te le t fa c to r  I  fu n c tio n s  lik e  th e  ac ce le r
a to r  g lo b u lin  a n d  c a n  in  fa c t re s to re  th e  A c-g lo b u lin  defic iency  o f  s to red , 
o x a la te d  h u m a n  p la sm a . L ikew ise  O w re n 58 rec en tly  re p o r te d  a b o u t  th e  
p ro ac ce le r in  ac tiv ity  o f  th e  p la te le ts . P la te le ts  f ro m  a  p a t ie n t  w ith  a  
co n g e n ita l la c k  o f  p ro a c c e le r in , a  case  o f  p a ra h æ m o p h ilia , sho w ed  o n ly  
a b o u t  1/50 o f  th e  a c c e le ra to r  ac tiv ity  o f  n o rm a l p la te le ts . T h e  m a in  
in te re s t h a s  b een  c o n c e n tra te d  u p o n  p la te le t fa c to r  I I I ,  w h ich , as  fo u n d  
by  v an  C rev a ld  a n d  P au lssen 59, re a c ts  w ith  th e  an tih æ m o p h ilic  g lo b u lin
(V III) . P u rif ied  ex tra c ts  co n ta in in g  th is  fa c to r  c a n  re s to re  n o rm a l 
c o a g u la b ility  in  cases  o f  th ro m b o c y to p e n ic  p u r p u ra 60.

T h e  p h y sio lo g ica l im p o r ta n c e  o f  p la te le ts  in  haem ostasis is n o t lim ite d  
to  th e  % th ro m b o p la s tin  fo rm a tio n . M o rp h o lo g ic a l s tu d ie s61-63 h av e  
sh o w n  th e  im p o r ta n c e  o f  th e  ag g lu tin a tio n  o f  p la te le ts  fo r  haem ostasis 
a n d  fo r  c lo t r e tr a c tio n 64. T h e  p la te le ts  a lso  c o n ta in  a  v a so co n s tr ic tin g  
f a c to r61, p ro b a b ly  5 -h y d ro x y try p ta m in e , “ s e ro to n in ” 65. A  lo ca l p la te le t 
a g g lu tin a tio n  a n d  a  v a so c o n s tr ic tio n  ce rta in ly  c re a te  a  m ech a n ica l 
h in d ra n c e  to  th e  loss o f  b lo o d  fro m  sm a lle r  b lo o d  vessels. O n  th e  o th e r  
h a n d ,  th e  c lo t re tra c tio n , fa c ilita te d  by  a  p la te le t fa c to r , m ay  fill a  p h y s io 
lo g ica l fu n c tio n  in  p a r tia lly  re s to r in g  th e  p a ten c y  o f  recen tly  th ro m b o se d  
la rg e r  vessels (see A c k ro y d 54).

T h e  chemical reactions o c c u rr in g  in  th e  th ro m b o p la s tin  fo rm a tio n  a re  
c o m p le te ly  u n k n o w n . T h e  sam e ap p lie s  to  th e  ac tiv a tio n  o f  p ro a c ce le r in  
to  a cce le rin  a n d  to  th e  fo rm a tio n  o f  c o n v e rtin . I ts  p ro p e r tie s  in d ic a te  
th a t  i t  m ay  d e riv e  f ro m  p ro th ro m b in .

T h e  firs t re a c tio n  m o re  closely  s tu d ie d  is th e  t r a n s fo rm a tio n  o f  p r o 
th ro m b in  to  th ro m b in . A  p re re q u is ite  fo r  th is  s tu d y  h a s  b een  S eegers’ 
p re p a ra tio n  o f  a n  e lec tro p h o re tic a lly  w ell-defined  p ro th ro m b in 66’67. 
T h ro m b in  ca n , as  fo u n d  by  Seegers a n d  co lleag u es68, b e  fo rm e d  f ro m  it
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in  d iffe ren t w ays e ith e r  b y  m e an s  o f  th ro m b o p la s tin ,  o r  au to c a ta ly tic a lly . 
I n  a  25 p e r  cen t, c i tr a te  so lu t io n  s p o n ta n e o u s  a c tiv a tio n  ta k e s  p lace . 
D u rin g  th e  a c tiv a tio n  p ep tid e s  c o n ta in in g  a  c a rb o h y d ra te  c o m p o n e n t a re  
re leased . A  s im ila r p ro te o ly tic  sp littin g  ta k e s  p la ce  d u r in g  th e  fib rin , 
fo rm a tio n . I n  a n  exce llen t in v e s tig a tio n , B ailey  a n d  B e tte lh e im 69 in  
C a m b rid g e  in  1952, sh o w ed  th a t  u n d e r  th e  a c tio n  o f  th ro m b in  tw o  
p ep tid e s , A  a n d  B, a re  sp lit o ff  f ro m  fib rin o g en , o n e  o f  th e m , p e p tid e  B, 
w ith  th e  p h e n o lic  h y d ro x y l o f  ty ro s in e  c o n ju g a te d  w ith  su lp h u r ic  a c id 70’71. 
T h e  v iew  u n til recen tly  h e ld  by  E ag le72 a n d  F e rg u so n  (see A s tru p 73) th a t  
th ro m b in  ac ts  lik e  a  p la sm a  p ro te a se  h a s  th e re b y  been  rev ived . In  fa c t 
th ro m b in  a lso  ac ts  o n  a  sy n th e tic  su b s tra te , sp littin g  to sy la rg in in e  m e th y l 
es te r . T h e  p ro te o ly tic  a c tio n  o f  th ro m b in  is, an y h o w , q u ite  specific, 
ta k in g  o n ly  o n e  p e p tid e  b o n d  o u t  o f  1000 in  th e  f ib rin o g en  m o lecu le .

In  sp ite  o f  th is  sp littin g  o ff  o f  som e p ep tid e s  f ro m  th e  f ib rin o g en  i t  is 
still to o  ea rly  to  fu lly  a b a n d o n  W o h lisc h ’s74 view  a b o u t  th e  d e n a tu ra tin g  
in flu en ce  o f  th ro m b in  u p o n  th e  fib rin o g en  d u r in g  th e  fib rin  fo rm a tio n .

W hy  D oes Blood R emain F luid  in  the Vein s?
W e ca n  o ffer n o  e x p la n a tio n  fo r  th is  o b se rv a tio n . T h e  speed  o f  flow  

o f  th e  c irc u la tin g  b lo o d  is co n s id e red  to  b e  o f  im p o rta n c e , b ec au se  in  
b e d r id d e n  p e rso n s  w ith  a  g re a tly  re d u c e d  flow  th ro m b o s is  is co m m o n . 
E a r ly  a m b u la t io n  a f te r  o p e ra tio n  a n d  c h i ld b ir th  s tro n g ly  red u c es  th e  
n u m b e r  o f  th ro m b o -e m b o lic  co m p lic a tio n s . H o w ev er, in  som e h ib e rn a t
in g  m a m m a ls  th e  speed  o f  th e  b lo o d  flow  d u r in g  h ib e rn a tio n  is ex trem ely  
low . S im u lta n eo u s ly  th e re  is a  m a rk e d  in c re a se  in  th e  n u m b e r  o f  m a s t 
cells in  d iffe ren t o rg an s , w h ich  c o u ld  in d ic a te  a  p o ss ib le  in c re a se d  p ro 
d u c t io n  o f  h e p a r in 76. B u t in  th e  b lo o d  o f  m o s t m a m m a ls , in  h u m a n , 
h o rse  a n d  ox  b lo o d , th e re  is p ra c tic a lly  n o  h e p a r in  to  b e  fo u n d , w h ich  
d o es  n o t  h e lp  u s  to  u n d e rs ta n d  th e  p h e n o m e n o n .

T h e re  a r e  o f  co u rse  o th e r  a n t ic o a g u la tin g  fa c to rs  o f  y e t u n k n o w n  
im p o rta n c e . T h u s  T o c a n tin s 76 p re se n te d  m u c h  ev id en ce  fo r  th e  o c c u r r 
en ce  o f  a  lip id  in h ib i to r  o f  c o a g u la tio n  (see S eeger57, p . 85). N iis s o n 77’78 
h a s  recen tly  s tu d ie d  a  h e p a r in -l ik e  p ro th ro m b in  in h ib i to r  in  m a m m a lia n  
b lo o d .

A lso , w e k n o w  o f  so m e  p ro te c tiv e  m e ch a n ism s  a g a in s t th ro m b o s is . 
T h e  firs t o n e  is th e  a lm o s t in s ta n ta n e o u s  d is a p p e a ra n c e  o f  th ro m b in  f ro m  
th e  b lo o d , w h e re  its  p re se n ce  d u r in g  life  w o u ld  b e  very  d a n g e ro u s . 
T h ro m b in  is s tro n g ly  a d s o rb e d  to  th e  f ib rin  c lo t. T h e re  a re  fu r th e rm o re  
in  th e  b lo o d  s tro n g  a n t i th ro m b in s  w ith  a n  a c tio n  o n  th ro m b in  in vitro 
as  w ell as  in vivo. T h ey  h av e  been  ex tensively  s tu d ied  d u r in g  th e  la s t 
y ea rs  (A s tru p 26, p . 101 a n d  S eegers57, p . 76). T h ey  a re  p la sm a  p ro te in s , 
som e b e in g  a c tiv a te d  by  h e p a r in , w h ich  in  th e  p re se n ce  o f  a  p la sm a  
p ro te in , th e  h e p a r in  c o -fa c to r , is a  very  s tro n g  a n t i th ro m b in .

F ib rin o ly s is , o r  th e  d is so lu tio n  o f  new ly  fo rm e d  f ib rin  c lo ts , is a n o th e r  
v ery  effective b u t  d a n g e ro u s  p ro te c tiv e  m e ch a n ism . T h e re  is in  th e  
p la sm a  a  la rg e  excess o f  p la sm in o g e n , a  p ro en z y m e  w h ich  th ro u g h  a  y e t 
u n k n o w n  m ech a n ism  m a y  b e  tra n s fo rm e d  in to  p la sm in , a  p ro te o ly tic  
en zy m e h ig h ly  ac tiv e  o n  fib rin  a n d  f ib rin o g en . T h e  enzym e m a k es  th e
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b lo o d  m o re  o r  less in c lo tta b le  b ec au se  o f  f ib rin o g en  defic iency. A n  
a c tiv a tio n  o f  p la sm in o g e n  to  p la sm in , c au s in g  le th a l b leed in g , so m etim es 
o ccu rs , e.g . in  sh o c k ed  p e rso n s , a f te r  p n eu m ec to m ie s  o r  a b ru p tio  p lacen tæ . 
In  th e  la s t m e n tio n e d  case  i t  is m o re  c o m m o n  th a t  p la c e n ta l th ro m b o 
p la s tin  e n te rs  th e  m a te rn a l c irc u la tio n , ac tiv a te s  p ro th ro m b in  in  th e  b lo o d  
a n d  cau ses m u ltip le  em b o li o f  f ib rin  in  th e  p u lm o n a ry  vessels. (S eegers79 
et a l.) . T h is  p a r t  o f  th e  c o a g u la tio n  m e c h a n ism  d e m o n s tra te s  th e  c o m 
p lex ity  o f  th e  sy stem  b y  m e an s  o f  w h ich  th e  b lo o d  to  th e  b enefit o f  life  
rem a in s  f lu id  o r  c lo ts  u n d e r  c h a n g in g  c o n d itio n s . T h e re  a re  co n seq u e n tly  
p o w erfu l m ech a n ism s  in  th e  b lo o d  a c tin g  in  o p p o s ite  d irec tio n s , e i th e r  
c au sin g  o r  p rev e n tin g  c o a g u la tio n , b o th  o f  th e m  essen tia l to  life. I f  o n e  
o f  th e m  b eco m es d efic ien t life w ill b e  th re a te n e d , e i th e r  b y  a  b leed in g  
ten d en cy , as  in  haem ophilia , o r  b y  a  th ro m b o s is . T h e  m a in  p ro b lem , y e t 
u n so lv ed , is h o w  th e se  m e ch an ism s c o u n te r-b a la n c e  ea ch  o th e r  in  th e  
b lo o d .

In  co n c lu s io n  I  w o u ld  lik e  to  q u o te  P sa lm  139, v. 1 4 :—
“ I w ill p ra ise  th e e ;  fo r  I  a m  p o w erfu lly  a n d  w o n d erfu lly  m a d e :  

m a rv e llo u s  a re  th y  w o rk s ;  a n d  th a t  m y  so u l k n o w e th  r ig h t w ell.”
I  th in k  w e can  all ag ree  th a t  th is  is th e  o n ly  th in g  th a t  w e rea lly  k n o w .
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P r o fe s s e u r  d e  P h a r m a c ie  G a lén iq u e  à  la  F a c u l té  d e  M é d e c in e  e t  d e  P h a r m a c ie  d e
L y o n ,  F ra n ce

A ltho ugh  b lo o d  in  its  e n tire ty  is o f te n  ir re p la c e a b le , e ach  o f its  c o m 
p o n e n ts  h a s  its  o w n  th e ra p e u tic  fu n c tio n  a n d  o n e  m e an s  o f  e c o n o m is in g  
in  th e  u se  o f  h u m a n  b lo o d  co n s is ts  o f  s e p a ra tin g  th e se  a n d  u s in g  ea c h  
in d iv id u a lly . M e c h a n ic a l s e p a ra tio n  o f  p la sm a  f ro m  ce llu la r  c o m p o n e n ts  
p re se n ts  n o  d ifficu lties, b u t  th e  p ro te in  c o n s titu e n ts , a lb u m in  in  p a r tic u la r ,  
c a n  b e  s e p a ra te d  o n ly  b y  a  m e th o d ic a l f ra c tio n in g  p ro ce ss  lik e  th a t  
w h ich  h a s  b ee n  e la b o ra te d  a n d  p ro g re ss iv e ly  im p ro v e d  b y  th e  H a rv a rd  
S ch o o l since  19431.

T h is  b r ie f  a r t ic le  w ill a d d  little  to  th e  ex ce llen t li te ra tu re  re cen tly  
p u b lish ed 2 o n  b lo o d , p la sm a  a n d  h u m a n  se ru m , ex cep t to  a d d  so m e n ew  
te c h n ic a l fa c ts  w h ich  a re  a lso  ap p lic a b le  to  th e  d e riv a tiv e s  o f  b lo o d .

C ell C onstituents of the  Blood
E ry th ro c y te s , leu co cy tes  a n d  p la te le ts , a l th o u g h  th e y  a re  d is t in c t in  

n a tu re  a n d  fu n c tio n s , h av e  o n e  c h a ra c te r is tic  in  c o m m o n — th e ir  frag ility  
— w hich , u p  to  th e  p re se n t, h a s  lim ite d  th e ir  u se  b y  in je c tio n  fo r  th e ra 
p e u tic  p u rp o ses .

Erythrocytes. T h e  re d  b lo o d  ce ll is sh o rt- liv e d  a n d  frag ile  in  n a tu re . 
I ts  p re se rv a tio n  o u ts id e  th e  b o d y  is th e re fo re  d ifficu lt b ec au se  o f  th e  
a r tific ia l c o n d itio n s  to  w h ich  i t  is su b jec ted . T o  p re v e n t th e  b lo o d  f ro m  
c o a g u la tin g , c i tra te , i ts e lf  a n  a b n o rm a l c o n s titu e n t, is a d d e d  a n d  th e  re d  
co rp u sc les  a re  k e p t in a c tiv e  a n d  a t  a  lo w  te m p e ra tu re  in  th e  c o n ta in e r  in  
w h ich  th e y  h av e  b ee n  co llec ted . T h e ir  m e ta b o lic  r a te  a n d  g a seo u s  
ex ch an g es d ec rea se  b u t  g lyco lysis p ers is ts  fo r  so m e tim e  a n d  th e  la c tic  
a c id  w h ich  is fo rm e d  red u ces  th e  p H  b e lo w  th e  p h y s io lo g ica l level. T h e  
re d  cell lo ses p o ta ss iu m , g a in s  so d iu m  a n d  w a te r , a n d  th e  re s is tan c e  o f  th e  
m e m b ra n e  g rad u a lly  b eco m es less.

I t  h a s  b ee n  fo u n d  th a t  a  m ix tu re  o f  c itr ic  ac id , c i tr a te  a n d  d ex tro se  
f a v o u re d  th e  su rv iv a l o f  e ry th ro cy te s . T h e  c itra te , w h ich  c a n n o t  p ass  
a c ro ss  th e  m e m b ra n e  o f  th e  cell, ex e rts  a n  o sm o tic  p re ssu re  w h ich  c o u n te r 
b a lan c es  th e  e n d o c e llu la r  o sm o tic  p re ssu re , a n d  in  th is  w ay  re ta rd s  
haem olysis. T h e  d e x tro se  a llow s th e  cell to  c o n tin u e  its  m e ta b o lic  
p ro ce ss , w h ile  c itr ic  a c id  a c ts  b y  lo w erin g  th e  p H , w h ich  is k n o w n  to  
fa c ilita te  su rv iv a l. T h e  a l te ra t io n  in  n a tu re  o f  th e  p rese rv e d  cell is n o t, 
h o w ev e r, d u e  o n ly  to  th e  in te rn a l h y p e r to n ic ity  : even  u n d e r  p h y s io lo g ica l 
c o n d itio n s  th e  r e d  c o rp u sc le  fina lly  d is in teg ra te s .

A t  th e  p re se n t tim e  th e  c itr ic  a c id -c itra te -d e x tro se  m ix tu re  is w idely- 
u se d  as  a n  a n t ic o a g u la n t in  th e  U .S .A ,3, espec ia lly  w h en  i t  is d e s ire d  to  
p re se rv e  th e  re d  cells. S ince  lo w  te m p e ra tu re s  (b e tw een  +  4° a n d  +  6°C .) 
s to p  m e ta b o lism  th e  cells a re  m o re  easily  p rese rv e d . S evera l a t te m p ts  
h a v e  b ee n  m a d e  to  k eep  th e m  a t  a n  even  lo w er te m p e ra tu re ,  b u t  th e  
th a w in g  p ro ce ss  d e s tro y e d  th e m . H o w ev er, re c e n t te s ts , in  th e  p resen ce

* Résumé of a lecture presented to the Scientific Section, F.I.P., London, Sept. 
20, 1955.
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o f  g ly cero l, a re  q u ite  p ro m is in g : 70 p e r  cen t, o f  red  cells p rese rv ed  a t  
— 79° C . fo r  a  p e r io d  o f  6 m o n th s  in  a  30 p e r  cen t, g lycero l so lu t io n , 
to g e th e r  w ith  3 p e r  cen t, o f  tr iso d iu m  c itra te , h av e  been  fo u n d  to  su rv ive . 
T h e se  c o n d itio n s  c a n n o t  b e  ach iev ed  in  p ra c tic e , b u t  th e  te c h n iq u e  is  
im p ro v in g  to  a n  e x te n t th a t  it  is n o w  p o ss ib le  to  env isage  p re se rv a tio n  
fo r  a  p e r io d  o f  th re e  m o n th s  a t  —20° C . in  a  m e d iu m  c o n ta in in g  c i tr a te  
a n d  a  la rg e  p ro p o r t io n  o f  g lycero l. W h e n  th e  m e d iu m  is re tu rn e d  to  a 
n o rm a l te m p e ra tu re  th e  g lycero l m a y  be  rem o v e d  by  c o n tin u o u s  w ash in g  
o f  th e  red  co rp u sc les  in  in c re a s in g ly  d ilu te d  so lu tio n s  o f  g lycero l, th e  
o p e ra tio n  ta k in g  tw o  h o u rs 4. T h is  p ro ce ss  is still o n ly  in  th e  ex p e ri
m e n ta l s tage . H o w ev er, tra n s fu s io n  la b o ra to r ie s  h av e  a lre a d y  been  
successfu l in  p re se rv in g  e ry th ro c y te s  o f  r a r e  b lo o d  g ro u p s  b y  freezing: 
th e m  in  a  m e d iu m  c o n ta in in g  g lycero l.

P la sm a  w as em p lo y ed  o n  a  la rg e  sca le  d u r in g  th e  w a r , w h ile  th e  
e ry th ro c y te s  re m a in e d  u n u se d . T h is  s itu a tio n  h a s  ch a n g e d  to -d a y , 
how ever. T h e  B .P . 1953 d ev o tes  a  m o n o g ra p h  to  th e m  w h ich  says th ey  
m ay  be  o b ta in e d  f ro m  o n e  o r  m o re  p re p a ra tio n s  o f  W h o le  H u m a n  B lo o d  
w h ich  is n o t  m o re  th a n  seven  d ay s  o ld  a n d  ea ch  o f  w h ich  h a s  b een  d irec tly  
m a tc h e d  w ith  b lo o d  o f  th e  in te n d e d  rec ip ien t. T h e  C o n c e n tra te d  H u m a n  
R e d  C o rp u sc le s  m u s t b e  u sed  w ith in  24  h o u rs  o f  th e ir  s e p a ra tio n . 
W h e th e r  th ey  a re  in  th e  fo rm  o f  a  p u re e  o r  in  su sp en sio n  in  an  iso to n ic  
so lu tio n , th e ir  in tra v e n o u s  in je c tio n  sh o u ld  b e  a c c o m p a n ie d  by  th e  sam e  
p re c a u tio n s  as  a re  u su a l fo r  w h o le  b lo o d . T h ey  rep la ce  f re sh ly -d raw n  
b lo o d  w h en  c o rp u sc u la r  re g e n e ra tio n  o n ly  is in te n d ed . F u r th e rm o re , 
th e y  h av e  m o re  sp ec ia lised  a p p l ic a tio n s :  e .g ., th ey  a re  p re fe ra b le  to  
w h o le  b lo o d  in  th o se  p a tie n ts  w h o  a re  like ly  to  o v e rta x  th e ir  c irc u la to ry  
s y s te m ; th e y  a re  p re sc rib ed  exclusively  in  haem olytic ja u n d ic e  su ffered  by 
p a t ie n ts  w h o  h av e  u n d e rg o n e  a  se ries o f  tra n s fu s io n s5.

T h e  red  co rp u sc les  a re  a lso  p re sc rib e d  fo r  ex te rn a l use, in  o in tm e n t o r  
p o w d e r  fo rm , as  en e rg e tic  s tim u la n ts  to  th e  h ea lin g  p rocess . F o r  th is  
p u rp o se , b o th  h u m a n  a n d  a n im a l b lo o d  h a s  b een  u sed . Lehm ann®  h as  
p ro v id e d  a  fo rm u la  fo r  b lo o d  p a s te  u s in g  f re sh  h u m a n  bloo<J* d ra w n  
asep tica lly , a n d  c itra te d , to  w h ich  a n  a g a r  em u ls io n  is a d d e d . I t  is 
n ec essa ry  to  o b ta in  an  ad h esiv e  p re p a ra t io n  w h ich  rem a in s  m o is t a n d  
h o m o g e n e o u s  a n d  fo r  th is  p u rp o se , m u c ilag e  o f  a g a r  a p p e a rs  to  be  m o re  
su itab le  th a n  c a rb o w a x  o r  p o ly e th y le n e  g lyco l. V ehicles c o n ta in in g  
g reases  o r  fa tty  a lco h o ls  a re  u n su itab le .

Leucocytes7 and Platelets5’8. T h e  tra n s fu s io n  o f  leu co cy tes  a n d
p la te le ts  is still in  th e  ex p e rim en ta l s tage . L eu co cy te s  a re  r ich  in  enzym es, 
a n d  th e ir  p h a g o c y to c ic  p ro p e r tie s , a n d  th e  p a r t  p lay ed  by  ce r ta in  o f  th em  
in  th e  fo rm a tio n  a n d  tr a n s p o r ta t io n  o f  an tib o d ie s , m a k es  th e m  o f  p a r tic u la r  
in te re s t. H o w ev er, th e y  a re  d ifficu lt to  se p a ra te  a n d  to  p rese rv e , b o th  
b ec au se  th ey  a re  sh o rt- liv e d  a n d  b ec au se  th e se  cells a re  re n d e re d  frag ile  
by  v ir tu e  o f  th e ir  g rea tly  h y d ra te d  p ro to p la s m  w ith in  a n  ad h esiv e  
m e m b ra n e . W h e n  th e y  a re  se p a ra te d  b y  th e  specia l C o h n  ce n tr ifu g a l 
m a c h in e  w h ich  h a s  th e  p ro p e r ty  o f  m o is ten in g  th e  m e m b ran e , th ey  a re  
p re se rv e d  in  spec ia l m e d ia  w ith  a  p H  v a lu e  o f  7 w ith  m o n o v a le n t 
c ry s ta llo id s  a n d  co llo id s  w ith o u t a lb u m in  b u t  c o n ta in in g  ge la tin , traces
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■of a sc o rb ic  ac id , a  sm a ll q u a n ti ty  o f  so d iu m  a c e ta te  a n d  tra c e s  o f  deoxy- 
r ib o n u c le in . D a rk n e s s  is e ssen tia l a n d  th e  o p tim u m  te m p e ra tu re  is 
+  4° C 7’9. In  sp ite  o f  th e se  p re c a u tio n s , n o t  o n ly  is p re se rv a tio n  s h o r t
liv ed , b u t  w h en  leu co cy tes  a re  in je c ted  as  a  c re a m  o r  in  su sp en sio n  th e y  
d is a p p e a r  in  less th a n  a n  h o u r  a n d  re a p p e a r  fixed  in  th e  lun g . I t  is, 
h o w ev e r, p o ss ib le  th a t  th e  lo n g - te rm  effec t o f  su ch  th e ra p y  is fav o u ra b le .

L eu co cy te s  a n d  p la te le ts  re p re se n t scarce ly  0-4 p e r  cen t, o f  th e  b lo o d  
a s  a  w ho le . O f  a ll th e  c e llu la r  c o n s titu e n ts  in  th e  b lo o d  th e  p la te le ts  a re  
th e  sm a lle s t a n d  lig h te s t in  w eig h t. T h e ir  o r ig in  is still m u c h  d iscu ssed , 
b u t  re c e n t f ind ings d o  n o t  seem  to  c o n tra d ic t  th e  h y p o th e s is  th a t  p la te le ts  
a re  s im p le  c y to p la sm ic  fra g m e n ts  o f  th e  m e g ak a ry o cy te .

L itt le  is k n o w n  o f  th e ir  m e ta b o lism : i t  seem s th a t  th e y  h av e  n o  
sy n th e tic  ac tiv ity . W h e n  in je c ted , th e y  d is a p p e a r  in  fo u r  o r  five d ay s a n d  
a r e  fixed  by  th e  re tic u lo -e n d o th e lia l tis su e  a n d  espec ia lly  b y  th e  sp leen , 
as  re c e n t te s ts  w ith  32P  h av e  v erified10.

D u rin g  th e  c o a g u la tio n  o f  th e  b lo o d , th e  p la te le ts  p la y  a  la rg e  p a r t  in  
th e  fo rm a tio n  o f  th e  th ro m b o p la s tin  a n d  c o n tra c tio n s  o f  c lo ts . O n  
re m o v a l f ro m  th e  vessel, i t  a p p e a rs  th a t  th e  p la te le ts  a r e  c o m b in e d  w ith  
c a lc iu m ; th is  c o n c e p tio n  m a k es  i t  a t  le a s t p o ss ib le  to  u n d e rs ta n d  h o w  
easily  th e  p la te le ts  m a y  b e  fixed b y  th e  c a tio n  ex ch an g e  re s in s  u sed  to  
rem o v e  ca lc iu m  f ro m  th e  b lo o d . T h e  b lo o d  is th e n  in c a p a b le  o f  c o a g u la 
t io n . T h e  p la te le ts  a re  th e n  e lu ted  b y  a  la rg e  v o lu m e  o f  sa lin e  so lu tio n  
o r  a  v ery  sm all q u a n ti ty  o f  a  so lu tio n  o f  so d iu m  o r  c a lc iu m  a c e ta te , w h ich  
im p lie s  th a t  th e  ca lc iu m  is a s so c ia te d  w ith  th e  p la te le t lip o -p ro te in , i.e ., 
w ith  th e  th ro m b o p la s tin .  T h is  p ro ce ss  c o m b in e d  w ith  cen tr ifu g in g , b y  
ta k in g  a d v a n ta g e  o f  th e  lo w  d en s ity  f a c to r  o f  th e  p la te le ts  in  silicone  
o r  p la s tic  c o a te d  c o n ta in e rs , h a s  re fu te d  th e  id e a  th a t  p la te le ts  a re  frag ile  
a n d  im m ed ia te ly  d e s tro y e d  o n  rem o v a l f ro m  th e  b lo o d  vessels.

P rotein  C onstituents of the  P lasma

A lb u m in  a n d  g lo b u lin s  w ere  firs t o f  a ll s e p a ra te d  by  th e  “ sa ltin g -o u t”  
m e th o d ^ i .e . ,  b y  f ra c tio n a l p re c ip ita tio n  w ith  c o n c e n tra te d  ac id  sa lts  o r  
n e u tra l sa lts . H o w ev er, th e  d is t in c tio n  b e tw een  eu g lo b u lin s  a n d  p se u d o 
g lo b u lin s , defin ed  b y  th e  a m m o n iu m  su lp h a te  c o n c e n tra tio n  w h ich  
p re c ip ita te s  th em , is n o t  a p p a re n t in  o th e r  te s ts , in  p a r tic u la r ,  o n  e le c tro 
p h o res is , w h ich  se p a ra te s  fo u r  p r in c ip a l f ra c tio n s  o f  th e  p la sm a  p ro te in s , 
nam ely , a lb u m in  a n d  ot-, /3- a n d  y -g lo b u lin s , th e  a lb u m in  b e in g  th e  m o s t 
m o b ile  a n d  th e  y -g lo b u lin  th e  le as t. I n  th e  n o rm a l m a n , th e  av e rag e  
p e rc en ta g e  o f  e a ch  f ra c tio n  in  c o m p a riso n  w ith  th e  to ta l  p ro te in s  in  th e  
se ru m  is as  fo llow s11:

A lb u m in  61 ±  3 p e r  c e n t., a -g lo b u lin s  12-5 J_ 2 p e r  ce n t., /3-globulins
12-5 rf  2  p e r  cen t., y -g lo b u lin s  14 ±  2 p e r  cen t.

T h e  sa ltin g -o u t p ro ce ss , b a se d  o n  a  s ing le  c o m p a r iso n  te s t, w as 
unse lec tive  a n d  in a p p lic a b le  in  p ra c tic e  to  th e  s e p a ra tio n  o f  b lo o d -  
p ro te in s  fo r  th e ra p e u tic  p u rp o se s . D u rin g  th e  la s t w a r  i t  w as n ecessary  
to  u se  h u m a n  b lo o d  to  th e  b e s t p o ss ib le  a d v a n ta g e , i.e ., w ith o u t w aste  
a n d  u s in g  th e  specific p ro p e r tie s  o f  e ach  fra c tio n . T h e  p ro ce ss  m e th o d i

c a l l y  w o rk e d  o u t  b y  C o h n  a n d  h is  a sso c ia te s  a t  H a rv a rd  fu lfils th e se
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re q u ire m e n ts  a n d  is still c a p a b le  o f  b e in g  im p ro v e d ; to -d a y  i t  is u se d  in  
m o s t b lo o d  tra n s fu s io n  cen tre s  in  th e  w o rld 12. T h e  five v a ria b les  ( io n ic  
s tre n g th , e th a n o l c o n c e n tra tio n , p H  v a lu e , te m p e ra tu re , p ro te in  c o n c e n 
t r a t io n )  g ive th e  C o h n -O n c le y  6 -9  m e th o d  p le n ty  o f  flex ib ility  a n d  
th e  se p a ra te d  f ra c tio n s  a re  p ra c tic a lly  id e n tic a l w ith  th e  c o m p o n e n ts  
rev ea led  b y  e lec tro p h o re s is .

P la sm a  is th u s  d iv id ed  in to  five f r a c t io n s : f ra c tio n  I  is s e p a ra te d  f ro m  
th e  c i tra te d  p la sm a  a t  a  te m p e ra tu re  o f  — 3°, p H  v a lu e  o f  7-2, io n ic  s tre n g th  
o f  0 T 4  a n d  a n  e th a n o l c o n c e n tra tio n  o f  8 p e r  ce n t., w h ile  th e  p ro te in  
c o n c e n tra tio n  is 5-6 p e r  cen t. T h is  p re c ip ita te  is essen tia lly  m a d e  u p  
o f  f ib rin o g en  a n d  an tih aem o p h ilia  g lo b u lin . T h e  s u p e rn a ta n t flu id , w h en  
co o led , b ro u g h t to  a  p H  v a lu e  o f  6-9, io n ic  s tre n g th  o f  0 9 ,  p ro te in  c o n 
c e n tra tio n  o f  3 p e r  c e n t., th e n  h a s  e th a n o l a d d e d  in  a  sufficien t q u a n ti ty  
to  p ro d u c e  a  25 p e r  cen t, c o n c e n tra tio n . T h e  p ro th ro m b in , th e  y- 
g lo b u lin s , th e  w o-agg lu tin in s, th e  p la sm in o g e n  a n d  th e  /S -lipo -p ro te ins 
th e n  p re c ip ita te  to  fo rm  fra c tio n s  I I  a n d  I I I .  F ra c tio n s  IV  a n d  IV -4  
c o m p rise  th e  a -g lo b u lin s , th e  a - lip o -p ro te in s  a n d  th e  /3-globulins, w h ile  
f ra c tio n  V  is m a in ly  a lb u m in .

H o w ev er, th e  d isa d v an tag es  o f  th e  C o h n  m e th o d  a re  th e  c o s t o f  
in s ta lla tio n , th e  slow ness o f  th e  o p e ra tio n s  a n d  th e  d e n a tu r in g  a c tio n  o f  
e th a n o l u p o n  p ro te in s . A t p re se n t a t te n t io n  is c e n tre d  u p o n  th e  u se  o f  
h eav y  m e ta ls , fo r  ex am p le  zinc, a lre a d y  suggested  by  th e  C o h n  10 m e th o d , 
w h ich  is q u ic k e r , a n d  in  p a r tic u la r  by  m e th o d  12 w h ich  ac ts  o n  w ho le  
b lo o d . T h e  m e ta l p ro ce sses  a re  q u ic k  a n d  e c o n o m ic a l : th e y  save ex p e n 
sive re fr ig e ra tio n  p la n t  a n d  th e ir  efficiency is g rea te r.

T h ese  m e th o d s  h av e  m a d e  i t  p o ss ib le  to  se p a ra te  a  la rg e  n u m b e r  o f  
p la sm a  p ro te in s  o r  f ra c tio n s  w h ere  a  sing le  ty p e  o f  p ro te in  p re d o m in a te s : 
a lb u m in , g lo b u lin s  (a , /S a n d  y ) , f ib rin o g en , an tih ;e m o p h ilia -g lo b u lin s , 
p ro th ro m b in  a n d  A o-agg lu tin in s. S o m etim es th e  te ch n iq u e s  a re  suffici
e n tly  sensitive  to  p ro d u c e  asso c ia te d  p ro te in s  su ch  as a -  a n d  /3-Iipo- 
p ro te in s . U n d o u b te d ly , th e  s e p a ra te d  f ra c tio n s  a re  m ix tu re s . T hey  
n ev e rth e le ss  len d  them se lves to  th e ra p e u tic  re q u irem en ts . *

Albumin. T h is  c o n s titu te s  99 p e r  cen t, o f  f ra c tio n  V  o f  C o h n - 
O ncley  m e th o d  6 -9 , b u t  th e  s ta b le  p la sm a  p ro te in  so lu tio n  w h ich  
C o h n  o b ta in s  a f te r  ex tra c tin g  th e  k- a n d  /3-globulins a n d  fib rin o g en  f ro m  
p la sm a  by  th e  z in c  m e th o d  is p a r tic u la r ly  r ich  in  a lb u m in . A lb u m in  
p lay s  a  m u ltip le  ro le  in  p la s m a : i t  fixes a n d  en su re s  th e  m o v e m en t o f  
n u m e ro u s  b o d ie s , it  c o n tr ib u te s  to  n itro g e n o u s  n u tr i t io n  b u t, in  p a r tic u la r ,  
its  h ig h  co llo id a l o sm o tic  p re ssu re  causes i t  to  p la y  a n  im p o r ta n t  p a r t  in 
th e  r e g u la tio n  o f  th e  h y d ra tio n  o f  th e  o rg an ism . N o t  o n ly  d o es  i t  re ta in  
th e  flu id  in  th e  b lo o d  vessels (1 g. o f  a lb u m in  re ta in s  18 m l. o f  flu id ), 
b u t  i t  a b s o rb s  th e  e x tra -c e llu la r  flu ids a t  ca p illa ry  level a n d  th u s  p rev e n ts  
oedem a13’14.

H o w ev er, a lb u m in  is ab le  to  tr a n s m it th e  v iru s  o f  se ru m  h ep a titis , 
a n d  a n  e ffo rt h a s  th e re fo re  b een  m a d e  to  d e s tro y  th e  v iru s  w ith o u t 
d e n a tu r in g  th e  a lb u m in . T h e  a d d it io n  o f  a c e ty ltry p to p h a n  0-04 M  a n d  
so d iu m  c a p ry la te  0-02 M  m a k es  it  p o ss ib le  to  h e a t a  so lu tio n  o f  a lb u m in
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to  64° C . a t  p H  7-1 to  7-3 fo r  sev era l h o u rs  w ith o u t ch a n g e15. U l t r a 
v io le t lig h t m a y  b e  u sed  to  s te rilise  th e  p la sm a  i f  so d iu m  c a p ry la te  is 
a d d e d  to  p re v e n t th e  d e n a tu ra tio n  o f  th e  a lb u m in  a n d  th e  o th e r  p ro te in s16.

In  p rac tic e , th e  a lb u m in  u sed  in  th e ra p y  is  a v a ila b le  in  a  25 p e r  cen t, 
so lu tio n  in  100 m l. b o ttle s , o n e  b o tt le  c o n s titu t in g  o n e  dose . T h is  
so lu tio n , a t  p H  6-8, is s tab ilised  b y  try p to p h a n , o r  by  0-2 M  so d iu m  
c a p ry la te  o r  m a n d e la te .

T h e  te s t fo r  th e  offic ia l so lu tio n  co n s is ts  o f  id en tify in g  th e  a lb u m in  by  
its  m o b ility  w h en  su b je c ted  to  e le c tro p h o re s is , a n d  b y  ch eck in g  c la r ity  
w h en  th e  so lu tio n  is h e a te d  to  57° C . T h is  so lu tio n  sh o u ld  b e  s te rile , 
a p y ro g e n ic  a n d  a to x ic  to  m ice. I t  is s to re d  a t  a  low  te m p e ra tu re .

A lb u m in  is u sed  p rin c ip a lly  in  th e  t r e a tm e n t o f  h aem orrhag ic  sh o c k  
c o n d itio n s  w h e re  i t  is o f  p a ra m o u n t  im p o r ta n c e  to  re -es tab lish  th e  b lo o d  
v o lu m e : 100 m l. o f  a  25 p e r  cen t, so lu tio n  h a s  th e  o sm o tic  v a lu e  o f  
500 m l. o f  b lo o d . T h e  in je c tio n  is fo llo w ed  b y  a  b lo o d -d ilu t io n  o f  ex tra -  
v a sc u la r  o rig in . I f  re p e a te d  in je c tio n s  o f  a lb u m in  a re  g iven  o r  i f  th e re  
h a s  b ee n  co n s id e ra b le  h aem orrhage, th e  in je c tio n  sh o u ld  b e  fo llo w ed  by  
a n  in je c tio n  o f  iso to n ic  flu id , a n d  in  se rio u s  cases  it  is u se d  o n ly  as  a  
te m p o ra ry  m e asu re  u n t i l  su ch  tim e  as a  w h o le  b lo o d  tra n s fu s io n  can  be  
g iven , th e  la t te r  a lo n e  b e in g  c a p a b le  o f  c o m b a tt in g  an o x ia .

A n o th e r  use is in  th e  tr e a tm e n t o f  se rio u s  b u rn s  w h ere  flu id  is  c o n 
s ta n tly  le a k in g  f ro m  d e n a tu re d  c a p illa r ie s ; h e re  th e  a lb u m in  so lu tio n  
is d ilu te d  to  5 p e r  cen t, w ith  iso to n ic  sa line . A  fu r th e r  a p p lic a tio n  is in  th e  
t r e a tm e n t o f  h y p o -p ro te in  tem ia w h ere  th e  p ro te in  defic iency  is p r im a rily  
a n  a lb u m in  defic iency . In je c tio n  o f  a lb u m in  is p re sc rib e d  in  th e  so -ca lled  
defic iency  oedem a, in  c irrh o s is  a n d  in  n e p h ro s is . T h e  dose , g iven by  
p e rfu s io n , is 50 to  75 g. d a ily  fo r  a n  a d u l t  a n d  25 g. fo r  a  ch ild . H o w 
ever, re p e a te d  in je c tio n  m a y  le ad  to  anaem ia o r  to  h y p o p ro th ro m b in ae m ia14, 
w h ile  th e  u se  o f  la rg e  q u a n titie s  o r  to o  ra p id  in je c tio n  m a y  c re a te  th e  r isk  
o f  p u lm o n a ry  oedema.

y-Globulins. So  m an y  p a p e rs  h a v e  b een  p u b lish e d  rec en tly  o n  th e  
y -g lo b u iin s12’17'18 th a t  n o  a t te m p t w ill b e  m a d e  h e re  e ith e r  to  g ive a  
d e fin itio n  o f  th e m  (w ho lly  e le c tro p h o re tic ) , n o r  to  d esc rib e  th e ir  v en o u s  
o r  p la c e n ta ry  o rig in 19 le ad in g  to  p ro d u c ts  o f  th e  sam e  im m u n o lo g ic a l 
p ro p e r tie s20, n o r  th e ir  e x tra c tio n  w h ere  th e  m e ta l te ch n iq u e s12-18’21’22 a re  
slow ly  su p e rse d in g  th e  C o h n -O n c le y  p rocess , n o r  th e ir  physica l, ch em ica l 
o r  b io lo g ica l n a tu re 17-23’24. T h e ir  e n tire  in te re s t lies in  th e ir  a n t ib o d y  
p ro p e r tie s . I t  is d u e  to  th e  fa c t th a t  h is  b lo o d  is r ich  in  y -g lo b u lin s  
th a t  th e  n ew ly -b o rn  in fa n t ow es h is im m u n ity  to  d isease  d u r in g  th e  firs t 
few  m o n th s  o f  life. In  th e  sam e w ay , passive  im m u n ity — w h ich  is m o re  
d u ra b le  in  th e  ch ild  th a n  th e  a d u lt— c o rre sp o n d s  to  a  lo n g e r  av e rag e  life 
o f  th e  in je c ted  y -g lo b u lin s  a n d , f o r  a  g iven  age , a c q u ire d  im m u n ity  a lso  
is lo n g e r  o r  s h o r te r  a c c o rd in g  to  w h e th e r  th e  re ce iv e r is ab le  o r  n o t  to  
re -u se  th e  specific fu n c tio n a l g ro u p s  w ith  th e ir  a n tig en ic  p ro p e rtie s .

W e sha ll co n fin e  ou rse lves so lely  to  th e  q u es tio n  o f  p re se n ta tio n  o f  
a n d  te s t fo r  th e  y -g lo b u lin s .

T h e  y -g lo b u lin s  w h en  p re p a re d  g ive a  p a le  ye llow  o r  b ro w n ish  so lu tio n  
b ec au se  o f  th e  p resen ce  o f  d e n a tu re d  h sem og lob in  w h ich  is c lea r  o r
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s ligh tly  o p a le sc en t a n d  w h ich  m ay , in  th e  co u rse  o f  tim e , leave  a  g ra n u la r  
d e p o s it.  In  th e  U n ite d  S ta te s , do ses  a re  g en e ra lly  in d ic a te d  in  m l. o f  a  
16 p e r  ce n t, so lu tio n . In  F ra n c e , A rd ry  re c o m m en d s  a  10 p e r  cen t, 
so lu tio n  to  b e  p re sc rib e d  in  m g. o f  ac tiv e  p ro d u c t12. A n tise p tic s  su ch  
as  so d iu m  e th y lm e rc u rith io sa lic y la te  a t  1 :1 0 ,0 0 0  m ay  be a d d e d  to  th e se  
so lu tio n s  as  w ell as  a  s tab ilise r  like  try p to p h a n , g lyc ine, a lk a lin e  sa lts  o r  
so d iu m  th io su lp h a te . T h e  fin a l so lu tio n  is n e u tra l  a n d  iso to n ic .

T h e  te s ts  a re  d es ig n ed  fo r  in c lu s io n  in  th e  F re n c h  P h arm aco p o e ia25 a n d  
c o m p r is e :

1. T h e  g en e ra l te s ts  fo r  in je c tab le  so lu t io n s :  n e u tra lity  (p H  v a lu e
6-8 ±  0-2), s te rility  (in  a th io g ly co la te  m e d iu m ), a n d  to x ic ity  to  m ice.

2. Id e n tif ic a tio n  a n d  p u r ity  tests . Id e n tif ic a tio n  b y  im m u n o lo g ic a l 
re a c tio n s  ( th e  so lu tio n s  m u s t p re c ip ita te  w ith  h u m a n  a n ti-se ra  b u t n o t  
w ith  a n im a l a n t i-se ra ) . E s ta b lish m e n t o f  p u r ity  b y  e le c tro p h o re tic  
m o b ility  (90 p e r  cen t, o f  th e  p ro te in s  sh o u ld  sa tisfy  th e  m o b ility  te s t  
—2-8 X  10-5 ) o r  by  p re c ip ita tio n  w ith  a m m o n iu m  su lp h a te  a t  36 p e r  
ce n t, s a tu ra t io n  ( th e  so lu tio n  o f  p ro te in s  h av in g  p rev io u s ly  been  d ilu te d  
1 :1 0  w ith  n o rm a l sa line). U n d e r  th e  sam e  c o n d itio n s  th e  s o lu t io n  o f  y -  
g lo b u lin s  m u s t n o t  g ive a  p re c ip ita te  w ith  a m m o n iu m  s u lp h a te  a t  25 p e r  
ce n t, s a tu ra tio n  ( free d o m  fro m  fib rin o g en ) w h ile  70 p e r  cen t, o f  th e  
p ro te in s  sh o u ld  p re c ip ita te  w h en  a m m o n iu m  s u lp h a te  to  33 p e r  cen t, 
s a tu ra t io n  is ad d e d .

3. Q u a n tita t iv e  te s ts  :
(a) m e a su re m e n t o f  p ro te in s  b y  a  co lo rim e tr ic  o r  g rav im e tr ic  m e th o d .
(id) d e te rm in a tio n  o f  a c tiv i ty : fo r  la ck  o f  a n y th in g  b e tte r , s ta n d a rd  

d ip h th e r ia  to x in  is u sed . T h e  la tte r ,  i f  in je c ted  a lo n e  in tra d e rm a lly  
in to  a  g u in ea-p ig , p ro d u c e s  n ec ro sis  a t  th e  level o f  th e  in je c tio n  site. M ix  
1 m l. o f  a  s ta n d a rd  to x in  so lu tio n  w ith  1 m l. o f  o n e  series o f  d ilu tio n s  o f  
y -g lo b u lin s  to  b e  t i t ra te d , a n d  a f te r  a  p e r io d  o f  2 h o u rs  a t  37° C . a n d  
22 h o u rs  in  th e  re fr ig e ra to r , in je c t 0 T  m l. o f  e ach  o f  th e  m ix tu re s  in to  
g u in ea-p ig s  w eig h in g  a b o u t  250 g. T h e  n e u tra l m ix tu re  sh o u ld  n g t, a f te r  
4  days , h av e  p ro d u c e d  n ec ro sis  a t  th e  in je c tio n  site. T h e  te s t fo r  specific 
y -g lo b u lin s  ta k e n  f ro m  h y p e r- im m u n ised  h u m a n  se ru m  co n s is ts  o f  th e  
m e a su re m e n t o f  th e ir  specific efficacy. F o r  ex am p le , in  th e  case  o f  
im m u n e  p o lio m y e litis  g lo b u lin , m ice in o c u la te d  w ith  th e  L a n s in g  s tra in  
a re  u se d 26.

I t  is im p o ss ib le  to  g ive th e  th e ra p e u tic  uses o f  th e  y -g lo b u lin s27 in  
d e ta il h ere . T h ese  y -g lo b u lin s , w h ich  w ere  p re p a re d  firs t o f  a ll in  th e  
U .S .A . fo r  th e  p re v e n tio n  o f  p o lio m y e litis , in  p re fe ren c e  to  p la sm a , w h ich  
is c a p a b le  o f  tra n sm ittin g  h o m o lo g o u s  ja u n d ic e 28, h av e  h a d  a  c o n s id e rab le  
vo g u e . I t  h a s  since b een  fo u n d  th a t  th ey  g ive o n ly  a  b e la te d  a n d  b r ie f  
p ro te c tio n  a n d  th e ir  u se , w h ich  is h a z a rd o u s , is to o  co s tly 29. M o reo v e r, 
th e  y -g lo b u lin s  a re  a t  p re se n t re se rv e d  p a r tic u la r ly  fo r  p ro p h y lax is  in  
m easles  a n d  in  t r e a tm e n t b y  its  a t te n u a t io n 30’32“34, a n d  fo r  th e  p ro p h y l
ax is o f  ep id em ic  h e p a tit is27’36. H o w ev er, specific y -g lo b u lin s  a re  re c o m 
m e n d e d  in  th e  c o rre sp o n d in g  d iseases of, fo r  ex am p le , p o lio m y e litis  a n d  
w h o o p in g -co u g h .
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y -G lo b u lin s  a re  a lso  a  m a jo r  in d ic a t io n  o f  a  v ery  d iffe ren t co m p la in t, 
n am e ly  a-y -g lobu linaem ia , w h ich  w as d isco v ered  by  se ru m  e lec tro p h o re s is  
a n d  w h ich  m an ifes ts  its e lf  in  a n  e x tra o rd in a ry  su scep tib ility  in  c e r ta in  
in d iv id u a ls  to  in fec tio u s  d iseases36.

T h e  y -g lo b u lin s  a re  ad m in is te re d  e ith e r  su b c u tan e o u s ly  o r  in t r a 
m u scu la rly . T h e  av e rag e  d o se  in  th e  p ro p h y la x is  o f  m easles is g iven  as 
33 m g ./k g . a n d  8 to  lO m g ./k g . in  a t te n u a tio n . In  th e  case  o f  a-y - 
g lo b u lim em ia  a  d o se  o f  100 m g . is g iven  tw ice  m o n th ly .

Other blood proteins u sed  in  th e ra p y  a re  a ll c o n n e c te d  w ith  th e  b lo o d 
c lo tt in g  p ro ce sses2’7’14’37.

I t  is k n o w n  th a t  haem oph ilia  m a y  b e  re la te d  to  th e  ab sen c e  o f  c e r ta in  
fa c to rs . U p  to  th e  p re se n t, o n ly  th e  an tih aem o p h ilia  g lo b u lin  h a s  b een  
u sed  in  th e ra p y  a n d  in  th e  fo rm  o f  f ra c tio n  I o f  th e  C o h n  m e th o d 38, b u t  
it  c a n  b e  o b ta in e d  in  a  p u re r  fo rm 39 as  a n  a m o rp h o u s  w h ite  su b s ta n c e  
o b ta in e d  b y  ly o p h ilisa tio n . I t  is a v a ila b le  in  am p o u le s  c o n ta in in g  
200 m g. a n d  is g iven  in tra v en o u s ly .

Thrombin and Fibrinogen. T h ro m b in  a n d  f ib rin o g en  p la y  a n  essen tia l 
p a r t  in  b lo o d  c lo ttin g  a n d  a re  o f  g re a t se rv ice  to  th e ra p y .

P ro th ro m b in , w h ich  w as firs t iso la te d  f ro m  b o v in e  p la sm a  m a y  a lso  
b e  e x tra c te d  f ro m  h u m a n  b lo o d  a n d  tr a n s fo rm e d  in to  th ro m b in  b y  th e  
a d d i t io n  o f  p la c e n ta ry  th ro m b o p la s tin 13. T h e  B .P . 1953 d escrib es  a  
th ro m b in  o f  h u m a n  o rig in  sa tis fy in g  v a r io u s  te s ts :  so lu b ility  in  sa lin e  
so lu t io n s ;  c o a g u la tio n  o f  c i tra te d  p la sm a  in  th e  a b sen c e  o f  io n ised  
c a lc iu m ; s te rility  a n d  fina lly  ac tiv ity  te s ts . T h ro m b in  in  th e  U n ite d  
S ta te s  P h a rm a c o p e ia  is o f  b o v in e  o r ig in ; it  is m e asu red  in  N .I .H . u n its40. 
T h ro m b in  is u sed  a lo n e  as a  haem osta tic  in  b u ffe red  so lu tio n  o r  o ra lly 41 
in  haem atem esis42 o r  b y  in je c tio n  in  haem oph ilic  a r t ic u la r  h aem o rrh ag es43, 
o r  is u se d  in  a s so c ia tio n  w ith  fib rin o g en .

T h e  B .P . describ es h u m a n  fib rin o g en  as  a  w h ite  p o w d e r  o r  a  fr ia b le  
so lid . W h e n  p la c e d  in  a  sa lin e  so lu tio n  i t  m a y  co a g u la te  sp o n ta n e o u s ly  
in  th e  c o u rse  o f  tim e  b u t  w ill co a g u la te  im m ed ia te ly  i f  th ro m b in  is ad d e d . 
I ts  n itap g en  c o n te n t is b e tw een  15 a n d  16 p e r  cen t. 85 p e r  cen t, o f  th is  
n itro g e n  is re ta in e d  in  th e  c lo t re su ltin g  f ro m  th e  a d d it io n  o f  th ro m b in . 
F ib r in o g e n  m a y  b e  id en tif ied  b y  e le c tro p h o re s is  (in  a n  aq u e o u s  bu ffe r 
so lu tio n  o f  p H  8, m o b ility  is b e tw een  th a t  o f  th e  /? a n d  th e  y -g lo b u lin s )  
a n d  b y  c o a g u la tio n  w h en  th ro m b in  is a d d e d  to  a  fre sh ly  p re p a re d  so lu tio n  
in  sa lin e  so lu tio n . T h e  p re p a ra tio n  sh o u ld  b e  u sed  im m ed ia te ly  a f te r  
re c o n s titu tio n .

F ib rin o g e n , w ith  th e  a d d it io n  o f  th ro m b in  a t  th e  tim e  o f  u se , h a s  
b ee n  w idely  u sed  in  A m eric a  in  n eu ro -su rg e ry 14-37, in  th e  tr e a tm e n t o f  
b u rn s , a n d  in  c u ta n e o u s  g ra ftin g . T h e  u se  o f  f ib rin  c lo t, fo rm e d  in situ 
in  o p e ra tio n s  to  rem o v e  a n d  e x tra c t s to n es  in  th e  k id n ey , is a lso  k n o w n .

F ib r in  m a y  b e  o b ta in e d  b y  th e  a c tio n  o f  th ro m b in  o n  f ib rin o g en  u n d e r  
su ita b le  c o n d itio n s , e .g ., f ib rin  fo am , lis ted  in  th e  B .P . as  a  haem ostatic  
a r tific ia l sponge . F ib r in  film s o r  p la te s  o f  v a rie d  sh a p e  a n d  co n s is ten cy  
a r e  a lso  u sed , espec ia lly  in  n eu ro -su rg e ry . T h ese  la t te r  p re p a ra tio n s  
sh o u ld  fu lfil sp ec ia l te s ts  c o rre sp o n d in g  to  th e  p u rp o se  fo r  w h ich  th ey  
a r e  re q u ire d , n am ely , th e  ab sen c e  o f  to x ic ity  to  th e  tissues, th e  p o ss ib ility
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o f  b ec o m in g  flex ib le  w h en  in  c o n ta c t  w ith  sa lt w a te r , th e  re -a b so rp tio n  in  
c o n ta c t  w ith  th e  tis su es  in  a  g iven  tim e.

N otes

T h e  p ra c tic e  o f  b lo o d  tra n s fu s io n , fo r  a  lo n g  tim e  re g a rd e d  w ith  
a p p re h e n s io n  a n d  as a  la s t re so r t, w as d ev e lo p ed  u n d e r  th e  p re ssu re  o f  
th e  n eed s  c re a te d  by  th e  w ar. N o w , h o w ev e r, a  few  figu res w ill g ive a n  
id e a  o f  th e  im p o r ta n c e  o f  th e  p ro d u c ts  o f  h u m a n  b lo o d . In  1953, th e  
N a tio n a l  B lo o d  S erv ice44 issu ed  2000 am p o u le s  o f  f ib rin o g en , 3695 o f  
th ro m b in  a n d  6545 o f  y -g lo b u lin s . In  1954, th e  P a r is  h o sp ita ls  u sed
54 ,000  am p o u le s  o f  th ro m b in  a n d  4615 o f  y -g lo b u lin s* . T h e  o rg a n isa tio n  
o f  th e  p re p a ra tio n  o f  b lo o d  p ro d u c ts  h a s  b een  re g u la te d  by  resp ec tiv e  
G o v e rn m e n ts . In  G re a t  B r ita in  th e  T h e ra p e u tic  S u b stan ces  R e g u la 
tio n s  o f  195445 a n d  in  F ra n c e  th e  law  o f  Ju ly  4, 1952 a n d  v a r io u s  d ec rees 
a n d  o rd e rs  fo r  its  a p p lic a tio n 46 h av e  la id  d o w n  re g u la tio n s  fo r  th e  co llec 
t io n  o f  h u m a n  b lo o d  a n d  fo r  th e  se p a ra tio n , f ra c tio n in g , p re se rv a tio n , 
in sp e c tio n  a n d  d is tr ib u t io n  o f  p ro d u c ts  f ro m  h u m a n  b lo o d . F ir s t  
im p o r ta n c e  is a t ta c h e d  to  asep sis  in  h a n d lin g  th e  p ro d u c ts  a n d  to  th e  
a b s e n c e  o f  a n y  p ro f it  m o tiv e  w h en  th e  b lo o d  is issued .

H o w ev er, th e re  is still a  n eed  fo r  a n  e ffo rt to w a rd s  a c c u ra te  s ta n d a rd i
s a tio n  in  th e  d ire c tio n  rec en tly  a t te m p te d  b y  A rd ry  w ith  r e g a rd  to  th e  
y -g lo b u lin s  a n d , m o re  espec ia lly , th e ir  ch e ck in g  a n d  c o n tro l20.

By deg rees, m o n o g ra p h s  h av e  a p p e a re d  in  th e  official P h arm aco p o eias  
r e g a rd in g  th e  p ro d u c ts  o f  b lo o d . T h e  1953 B .P . m e n tio n s  C o n c e n tra te d  
H u m a n  R e d  B lo o d  C o rp u sc le s , H u m a n  F ib rin o g e n , H u m a n  F ib r in  F o a m  
a n d  H u m a n  T h ro m b in , w h ile  th e  U .S .P . X V  lis ts  T h ro m b in , A n ti
h e m o p h ilia  G lo b u lin  a n d  Im m u n e  S e ru m  G lo b u lin . A  p la n  is  u n d e r  
c o n s id e ra t io n  fo r  in c lu d in g  h u m a n  y -g lo b u lin s  in  th e  C o d e x  f ra n ça is .
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SIZE AND SHAPE OF MACROMOLECULES IN 
PLASMA EXPANDERS

B y  H . C ampbell, M .A ., P h .D .
T h e  R e s e a r c h  L a b o r a to r ie s , M a y  &  B a k e r ,  D a g e n h a m , E s s e x

A ltho ugh  a rtific ia l “ p la sm a  e x p a n d e rs”  w ere u se d  d u r in g  th e  firs t w o rld  
w a r  (g e la tin 1 ; ac ac ia2), i t  w as o n ly  d u r in g  th e  seco n d  w o rld  w a r  th a t  th e ir  
u se  d ev e lo p ed . T h e  m a in  p ro b le m  h a s  a lw ay s  b een , a n d  still is, th e  
se lec tio n  o f  th e  co llo id a l, m a c ro m o le c u la r  c o m p o n e n t, th e  re s t o f  th e  
so lu t io n , th e  sm a ll m o lecu les  a n d  io n s , p re se n tin g  n o  m a jo r  d ifficu lties. 
D u rin g  th e  la s t fifteen  y ea rs  m a n y  m a c ro m o le cu le s  o f  d iffe ren t ch em ica l 
ty p es  h a v e  b een  u sed  in  p la sm a  ex p a n d e rs  b u t  i t  is o n ly  since  1952 th a t  
th e  im p o r ta n c e  o f  m o le c u la r  w e ig h t h a s  b ee n  rea lise d  in  d e te rm in in g  th e  
b e h a v io u r  o f  a  m a c ro m o le c u le  in  th e  an im a l b o d y 3“ 5. T h e  sh ap e , 
s t ru c tu re  a n d  e lec tric  ch a rg e  o f  a  m a c ro m o le cu le  m ay  m o d ify  its  p a ssag e  
th ro u g h  a  m e m b ra n e , a n d  since  th e  m a c ro m o le cu le s  u sed  in  p la sm a  
e x p a n d e rs  v a ry  n o t  o n ly  in  m o le c u la r  w e ig h t b u t  a lso  in  sh a p e  a n d  s tru c 
tu r e  c a re  m u s t b e  ta k e n  in  c o m p a rin g  th e  ex p e rim en ta l re su lts  o b ta in e d  
w ith  d iffe ren t p la sm a  ex p a n d e rs . I t  is th e  p u rp o se  o f  th is  rev iew  to  
e x a m in e  th e  p re se n t s ta te  o f  o u r  k n o w led g e  o f  th e  b e h a v io u r  o f  m a c ro 
m o le cu les  in  th e  b o d y  a n d  d ra w  w h a te v e r  c o n c lu s io n s  a re  po ssib le .

A  p la sm a  e x p a n d e r  is u sed , as a n  a lte rn a tiv e  to  w h o le  b lo o d  o r  p la sm a , 
to  re s to re  th e  c irc u la tin g  b lo o d  v o lu m e  a f te r  lo ss  o f  b lo o d  a n d  th e n  
m a in ta in  i t  b y  p re v e n tin g  loss o f  w a te r  in to  th e  e x tra v a sc u la r  space . T h e  
b a s ic  c o n c e p t o f  th e  c o n tro l  o f  w a te r  b a la n c e  by  th e  co llo id a l o sm o tic  
p re s su re  ex e rted  ac ro ss  th e  c a p illa ry  w alls , d u e  to  S ta r lin g 6, h a s  n o t  b een  
c h a n g e d  b y  re c e n t w o rk . T h e  su g g estio n  th a t  m o re  th a n  a  very  sm all 
q u a n t i ty  o f  w a te r  is h e ld  in  c irc u la tio n  b y  h y d ra tio n  o f  th e  p la sm a  p ro te in s  
is n o t  su p p o r te d  by  ex p e rim en t. A lth o u g h  th e re  is so m e u n c e r ta in ty  
a b o u t  th e  d eg ree  o f  h y d ra tio n  o f  p ro te in s , A le x a n d e r  a n d  J o h n s o n 7 h av e  
co n c lu d e d  th a t  a  m a x im u m  v a lu e  is 0 4  g. o f  w a te r  p e r  g. o f  a n h y d ro u s  
p ro te in , w h erea s  e x p e rim en ts8 a n d  c a lc u la tio n s9 h av e  sh o w n  th a t  1 g. o f  
se ru m  a lb u m in  in c rease s  th e  p la sm a  v o lu m e  b y  a b o u t  18 m l. T h e  
h y d ra tio n  o f  th e  m ac ro m o le cu le s  u sed  in  p la sm a  ex p a n d e rs  is p ro b a b ly  
a b o u t  th e  sam e  a s  th a t  o f  p ro te in s10 so  th a t  th e  effec tiveness o f  a  p a r t ic u la r  
m a c ro m o le c u le  in  a  p la sm a  e x p a n d e r  w ill d e p e n d  la rge ly  u p o n  th e  v a lu e  
a n d  p e rs is ten c e  o f  th e  o sm o tic  p re ssu re  w h ich  i t  ex e rts  ac ro ss  th e  ca p illa ry  
w all. T h is  p e rs is ten c e  d ep e n d s  u p o n  (i)  th e  r a te  a t  w h ich  th e  m a c ro 
m o lecu le  p asses  th ro u g h  th e  c a p illa ry  w alls , d ec reas in g  th e  effective 
co llo id a l o sm o tic  p re ssu re , a n d  (ii) th e  r a te  o f  its  e l im in a tio n  f ro m  th e  
b o d y , e i th e r  b y  e x c re tio n  o f  u n c h a n g e d  p o ly m e r  o r  b y  its  d e g ra d a tio n  to  
sm a ll m o lecu les  w h ich  d o  n o t  e x e rt a n y  co llo id a l o sm o tic  p re ssu re . A lso  
o f  im p o r ta n c e  is th e  in te ra c t io n  o f  th e  m a c ro m o le cu le s  w ith  tis su e  cells 
a n d  n a tu ra lly  o c c u rr in g  m o lecu les  in  th e  b o d y , p o ss ib ly  re su ltin g  in  
s to ra g e  o f  th e  m a c ro m o le cu le  a n d  im p a irm e n t o f  n o rm a l p h y s io lo g ica l 
fu n c tio n s .
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No attempt has been made to give a complete bibliography of plasma 
expanders. Reference will be made only to those publications bearing 
on the effect of size and shape of the solute particle on the functioning 
of the macromolecular weight component. There is a considerable 
“twilight” literature on the subject of plasma expanders in the reports of 
the U.S. Government Scientists, which are not readily available outside 
the U.S.A. Since references in the normal scientific literature (e.g., 
reference 11 ) to these reports show that they contain valuable information, 
they are referred to in this review, although the author has not read all 
these documents.

The macromolecules which have been used in plasma expanders are 
given in Table I. Most of the work of interest to this review has been 
carried out with dextran, polyvidone and, to a lesser extent, gelatin
preparations. No reference will be made to the use of rutin12, a low 
molecular weight flavone glucoside, since its mechanism of action, by 
decreasing the permeability of the capillary wall, is quite different from 
all the macromolecules of Table I.

TABLE I
M a c ro m o lec u les  w h ic h  h a v e  been  u sed  in  pla sm a  ex pa n d ers

Molecular weights used in commercial preparations
Chemical type of macromolecule Average* Rangef References

Proteins
Casein digests 
Gelatin preparations:

Fluid gelatin type (a)

„ „ (.b) ..................
Isinglass
Oxypolygelatin

Globin
Hæmoglobin
Plasma proteins in ascitic fluid

Mn =  37,000 

Mn =  50,000 

Mw -  31,200

4% less than 
10,000 M.W.

35% <  10,000; 
6% >  100,000

23

23

Polysaccharides
Acacia
Dextran : American type 

British type 
% Swedish type 

Methyl cellulose 
Pectin

Mn =  42,000 

Mn =  34,000
0-160,000
0-450,000

15
16 
11

Synthetic polymers 
Polyvinylalcohol
Polyvinylpyrrolidone (Polyvidone) : 

American type (a) ..
” » (b)..........................

British type

German type

Mw =  56,000 
M ^ -  33,000

Mw =  25,000

f  5% <  10,000; 
\3 %  >  100,000

11
11

22
84

* Mn, number average molecular weight.
Mw, weight average molecular weight.

t  The range of molecular weights has been estimated wherever possible from published information.

Size  a nd  Shape of M acromolecules in  Solution  
Most of the macromolecules in Table I are not homogeneous in 

molecular weight, and, in order to understand the physiological action 
of a particular sample, it is necessary to know the distribution of molecular 
weights as well as the average value. These measurements will also be of 
value in the quality control of commercially produced plasma expanders.
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Standard methods of molecular weight determination have been used 
and, for details, reference should be made either to some general textbook7 
or to the original papers referred to in Table II, which gives a selected 
bibliography of molecular weight determinations of the macromolecules 
used in plasma expanders. Apart from the absolute methods, the 
experimentally simpler determination of intrinsic viscosity is of value 
provided the relationship between intrinsic viscosity and molecular 
weight has been determined for each chemical type of macromolecule.

MACRO MOLECULES IN PLASMA EXPANDERS

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

Method Dextran
Gelatin

Preparations Polyvidone

Absolute Methods
Light scattering 85, 112 18 13, 25
Osmotic pressure 16 11 13, 25
Sedimentation rate . . 86-89 18 33
Chemical methods .. 90 11

Method Requiring Calibration
Viscosity 86, 112 91, 92 13, 25, 33

Frank and Levy13 have, however, found that such a relationship for 
polyvidone is somewhat dependant upon the molecular weight range of 
the sample being measured. It may be that the viscosity relationships 
reported for other macromolecules would, on detailed experimental 
examination, suffer from the same defect.

Molecular weight distribution determinations appear to have been 
reported for only dextran, gelatin and polyvidone. Three methods have 
been used:

(1) The molecular weight distributions of polyvidone samples10 and of 
dextran samples14-15 have been calculated from the concentration variation 
of sedimentation rate.

(2) Samples of macromolecules have been divided by fractional 
precipitation into a series of fractions, the molecular weights of which 
have then been determined. This method has been applied to dextran15 
and to polyvidone17. Methods of fractionating gelatin have been des
cribed by Gouinlock and others18 but were not used to determine molecular 
weight distributions.

(3) A variation of this last method, in which fractions are not actually 
isolated, is based on the turbidimetric method of Morey and Tamblyn19. 
In this method the weight of the macromolecule precipitated by a particular 
solvent-precipitant mixture is determined turbidimetrically, the molecular 
weight of the precipitate being a function of the solvent-precipitant ratio. 
This method has been applied to dextran20-21 and to polyvidone22. Since 
very small samples are required this method has been used to determine 
the molecular weight distribution of dextran21 and polyvidone5 isolated 
from urine.

Fuhlbrigge and others23 have determined the molecular weight dis
tributions of various preparations of gelatin and oxypolygelatin but the 
methods used are not reported. The ranges of molecular weights in
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some macromolecules used in commercially made plasma expanders is 
given in Table I.

The macromolecule in solution is hydrated and moves around with 
its shell of tightly bound water. Very little is known about the structure 
of this hydration shell for the macromolecules considered in this review 
but the hydration may be nearly half the dry weight of the macromolecule. 
The shape of the solute particle, depending very largely on the chemical 
type of the macromolecule, can be either a compact ellipsoid, a rigid, 
extended, rod-like molecule or a more or less flexible, randomly-coiled, 
chain-like molecule. Most of the proteins referred to in Table III are 
ellipsoids, held together by intra-molecular hydrogen bonding and their 
shapes are generally indicated by the axial ratios of the ellipsoids. 
Dextran 24 and polyvidone 25 have now been shown to be more or less 
flexible molecules, and, although axial ratios can be calculated for them, 
these can be very misleading since they represent a statistical mean shape 
of the solute particle and do not take into consideration the variations 
in orientation of the repeating units of the chain about the mean shape, 
which are continuously taking place in the solution26. Recently, it has 
been shown that gelatin in solution is a randomly-coiled molecule rather 
than a compact particle or a rigid rod.18 This implies that there can be 
very little intra-molecular hydrogen bonding in the gelatin molecule.

Another property which may be of importance in determining the 
physiological action of a macromolecule is the charge on it in solution. 
Dextran has been shown to have no charge27 and polyvidone is generally 
stated to have a very small negative charge, equivalent to about one 
carboxyl group per molecule28. Every protein molecule bears a charge 
depending upon its isoelectric point and the pH of the solution.

T he O smotic P ressure of Solutions of M acromolecules

The colloidal osmotic pressure of human blood is 33 cm. of water 
(normal range 28 to 48 cm.)29, about one third9 of this being due to the 
Donna^ effect as a result of the electric charge on the proteins. Serum 
albumin, possessing a lower molecular weight than the rest of the plasma 
proteins, is normally responsible for about three-quarters of the colloidal 
osmotic pressure.

If it is assumed that the macromolecule has a single molecular weight, 
M, possesses no electric charge and behaves ideally in solution, the 
osmotic pressure, in cm. of water, 77 of a solution (concentration, c g./ml.) 
at absolute temperature, T, is

77c =  8-48 x 104 x T/M.

The relation between molecular weight and the concentration required 
to give an osmotic pressure of 33 cm. is given in Figure 1 and indicates 
that the higher the molecular weight the greater is the concentration of the 
macromolecules required in a plasma expander. In practice this simple 
ideal model, in which there are no interactions between molecules, will 
not hold. In the plasma expander solution, before it is diluted by blood 
during an infusion, interactions between macromolecules will result in a
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higher osmotic pressure, for a given concentration, than is given by 
Figure 1. The dilution of the plasma expander normally likely to occur 
during an infusion (e.g., 500 ml. to 2800 ml., an average plasma volume) 
will reduce the concentration of macromolecule and with it the effect on 
osmotic pressure of the above type of interaction. After infusion, 
interactions between the macromolecules and proteins become important 
but very little experimental data is available on the osmotic pressure of 
mixed solutions of proteins and macromolecules. Wales and others30 
studying dextran-albumin mixtures and Rowe31 with dextran-serum 
mixtures have shown that the osmotic pressure is greater than would 
be expected from the protein and dextran concentrations, indicating that 
protein-macromolecule interactions are important.

The macromolecules generally used in plasma expanders are not 
homogeneous in molecular weight. Apart from the corrections due to 
intermolecular interaction already discussed, the total osmotic pressure 
exerted by the macromolecule, as measured by a perfect semi-permeable 
membrane, will depend upon the number average molecular weight and 
will be greater than the effective colloidal osmotic pressure exerted in the 
body across the capillary wall as a semi-permeable membrane, since 
the low molecular weight molecules will either pass rapidly through the 
capillary walls, or else be rapidly excreted. Consequently, this effective 
osmotic pressure, which has never been measured for any plasma sub
stitute, will depend markedly upon the molecular weight distribution of 
the macromolecule used. It is important, therefore, once the effectiveness 
of a particular grade of macromolecule has been established, to ensure 
that all subsequent batches will have the same distribution of molecular 
weights.

It is the author’s opinion, for the reasons already given, that the colloidal 
osmotic pressure of a plasma expander measured in an osmometer is very 
nearly meaningless in indicating its effectiveness. Since it is impossible 
to eliminate all small molecules from commercially prepared samples of 
macromolecules, careful consideration should be given to the possibility 
of increasing the effectiveness of a plasma expander by increasing the 
concentration of the macromolecule to such an extent that, after loss of 
the small molecules from the blood, the remaining macromolecules would 
exert an osmotic pressure comparable to that of the normal plasma 
proteins. Provided the osmotic pressure of the small molecules was small 
compared with that of isotonic saline, there should be no danger of 
crenation.

The two macromolecules most widely used in plasma expanders, 
dextran and polyvidone, do not receive any contribution to their osmotic 
pressure from the Donnan effect since there is only an extremely small 
electric charge on them27’28. Scatchard3 has suggested that the ideal 
macromolecule for a plasma expander would have, under physiological 
conditions, a similar charge to serum albumin. Such a charge would 
reduce the concentration of polymer required to produce a given osmotic 
pressure, and, hence, would result in a solution of lower viscosity, a factor 
discussed immediately below. The charge on a molecule might also be

MACROMOLECULES IN PLASMA EXPANDERS
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important in controlling the rate at which the macromolecule passed 
through the glomerular membrane or the capillary walls. With the 
exception of amino-acid polymers, no attempt is being made to develop 
ionised synthetic macromolecules for use in plasma expanders. The 
various gelatin preparations have, of course, charged molecules.

T he V iscosity of Solutions of M acromolecules 
The viscosity of aqueous solutions of macromolecules increases with 

increasing molecular weight, the exact form of the relationship depending 
upon the chemical type of the macromolecule. The relative viscosity of 
solutions of concentration given by the osmotic pressure curve of Figure 1

have been included in that 
figure and have been cal
culated assuming that the 
macromolecule is poly- 
vidone. The viscosity- 
concentration relation
ship due to Fikentscher32 
and the viscosity-molecu
lar weight relation due to 
Scholtan33havebeen used. 
It is evident, therefore, 
t h a t  i nc r eas i ng  the 
molecular weight of the 
colloidal component will 
result in a higher relative 
viscosity partly due to the 
increased size of the solute 
molecule and partly to the 
increased concentration 
necessary to give the 
required osmotic pres
sure. This conclusion, 
although qualitatively 
correct, will be incorrect 
quantitatively since, as in 
the discussion of osmotic 
pressure, no allowance 

has been made for the range of molecular weights normally present in a 
macromolecule sample.

It is desirable that the relative viscosity of a plasma expander should 
not be so much greater than that of true plasma (1-8 at 38° C.29) as to 
throw undue strain on the heart. Dilution of the plasma expander 
during infusion will undoubtedly reduce its relative viscosity but there 
does not appear to have been any authoritative statement about the 
maximum permissible relative viscosity. Plasma expanders containing 
polyvidone have a relative viscosity only slightly above that of true 
plasma (e.g., Plasmosan; relative viscosity =  2T) whereas those based

Concentration in Relative
g./IOO ml. viscosity

F ig . 1. Curve A. Relation between molecular 
weight of solute and the concentration required to 
give an osmotic pressure of 33 cm. The assump
tions made are given in the text.
Curve B. The relative viscosity (calculated as 
described in text) of the solutions defined by curve A.
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on dextran have a considerably higher viscosity (e.g., the solution accepted 
by British hospitals must have a relative viscosity between 3-0 and 6-0 
at 37° C.16).

E lim ination  of M acromolecules from  the  Body

The elimination of macromolecules from the circulating blood is of 
importance in connection with the duration of action of a plasma expander 
and with the possibility of storage in the body. The more rapid the 
elimination, the shorter will be the time during which an effective colloidal 
osmotic pressure is exerted. Absence of a mechanism of elimination must 
result in storage in the body.

Some macromolecules, such as dextran34, can be completely meta
bolised in the body to low molecular weight molecules (in the case of 
dextran, to sugars and ultimately carbon dioxide), which do not exert 
an effective colloidal osmotic pressure and can be rapidly excreted by the 
kidney. It will be shown that, for each chemical type of macromolecule, 
there is probably a threshold molecular weight above which it is excreted 
by the kidney only very slowly, and, consequently, only macromolecules 
which are completely metabolised will be eliminated rapidly when their 
molecular weight is greater than this threshold value. No information 
has been published on the effect of molecular weight on the rate of 
metabolism of dextran. Of the other macromolecules used in plasma 
expanders, there is no agreement about the metabolism of gelatin35-36 
and the limited degradation of polyvidone, postulated by Campbell 
and colleagues, can but assist the renal excretion of this macro- 
molecule5-37.

The main route for elimination of macromolecules from the body is 
by excretion by the kidney. Most work on the permeability of the 
normal kidney nephron to large molecules has been concerned with the 
passage of proteins from the plasma into the urine and is summarised in 
Table III. There are undoubtedly difficulties in comparing these results. 
The different animals used may have nephrons of different permeabilities. 
The results with luemoglobin may be anomalous since it has been suggested 
that it alters the nephron permeability39. The proteins used may form 
complexes with the plasma proteins, as has been shown to be the case 
with lysozyme40. It is broadly apparent, however, that protein molecules 
with a molecular weight greater than about 68,000, the molecular weight 
of haemoglobin, do not pass through the normal nephron. A more 
detailed study indicates that other factors, which may be molecular 
shape and electrical charge, are significant in determining the renal 
excretion of macromolecules but no definite correlations are evident. 
Two exceptions to the simple molecular weight rule are albumin and 
fetuin. Albumin, the molecular weight of which is now believed to be
65,000 instead of 69,00041, does not pass through the human nephron, 
whereas haemoglobin, of molecular weight 68,000, does. Fetuin of 
molecular weight 51,000 is not excreted in the urine of rabbits whereas 
haemoglobin with a greater molecular weight is38. Brant and others in a 
study of the renal clearance of haemoglobin in normal and proteinuric
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MACROMOLECULES IN PLASMA EXPANDERS

human subjects concluded that the nephron is more permeable to mole
cules with large electric charges42. Measurements of the actual rates of 
passage of proteins through the nephron40-43 indicate that the sharp 
cut-off in renal excretion at a molecular weight of about 68,000 is not 
real, there being a gradual decrease in excretion rate with increasing 
molecular weight until no detectable excretion is observed at molecular 
weights greater than 68,000.

Many experiments have shown that a limited re-absorption of proteins, 
whatever their nature, takes place in the kidney tubules, different proteins 
competing with each other to saturate the tubular re-absorption44-46. It 
is now believed that the absence of higher molecular weight proteins in 
the urine is not due to the impermeability of the glomerular membrane 
to these proteins but to the passage of only small quantities of them through 
the glomerular membrane and their subsequent reabsorption in the tubules. 
The evidence for this belief, based on the appearance of proteinuria when 
the homologous plasma protein concentration is raised above normal47 
and on other experiments, has been reviewed by Rather48. The evidence 
from protein studies is, therefore, that the glomerular membrane is 
permeable to all proteins, the rate of penetration decreasing, but never 
becoming zero, with increasing molecular weight and changing, to a 
lesser extent, with molecular shape and electric charge.

The very little evidence available suggests that the renal excretion of 
macromolecules other than protein involves simple glomerular filtration 
and that tubular reabsorption does not occur. Although transient 
deposits of dextran have been found in the tubule cells49, Wallenius21 has 
concluded, from renal clearance experiments with low molecular weight 
dextran, that there is no tubular re-absorption of dextran, a very small 
quantity of low molecular weight material merely diffusing by a purely 
physical mechanism, into the tubule and other cells of the nephron. 
Campbell and others5 have shown that polyvidone of high molecular 
weight is excreted into the urine of human subjects in very low con
centrations some 300 hours after an infusion. Such a low concentration 
would appear to be unlikely if a tubular reabsorption mechanism existed 
for all molecular weights of polyvidone.

The inverse relation between renal excretion rate and molecular weight 
has been demonstrated, by measuring the renal excretion of fractions of 
limited molecular weight range, for dextran20-21-50"54, polyvidone55-56, 
gelatin57-58-113 and polyethylene glycols59. The results of Campbell and 
others5 (see Fig. 2), who studied the variation in molecular weight dis
tribution of polyvidone excreted by human subjects, with time after an 
infusion, support this relationship. Early work on dextran20-52-53 had 
suggested that there might be a threshold molecular weight of about
40,000 above which it was not excreted but it seems possible that higher 
molecular weight dextrans have not been detected in urine owing to lack 
of a sufficiently sensitive analytical method. The results of Wallenius21 
(see Fig. 3) on dextran clearance rates support this conclusion, the 
asymptotic approach to the molecular weight axis being similar to the 
curves obtained with proteins. Campbell and others5 have shown by
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isolating the macromolecule from urine that polyvidone molecules with 
molecular weights greater than 100,000 are slowly excreted by the kidney, 
the rate of excretion becoming slow at a molecular weight of about 50,000.

F i g . 2. Increase in peak m olecular weight o f polyvidone excreted by hum an  subjects 
with tim e after an  infusion (reproduced with perm ission from  C am pbell and 
colleagues22).

This latter molecular weight is supported by Warner’s60 conclusion that 
there is a sharp cut-oif of renal excretion of polyvidone between 35,000 
and 40,000 molecular weight. A more sensitive method of analysis would 
presumably have shown the slow excretion of higher molecular weight 
polyvidone. Although no actual measurements have been published 
of the variation of renal clearance rate of polyvidone with molecular 
weight, it is reasonable to assume a similar relation to that for dextran 
(Fig. 3).

The renal excretion studies of large molecules reported above are 
concerned with the normal kidney. It is well established that kidney 
disease can result in an increase in the glomerular permeability to macro
molecules. Starling and Verney61 have shown that oxygen lack can 
result in an increase in the permeability of the glomerulus to proteins. 
Under those clinical conditions of shock necessitating an infusion of a 
plasma expender, oxygen lack might well be the cause of impairment of 
the renal circulation so that the glomerulus might pass large molecules
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MACROMOLECULES IN PLASMA EXPANDERS

more rapidly than normally. Wallenius21 has obtained evidence of this 
with dextran since he detected in the urine molecules of molecular weight
57,000 for two cases of second degree burns whereas normally the maxi
mum molecular weight detected was 46,000. Consequently, the con
clusions drawn from the studies of normal renal excretion may be correct 
qualitatively but may be incorrect quantitatively as a result of increased 
glomerular permeability in cases of shock. It is, however, evident that 
for solute particles, size is the 
mos t  i m p o r t a n t  f ac t o r  
governing the rate of ex
cretion, although shape and 
electric charge may be im
portant. The glomerular 
clearance rate becomes very 
small with increasing mole
cular weight but there is no 
experimental evidence sug
ges t i ng  t h a t  i t  a c t ua l l y  
becomes zero so that, given 
sufficient time, all macro
molecules circulating in the 
blood could pass through 
the glomeruli, and, in the 
absence of tubular reabsorp
tion, appear in the urine. The reviewer believes that the slow 
excretion of very large chain-like molecules, such as dextran and 
polyvidone, may be the result of variations in orientation of the repeating 
units of the chain in solution resulting in changes in the shape of the 
solute particle from the statistical mean value which is normally measured. 
Such changes in shape could not, of course, occur with the plasma proteins 
without rupture of intra-molecular hydrogen bonds and, hence, 
denaturation. m

The bearing of these results on the exact mechanism whereby macro
molecules are transported across the glomerular membrane is not discussed 
here. Wallenius21 has stated that it is not yet possible to determine which 
mechanism is correct, restricted diffusion through microscopic pores62 or 
diffusion through the gel-like membranes postulated by Chinard63.

P a s s a g e  o f  M a c r o m o l e c u l e s  i n t o  t h e  L y m p h  

The more rapidly do the macromolecules of a plasma expander leave 
the circulating blood and pass into the lymph, the more rapid is the 
decrease in colloidal osmotic pressure and, hence, in the effectiveness of 
the plasma expander. The permeability of the capillary wall to macro
molecules has not been studied as fully as has that of the glomerular 
membrane but qualitatively one would expect similar laws to hold in 
both cases. Quantitatively, however, there might be very large differ
ences. Forker and others64, using radiotracer methods, have shown that 
exchange of plasma proteins between blood and lymph is complete in less

F ig . 3. T he renal clearance o f dex tran  (in per 
cent, o f  the glom erular filtration rate) and its 
re la tion  to  the  m olecular weight o f the  dextran  
molecules, in  norm al dogs (after W allenius21).
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than one hour but no measurements were made on the variation of the 
rate with molecular weight. Grotte and others64, using fractions of 
Swedish dextran of different molecular weights, have shown that molecules 
with molecular weights as great as 205,000 pass into the lymph, the rate 
decreasing with increasing molecular weight. More recently Martin16

has reported experiments 
(Fig. 4) which show that 
diffusion into the lymph can 
be reduced by use of higher 
molecular weight dextran. 
Martin16 and Wasserman 
and Mayerson65 have shown 
that dextran below about
40,000 molecular weight 
passes rapidly into the 
lymph. No similar data are 
available for polyvidone, 
but, from the work of 
Fresen and Weese66 who 
made a histological examin
ation of lymph nodes and 
other tissues after infusions 
of polyvidone, it can be 
inferred that molecules with 
molecular weights as great 
as 400,000 pass into the 
lymph and that the rate 

decreases with increasing molecular weight. Little and Wells67 have 
shown that molecules of gelatin pass through the capillary wall less 
readily than do plasma proteins.

•  V a r io u s  I n t e r a c t io n s  w i t h  M a c r o m o l e c u l e s  

It is essential that any compound used in a plasma expander should not 
interfere with the normal functioning of the body. It is well established 
that macromolecules sometimes form complexes with other macro 
molecules, such as proteins, and with ions. In most cases no formal 
chemical bonds are formed, the complex being held together by electro
static or van der Waals’ forces. The present discussion has been limited 
to those interactions of macromolecules in which the effect of molecular 
weight is known. For example, the vast literature on the use of poly
vidone as a drug delaying agent or as a detoxifying agent will not be 
referred to since no proper examination of the effect of molecular weight 
has been made.

It is well established that macromolecules foreign to the blood interact 
with erythrocytes producing an increase in their sedimentation rate 
(dextran68-70’111; gelatin69; oxypolygelatin71; polyvidone60’70’72) and, in 
sufficiently high macromolecule concentration, aggregation of the cells 
which clinically may produce some anaemia73. The most detailed work

F i g . 4. R a te  o f decay of dextran  fractions A 
and  D  from  the  p lasm a and their diffusion in to  
th e  lym ph (after M artin16). D ose 20 m l./kg. 
in travenous. Average o f norm al rabbits.

W eight average 
m ol. wt.

F rac tio n  A. O— O, plasm a,
X — x , lym ph . .  . .  45,000

F rac tio n  D . , p lasm a,
• — • . ly m p h  120,000
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on the influence of molecular weight has been carried out by Thorsen and 
Hint69 who showed that the erythrocyte sedimentation rate increases with 
increasing molecular weight with dextran and gelatin, and that the mini
mum molecular weight which will produce aggregation is 59,000 for 
Swedish dextran and 18,000 for gelatin. These authors also proved 
that the presence of low molecular weight dextran would prevent, or 
reduce, the effect of higher molecular weight dextran. Hummel and 
Hamburger74 suggest that the minimum molecular weight for aggregation 
is about 35,000 for polyvidone. In clinical practice, no bad effects have 
been reported with the grades of dextran, gelatin and polyvidone at 
present used in plasma expanders.

There is evidence that the antigenicity of dextran depends upon mole
cular weight. Dextrans of various origin have been shown to be antigenic 
in man75 and recently Glynn and others76 have shown that dextran of high 
molecular weight has a greater antibody response than has low. Dextran 
molecules of molecular weight about 5000 were non-antigenic but produced 
a precipitate with antisera. Smaller molecules acted as non-precipitating 
haptens. Similar antigenic reactions have not been reported for gelatin 
preparations or for polyvidone.

Although it has been established that polyvidone and dextran do not 
interact sufficiently strongly with the plasma proteins to interfere with 
their electrophoresis77, it has been proved78 that polyvidone, acacia and all 
dextrans except the lowest molecule weights all form insoluble complexes 
at 4° C. with fibrinogen. At 37° C. no insoluble complexes were formed. 
No ill effects due to the formation of fibrinogen complexes have been 
reported in the use of plasma expanders, but a fuller study of this problem 
seems desirable.

The storage in the body of the macromolecular component of a plasma 
expander is of importance as a possible source of interference with 
normal physiological functions although such interference has never been 
found in cases where storage of macromolecules has been reported. 
Experiments involving massive doses of the macromolecule can ¡¡£ dis
regarded since these conditions of high concentration are never likely to 
be met in normal clinical use of plasma expanders. Stenger and Muller79 
have concluded that the ability of the body to store macromolecules is 
mainly of academic interest. Storage in the tissue of a macromolecule 
might well depend upon molecular weight since the deposition of a water 
soluble molecule in tissue will require the formation of some kind of 
complex with the tissue molecules. It has been shown by many authors53,80 
that only temporary storage of dextran occurs, mainly in the liver, spleen, 
kidney and lymph nodes. It would appear that no strong complex 
formation is associated with the storage of dextran and that its temporary 
presence in various cells may be due to a mere physical diffusion into 
them21. If this is correct it would appear that increase in the molecular 
weight of the dextran would reduce the quantity temporarily stored in the 
cells. The evidence about the storage of polyvidone is con
flicting37’72’79’81’72 and may partly be due to the use of different grades of 
the polymer since it has been demonstrated64’83 that increase in molecule

MACROMOLECULES IN PLASMA EXPANDERS
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weight increases the possibility of storage. The reviewer believes that a 
careful, critical examination of the methods used for the detection of 
polyvidone in tissue cells is necessary before this problem can be finally 
solved. No information has been published on the question of storage 
of gelatin preparations.

T h e  I d e a l  M a c r o m o l e c u l e  f o r  a  P l a s m a  E x p a n d e r

In this review an attempt has been made to show the importance of 
solute particle size and shape in governing the behaviour of macromole
cules in the body. Although many more experimental studies would be 
necessary to complete our knowledge of this subject, it should be possible, 
at least in principle, to determine the essential properties of the ideal 
macromolecule for a plasma expander, and, hence, to select both the 
chemical type and molecular weight range most suitable. When the 
ideal macromolecule has been finally designed, economic manufacture of 
it might well prove impossible so that some compromise would be 
necessary.

The major difficulty in the selection of the macromolecule is the deter
mination of the duration of effectiveness required for a plasma expander. 
It would appear ideal for the macromolecule to remain in the circulating 
blood and not to pass into lymph, thereby reducing the osmotic pressure. 
It would then be eliminated at such a rate that the colloidal osmotic 
pressure decreased as the osmotic pressure due to the plasma proteins 
returned to normal. Although it is obvious that an exact balance between 
the osmotic pressures of the added macromolecules and of the plasma 
proteins would be an impossibility, an approximation might be arrived 
at from a knowledge of the time taken for the regeneration of plasma 
proteins. Unfortunately, most published information on regeneration 
times in human subjects is for cases of malnutrition. Wallace and 
Sharpey-Schafer106 have shown that in human subjects not suffering from 
shock, regeneration of the plasma proteins is virtually complete in 3 to 90 
hour^ but no similar studies have been made on human subjects who are 
in a severely shocked condition through loss of blood. Ebert and 
colleagues107 have shown that in dogs, severely shocked after considerable 
loss of blood which was replaced by an equal volume of isotonic saline, 
regeneration of proteins was extremely slow. More recently Semple108, 
also working with dogs, replaced 45 per cent, of the blood with a dextran 
solution, and found that protein regeneration was fairly rapid. This last 
author concluded that dextran did not retard protein regeneration but 
there does not seem to be any evidence whether the addition of a macro
molecule actually assists regeneration. Kozoll and others109 (pectin), 
Feigan and others110 (oxypolygelatin) and Gropper11 (dextran) have 
obtained evidence that these macromolecules may actually stimulate the 
appearance of proteins from some store in the body, thereby producing 
a  greater effect in maintaining plasma volume than can be explained 
simply by the osmotic pressure produced by the infusion. If this should 
be proved correct, the fundamental approach to the development of a 
plasma expander becomes even more difficult and experimental studies

106



MACRO MOLECULES IN PLASMA EXPANDERS

would be required on the effect of molecular weight of different macro- 
molecules on protein regeneration. It must be admitted that, at the 
present time, our basic knowledge is quite inadequate for an attempt to 
be made to develop a plasma expander by the suggested a priori method.

An alternative approach, and the one actually used in practice, is to 
determine the clinical effectiveness of different plasma expanders con
taining macromolecules of different chemical type and molecular weight 
range. Another difficulty arises, the differences between the requirements 
of various users which result in differences of medical opinion. Some 
require a fairly short acting plasma expander for use in cases of 
haemorrhagic shock where there has been a single loss of blood81 whereas 
others require a longer acting plasma expander which can be used in cases 
of severe burns, where there is a prolonged loss of fluid from the burn 
surface50. This review is not the place to discuss this question but it 
appears to the reviewer that the different plasma expanders available 
to-day may each be of value in the particular application most suited to it.

Our knowledge of the behaviour of macromolecules in the body is 
very incomplete, and, even when further experimental studies have 
completed this knowledge, the ideal macromolecule for use in a plasma 
expander would probably have properties very similar to those of serum 
albumin, normally responsible for the greater part of the control of fluid 
balance. This would suggest that the use of serum albumin itself might 
simplify the development of plasma expanders, provided that it could be 
obtained in large quantities in a form suitable for long-term storage. The 
present developments in large-scale fractionation of plasma proteins and 
in the preparation of despecified sera may be an indication that, in the 
future, artificial molecules such as dextran, oxypolygelatin and polyvidone, 
may be replaced by serum albumin in plasma expanders.
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T he presence o f  high antimicrobial activity in poly methylene bis-Ao- 
quinolinium (BIQ) salts1 led to the synthesis and examination of a large 
number of related compounds, including the corresponding bis- 
quinolinium (BQ) salts2 and many derivatives of both these series. 
Among these, bis-4-aminoquinaldinium (BAQD) salts showed broad 
activity and relatively low toxicity and the decamethylene member 
(I, BAQD 10, Dequadin) was selected for more extensive biological 
investigation

NH2

/ \ A
I II J - C H\ / W  ^ M3

+!---------------- (c h 2)10.

NH,

I 2 X

M aterials and  M ethods

Compounds. The iodide, chloride, nitrate and acetate of Dequadin 
were used, their approximate solubilities in water at 25° C. being: iodide, 
1 in 3500; chloride, 1 in 200; nitrate, 1 in 400; acetate, 3 in 4. Other 
members of the BAQD series (see Table I) were iodides. Methods of 
preparation and chemical properties of this series will be described else
where. The synthesis of the BIQ and BQ iodides (Table I) has already 
been described1-2. The following salts of other antibacterial agents were 
used: aureomycin hydrochloride, benzalkonium chloride, potassium 
benzylpenicillin, chlorhexidine acetate, domiphen bromide and strepto
mycin sulphate. Substances may be referred to below by the name of 
the active acid or base, but weights given are those of the salt. In most 
tests cetrimide was used for reference.

Strains in vitro. The microbial species used and the code numbers of 
some strains are shown in Table II. Both strains of Proteus vulgaris 
(L.H. 13 and 14) and the 12 penicillin-resistant strains of Staphylococcus 
aureus (L.H. 1 to 12) were recently isolated at the London Hospital. 
Strains not numbered in Table II had the following origins: staphylococci, 
streptococci and salmonellas were isolated from domestic animals at the 
Royal Veterinary College, London, or the Agricultural Research Council

^Registered trade mark of Allen and Hanburys Ltd.
fPresent address: Research Department, Boots Pure Drug Co. Ltd., Nottingham.
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TABLE I
A ctiv ities  o f  po ly m eth y len e-bis-A o q u in o lin iu m  (BIQ), q u in o l in iu m  (BQ) a n d  
-4 -a m in o q u in a l d in iu m  (BAQD) io d id e s  a g a in st  fo u r  b a c t er ia l  species in  

PEPTONE WATER. READINGS AFTER 5 DAYS AT 37° C.

SALTS OF DECAMETHYLENE-BIS-4-AMINOQUINALDINIUM

Series and 
number of 
carbons in 

chain

Geometric mean M.I.C. in [jig./ml.

Staph, aureus 
(CN491)

Myco. phlei 
(NCTC.525)

P. vulgaris 
(L.H.14)

Ps. pyocyanea 
(NCTC.8203)

BTQ 10 50 100 >100 >100
BIQ 11 50 20-4 > ioo >100
BIQ 12 12-5 3-13 >100 >100
BIQ 13 5 00 2-50 >100 >100
BIQ 14 0-77 0-70 >100 >100
BIQ 15 0-44 0-63 >100 >100
BIQ 16 012 0-88 100 -  >100 >100
BIQ 17 0-20 0-99 50 >100
BIQ 18 0-22 110 25 >100
BIQ 19 016 1-40 8-89 100 -  >100
BIQ 20 0-49 313 6-25 100 -  >100

BQ 10 17-7 50 >100 >100
BQ 11 12-5 25 >100 >100
BQ 12 3-97 4-42 >100 >100
BQ 13 2-50 3-54 >100 >100
BQ 14 0-38 0-78 >100 >100
BQ 16 018 0-88 100 >100
BQ 18 0-44 M0 19-6 100
BQ 20 0-63 313 12-5 70-7

BAQD 8 0-67 1-97 >100 100 -  >100
BAQD 10 0-35 1-66 63-0 67-3
BAQD 12 0-35 0-88 35-4 70-7
BAQD 14 0-39 0-79 35-4 84-1
BAQD 16 0-67 1-69 70-7 >100
BAQD 18 0-99 3-95 70-7 >100
BAQD 20 2-48 70-7 >100 >100

Field Station, Compton; Actinomyces dermatonomus was isolated from 
sheep at the Animal Diseases Research Association, Edinburgh; fungi 
were from St. John’s Hospital for Diseases of the Skin, except Tricho
phyton verrucosum which was isolated at the London School of Hygiene 
and Tropical Medicine; Bacterium coli and Bacillus subtilis were isolated 
at Ware.

Growth inhibition in vitro. Tube dilution tests were performed in a 
medium of 1 per cent, peptone (Difco) in water containing 0-5 p »  cent, 
dextrose and 0-5 per cent, sodium chloride, adjusted to pH 7-2. For 
Actinomyces dermatonomus 1 per cent, beef extract (Lab-Lemco) was 
added, for Streptococcus pyogenes CN10, 10 per cent, horse serum was 
added after autoclaving and Mycobacterium tuberculosis was grown in 
Dubos’ medium with 4 per cent, bovine albumin. Drugs were serially 
diluted 1 to 2 and, after autoclaving, inoculated with suspensions of 
bacteria, adjusted to give approximately 50,000 organisms/ml. test 
medium. With the exception of Myco. tuberculosis, which was grown 
for 7 days, 18 hour cultures of bacteria were used for preparing inocula. 
After incubation at 37° C., growth was read by eye at 24 hours and 5 days, 
except for Myco. tuberculosis, which was read at 14 and 28 days. Results 
were expressed as the minimal inhibitory concentration (M.I.C.). For 
detailed studies of growth inhibition by Dequadin, Staph, aureus CN491 
was used.

Plate tests were used for certain nutritionally exacting organisms. 
Neisseria catarrhalis and Str. pneumonia were grown on 10 per cent.
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horse blood agar and Hcemophilis influenza on 10 per cent, boiled rabbit 
blood agar. Drugs were incorporated in the plates, whose surfaces were 
sown with approximately 10s organisms per plate. Methods of anti
fungal test were similar to those previously described2.

Bactericidal action. 5 ml. quantities of nutrient agar in 50 ml. conical 
flasks were seeded with 0-5 ml. of an 18 hour dextrose peptone water 
culture of Staph, aureus CN491 and incubated overnight at 37° C.

TABLE II
I n h ib it o r y  a c tiv it y  o f  d e q u a d in  io d id e  in v itro . I n  b r a c k et s , n u m b er  o f  stra in s

Geometric mean M.T.C. in (xg./ml. at

Microbial species Strain No. 24 hours 5 days 14 days 28 days

Actinomyces dermatonomus .. _ 0-63 0-63 — —
Bacterium coli . . — 6-87 11-9 — —
Bacillus subtilis — 2-50 2-50 — —.
Corynebacterium diphtheria . . NCTC 3989 0-31 0-35 —• —
Hämophilus influenza NCTC 8468 17-7 25-0 — —
Mycobacterium phlei . . NCTC 525 1 -54 1-66 — —
Myco. tuberculosis H37 — — 2-14 2-69
Neisseria catarrhalis . . NCTC 4103 1 -25 2-5 — —
Pseudomonas pyocyanea NCTC 8203 410 67-3 — —
Proteus vulgaris (2) L.H. 13 & 14 500-59-5 63 0-70-7 — —
Salmonella dublin — 25-0 50-0 — —
Salm, typhi NCTC 5758 2-70 6-80 — —
Salm, typhimurium — 25-0 50-0 — —
Staphylococcus aureus CN 491 0-32 0-35 — —
Staph, aureus (2) — 0-63 0-63-0-88 — —
Staph. aureus, penicillin- 

resistant (12) L.H.l to 12 016-0-63 0-31-0-63 _
Streptococcus agalactia — 0-63 0-88 — —
Str. dysgalactia (2) — 0-44-1-25 0-63-1-25 —- —
Str. facalis 850 1 66 2-79 — —
Str. pneumonia NCTC 7465 2-5 5-0 —- —
Str. pyogenes .. CN 10 110 1-10 — —
Str. pyogenes (3) — 0-31-0-88 0-44-1-25 — —
Str. uberis (2) . . — 0-79-1-25 0-99-2-50 — —
Vibrio cholera .. Madras 48210 4-26 5-36 — —
Candida albicans — — — 4-47 —
Microsporum canis — — — 1-67 —
Trichophyton mentagrophytes — — — 2-39 —
T. rubrum — — — 0-59 —
T. verrucosum 1-67

Grow* was washed off and shaken for 10 minutes with glass beads in 
16 ml. water per culture flask. 5 ml. of this suspension, diluted as 
required, were thoroughly mixed with 5 ml. drug solution in buffered 
saline and maintained at 20° C. for 1 hour. The mixture was then 
diluted in 2 per cent, bovine bile (“Bacto-Oxgall”) in water and 1 ml. 
samples plated out in 10 ml. nutrient agar to obtain viable counts.

Local therapeutic action. 0T ml. of an overnight broth culture of 
Staph, aureus 663, diluted 1 to 100 in 5 per cent, mucin in saline, was 
injected intraperitoneally (I.P.) into male white mice weighing 9 to 12 g. 
Half an hour later drugs were injected I.P. or subcutaneously (S.C.). 
The number of mice surviving was counted 10 days after inoculation and 
the ED50 and its standard error was estimated by the method of Miller 
and Tainter3. In experiments with Sir. pyogenes CN10 a 6 hour culture 
diluted 1 to 1 million in blood broth was used.

Toxicity. In acute tests in mice, deaths were counted 7 days after 
treatment and the LD50 and its standard error estimated by the method 
of Miller and Tainter3, with results obtained in 10 or more animals at
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each dose level. In subacute tests, drugs were administered once daily, 
except on Saturdays and Sundays. In rabbits, saline solutions of 
Dequadin chloride were instilled in one of each pair of eyes, or creams 
containing Dequadin were applied to the shaved skin. Creams were 
applied also to the skin of hairless mice. In a chronic toxicity test, 
groups of 10 young female Wistar rats, maintained on M.R.C. diet 
No. 41, received Dequadin chloride at 0-05 and 0-01 per cent, of their 
drinking water. Rats were weighed weekly and at the end of the test 
period blood examinations were performed by conventional methods and 
tissues prepared for histological examination.

SALTS OF DECAMETHYLENE-BIS-4-AMINOQUINALDINIUM

R esults
Antimicrobial Action in vitro

Screening. The results of comparative bacteriostatic tests of BIQ, 
BQ and BAQD iodides are expressed in Table I. High activity against
Staph, aureus was present in all series 
17,18 and 19, BQ 16 and BAQD 10, 
12 and 14. Activity against Myco. 
phlei was also general, being highest 
in the neighbourhood of each 
tetradecamethylene member. P. 
vulgaris and Pseudomonas pyo- 
cyanea were most sensitive to the 
longest chains of the BIQ series and 
to BAQD 10, 12 and 14. For 
reasons discussed below, BAQD 10 
was selected for further study.

Antimicrobial spectrum. All bac
teria and fungi tested were sensitive 
to Dequadin iodide (Table II). 
more readily that Gram-negative,

being particularly marked in BIQ 16, 

TABLE III
Synergism of dequadin iodide and 

chloramphenicol against S ta p h ,  a u re u s  
CN491 in  peptone water after 5 days 

at 37° C.

Per cent, drug in mixture
Geometric mean 
M.I.C. in pg./ml.Dequadin Chloramphenicol

100 0 0-3
28 72 1-2
13 87 2 0
9 91 3 0
6 94 40
0 100 13-2

TABLE IV
E ff e c t  o f  sera  o n  t h e  in h ib it io n  o f  S ta p h , a u re u s  CN491
BY ANTIBACTERIAL AGENTS IN PEPTONE WATER AT 37° C.

Antibacterial

—
Percentage 

Serum added to 
medium

M.I.C. in pg./ml. at

24 hours 5 days

Dequadin chloride None 0-31 0 31
rabbit 10 0-31 0-63
bovine 10 0-63 0-63
horse 10 0-63 0-63
human 10 0-31 0-63
human 50 0-63 0-63

Cetrimide None 0-63 0-63
human 10 6-25 12-5

Benzalkonium chloride None 0-31 0-63
human 10 6-25 6-25

Domiphen bromide None 0 31 0-31
human 10 1-56 3-13

Chlorhexidine acetate .. None 0-25 0-25
human 10 2-5 5 0

It inhibited Gram-positive bacteria 
and mycobacteria and fungi to an 

intermediate degree. 
The strains of peni
cillin-resistant sta
phylococci shown in 
Table II to be sensi
tive to Dequadin 
were also found to be 
sensitive to BIQ 16. 
As e xpec t ed ,  the  
chloride, nitrate and 
acetate of Dequadin 
showed comparable 
activity to the iodide.

Effect o f  inoculum 
size. When the inocu
lum was increased a 
h u n d r e d - f o l d  to
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about 5 X 106 organisms per ml. test medium, five times as high 
a concentration of Dequadin was needed to inhibit staphylococcal growth.

Synergism. In mixtures, Dequadin and chloramphenicol were roughly 
additive in action (Table III). A similar effect was also obtained with 
binary mixtures of Dequadin with aureomycin, penicillin, streptomycin

and cetrimide.
Antagonism. The effects of 

sera on the potencies of Dequadin 
and some other antibacterial 
agents in current use are expres
sed in Table IY. Among these, 
D e q u a d i n  alone was no t  
appreciably antagonised.

The results of exploring pos
sible antagonists of Dequadin 
are expressed in Table V. For 
bactericidal tests, bovine bile was 
chosen as antagonist, because 

it combined activity with ease of handling. The degree of antagonism 
of Dequadin by evaporated milk shown in Table V was observed also 
with two bovine strains of staphylococci.

Bactericidal. The bactericidal action of Dequadin nitrate was examined 
in 7 experiments, summarised in Table VI. In the conditions of these, 
400 jug./ml., Dequadin and 200 fig./ml. cetrimide killed virtually all 
organisms. At 100 /ig./ml., each 
drug killed more than 99-99 per 
cent, organisms. These experi
ments showed that the two drugs 
possessed bactericidal activity of a 
similar order.

Local therapeutic Action
Staph, aureus. Using an intra- 

peritoneal inoculum adjusted to 
kill all control mice, the therapeutic 
action of Dequadin given intra- 
peritoneally was compared with 
those of BAQD 12 iodide and cetri
mide by the same route, and with 
Dequadin subcutaneously. The results of these experiments, involving 
500 mice, are expressed in Figure 1. 4 mg./kg. Dequadin chloride, I.P., 
prevented death in all of 30 animals. Higher doses showed some toxicity. 
A similar picture was seen with BAQD 12. On the other hand, tolerated 
doses of Dequadin, S.C., or cetrimide, I.P., failed to protect more than 
one or two individuals.

Sir. pyogenes. In similar experiments with streptococci a total of 388 
mice was used. 0-9 mg./kg. Dequadin chloride, I.P., prevented death 
in all of 16 animals treated. Its ED50 was 0-26 ±  0-04 mg./kg. and its

TABLE VI
B a c t e r i c i d a l  a c t i o n s  o f  d e q u a d i n

N I T R A T E  A N D  C E T R IM ID E  O N  S ta p h .
a u re u s  CN491 i n  b u f f e r e d  s a l i n e  a t  

pH 7-2 F O R  1 H O U R  A T  18° C.

C o n c e n t r a t i o n  o f  
d r u g  in  jx g ./m l.

M e a n  n o .  o f  s u r v iv o r s /m l .

D e q u a d i n C e t r i m id e

5 0 0 <10 ___.

4 0 0 <10 —

2 5 0 2 x  10 s <10200 4  x  10 s —100 103 8 x 103
50 107 6 X 1 0 5
25 — 2 x  10 7

5 — 101*
N o n e 1014 10“

TABLE V
A n t a g o n i s m  o f  b a c t e r i o s t a t i c  a c t i o n  o f  
d e q u a d i n  a g a i n s t  S ta p h ,  a u re u s  CN491 i n  

P E P T O N E  W A T E R  A T  37° C.

M a te r i a l  a d d e d  t o  m e d iu m  
P e r  c e n t .

M .I .C .  i n  [A g./m l. a t

2 4  h o u r s 5  d a y s

N o n e 0-31 0-31
E g g  y o lk  . . 10 0  31 1-25
E v a p o r a t e d  m i l k  . . 10 2 5 25
V e g e ta b l e  l e c i th in  . . 0-1 2 5 50
E g g  le c i th in 01 6-2 5 6-25
B o v in e  b i le 0-2 2 -5 2-5
B o v in e  b i le 1 3 1 3 6-25
B o v in e  b i le 2 6-2 5 12-5
“ L u b r o l  W ” 10 1-56 3-13
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LD50 in these infected animals was 11-0 ±  0-1 mg./kg. Dequadin S.C., 
and cetrimide I.P., were both ineffective.

Toxicity
Acute. During screening of the iodides in Table I, the acute I.P. 

toxicities of BAQD 10, 12 and 14, BIQ 20 and BQ 20 were compared in 
mice. The LD50 values (mg./kg.) were: BAQD 10, 20-9 ±  2-9; 
BAQD 12, 15-1 ±  1-1, BAQD 14, 18-9 ±  2-1; BIQ 20, 2-8 ±  0-2; 
BQ 20, 1-8 ±  0-2.

SALTS OF DECAMETHYLENE-BIS-4-AMINOQUINALDINIUM

1-0 0-0 1-0 2- 
Log dose in mg./kg.

F i g . 1. Protection of mice by polymethylene-bis-4-aminoquinaldinium salts 
(BAQD 10 and 12). Drugs administered intraperitoneally (I.P.) or subcutaneously 
(S.C.) 30 minutes after I.P. inoculation of staphylococci.

O----- O BAQD 12 I2,I.P. • ------- •  BAQD 10Cla,S.C.
• ------•  BAQD 10 Cl2,I.P. x -------x Cetrimide,I.P.

In mice, the acute LD50 values (mg./kg.) of Dequadin chloride were:
S.C., 70 i  6-6; intravenous, 1-9 ±  0-2. After intravenous administra
tion of Dequadin, mice appeared to die of respiratory paralysis.

Administered orally in 5 per cent, suspension in water, 2 g./kg. 
Dequadin chloride failed to kill any of 20 mice ; while the same dose of 
the very soluble Dequadin acetate killed 6 of 20 animals.

In a series of intradermal injections in rabbits a solution containing 
40 /xg. Dequadin chloride/ml. saline caused erythema and induration in
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5 of 8 injection sites and 20 fig. evoked the same reaction in 4 of 14 sites. 
320 fig. cetrimide/ml. saline caused reactions in 5 of 8 sites and 160 ¡ig. 
in 2 of 7 sites.

Subacute. Solutions containing 2 mg. Dequadin chloride/ml. saline 
appeared to be without effect on the eyes of rabbits when instilled daily 
over a period of 2 weeks. 0-4 per cent. Dequadin chloride or iodide in

M. BABBS AND OTHERS

F ig . 2. Absence of growth inhibition in young rats by Dequadin administered 
in drinking water.

O-------O 0-05 per cent. Dequadin chloride
x -------x 0-01 per cent. „ „
• -------•  No addition
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creams were applied daily over a period of 4 weeks to the shaved skins 
of rabbits without evoking any reaction. Similar experiments with the 
chloride were performed in hairless mice with the same result. As the 
skin reaction of hairless mice to toxic agents was unknown, chloroform 
was applied daily to an area of skin. Within 24 hours after the second 
application a sharp reaction, consisting of erythema, induration, and 
brownish pigmentation appeared. Some necrosis followed.

TABLE VII

SALTS OF DECAMETHYLENE-BIS-4-AMINOQUINALDINIUM

M ea n  v a lu es  o b ta in ed  fro m  blo o d  ex a m in a tio n  o f  ra ts  r e c e iv in g  d e q u a d in
CHLORIDE IN THEIR DRINKING WATER FOR 26 WEEKS. L =  LYMPHOCYTES; M =  

MONOCYTES ; N =  NEUTROPHILS ; E =  EOSINOPHILS ; B =  BASOPHILS.

Per cent, 
drug in 
water

Per cent, 
hæmoglobin

Erythrocytes
per

ram3 x 108

Leucocytes
per

ram3 x 103

Differential counts per cent.

L & M N E B

005 103 8-0 9-8 75 05 21-90 3-00 0-05
001

Untreated
101 7-7 9-3 70-15 25-40 4-40 0-05

controls 100 7-8 10-5 75-45 20-30 4-25 000

Chronic. All rats receiving 0-05 per cent. Dequadin in their drinking 
water for 26 weeks survived; but one rat in the group receiving 0-01 per 
cent, drug died during the 5th week for unknown reasons. Compared 
with control animals, rats receiving Dequadin in their drinking water 
showed no depression of growth (Fig. 2). Blood examinations (Table
VII) showed no substantial difference between treated and control rats. 
Histological examination of sections of brain, stomach, small and large 
intestines, liver, thyroid, spleen, kidney, heart, lung and ovary of all 
rats showed no pathological effects attributable to Dequadin.

D iscussion

The activities of BIQ 10, 11, 12, 13, 14, 16, 18 and 20 against Staph, 
aureus, Myco. phlei and Ps. pyocyanea have been examined prevjpusly1. 
The present results with these compounds and species, given in Table I, 
confirm previous findings.

The peaks of activity against the bacteria in Table I occurred at similar 
positions in the BIQ and BQ series. On the other hand, in the BAQD 
series, the peaks against Staph, aureus, P. vulgaris and Ps. pyocyanea 
occurred at shorter chain lengths. This might be because the amino 
groups in the 4-position on the BAQD rings take over the role of the 
quaternary nitrogen atoms in the BQ and BIQ series as points of attach
ment to certain receptors in the bacterium.

In Table I, BAQD 10, 12 and 14 were roughly equivalent in activity to 
BIQ 20 and BQ 20; but the BAQD compounds were relatively less toxic 
and more easily prepared. In the BAQD series the decamethylene 
member was chosen for further study, because it could be most readily 
supplied. In view of comparative tests and of their structural similarity, 
it seems unlikely that the general properties of BAQD 12 or 14 differ 
greatly from those of BAQD 10.
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One of the most striking features of Dequadin in vitro was the absence 
of appreciable antagonism by sera, even by 50 per cent, human serum in 
peptone water (Table IV). Ten per cent, of human serum antagonised 
the other antibacterials tested by a factor of about 10. For chlorhexidine, 
this factor was somewhat higher than that reported for rabbit serum4, 
although our end-point with human serum was comparable to that 
obtained with rabbit serum by Davies, Francis, Martin, Rose and Swain. 
The difference between the two results lies in the relatively greater activity 
of chlorhexidine in peptone water than in the brain-heart infusion used 
by these authors.

In mice infected I.P. with virulent cocci, Dequadin was effective by the
I.P., but not by the S.C. route. We concluded that its therapeutic action 
was essentially local. This and other observations described above led 
to the view that clinical trial of Dequadin as a local chemotherapeutic 
agent was justified. Results in limited trials of the chloride have so far 
been encouraging.

It is well known that many heterocyclic polymethylene bis-quaternary 
ammonium salts possess neuromuscular blocking activity. The paralysis 
of mice receiving Dequadin intravenously suggested that this drug was 
no exception, and this suggestion was borne out in an experiment on the 
tibialis preparation of the cat.

M. BABBS AND OTHERS

Summary

1. The inhibitory activities of polymethylene-bis-Aoquinolinium 
(BIQ), -quinolinium (BQ) and -4-aminoquinaldinium (BAQD) iodides, 
in which chain-length ranged between 8 and 20 methylene groups, were 
compared against Staph, aureus, Myco. phlei, P. vulgaris and Ps. 
pyocyanea.

2. Decamethylene-bis-4-aminoquinaldinium (BAQD 10, Dequadin) 
salts inhibited growth of all microbial species used, which included 
Gram-positive, Gram-negative and acid-fast bacteria, and fungi.

3. ¿n binary mixtures, Dequadin was additive in bacteriostatic activity 
with aureomycin, chloramphenicol, penicillin, streptomycin and cetrimide.

4. Dequadin was not antagonised by serum, but was antagonised to 
varying degrees by bile, milk and lecithin.

5. When suspensions of Staph, aureus were exposed to 100 /xg./ml. 
Dequadin for 1 hour at 20° C., more than 99-99 per cent, organisms were 
destroyed.

6. Dequadin protected all mice against death when administered 
intraperitoneally 30 minutes after they had been inoculated intra- 
peritoneally with lethal bacterial suspensions. With streptococci, 
0-9 mg./kg. and, with staphylococci, 4 mg./kg. were fully effective. 
Subcutaneously, Dequadin was only feebly active.

7. Iodides of BAQD 10, 12 and 14 showed approximately equal 
intraperitoneal toxicities in mice, which were lower than those of BIQ 20 
and BQ 20.

8. In mice, the acute subcutaneous and intravenous and in rabbits 
the acute intradermal toxicities of Dequadin were determined.
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9. Dequadin failed to exhibit toxic effects when administered sub- 
acutely to the eyes and skin of rabbits or to the skin of hairless mice, and 
chronically to rats in their drinking water.

We are indebted to Mr. H. Proom, The Wellcome Research Labora
tories, Dr. J. Ungar, Glaxo Laboratories Ltd., Dr. R. W. Riddell and 
Dr. D. I. Nisbet for some of the strains used, to Dr. F. L. Rose, Imperial 
Chemical Industries Ltd., for chlorhexidine acetate and to Dr. J. M. 
Payne for histological examinations. We also thank Miss M. Boothroyd 
for general technical assistance, Miss S. Lewis for assistance in some 
toxicity tests, Mr. G. K. Smith for fungistatic testing.
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THE STRUCTURE OF THE ROOT, ROOTSTOCK AND 
STEM-BASE OF R A U W O L F IA  V O M I T O R I A  AFZ.

By W. C. E vans

F ro m  th e  D e p a r tm e n t  o f  P h a r m a c y , U n iv e r s ity  o f  N o t t in g h a m  
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T he use of the whole root and the selected alkaloids of Rauwolfia serpen
tina Benth. for the treatment of hypertension and various psychiatric 
conditions has prompted the investigation of other members of the 
Apocynaceæ for similar active constituents. One such species which is 
now employed commercially as a source of reserpine is Rauwolfia vomitoria 
Afz., a bush or tree sometimes attaining a height of about 10 m. and of 
common occurrence in tropical Africa from the Guinea coast to 
Mozambique. This plant, which possesses many local names1, has been 
employed for its verminicidal and insecticidal properties as well as for the 
treatment of a wide variety of ailments1’2’3’4’5. Some of the therapeutic 
effects of the water-soluble constituents of the drug have been studied by 
Raymond-Hamet6’7 ; it can act as an emetic and drastic purgative when 
administered orally.

In 1943, Paris8 isolated from the root bark of R. vomitoria, ajmaline, 
woajmaline, small quantities of ajmalicine and ajmalinine and probably 
serpentinine, five alkaloids contained in R. serpentina9’10. The roots also 
contain alstonine11, two new alkaloids raumitorine and sederine described 
by Janot et alP  and reserpine13.

The structure of R. serpentina root and rhizome has been fully investi
gated by Wallis and Rohatgi14, several other species have been described 
by Youngken15 and R. parakensis from Malaya by Wan16. No complete 
histological investigation of R. vomitoria root appears to have been 
published; a brief unillustrated description is given by Paris8 in which 
the h«tology of the root is stated to be analogous to R. heterophylla and 
Pichon17 includes the species in his classification of the genus based on 
floral structure. In view of the commercial importance of R. vomitoria 
and the need for differentiating between the common species of this genus 
a study of the structure of the root and attached rootstock and stem- 
bases has been undertaken and the results presented below.

P lant M aterial

The following material was utilised in this investigation :
1. Roots and aerial parts collected in October, 1954, by Dr. W. S. S. 

Ladell, Oshodi, Nigeria.
2. Roots, twigs and leaves obtained from the Ivory Coast in 1949 

and presented by Professor R. Paris, Faculté de Pharmacie de Paris.
3. Various commercial samples obtained from a number of geo

graphical sources and made available by Riker Laboratories,Ltd., England, 
and Riker Laboratories Inc., Los Angeles, U.S.A.
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M acroscopy

The roots occur in cylindrical or flattened, slightly tapering and occasion
ally branched pieces up to 30 cm. in length and 5 cm. in diameter. Seg
ments 0-5-1-5 cm. in diameter and cut into short lengths form the bulk 
of commercial samples (Fig. 1: A).

The outer surface consists of a greyish brown cork, often deeply 
longitudinally furrowed or rubbed smooth. If present, the outer cork 
has a soft texture and is easily removed as irregular flakes by rubbing, 
thereby exposing the smooth light brown surface of the outer cortex. 
Small roots and rootlets which occur in some samples are seldom found 
attached to the larger roots but their remains appear at intervals as 
oblique protuberances or stumps.

With the exception of the small brittle roots the drug is extremely tough, 
eventually breaking with a fracture splintery in the wood and short in the 
bark.

A smooth transverse surface of a root exhibits a narrow pale brown 
bark, rarely exceeding 3 mm. in thickness in the dried material but 
swelling considerably on soaking in water. The buff or yellowish coloured 
finely radiate porous wood, showing in the larger pieces distinct growth 
rings, forms the majority of the drug.

When dry the root is odourless. The cork is practically tasteless, the 
phloem and outer cortex very bitter and the wood slightly bitter.

Occasional rootstocks with attached stem-bases occur in commercial 
samples and will be described below.

M icroscopy

In the following description the symbols R, T and L designate measure
ments in the radial, tangential and longitudinal planes respectively. 
Wherever possible, ranges of size have been obtained from a wide variety 
of material but nevertheless they cannot be considered as absolute.

The transverse sections of roots of different girth show different appear
ances depending chiefly on the degree of development of stone cell ftyers 
within the secondary phloem. These differences range from a few isolated 
groups of stone cells in some small roots to interrupted concentric bands 
in some of the larger roots. Figure 1: B-E.

The radially arranged cork cells appear in transverse sections as alternat
ing zones of flattened, unlignified suberised cells, 3-4 layers in radial depth 
and larger lignified cells from one to about 120 layers in radial depth. 
The largest of the latter cells in any one stratum usually occur immediately 
interior to the nonlignified zones (Fig. 2: G). For the unlignified cells 
R =  5 to 7 to 11 to 14 /u, T =  9 to 25 to 36 to 53/x and L =  14 to 29 to 
40 to 46 ¡i and for the lignified cells R =  14 to 32 to 50 to 208 ja, T =  9 
to 28 to 40 to 53 ju, and L =  7 to 22 to 40 to 53 Some young roots, 
and older roots deprived of most of their cork, may show only lignified 
cork cells. In surface view the cork cells appear polygonal and tangenti
ally sectioned, polygonal or elongated (Fig. 2: J).

The phellogen consists of thin walled, radially flattened cells and is 
followed by the phelloderm possessing about 5 to 16 layers of cells

RAUWOLFIA VOMITORIA AFZ.
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W. C. EVANS

according to the size of the root. The cells near the phellogen often 
occur in radial rows but the inner ones are generally displaced and oval 
or much flattened, with intercellular spaces. R =  3-6 to 14 to 29 to 43 ¡j., 
T =  8-0 to 36 to 72 to 130 ¡x and L =  22 to 36 to 49 to 72 /a. Some of the 
cell walls are thickened with cellulose and others lignified forming single

Fig. 1. R a u w o lfia  v o m ito r ia  Afz. Root. A, roots taken from a commercial sample 
x 1. B-E, general diagrams of transverse sections of roots. B, 1 mm. diameter 
x 50. C, 8 mm. diameter x 50. D, 2-5 cm. diameter x 25. E, 4 cm. diameter 
x 25. c, cambium; c k l t  lignified cork cells; c k 2, unlignified cork cells; m .r , medull
ary rays ; p d ,  phelloderm ; p h , phloem ; p .x y ,  primary xylem ; s t .c , stone cell groups ; 
v, wood vessels ; x y ,  xylem.
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F i g . 2. R a u w o lfia  v o m ito r ia  Afz. Root. F-H , transverse sections of the bark X  200. 
F, root diameter 6 m m .; G, cork cells; H, inner phloem, root diameter 2-0 cm. 
J, tangential longitudinal section of cork x 200. K, isolated crystals of calcium 
oxalate x 320. L, wood starch x 320. M, phelloderm and phloem starch x 320. 
a , starch grains; c, cambial cells; c k i  lignified cork cells; c k 2, unlignifled cork cells; 
cp .c , companion cells; m .r , medullary rays; o x ,  calcium oxalate crystals; p d , phello
derm; p g , phellogen; p h ,  phloem; s .c , secretory cell; s . t .  sieve tube; s t .c , stone cells; 
x ,  twin crystal as seen in chloral hydrate mountant; y ,  the same crystal viewed in 
polarised light.
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or small groups of stone cells (Fig. 2: F ; 3: N). Individual stone cells 
may be isodiametric, tangentially or longitudinally elongated and in the 
latter case often arranged end to end. R =  11 to 22 to 36 to 45 /x, T =  18 
to 36 to 72 to 115 /x and L =  11 to 32 to 50 to 180 /x. The isodiametric 
stone cells have relatively thinner walls than the elongated structures and 
sometimes contain calcium oxalate prisms. All the sclereids possess 
conspicuous pits in their walls. Scattered crystals of calcium oxalate 
occur in the phelloderm either as twin or single prisms or smaller irregular 
masses. Starch is present chiefly as single rounded grains, possessing 
hila as central points or single or star shaped clefts and generally showing 
a well marked maltese cross when examined in polarised light. Some 
of the larger grains appear somewhat gelatinised and fail to show the 
polarisation effect. Individual grains are 1 to 7 to 11 to 20 ¿x in diameter. 
2 to 4 compound grains are also present and these sometimes split to give 
individual plano-convex or angular grains (Fig. 2: M).

In the smaller roots the secondary phloem consists of sieve tubes, 
companion cells, phloem parenchyma, secretion cells, medullary rays and 
isolated groups of stone cells. In larger, older roots there is often an 
outer non-functioning secondary phloem with up to about five discon
tinuous bands of stone cells and an inner region in which the sieve elements 
are clearly discernible. The structure of the phloem is shown in Figure 
2: F, H (Fig. 3:0-R ).

The heterogeneous rays are 1 to 3, occasionally 4 to 5 cells wide 
and are composed of groups of small cells, often with wavy walls, 
R =  25 to 32 to 36 to 49 /x, T =  11 to 18 to 22 to 25 /x and L =  11 to 14 
to 22 to 36 /x, supported in longitudinal rows of deeper cells, R =  11 to 
14 to 25 to 36 ¡i, T =  22 to 25 to 29 to 32 /x and L =  25 to 53 to 72 to 90 /x. 
(Figure 3: O, P). The rays pass through gaps in the stone cell layers and 
due to the tangential elongation of individual cells become funnel shaped 
near the outer bark. R =  14 to 22 to 32 to 36 /x, T =  36 to 52 to 75 to 
96 fi. Occasional cells in the vertical extensions of the rays may be 
lignffied.

Calcium oxalate occurs abundantly throughout the secondary phloem 
in the medullary rays and other parenchymatous cells; it is best studied 
in the longitudinal sections in which long rows of crystals are evident. 
The crystals take the form of small irregular structures and larger mono
clinic prisms. The latter occur singly or as geniculate twins with the 
twinning occurring on one of the hemi-pyramid faces. The crystal shape 
is often complicated by pseudomorphism and in chloral hydrate mounts, 
often rendered difficult to observe due to the deceptive appearance of 
many of the twin crystals. The effect is illustrated in Figure 2: K. In 
certain positions the crystals are not always apparent when viewed in 
polarised light but the twin crystals can usually be detected due to their 
bicolouration at certain orientations. Length of the well formed prisms 
=  9 to 15 to 22 to 36 /x, breadth =  7 to 11 to 14 to 18 /x.

A conspicuous feature of the outer phloem is the numerous irregular 
stone cell groups up to about five cells in radial thickness and 13 cells 
in depth. Individual stone cells vary greatly in size and shape ranging
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F ig . 3. R a u w o lfia  v o m ito r ia  Afz. Root. Longitudinal sections of the bark. N, 
radial section of outer tissues, root diameter 1-3 cm. O, radial section of inner 
phloem, root diameter 1-3 cm. Both x 200. P, tangential section of phloem, root 
diameter 6-0 mm. x 85. Q, radial section of stone cell group of nonfunctioning 
phloem, root diameter 2-0 cm. R, radial section of inner phloem, diameter 2 0 cm. 
Both x 200. a , starch grains; c k ,  cork; m .r , medullary rays; o x ,  calcium oxalate 
crystals; p d ,  phelloderm; p .p ,  pits in walls of parenchymatous cells; s .c , secretion 
cells; s .p , sieve plate; s . t , sieve tube; s t .c , stone cells.
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F ig . 4. R auw olfia  vom itoria  Afz. Root. Secondary wood. S, transverse section 
x 200. T, tangential longitudinal section x 85. U, radial longitudinal section 
x 85. a, starch; b, resinous material; /, fibres; m .r., medullary rays; v, vessel; 
vlt vessel showing perforation plate; x .p , xylem parenchyma.

from isodiametric to elongated and irregular structures attached to 
lignified protuberances. The stratified cell walls are unevenly thickened 
and bear conspicuous funnel shaped pits. Cells isolated by Schultze’s 
macerating fluid had the following measurements, length =  28 to 71 to 
198 to 288 ,u, breadth =  14 to 21 to 36 to 56 ^  (Figures 2: F ; 3: A ; 5: X). 
Incomplete stone cells, often with lignin deposited on one wall only, may 
occur adjacent to the stone cell groups. Other cells of the phloem 
parenchyma show on their walls pits surrounded by oval areas of thick
ening. Occasional stone cells contain starch grains and others crystals of 
■calcium oxalate. Occasionally the lignified walls of the stone cells fit so
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closely to the enclosed crystals that in the macerated material, cells with 
cavities of the exact form of the crystals can be seen (Fig. 5: X).

Secretory cells are not numerous but occur scattered throughout 
the secondary phloem; their contents appear as amorphous masses 
when stained with iodine, Sudan III or tincture of alkanna (Fig. 2: 
F ; 5: Y).

Variable amounts of starch occur in the phloem. Some samples 
possess practically none, and others, appreciable quantities in the outer 
secondary phloem with longitudinal rows of grains in the narrow phloem 
elements (Fig. 3: O-R). In size and shape the starch grains resemble 
those of the phelloderm.

The secondary xylem is completely lignified and composed of medullary 
rays, vessels, fibres and wood parenchyma (Fig. 4: S, T, U). The vessels 
occur solitary or in pairs and in transverse section are rounded or some
what radially elongated. R =  36 to 82 to 126 to 180 /x, T =  36 to 72 to 
108 to 134/x. Numerous alternately arranged, bordered pits occur in 
the vessel walls, the latter often separating into longitudinal strips on 
maceration (Fig. 5: V). Transverse or oblique perforation plates occur 
at intervals of about 135 to 540/x. Yellow or orange tyloses, staining 
red with phloroglucinol and hydrochloric acid, are rare but may occur 
in vessels near the centres of roots. Other nonfunctioning vessels may be 
occluded by brown amorphous material.

In transverse section the apotracheal wood parenchyma occurs in short 
uniseriate rows; viewed longitudinally the cells are arranged end to end 
with irregularly pitted cross walls. The anticlinal walls may possess 
longitudinal rows of bordered pits, depending on the nature of adjacent 
cells (Fig. 5: W). R =  10 to 18 to 25 to 38 p, T =  10 to 18 to 25 to 36 ¡t 
and L =  52 to 72 to 108 to 150 /x.

The heterogeneous medullary rays consist of one or two, less commonly 
three groups of small cells, R =  14 to 32 to 41 to 111 /x, T =  10 to 14 to 21 
to 29 /x and L =  10 to 14 to 21 to 36 /x embedded in uniseriate longi
tudinal rows of larger cells, R =  14 to 21 to 36 to 72 /x, T =  14 to 24Jo  36 
to 42/x and L =  32 to 36 to 72 to 126/x. In longitudinal sections the 
smaller cells are often nearly circular in outline with small intercellular 
spaces and occur in groups of 3 to 42 cells in rays of up to 25 larger cells 
in depth. All the walls are heavily pitted. The rays seldom exceed three 
cells in width (Figs. 4: S, T, U ; 5: W).

The medullary ray and wood parenchyma cells are usually packed with 
starch grains similar in form to those of the bark, but on an average larger 
in size with a higher proportion of angular and compound grains. 
Diameter of single grains =  1 to 4 to 18 to 30 p, (Fig. 2 :L). In addition 
to starch some of these cells possess material staining a pale pink-brown 
with sudan III.

Numerous wood fibres occur associated with the other wood elements 
and in transverse section appear as rounded or irregularly outlined 
angular structures with thick lignified walls. Isolated fibres may be 
irregular, spindle shaped or arcuate in outline with oblique slit-like pits. 
Some tracheids and intermediate fibre-tracheids with bordered pits are

R A U W O L F I A  V O M I T O R I A  AFZ.
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also present. Fibres with swollen ends or centres are of frequent occurr
ence and in macerated material often break across the enlarged thin walled 
areas. Length =  200 to 540 to 1080 to 1485 /x, breadth =  6 to 18 to 22 
to 32 /x (Fig. 5: Y).

F ig . 5. R auw olfia  vom itoria  Afz. Isolated elements of the root. V, wood elements 
x 85. W, ditto x 200. X, stone cells x 200. Y, secretion cell x 200. a, starch; 

cr.c , cavities formerly occupied by crystals; f  xylem fibres; m .r, medullary ray cells; 
tr, tracheid; v, vessel; x .p , xylem parenchyma.
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F ig . 6. R auw olfia  vom itoria  Afz. Stem base. A, transverse section general diagram 
x 15. B, transverse section in the region of the pericycle x 200. c, cambium; ck, 
cork; ct, cortex; g.r, growth ring; i.ph , internal phloem; l.c , latex canal; m .r, medullary 
ray; p , pith; p . f ,  pericyclic fibres; p h , phloem; s t.c , stone cells; v, wood vessels; 
x y ,  xylem.

R o o t s t o c k  a n d  S t e m -b a s e

Pieces of rootstock with attached stem-bases occasionally occur in the 
drug and macroscopically they resemble the roots but possess a small 
central pith. In the samples examined, the rootstocks measured 2 to 3 cm. 
in diameter and the aerial stem-bases 0-5-2-0 cm. in diameter but much 
larger sizes must be possible. The cork of the stem-bases is much 
smoother than that of the roots and does not easily crumble. Well 
marked growth rings occur in the very hard, compact, finely radiate 
wood. The taste is bitter, and as with the root, aqueous decoctions show 
a marked blue fluorescence and give precipitates with the common 
alkaloid reagents.
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Histologically, the rhizome and stem-bases show certain differences 
from the root. In all three the cork cells are similar and may exhibit the 
typical stratified structure of lignified and unlignified layers. In the stem- 
base the stratification may be absent with only a few layers of one type 
of cell; in the rhizome, up to seven alternating bands have been observed. 
Generally, however, the amount of cork is much less than on the root.

Beneath the cortex, consisting of about five layers of tangentially 
elongated phelloderm cells and the remains of the primary cortex is an 
incomplete ring of highly refractive, thick walled unlignified pericyclic 
fibres occurring either singly or in small groups often associated with 
stone cells (Fig. 6: A, B). These fibres are particularly numerous in 
the stems and in transverse sections they appear either circular or oval in 
outline with a small, often flattened lumen; fibres isolated from a 5 per 
cent, potassium hydroxide solution macerate show stratified walls with 
oblique pits and at intervals, enlargements of the fibre walls. Length =  
up to at least 6-5 mm., breadth =  14 to 18 to 32 to 54 /x and at the swellings, 
36 to 90 fj. (Fig. 8: F).

Stone cells and calcium oxalate are of the same size, shape and distribu
tion as in the roots. The occurrence of crystals within the stone cells is 
quite common.

The cortex and outer phloem are permeated by latex canals seen in 
transverse section as circular or ellipsoidal structures with yellow walls 
(Fig. 6: B). R =  50 to 110 /x, T =  110 to 340 /x. Isolated by an alkali 
maceration, these canals vary considerably in length (Figure 8: H), and 
slight pressure on the coverslip of a temporary mount will extrude glo
bules of granular appearing latex from their broken ends.

The wood is much harder than the root wood due to the absence of 
large vessels and a correspondingly larger number of fibres. Small wood 
vessels with bordered pits measure 18 to 33 to 48 to 70 /x in diameter and 
vessels with spiral thickenings occur in the protoxylem (Fig. 7: C). 
Viewed in tangential longitudinal sections, the heterogeneous medullary 
rays visually consist of one or two groups of up to 70 small cells with 
one or two longitudinal rows of larger cells. Individual cells of the rays 
have similar measurements to those of the root and the maximum width 
of a ray is about eight cells (Fig. 7: D).

Occasional cells of the medullary rays and wood parenchyma contain 
granular contents staining brown with iodine and others contain single 
and compound starch grains.

A small central core about 1 mm. in diameter consists of a ring of 
collapsed internal phloem groups and the central pith (Fig. 8: E). The 
pith is mainly parenchymatous with a few slightly lignified cells arranged 
in longitudinal rows, latex tubes similar to those of the bark and calcium 
oxalate crystals. A few stone cells, 11 to 72/x in length, occur either isolated 
or in small groups at the periphery of the internal phloem (Fig. 8: G).

T h e  P o w d e r e d  R o o t

The principal features of the powdered root are:
1. Large quantities of lignified tissue derived from the secondary
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xylem consisting of fragments of relatively thin walled vessels with 
bordered pits, libriform fibres, fibre-tracheids with bordered pits, iso- 
diametric and elongated pitted medullary ray cells and elongated wood 
parenchyma cells. The two latter are usually packed with starch grains.

2. Isodiametric, elongated or irregularly shaped stone cells occurring 
either singly or in groups. A few may contain calcium oxalate crystals 
or starch grains.

3. Thin walled yellow cork cells of two types—lignified and radially 
compressed unlignified cells.

4. Thin walled cellulosic elements derived from the phelloderm and 
phloem, usually much broken but sometimes containing calcium oxalate 
crystals, starch grains and resinous material.

5. Crystals of calcium oxalate in the form of single or twin monoclinic 
prisms, irregular masses, aggregates and irregular structures.

6. Numerous rounded, oval, plano-convex and concavo-convex 
single starch grains about 1 to 4 to 18 to 30 ¡x in diameter. (Occasional 
samples possess practically no starch).

7. Yellowish irregular masses of amorphous material derived from 
the lumina of older vessels.

F ig . 7. R auw olfia  vom itoria  Afz. Stem base. Wood. C, transverse section x 
200; D, tangential longitudinal section x 85. a , starch grains, b, resinous material; 
/, fibres; m .r, medullary rays; v, vessel; x .p , xylem parenchyma.

D is c u s s io n  a n d  S u m m a r y

The structure of R. vomitoria root is such that it can readily be dis
tinguished from R. serpentina root in both the whole and powdered 
conditions. The main differences lie in the composition of the woods 
and in the presence or absence of stone cells.

Most other species of Rauwolfia examined to date, differ macroscopic- 
ally from R. vomitoria and can be distinguished by microscopical sections 
in which the type of cork, phloem modifications and wood structure are
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F ig . 8. R auw olfia  vom itoria  Afz. Stem base. E, transverse section of the pith and 
intertill phloem x 200. F, isolated elements from the bark x 45. G, isolated stone 
cells from the pith x 200. H, latex vessels from the phloem, lower diagram with 
attached pericyclic fibre x 85; i.ph, internal phloem; l.c, latex canal; l.g , latex 
globule; o x , calcium oxalate crystal; p , pith; p . f  pericyclic fibres; s t.c , stone cell; x y ,  
xylem.

particularly useful. These species present some difficulty when in the 
ground condition since wood structure is not obvious and the presence or 
absence of alternating zones of lignified and unlignified cork cells may be 
difficult to ascertain. The micromeasurements available 15 show certain 
differences from those of R. vomitoria and on further investigation, may 
provide an additional tool for the differentiation of co-generic species.

The general structure of R. vomitoria root and rootstock appear typical 
of the genus, in so far as it has been examined. The presence of latex 
canals in the stem structures is characteristic of the Apocynaceae as a 
whole, although they do not occur in the rhizome of R. serpentina,14 
One feature of interest is the almost complete absence of starch in a few 
of the commercial samples examined. Since no pre-treatment of the
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material was obvious it is possible that the starch content of the living 
roots undergoes some natural variation.

The principal histological characters of the drug are summarised below:
1. Cork. A light spongy layer composed of alternating zones of 

lignified cells and radially flattened, unlignified cells; easily removed as 
powdery flakes due to the rupture of the larger fragile elements.

2. Phelloderm. Chiefly parenchymatous, contains starch grains and 
calcium oxalate. Isodiametric or longitudinally elongated stone cells 
occur singly or in small groups.

3. Phloem. Larger roots possess an outer nonfunctioning secondary 
phloem with numerous stone cell groups arranged in interrupted tangential 
rows. An inner secondary phloem consists of sieve tubes, companion 
cells, phloem parenchyma and secretory cells arranged between the 
medullary rays. Longitudinal rows of calcium oxalate crystals and 
starch grains are common.

4. Xylem. A tough lignified secondary wood comprises the majority 
of the drug and numerous relatively large vessels give the wood a porous 
structure. Most vessels possess walls with bordered pits, towards the 
centre of the root they may be occluded with yellowish brown material. 
Libriform, thick walled fibres are numerous together with fibre-tracheids 
and some tracheids. The heterogenous lignified medullary rays and the 
lignified wood parenchyma contain single and compound, often angular, 
starch grains and sometimes resinous material.

5. Rootstock and Stem-base. These differ from the root in the 
following respects. An incomplete ring of isolated, or small groups of, 
unlignified pericyclic fibres occurs between the cortex and phloem. The 
wood is very dense and exhibits no large vessels. A central, almost 
unlignified zone up to 1 mm. in diameter, consists of a ring of internal 
phloem groups, a few stone cells and pith. Latex canals occur in the 
pith and bark.

The author’s thanks are due to Dr. G. E. Trease and Miss M. E. Bjown 
who made photomicrographs of the general characters of a wide range of 
roots.
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T h e  monograph of the current Pharmacopoeia on Tablets of Glyceryl 
Trinitrate prescribes limits of 81-121 per cent, for the declared glyceryl 
trinitrate content, that a tablet containing 1/130 grain (approximately 
0-5 mg.) shall be dispensed or supplied when no strength is specified, and 
an assay reading as follows:—“Weigh and powder 20 tablets. Mix an 
accurately weighed quantity of the powder, equivalent to about 1 mg. of 
glyceryl trinitrate, with 5 ml. of glacial acetic acid, shake continuously 
for one hour, and filter. Mix 1 ml. of the filtrate with 2 ml. of phenol- 
disulphonic acid, stir well, and allow to stand for 15 minutes. Add about 
8 ml. of water, make alkaline with strong solution of ammonia, cool to 
about 20° C., dilute to 20 ml. with water, and filter if necessary. Compare, 
under similar conditions in a suitable colorimeter, the colour of this 
solution with the colours of solutions containing known quantities of 
potassium nitrate which have been treated in an exactly similar manner. 
Each gram of potassium nitrate is equivalent to 0-7487 g. of C3H50 9N3. 
Calculate the weight of glyceryl trinitrate in each tablet of average weight.” 
The following directions are given in the B.P. for the preparation of phenol- 
disulphonic acid—“Heat 3 g. of phenol with 20 ml. of sulphuric acid on a 
water-bath for 6 hours; transfer the resulting liquid to a stoppered vessel.” 

The above method is basically that published by Meek1 in 1935, which 
was a development of an original suggestion made by Scoville2 in 1911. 
The main differences are the use of potassium nitrate as standard in place 
of the silver salt and glyceryl trinitrate itself, and the comparison of the 
coloffrs of the test and standards in a “suitable colorimeter” in preference 
to Meek’s use of Lovibond yellow units. It has been our experience that 
the results given by the official assay do not always agree with those given 
by the U.S.P. assay so we decided to subject both methods to a detailed 
study. An additional object was to discover if it was possible to use a 
spectrophotometric standard in the official assay. There appeared to be 
two main obstacles to this objective, firstly a possible variation in the 
colour produced by different batches of phenoldisulphonic acid reagent 
and secondly, the importance attached by Meek to the temperature at 
which the colour was measured; he reported that values obtained by 
him at 25° C. were 10 per cent, higher than they were at 15° C. We 
found that if we made the reagent exactly as the B.P. specifies, i.e., 20 ml. 
at a time, there was no significant difference in the results obtained when 
experiments were repeated using different batches of reagent, and secondly 
that there was no variation between the values obtained at different 
temperatures. We were unable to reproduce Meek’s 10 per cent, differ
ence even over the range of 10-30° C.
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Two minor variations were made in the official assay; we used the 
equivalent of four tablets with 10 ml. of glacial acetic acid which enabled 
us conveniently to perform a triplicate assay from each extraction and we 
made up the final volume of the solution immediately before the deter
mination of the absorption to 25 ml. instead of 20 ml. When the intensity 
of the colour was plotted against the logarithm of the concentration the 
relation appeared to fit the Beer-Lambert equation.

THE SPECTROPHOTOMETRIC CHARACTERISTICS OF THE NITRATE STANDARD

The direction in the B.P. assay that the standard and test are to be 
treated in an exactly similar manner is very important; we stress this point 
as we have seen it stated in text-books3>4 that the standard may be prepared 
by taking silver nitrate solution to dryness with the subsequent addition 
of phenoldisulphonic acid reagent. It is imperative that the colour of the 
standard be developed in the presence of glacial acetic acid otherwise it 
will be far too intense. Our examination of the standard comprised a 
determination of the values obtained by the use of potassium and silver 
nitrates in both the presence and absence of glacial acetic acid and also 
by the employment of a standard acetic acid solution of glyceryl trinitrate 
itself. In addition to the magnitude of the absorption at Amax. we were 
interested in the reproducibility and the spectrophotometric characteristics 
of the curves obtained from the different standards used; for comparison 
purposes the curve having an E  value of 1 -000 at Am„ was calculated for 
each standard.

In the official assay the equivalent of two tablets corresponding to 
approximately 1 mg. of glyceryl trinitrate, is extracted with 5 ml. of glacial 
acetic acid; one ml. of the filtrate is used for colour development, hence 
the standard required is the colour given by 0-2 mg. of glyceryl trinitrate 
in 1 ml. of glacial acetic acid. The solution of glyceryl trinitrate used for 
standard determinations was assayed by both the official method of the 
B.P.C. for solution of glyceryl trinitrate and the U.S.P. assay for tablets 
after suitable adjustment; the solution used by us had a strength o f9-95 
per cent., both methods of assay agreeing with this figure. All figures 
given in this paper concerning this solution however, are recalculated to 
those expected from an exactly TO per cent, solution. When potassium 
nitrate is used as standard it can be calculated from theoretical considera
tions that a solution containing 0-2672 mg. of potassium nitrate per ml. 
is required; for silver nitrate the concentration should be 0-4500 mg. per 
ml. The values obtained for these standard solutions are given in Table I, 
and it will be seen that standards prepared by the evaporation of potassium 
or silver nitrates to dryness with the subsequent addition of glacial acetic 
acid before colour development, agreed very well with that obtained from 
glyceryl trinitrate itself. The value for glyceryl trinitrate was 0-646, for 
silver nitrate 0-649 and for potassium nitrate a little lower at 0-638. If 
glacial acetic acid was omitted during colour development the values 
obtained were significantly higher at 0-727 for potassium nitrate and 0-738 
for silver nitrate. The characteristics of the absorption curves originating 
from the use of these different standards are given in Table I I ; it is evident
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TA B LE I

S t a n d a r d  n it r a t e  E  v a l u e s  a t  A,,,»,. (4 0 5  m /x) o b t a in e d  f o r  g l y c e r y l , p o t a s s iu m
AND SODIUM NITRATES

Glyceryl trinitrate
0-651 0-623 0-642 0-637 0-645 0-645
0 647 0-657 0-660 0 647 0-649 0-645
0-631 0-642 0-645 0-639 0-669 0-651
Mean value 0-646 ±  0-005 (P = 0-95)

Potassium nitrate
(a) Glacial acetic acid present

0-642 0-639 0-642 0-639 0-637 0-640
0-650 0-633 0-631 0-648 0-633 0-623
Mean value 0-638 ±  0-005 (P = 0-95)

(*) Glacial acetic acid absent
0-730 0-726 0-737 0-728 0-735 0-707
0-737 0-732 0-722 0-735 0-714 0-726
Mean value 0-727 4- 0-006 (P = 0-95)

Silver nitrate
(a) Glacial acetic acid present

0-638 0-639 0-658 0-656 0-656 0-644
0-650 0-638 0-654 0-640 0-658 0-654
Mean value 0-649 -fc 0-005 (P = 0-95)

(b) Glacial acetic acid absent
0-758 0-745 0-747 0-742 0-738 0-756
0-728 0-717 0-738 0-725 0-733 0-747
Mean value 0-738 ±  0-008 (P = 0-95)

that the characteristics are practically identical for all three sources of 
nitrate whether acetic acid is present or n o t; the effect of acetic acid in the 
case of both inorganic nitrates is to depress the value of the absorption 
obtained without alteration of its characteristics. The wavelength of 
maximum absorption is well defined at 405 m/x in each case. It is sug
gested that, using the data in Table I, we can fix a standard for the official 
assay; if the equivalent of two tablets containing in each 0-5 mg., i.e., a 
total glyceryl trinitrate content of 1 mg. is subjected to the B.P. assay and 
the final dilution is to 25 ml. instead of 20 ml. then an E value of 0-646 
at 405 m/x should be obtained, if the glyceryl trinitrate content is exactly 
0-5 mg. per tablet. A close examination of the data in Table I reveals a

TA B LE II
C h a r a c t e r is t ic s  o f  t h e  v a r io u s  a b s o r p t io n  c u r v e s  o b t a in e d

•

Wavelength,
mp.

Glyceryl
trinitrate

Potassium
nitrate

Potassium nitrate 
+

acetic acid Silver nitrate
Silver nitrate

+
acetic acid

355 0-715 0-671 0-650 0-661 0-675
360 0-529 0-515 0-506 0-510 0-512
365 0-544 0-532 0-530 0-531 0-532
370 0-612 0-603 0-602 0-601 0-600
375 0-693 0-679 0-682 0-677 0-679
380 0-773 0-763 0-768 0-761 0-764
385 0-850 0-840 0-848 0-840 0-841
390 0-916 0-908 0-912 0-902 0-909
395 0-962 0-960 0-961 0-955 0-960
400 0-991 0-993 0-989 0-990 0-991
405 1-000 1-000 1-000 1-000 1-000
410 0-982 0-988 0-983 0-984 0-987
415 0-945 0-947 0-947 0-949 0-954
420 0-884 0-890 0-886 0-892 0-895
425 0-813 0-818 0-813 0-818 0-824
430 0-725 0-733 0-726 0-730 0-741

' 435 0-640 0-647 0-641 0-643 0-655
440 0-550 0-550 0-546 0-549 0-562
445 0-463 0-460 0-459 0-461 0-476
450 0-384 0-379 0-399 0-377 0-392
455 0-313 0-307 0-306 0-306 0-319
460 0-251 0-243 0-245 0-241 0-258
465 0-201 0-192 0-195 0-192 0-207
470 0-158 0-148 0-152 0-148 0-161
475 0-126 0-114 0-120 0-114 0-131
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certain variation between replicates and although this variation is small, 
it is as well to realise that it exists; as normal routine we took the mean of 
triplicate determinations.

The U.S.P. Assay
It is very useful in an investigation of this type to have available an 

entirely independent method of assay and we have used the official assay 
of the U.S.P. for checking our results. In this method 100 tablets are 
used for each test; after ethereal extraction of the glyceryl trinitrate and 
subsequent hydrolysis the nitrate is reduced to ammonia which is estimated 
by the usual distillation into standard acid—a blank on the reagents being 
subtracted. We have carried out tests using this assay and obtained 
practically 100 per cent, recoveries.

The B.P. Assay
It was the study of the curves obtained on various samples of trinitrin 

tablets and the comparison of their characteristics with those of the 
curves obtained from the different standards that led us to examine the 
assay in detail. We observed that the characteristics of the curves ob
tained from the great majority of tablets were very different from those 
exhibited by the standards and it was an explanation of these differences 
that we sought. It is always useful in spectrophotometry to keep a check 
on the shape of a curve by calculating two ratios one on either side of the 
maximum absorption; in this case we made much use of the ratios of the 
absorptions at 375 mp and 430 mp to that at the maximum at 405 mp. 
Upon investigation we found that the absorption curve obtained on a 
typical sample of tablets could be influenced by a number of factors. 
One of the more obvious ones was the effect of incomplete filtration; we 
found that the fat derived from the cocoa contained in the base was the 
main cause of cloudy solutions, the difficulty being eliminated when 
experiments were carried out on tablets made with a fat free base. In the 
official assay, unless great care was taken with the filtration, solutions jy ere 
obtained which although clear, were not as bright as the standard solu
tions. The absorption due to the suspended fat was uniform in character 
(i.e., its magnitude was constant r.t different wavelengths) as distinct from 
the more usual general absorption encountered in spectrophotometry. 
This fact was illustrated by further filtration of such cloudy solutions, 
resulting in a constant decrease in the absorptions at three wavelengths 
375, 405, and 430 mp. It was a common cause of gross disagreements 
between replicates. We found that the use of a Whatman No. 42 filter 
paper, the rejection of the first 5 ml. of the initial filtrate, followed by 
refiltration of the remainder through the same filter into a clean beaker, 
gave solutions which were both bright and clear. It was however appar
ent that even when this source of error was eliminated, the characteristics 
of the absorption curve were still not the same as those of the standard. 
The next step was the investigation of any possible blank given by the 
reagents and also by the base in the absence of glyceryl trinitrate. The 
blank given by the reagents was approximately 0-018 at 405 mp and it is
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of interest that the same value was obtained for the B.P.C. base when the 
cocoa was omitted from it. The different values obtained for what may 
be termed the various “background” absorptions are given in Table III. 
In the B.P. assay the proportion of solid matter to acetic acid in the initial 
extraction, assuming the weight of an average trinitrin tablet to be 0-3 g., 
is 0-6 g. to 5 ml., or in our case 1 -2 g. to 10 ml. of acid. It will be seen that 
where the B.P.C. base was used without granulation, there was little 
difference in background absorption over the range 0-6 to 2-4 g .; one set 
of figures refers to a sample of fat extracted base and was not significantly 
different from the remainder, showing that an efficient filtration procedure 
was being employed. In the case of the granulated base the doubling of 
the normal weight did seem to result in somewhat higher absorptions.

TABLE III
“ B a c k g r o u n d ”  a b s o r p t i o n

F. G. STOCK AND L. W. HINSON

E  v a lu e  a t

3 7 5  m[T 4 0 5  m p. 4 3 0  m p ,

( a )  R e a g e n ts 0 0 2 1 0-0 1 8 0 0 1 5
( b )  U n g r a n u la t e d  B .P .C .  c h o c o la t e  b a s e ;

10  m l .  o f  g la c ia l  a c e t i c  a c id  p lu s  t h e  s t a t e d  w e ig h t  o f  b a s e
0 -6  g .............................................................................................................................. 0 0 3 2 0 0 2 5 0 0 2 3
1-2 g .............................................................................................................................. 0 -0 3 4 0-021 0 -0 1 8
1-2 g. ( d e f a t t e d ) 0 -038 0-023 0 -0 2 0
2 -4  g .............................................................................................................................. 0 -0 3 8 0 -0 2 2 0 -0 2 0

( c )  G r a n u la t e d  B .P .C .  c h o c o la t e  b a s e ;
10 m l .  o f  g la c ia l  a c e t i c  a c id  p lu s  t h e  s t a t e d  w e ig h t  o f  b a s e

0 -6  g .............................................................................................................................. 0 -0 4 5 0 0 3 1 0 -0 2 4
1-2 g .............................................................................................................................. 0 -0 5 2 0 -0 3 0 0 -0 2 9
1-2 g . ( d e f a t t e d ) 0-041 0 -0 2 8 0 -0 2 4
2 -4  g .............................................................................................................................. 0 -0 7 9 0-0 4 5 0 -0 4 0

i d )  B .P .C .  b a s e  w i th  c o c o a  o m i t te d 0 -0 2 2 0-0 1 8 0 -0 1 7
( e)  B a s e  c o m p o s e d  e n t i r e ly  o f  c o c o a  . . 0 -0 4 9 0 -0 3 2 0 0 2 7

The absorptions obtained when the base was composed entirely of cocoa 
were similar to the others. It is to be emphasised that even though the 
figures given are the mean values obtained from six replicates, they are 
not «xact figures capable of showing fine shades of difference; the broad 
conclusion that we have reached is that there exists a background irrelevant 
absorption of the order of 0-030 at 405 m/i. As the blank on the reagents 
(which is unaltered for a lactose-sucrose base) is 0-018 and is of course 
present in the standard, the net irrelevant absorption due to the cocoa of 
the base is of the order of 0-012, which corresponds to an over-estimate of 
approximately 2 per cent, and for all practical purposes can be ignored.

Another factor we encountered was the presence of vanillin in some 
tablets. This is quite permissible in the official base; in the concentrations 
normally employed its absorption commenced at around 390 mp, and rose 
steeply into the ultra-violet region, thus having the effect of greatly lifting 
the absorption on the shortwave side of the maximum. It had however 
no effect upon the absorption value at the maximum itself. The net 
result of the presence of vanillin was that after all the normal corrections 
for the usual background absorptions had been made the ratio of the 
absorption at 375 m/x to that at 405 mp. was still very much above the 
normal.
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To sum up we may say that the normal absorption curve is composed 
of at least two components and possibly four. The two main components 
are the absorption due to the glyceryl trinitrate colour complex, and the 
background general absorption due to the base and the reagents, estimated 
quantitatively at approximately 0-030 at 405 m/x. The other two possible 
components are the avoidable uniform absorption due to the effects of 
cocoa fat, which can be removed by efficient filtration, and lastly the 
frequently encountered “lift” in the absorption on the short-wave side of 
the maximum due to the presence of vanillin. Although the vanillin if 
present has no effect on the value of the absorption at 405 mp. in a spectro- 
photometric assay, the possibility is to be borne in mind that if an absorp- 
tiometer is used for measurement which uses a filter with a comparatively 
wide band width then the presence of vanillin might influence the assay.

Recovery Tests
The data obtained by us on recovery tests are summarised in Table IV. 

In part I of the Table the percentage recoveries at different glyceryl tri
nitrate levels are given. It will be remembered that if in the assay the

TABLE IV
R e c o v e r y  t e s t s

TABLETS OF GLYCERYL TRINITRATE

i.
(«)

(b)

(c)

ii.
(a)

<*>

III.

(a)

(f>)

Effect o f  different bases upon the percentage recoveries at different potency levels. 
U n g r a n u la t e d  B .P .C .  c h o c o la t e  b a s e .
I n  e a c h  c a s e  1-2 g . o f  b a s e  p lu s  10  m l.  o f  g la c ia l  a c e t i c  a c id  c o n t a i n i n g : —

1-0 m g .  t r i n i t r i n  R e c o v e r y  8 6 -9  p e r  c e n t .
1-5 m g .  „  „  9 0 -2  „  „
2  0  m g .  „  „  8 8 -9  „  „
3 0  m g .  „  , ,  9 0 -7  „

P o w d e r e d  g r a n u l a t e d  B .P .C .  c h o c o la t e  b a s e .
I n  e a c h  c a s e  1-2 g . o f  b a s e  p lu s  10  m l.  o f  g la c ia l  a c e t i c  a c id  c o n t a i n i n g : —

1 0  m g .  t r i n i t r i n  R e c o v e r y  9 2 -8  p e r  c e n t .
1-5 m g . „  „  9 1 -3  „  „
2  0  m g . „  „  9 1 8  „  „
3 -0  m g .  ,,  , ,  9 2 -2  „  „

F a t  e x t r a c te d  p o w d e r e d  g r a n u l a t e d  B .P .C .  c h o c o la t e  b a s e .
I n  e a c h  c a s e  1 -2 g . o f  b a s e  p lu s  10  m l.  o f  g la c ia l  a c e t i c  a c id  c o n t a i n i n g :—

1- 0  m g . t r i n i t r i n  R e c o v e r y  9 8 -4  p e r  c e n t .
1*5 m g . „  , ,  9 4 -8  ,,
2 -  0  m g .  „  „  9 6 -2  „  „
3 0  m g . „  „  9 4 -3  „  „

Effect o f  variations in the weight o f  base upon the percentage recovery when the potency level is kept 
constant.

1 m g .  p o t e n c y  le v e l .
1 m g .  o f  t r i n i t r i n  i n  10 m l.  o f  g la c ia l  a c e t ic  a c id  p lu s  a  w e ig h t  o f  b a s e  a s  fo llo w s .

0 -  6  g . R e c o v e r y  96 -1  p e r  c e n t .
1- 2  g . „  9 2 -8  „  „
2- 4  g . „  7 6 -8  „  „

2  m g . p o t e n c y  le v e l .
2  m g .  o f  t r i n i t r i n  i n  10 m l.  o f  g la c ia l  a c e t ic  a c id  p lu s  a  w e ig h t  o f  b a s e  a s  f o l lo w s .

0 -  6  g .  R e c o v e r y  9 1 -0  p e r  c e n t .
1- 2  g .  „  9 1 -8  „  „
2 - 4  g .  „  7 7 -3  „  „

Effect o f  the presence o f  cocoa upon the percentage recovery.
B a s e  w i t h o u t  c o c o a .
1-2 g . o f  b a s e  p lu s  10 m l.  o f  g la c ia l  a c e t i c  a c id  c o n t a i n i n g : —

1 m g .  t r i n i t r i n  R e c o v e r y  9 9  0  p e r  c e n t .
2  m g .  „  „  98*9 „  „

B a s e  c o m p o s e d  e n t i r e ly  o f  c o c o a .
1*2 g . o f  c o c o a  p lu s  10  m l.  o f  g la c ia l  a c e t i c  a c id  c o n t a i n i n g : —

1 m g . t r i n i t r i n  R e c o v e r y  50*0 p e r  c e n t .
2  m g .  „  „  50*2 „  „
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equivalent weight of four tablets was taken then 10 ml. of glacial acetic 
acid were used for extraction and this is the normal 2 mg. level for the 
usual 0-5 mg. tablets: the weight of base taken in this case was 1-2 g. In 
experiments tabulated in part I of Table IV we took in each case 1 -2 g. 
of base but varied the amount of trinitrin included in the 10 ml. of glacial 
acetic acid added. It will be seen that the recoveries obtained with the 
ungranulated base are slightly lower than those given by the granulated 
base; this suggests that the degree of subdivision of the powder may affect 
the recovery. There was a significantly lower recovery with the normal 
base than with one which had been freed of its fat content; this seems to 
indicate that the fat plays some part in the percentage recovery obtained. 
The recovery for the B.P.C. granulated base used remained constant at 
about 92 per cent, which means that the official method underestimates the 
true glyceryl trinitrate content by approximately 8 per cent. Furthermore 
if the filtrates obtained are not bright and clear a further error is introduced 
which helps to compensate this underestimation. This explains why it is 
possible for a whole series of assays to be done in which the B.P. and 
U.S.P. methods are compared and a somewhat fortuitous agreement 
obtained—normally the U.S.P. assay should always be higher than the 
B.P. figure. In experiments summarised in part II of Table IV we 
studied the effect of the weight of base present, i.e., the size of the tablet. 
It appeared that if the tablets were one half normal size there was not a 
great difference in the percentage recovery, but if they were twice the 
normal size there was a significant drop in the percentage recovery. 
Finally in part III of Table IV the effect of the percentage of cocoa in the 
base is illustrated. The easiest way to do this was to prepare a base 
containing no cocoa and also to use cocoa itself as base. It will be ob
vious from the data obtained that the cocoa is a major cause of the failure 
to obtain good recoveries; if there was no cocoa present the recovery was 
almost complete, but if the base was composed solely of cocoa this fell 
to somewhere in the region of 50 per cent.

•
Application o f  the Method to Official Tablets

We carried out analyses of a number of tablets using the data obtained 
and we summarise the results below.

(a) Freshly made tablets using the actual base previously studied; 
manufactured to contain approximately 1/100 grain (0-65 mg.) of trinitrin. 
U.S.P. assay 0-67 mg. found: B.P. assay uncorrected E  value 0-806, 
equivalent to a trinitrin content of 0-62 mg. per tablet which on correction 
by multiplying by 100/92 gives 0-68 mg. per tablet.

Another batch of tablets* with the same base containing approximately 
1/130 grain (0-50 mg.) trinitrin. U.S.P. assay 0-49 mg.: B.P. assay 0-45 
mg. uncorrected and 0-49 mg. corrected.

A third batch of tablets declared to contain 0-50 mg. with an unknown 
base. U.S.P. assay 0-34 mg.; B.P. assay 0-31 mg. and 0-34 mg. corrected.

* This batch of tablets analysed again 4 months later gave U.S.P. assay 0-44 mg.; 
B.P. assay 0-39 mg. uncorrected, and 0-42 corrected. A further correction (see 
later) for “bound” trinitrin gave a final figure of 0 44 mg.
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The problem seemed to be solved but the following examples showed 
that this was not the case.

(.b) Tablets with unknown base declared to contain 1/130 grain (0-50 
mg.). U.S.P. assay 0-39 mg.; B.P. 0-29 mg. and 0-32 mg. corrected. A 
recovery test on this particular sample gave 93-4 per cent, of the amount 
added, i.e., the normal expected recovery. We investigated this sample 
further by attempting a soxhlet extraction with ether, followed by careful 
evaporation of the ether and determination of trinitrin by the B.P. assay; 
we expected a somewhat lower figure by this method because of the 
possible loss of trinitrin when evaporating the ether; the result obtained 
was approximately 10 per cent, below that obtained by the B.P. method 
and it appeared that ethereal extraction still failed to remove sufficient 
trinitrin to account for the U.S.P. figure. Another experiment which we 
tried on this particular sample was to grind the powdered tablets in a 
mortar with the glacial acetic acid before shaking. This failed to increase 
the previous figure obtained by the B.P. assay. There appeared therefore 
to be a portion of the trinitrin that was not removed in the B.P. assay 
but was recovered in the U.S.P. assay.

In none of our experiments on the B.P. method so far had we tried the 
addition of water followed by ether extraction which is part of the U.S.P. 
process. We therefore modified the B.P. assay by washing the residue on 
the filter paper after the acetic acid filtration with about 200 ml. of glacial 
acetic acid, suspended it in water, extracted with ether and then found 
that the “missing” trinitrin could be recovered in this way. We calculated 
the total trinitrin content as follows: the “free” trinitrin gave an E  value 
of 0-376. This we multiplied by 100/92 to compensate for its distribution 
on extraction between the base and the acetic acid. We assumed that 
washing the residue with 200 ml. of acetic acid would remove the remaining 
adsorbed “free” trinitrin; the base then suspended in water was extracted 
with ether and after careful evaporation of the latter the residue was 
subjected to the B.P. assay and gave an E  value of 0-090. From tjjis 
we subtracted the reagent blank of approximately 0-020, so that our final 
E  value was 0-376 X 100/92 (i.e., 409), plus 0-070 =  0-479. This corre
sponded to 0-37 mg. per tablet.

(c) Another sample assayed at 0-47 mg. per tablet by the U.S.P. method 
and at 0-31 mg. per tablet by the B.P. method, increased by correction to 
0-36 mg. per tablet. The original E  value was 0-400 and 0-435 corrected; 
the ethereal extract from aqueous suspension gave a further E  value of 
0-136. Subtraction of the reagent blank decreased this to 0-116 and this 
figure added to the original E  value gave a total of 0-551, corresponding 
to 0-43 mg. per tablet. It is interesting that in this last example a portion 
of the U.S.P. extract which gave 0-47 mg. per tablet gave only 0-42 mg. 
per tablet when subjected to the B.P. assay, showing that there is some loss 
when the trinitrin in ethereal solution is freed from ether by evaporation. 
In Table V we have selected 13 samples at random from some 50 samples 
of commercial trinitrin tablets on retail sale recently analysed by us5 and 
it gives a good illustration of the magnitude of error involved in the use 
of the B.P. assay without modification. The mean trinitrin content of the
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samples in the table is according to the B.P. assay about one half what it 
should be whereas on correction this rises to approximately two thirds. 
It is of interest that the mean value for the trinitrin content of the 50 
samples analysed by a modified B.P. assay was approximately 65 per cent, 
while a U.S.P. assay carried out on 100 tablets made up of two tablets 
taken from each of the 50 samples gave a trinitrin content of 67 per cent.

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

APPLIED TO COMMERCIAL SAMPLES OF TRINITRIN TABLETS STATED TO CONTAIN 1/130
GRAIN OF MEDICAMENT

F. G. STOCK AND L. W. HINSON

S a m p le
N o .

G r o s s  E  
v a lu e  a t  
4 0 5  m fi. 

(« )

P e r c e n ta g e  o f  
t r i n i t r i n  

c a lc u l a t e d  
f r o m  ( a )

G r o s s  E  
v a lu e  

X 1 0 0 /9 2

R e s i d u a l  E  
v a lu e  le s s  

0 -0 2 0  a l l o w 
a n c e  f o r  

r e a g e n t  b l a n k
( c )

C o r r e c t e d  
E  v a lu e  

( b )  p lu s  (e )

P e r c e n ta g e
t r i n i t r i n

c a lc u l a t e d
f r o m

c o r r e c t e d  E

1 0 -5 2 9 8 2 0 -5 7 5 0 -009 0 -5 8 3 9 0
2 0-241 37 0 -2 6 2 0-121 0 -3 8 3 59
3 0-3 3 8 52 0-3 6 7 0 -007 0 -3 7 4 58
4 0-3 4 1 53 0-371 0-091 0 -4 6 2 7 2
5 0-2 4 5 38 0 -2 6 6 0 -1 2 6 0 -3 9 2 61
6 0-291 45 0 -3 1 6 0 -0 7 6 0 -3 9 2 61
7 0 -3 4 3 53 0 -3 7 3 0 -0 6 7 0 -4 4 0 68
8 0 -2 4 2 37 0 -2 6 3 0 -1 6 5 0-4 2 8 65
9 0 -3 1 0 48 0 -337 0-0 5 3 0 -3 9 0 60

10 0 -3 7 0 57 0 -4 0 0 0 -0 3 0 0 -4 3 0 67
11 0 -3 2 9 57 0 -358 0 -0 3 8 0 -3 9 6 61
12 0-3 4 1 51 0-371 0 -0 6 9 0 -4 2 0 65
13 0 -4 3 4 67 0 -4 7 2 0-071 0-5 3 3 81

M e a n  v a lu e  5 2 M e a n  v a lu e  6 7

CONCLUSIONS
A comparison of the assay procedures of the B.P. and the U.S.P. has 

shown that there is always the danger with the former method of a serious 
underestimate owing to its failure to extract the “bound” trinitrin: whether 
or not the U.S.P. assay itself estimates the total trinitrin is a question we 
are unable to answer. There are a number of unsatisfactory aspects of 
the assay of the trinitrin content of the official tablet. It has been reported 
by^Stephenson and Humphreys-Jones6 that after storage for many years 
there is always some 30 per cent, of the original trinitrin content remaining 
in the tablets—this is most unusual as one would expect the trinitrin 
content to fall eventually to zero. The fact that from a medical stand
point there is no recorded report that we can trace of trinitrin tablets in 
practice failing to perform the function for which they were given makes 
the whole subject of the chemical assay suspect.

The following conclusions are based upon the work reported in this 
paper but we do feel that there is need for much more work to be done 
before a truly satisfactory method can be established.

1. The use of glacial acetic acid to remove the trinitrin in one extrac
tion from the powdered tablets results in an approximate recovery of 92 
per cent, of the “free” trinitrin. This is only a very general statement 
and the figure is greatly influenced by the size of the tablet and the per
centage of cocoa in the base employed.

2. Even if we assume that a suitable correction is possible for the 
above there is still the problem of the “bound” trinitrin, the amount of
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which may vary considerably. We have little information on this 
subject but it may be that the age of the tablet, the formulation of the 
base and probably other unknown factors are involved. It may well be 
that the B.P. assay can be modified as regards the extraction to provide a 
satisfactory assay; if so the use of a spectrophotometric standard will 
increase its accuracy.

3. We feel that for the present the use of the U.S.P. assay or some 
modification thereof is far more satisfactory than the present B.P. assay 
which has been shown to be unreliable.

SUMMARY

1. A comparison of the assay procedures of the B.P. and U.S.P. has 
shown that there is a danger of low results with the former owing to its 
failure to extract “bound” trinitrin.

2. Use of glacial acetic acid to remove the trinitrin in one extraction 
from powdered tablets results in an approximate recovery of 92 per cent, 
of the “free” trinitrin. The figure is influenced by the tablet size and 
percentage of cocoa in the base.

3. The use of a suitable correction factor is affected by the unknown 
and very variable amount of “bound” trinitrin.

4. The U.S.P. assay or a modification is considered more satisfactory 
than the B.P. method.
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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 IS H E D  IN  
O T H E R  JO U R N A LS

CHEMISTRY
ANALYTICAL

Barbiturates in Pharmaceuticals, Determination of. F. A. R o tondaro .
(J. Assoc, off. agric. Chem., Wash., 1955, 38, 809.) An examination is made of 
the different extraction procedures available and one extraction method using 
chloroform is recommended. Samples containing 100-150 mg. of the barbitu
rate if a gravimetric or a volumetric determination is to be made, or 15-30 mg. 
if the determination is to be made spectrophotometrically are dissolved in water, 
acidified with hydrochloric acid and extracted with chloroform. The chloro
form layer is then passed successively through four separating funnels; the first 
contains sodium bicarbonate solution, the second and third 0-IN sodium 
hydroxide, and the fourth, water. Acidification of the bicarbonate solution in 
the first funnel yields any acidic decomposition products and acidic materials 
such as saccharin, aspirin, salicylic acid, and benzoic acid. The pure barbituric 
acid derivative is retained in the alkali and water washes. These are bulked and 
analysed spectrophotometrically, titrimetrically with silver, bromine or alkali, 
gravimetrically, or chromatographically. Results are given for the analysis 
of typical barbiturate samples. r . e . s .

Calciferol, Colorimetric Determination of. J. Biichi and H. Schneider. 
(Medd. Norsk farm. Selsk., 1955, 17, 87.) A detailed study of the Schaltegger 
method (Helv. chim. acta, 1946, 29, 285) for the colorimetric determination of 
calciferol led to the following recommendation for an improved method: 1 -00 ml. 
of a solution of 100 /xg. of calciferol in thiophen-free benzene is placed in a 
20-ml. test tube with a ground-in air condenser, and treated with 2 ml. 
of freshly prepared (0T5 per cent.) cumin aldehyde solution in benzene. 
The mixture is diluted with 4 ml. of benzene, and treated with 3 drops of 
perchloric acid reagent. The solution is heated on the water bath for 11 
minutes in the dark, then kept for 7 minutes in the dark, allowed to cool, and 
treated with 3 ml. of glacial acetic acid: 9 minutes after the heating the colour 
is determined in a 1 cm. cell, using filter No. 12 (550 mju). The colour intensity 
is somewhat decreased by the presence of hydroquinone, but not by pyrogallol. 
The perchloric acid reagent used is prepared by adding 0-6 ml. of perchloric acid 
(60 per cent.) to a mixture of 2ml. of acetic anhydride and 2-5 ml. of glacial 
acetic acid. The solution is protected from moisture by a calcium chloride 
tube, and warmed at 95° to 100° C. for 30 minutes. g .  m .

Cyanide, Thiocyanate and a-Hydroxynitriles, Determination of. R. B.
Bruce, J. W. H ow ard and R. F. H anzal. (Analyt. Chem., 1955, 27, 1346.) 
A method is described, based on the conversion of cyanide and thiocyanate into 
cyanogen bromide which is subsequently allowed to react with benzidine in 
pyridine to give an intense red colour. Air is drawn rapidly through a mixture 
of the sample and 20 per cent, trichloroacetic acid and into a receiving tube 
containing 0TN sodium hydroxide. One drop of saturated bromine water is 
added to the contents of the receiving tube followed by 0-20 ml. of arsenous acid 
solution to remove the excess bromine. The vapours of bromine above the 
solution are blown off with a stream of air, 3-6 ml, of a pyridine-benzidine
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mixture is then added and the red colour is allowed to develop for 15 minutes 
before being measured spectrophotometrically at 532 m/x; the concentration 
is determined from a previously prepared calibration curve. Thiocyanate is 
determined in the residual mixture in the aeration tube after removal of the 
cyanide, the contents being filtered and treated as for cyanide. a-Hydroxy- 
nitriles under alkaline conditions liberate hydrocyanic acid and this is used 
as a basis for the analytical procedure. In the presence of free cyanide and 
thiocyanate, the cyanide is determined as described above. After removal of 
cyanide by aeration, 10 per cent, sodium hydroxide is added to the sample in 
trichloroacetic acid and it is allowed to stand for 5 minutes to hydrolyse the 
a-hydroxynitrile. The mixture is then acidified again by the addition of tri
chloroacetic acid the liberated cyanide being determined as before. In experi
ments on cyanide and thiocyanate added to plasma 98 to 102 per cent, were 
recovered; 89 to 91 per cent, of cyanide was obtained from glycolonitrile and 
lactonitrile; recovery results of the same order were also obtained for lactonitrile 
added to plasma in the presence of added cyanide and thiocyanate, r . e . s .

G lucose in Invert Sugar, Iodim etric Determ ination of. S. O. Ericksson. 
{Farm. Revy, 1955, 54, 441, 456.) The oxidation of glucose by alkaline iodine 
is dependant on the dilution, temperature, alkalinity and excess of iodine in the 
solution. Larger reaction volume and smaller amounts of sodium hydroxide 
than those previously recommended substantially reduce the oxidation of 
laevulose during the time necessary for quantitative oxidation of the glucose. 
Changes in the lasvulose resulting from the action of sodium hydroxide and of 
bicarbonate-hydroxide buffer affect the determination, and have been studied. 
In the assay of invert sugar solutions changes in the laevulose are produced 
during the inversion of sucrose and influence the rotation of the solution and, 
to some extent, the determination of the glucose. The method recommended 
for the determination of glucose in invert sugar is as follows: 10 ml. of a 2 per 
cent, solution of invert sugar is treated with 30 ml. of 0-IN iodine solution and 
75 ml. of 0-05M sodium hydroxide solution; 20 minutes after the addition of the 
alkali, the mixture is acidified with 10 ml. of 5N hydrochloric acid, and the 
excess of iodine is titrated back with 0-IN thiosulphate. A blank experiment 
is carried out similarly with 10 ml. of water. g . m .

»
M orphine, Polarographic Determ ination of. J. H olubek. (Pharm. Zent- 

ralh., 1955, 94, 347.) A method used for the determination of morphine in 
poppy capsules is based on the polarographic determination of 2-nitrosomor- 
phine. Under the conditions used, with large excess of nitrous acid, the nitro- 
somorphine is partially converted to chinitrol and morphic acid, so that it is 
essential to standardise the conditions of the assay, and to standardise the 
method using the same conditions. For the assay, 3 g. of the dried and powdered 
material is extracted with 100 ml. of N hydrochloric acid, the mixture is filtered, 
and the extraction is repeated with a further 100 ml. of hydrochloric acid. The 
combined filtrates are made up to 250 ml, and to 5 ml. of this solution is added 
2 ml. of N sodium nitrite solution. After exactly 5 minutes 3 ml. of potassium 
hydroxide (20 per cent.) is added and 7 drops of gelatin solution (0-5 per cent.). 
The morphine is then determined by polarograph. Results agree well with those 
obtained colorimetrically. g . m .

(— )-Noradrenaline and (— )-Adrenaline, Polarographic M easurem ent of.
J. H enderson  and A. S tone F reedberg . {Analyt. Chem., 1955, 27 , 1064.) 
(—)-Adrenaline and (—)-noradrenaline were converted by iodate oxidation to
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iodoadrenochrome or iodonoradrenochrome and aliquots of the reaction 
solutions were measured polarographically. Half-wave potentials for iodo
adrenochrome and iodonoradrenochrome were E1/2 =  +  0-03 volt and E1/2 
=  +  0-02 volt, respectively, in OTM acetic acid-acetate buffer, pH 4-52, 0-01 per 
cent, in gelatin. Polarographic measurements on aliquots containing the 
equivalent of about 20 /xg. of amine gave diffusion currents from which the 
amount of adrenaline or noradrenaline could be calculated by referring to 
standard curves. A linear relation between concentration and diffusion current 
was found for 1 to 50 jug. quantities of adrenaline or noradrenaline; the error of 
the method was 5 to 10 per cent. Adrenaline and noradrenaline could not be 
measured individually in the same solution, but by using a paper chromatographic 
method for separation prior to polarographic analysis, eluates containing these 
amines were collected, converted to the iodo derivatives in the same test tubes 
and analysed polarographically. Coloured or fluorescent substances normally 
found troublesome in other methods for the measurement of catechol amines, 
did not interfere. R. e . s .

Opium, A ssay of, by Paper Chromatography. A. B. Svendsen, E. D . 
A arnes and A. Paulsen. (Medd. Norsk farm. Selsk., 1955, 17, 116.) 2-5 g. 
of opium is rubbed down with 5 ml. of concentrated acetic acid and the mixture 
filtered through sintered glass (3G3) and the filter is then washed with 5 per 
cent, acetic acid to a total volume of 50 ml. 25 ml. of this solution is made 
alkaline with ammonia and shaken out repeatedly with chloroform-wopropanol 
(3 + 1). The solvent is evaporated off, and the residue is dissolved in 5 per 
cent, acetic acid to a volume of 25 ml. For the chromatography a mixture of 
butanol, toluene, acetic acid and water (20:10:3:9) is used, the RF value for 
morphine being about 0T5. A number of spots with differing quantities of 
morphine are applied to the paper, and one strip of the chromatogram is cut 
out and developed with Folin and Ciocalteu reagent. The corresponding areas 
of the other strips are then cut out for the determination, each spot being 
treated with 5 ml. of diluted reagent (1-5 ml. of Folin and Ciocalteu reagent 
diluted to 25 ml. with water). After 2 hours 5 ml.of sodium hydroxide solution 
(10 per cent.) is added and after a further hour the extinction is measured at 
700 m¡ j l .  There is good agreement between the results obtained and assays by 
the^Swiss official method. G. m .

R h a m n u s fran gu la , G lycoside Content of. H. M iihlem ann and H. 
Schmid. (Pharm. Acta Helvet., 1955, 30, 363.) A method of isolation of a mix
ture of reduced genuine glycosides, in acetylated form, from Rhamnus frangula 
bark is described. This mixture consists of varying amounts of glucofrangulin- 
anthranol acetate and a bimolecular glucofrangulindihydrodianthranol acetate, 
resembling the sennosides described by Stoll. On storage of the drug, the bi
molecular form is converted into glucofrangulinanthrone and finally into gluco- 
frangulin. A simultaneous hydrolysis to frangulin, its reduced forms and corres
ponding aglucones is probable, but could not be confirmed. The bioside content 
of the drug decreases on storage. g . m .

Silicon, Colorim etric Determ ination of. E. J. K i n g and B. D. S tacy. (Analyst, 
1955, 80, 441.) The removal of phosphate by basic ferric acetate precipitation 
prior to the determination of silica has been critically investigated; it was found 
that the method could give inaccurate results unless strict control of the pH were 
observed owing to (a) incomplete removal of phosphate, or (b) removal of
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silica with phosphate. Both phosphate and silica were found to couple with 
molybdate in weak acid, but only the silicomolybdate complex was reduced in 
strongly acid solutions (Milton, J. Appl. Chem., 1951,1, Suppl. Issue No. 2126); 
following this principle a new procedure for the determination of silica in 
biological material was developed, in which phosphate was left in solution. 
Iron, in amounts greater than those occurring in tissue, did not interfere. 
Two methods were evolved to overcome interference in urines with high phos
phate concentrations by precipitation of ammonium phosphomolybdate; either 
phosphate was partly or completely removed by precipitation with calcium 
hydroxide, or ammonia and urea were removed with nitrous acid and sodium 
molybdate was used to couple with silica. The new colorimetric procedure 
gave good agreement with gravimetric analyses, and good recoveries of added 
silica were obtained with tissue, blood and urine. The procedure likewise gave 
results in good agreement with gravimetric methods when applied to small 
samples of mineral dusts. Details of the method are given together with tables 
of comparative results for silica analyses by different methods. r . e . s .

ORGANIC CHEMISTRY
Insulin, Disulphide Bonds, and Structure of. A. P. Ryle, F. Sanger, L. F. 

Sm ith and R. K itai. (Biochem, J., 1955, 60, 541.) Experiments are 
described which were undertaken to determine the specific linking of the various 
half-cysteine residues of polypeptide fractions A and B (obtained by the action 
of performic acid) into the disulphide bonds which join the two fractions 
together in the intact molecule. Insulin was subjected to partial hydrolysis 
with chymotrypsin, with a crude pancreatic extract and with acid under con
ditions such that the disulphide bonds remained intact. This was followed by 
fractionation of cysteine peptides, oxidation of the latter to cysteic acid peptides, 
and finally identification of the resulting amino-acids after fractionation by paper 
ionophoresis. The structure of the cysteine peptides obtained in this way 
indicated the distribution of the dipeptide bonds in insulin, giving the complete 
structure for insulin.

I l  I I I I »
Gly. lieu. Val. Glu. Glu. Cy. Cy. Ala. Ser. Val. Cy. Ser. Leu. Tyr. Glu. Leu. Glu. Asp. Tyr. Cy. Asp.

NH, N H , S S
n  ■ i i

Phe. Va!. Asp. Glu. His. Leu. Cy. Gly. Ser. His. Leu. Val. Glu. Ala. Leu. Tyr. Leu. Val. Cy. Gly.

-— Glu. Arg. Gly. Phe. Phe. Tyr. Thr. Pro. Lys. Ala.

J. B. S.

Insulins o f  P ig  and Sheep, Structure of. H . Brown, F. Sanger and R . K itai. 
{Biochem. J., 1955, 60, 556.) The structures of pig and sheep insulins have been 
determined by oxidative degradation into the respective glycyl (fraction A) and 
phenylalanyl (fraction B) chains. Each of these fractions was treated with 
proteolytic enzymes and the resulting large peptides were separated by paper 
ionophoresis, and finally subjected to complete hydrolysis. Certain of the large 
peptides were also partially hydrolysed to smaller peptides which were readily 
separated and identified by chromatography on paper, and which also were 
representative of all the residues in the insulin chains. In this way it was shown
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that the phenylalanine chains have the same amino-acid sequence in pig, sheep 
and cattle insulins. The glycyl chains show a small variation in the three 
insulins, the three residues in the 8, 9 and 10 positions being Ala. Ser. Val. in 
cattle insulin, Thr. Ser. lieu, in pig insulin, and Ala. Gly. Val. in sheep insulin.

j. b . s.

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

BIOCHEMICAL ANALYSIS
Glycyrrhetirtic Acid in Urine, Estim ation of. V. M . van K atw ijk  and L. G. 

Huis in ’T Veld. (Rec. Trav. chim. Pays-Bas, 1955, 7 4 , 889.) Using the 
method described, 20 mg. of glycyrrhetinic acid can be estimated quantitatively 
in a 24 hour sample of human urine. For the extraction, take 400 ml. of the 
sample, add 40 ml. of 25 per cent, hydrochloric acid, 200 ml. of chloroform and 
reflux for 10 minutes to hydrolyse any readily saponifiable esters. Cool, remove 
the chloroform extract and re-extract the aqueous layer twice by shaking with 150 
ml. of chloroform in a separating funnel. Evaporate the combined chloroform 
extracts under reduced pressure and dissolve the residue in a measured volume 
(10 or 20 ml.) of 96 per cent, ethanol. The extract is purified chromatograph- 
ically. A quantity of the extract corresponding to 1 /5th of the 24 hour sample 
is taken, the solvent is evaporated and 50 ml. of benzene is added to the residue. 
7 g. of floridine earth are brought into a chromatographic column 15 mm. 
in diameter and moistened with benzene. The benzene solution of the urinary 
extract is poured over the column, and elution carried out as follows.

3 x 50 ml. benzene (eluates 2—4).
2 x 50 ml. benzene + 0T per cent, ethanol (eluates 5-6).

10 x 50 ml. benzene + 0-5 per cent, ethanol (eluates 6-16).
4 x 50 ml. benzene +  1-0 per cent, ethanol (eluates 17-20).
6 x 50 ml. benzene +  2-0 per cent, ethanol (eluates 21-26).

For the spectrophotometric estimation 5 ml. of each eluate is pipetted into a 
10 ml. flask, the solvent is carefully evaporated and the residues are dissolved 
in 96 per cent, ethanol. The extinctions of these solutions are determined at 
248 m/n. No glycyrrhetinic acid could be demonstrated in the urine of patients 
wljg received orally 1-33, 2-28 and 2-5 g. from which it is concluded that less 
than 2 per cent, of orally administered doses are excreted as such or in the form 
of a salt or an easily saponifiable ester. g . f . s .

a-K eto-acids, 1 : 2-D iam ino-4-nitrobenzene as a  R eagent for. K. W. T aylor 
and M. J. H. Smith. (Analyst, 1955, 80, 607.) A paper-chromatographic 
method is given for the separation and detection of a-keto-acids in blood and 
urine, based on the use of 1 :2-diamino-4-nitrobenzene as a reagent for a-keto- 
acids. Blood was added as quickly as possible to freshly prepared 5 per cent, 
w/v metaphosphoric acid, set aside for 10 minutes at room temperature, centri
fuged and the supernantant liquid removed; 3 ml. of 0-2 per cent, w/v 1:2- 
diamino-4-nitrobenzene in 0-66N hydrochloric acid was then added and the 
mixture allowed to stand for 12 to 16 hours. After extraction with ethyl 
acetate the nitroquinoxalinols were extracted into 5 per cent, w/v sodium 
carbonate solution together with a small amount of unused reagent which was 
removed by washing with ether. The carbonate phase was then adjusted to 
pH 4 with 10N hydrochloric acid and re-extracted with ethyl acetate. The 
combined ethyl acetate extract was evaporated to dryness at a temperature not 
exceeding 40° C., the dry residue dissolved in acetone and chromatographed
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for about 8 hours using descending chromatography with a solvent mixture 
consisting of 5 parts of ethanol, 8 parts of n-pentanol and 6 parts of ammonia. 
The nitroquinoxalinols appeared as yellow spots which faded rapidly on removal 
from the solvent system; the spots were eluted with 30 per cent, aqueous ethanol 
and optical densities after filtration measured at 280 m/x. Results are given for 
RF values and ultra-violet absorption spectra of the nitroquinoxalinols of pyruvic 
acid and a-ketoglutaric acid. A number of compounds normally present in 
blood and urine were examined for possible interference with the method but 
this did not occur; a-ketoglutaric and pyruvic acids were detected in 15 blood 
and urine specimens. Results are given for normal blood levels of pyruvic and 
a-ketoglutaric acids and for recovery experiments using known amounts of keto- 
acids added to blood; from 67 to 77 per cent, of added pyruvic acid and from 77 
to 100 per cent, of added a-ketoglutaric acids were recovered. r . e . s .

Lead in U rine, Determ ination of. W. M. McCord and J. W. Zemp. (Analyt. 
Chem., 1955, 27, 1171.) Lead, in an acid solution and in the presence of excess 
potassium iodide, is extracted quantitatively by methyl /.»propyl ketone, 
followed by extraction from the ketone into an aqueous sodium hydroxide 
solution and development of colour with dithizone using the method of Snyder 
(Analyt. Chem., 1947, 19, 684). A first extraction is performed in the presence 
of sodium or potassium cyanide at pH 9-5 to 10 0 and interfering ions are limited 
to stannous tin, thallium, and bismuth; stannous tin and thallium were ignored, 
the bismuth being removed by an acid chloroform-dithizone extraction into a 
buffer solution at a pH of 3-4. An aqueous solution of the lead was then 
adjusted to pH 11-5 with ammoniacal cyanide solution and extracted with 
dithizone solution, the lead as lead dithizonate being quantitatively transferred to 
the chloroform layer. A low, but constant, concentration of unreacted dithizone 
in the chloroform layer improved the accuracy and reliability of the results as 
compared with lower pH methods; the high pH extraction also permitted the 
use of a standard dithizone solution and eliminated the necessity for titrimetric 
extraction. It was found that the range of sensitivity of the method, 0 to 70 /xg. 
of lead using a 22 mm. cell was sufficient for the determination of lead in mild 
chronic lead poisoning. Satisfactory recoveries were obtained for quantities of 
lead up to 35 /xg. added to urine. r . e . s .

m
M agnesium  in Serum, Estim ation of. A. J. Smith. (Biochem. J., 1955, 60, 

522.) A colorimetric method is described for the routine estimation of mag
nesium in serum. Calcium can also be estimated in the same sample of serum. 
To 2 ml. of serum add 1 ml. of saturated ammonium oxalate. Mix, allow to 
stand for 30 minutes, centrifuge, add 2 ml. of the supernatant to 8 ml. of distilled 
water and add 10 ml. of 10 per cent, trichloroacetic acid solution. Mix, and 
after 10 minutes filter through Whatman No. 42 filter paper. Take 10 ml. of the 
filtrate and add 3 ml. of 8 per cent, v/v ammonia and 5 ml. of buffer (prepared by 
dissolving 6-75 g. of ammonium chloride A.R. in distilled water, adding 57 ml. 
concentrated ammonia A.R. and making up to 1000 ml. with distilled water 
giving a pH of 101). Mix and add 2 ml. of a dye solution (01 per cent, erio- 
chrome black T in absolute methanol). Determine within 5 minutes the extinc
tion at 520 m/x in a spectrophotometer and compare with a parallel series of 
standard solutions of magnesium acetate containing 0, 4, 8, and 16 /xg. Mg to 
which are added 0-4 ml. of saturated ammonium oxalate, 10 ml. of 10 per cent, 
trichloroacetic acid, the volume made up to 20 ml., filtered and 10 ml. of the 
filtrate treated in the same way as the serum filtrate. The method is accurate 
to ±5 per cent. g . f . s .
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P H A R M A C Y

NOTES AND FORMULAS
Ascorbic A dd , Decom position o f Solutions. F. F. Jensen. (Dansk Tidsskr. 

Farm., 1955, 29, 125.) Aqueous solutions of ascorbic acid (2 per cent.) were 
prepared with varying concentrations of dissolved oxygen, i.e., oxygen-free, in 
equilibrium with air (6-20 ml. per litre), and an intermediate concentration. 
After heating for prolonged periods at 90° and 100° C., determination of the 
ascorbic acid showed that there was no difference between the three series. Similar 
results were obtained at other pH values ranging from 2-55 to 9-90. The less acid 
solutions showed a considerable drop in pH. Decomposition was at its slowest 
at pH 6-30. When, however, similar solutions were heated in ampoules con
taining a considerable volume of air, the decomposition was more rapid at pH
6-30 than at 2-55. Catalysts are not of significance in the oxygen-free reaction. 
It was not found possible to demonstrate the presence of 2-ketogulonic acid 
as the result of this reaction. It was observed, however, that after heating 
solutions of ascorbic acid at pH 1T0, considerable pressure was produced in the 
ampoules, due to the formation of carbon dioxide. The reaction involved has 
not yet been elucidated. g . m .

M orphine Injection, S tability  of. E. G undersen  and J. Morch. (Dansk 
Tidsskr. Farm., 1955, 29, 181). The decomposition of morphine to oxydi- 
morphine in solution was followed by means of the vanillin reaction, as used 
by Foster, MacDonald and Whittet (J. Pharm. Pharmacol., 1950, 2, 673). The 
absorption maximum however appears to be at 640 m r̂, not at 600 m/x as 
previously reported. It is important to use pure vanillin. Discolouration of 
the morphine solution was measured at 500 m/x, as these solutions show no 
maximum or minimum. The presence of glycerol does not interfere. The 
results confirm the conclusions of previous workers, and show that there is no 
appreciable decomposition after sterilisation for 20 minutes at 120° C. (pH =  
4T), although there is a slight discolouration, which may be prevented by the 
addition of sulphite. Various samples of 2 per cent, morphine injection, 
having an age of 10 years, showed from 1-6 to 4-4 per cent, decomposition.

*  G. M.

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

Adrenaline and Noradrenaline in Tissues. K. M ontagu. (Nature, Load., 
1955, 176, 555.) A study of the distribution of noradrenaline in rats does not 
support the hypothesis that its concentration can be correlated with the density of 
adrenergic nerve fibres. Two and a half hours after the subcutaneous injection 
of insulin there is a significant increase in the adrenaline catechol ratio in the 
heart, kidney, liver, diaphragm and leg muscles. There are significant increases 
in the absolute concentration of adrenaline in heart and kidney, and a significant 
increase in noradrenaline in the heart. Six weeks after bilateral demedullation, 
and 3 to 4 weeks after bilateral adrenalectomy, there is a reduction in the adren
aline concentrations of heart and kidney. In the kidney, noradrenaline is 
reduced, but in the heart it is increased. In demedullated and adrenalectomised 
rats, insulin does not increase significantly the adrenaline concentration of 
either heart or kidney. The altered effect of insulin on the concentration of 
adrenaline and noradrenaline, brought about by operation, is very significant
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for heart muscle. The changes seem to depend on medullary secretion, while 
the presence of high concentrations of adrenaline and noradrenaline in heart 
and kidney, some weeks after adrenalectomy, suggests an ability of the rat to 
synthesise, or store the amines, in these organs. G. f . s .

Butylam ine, A  Substituted, (L 1 9 3 5 ), R elease o f  H istam ine by: Comparison  
with Compound 4 8 /8 0 . W. F eldberg  and J. Lecomte. {Brit. J. Pharmacol., 
1955, 10, 254.) L 1935, an equimolecular mixture of 3-(4'-hydroxyphenyl)-3- 
(4"-hydroxy-3"-methylphenyl)-l-methylpropylamine and its dehydro form, caused 
a release of histamine from perfused skin flaps of the cat’s hind legs and from the 
perfused hind quarters of the rat. Weight for weight it was 10 to 12 times less 
active than compound 48/80. Injected intravenously into cats, the drug caused 
a fall in blood pressure after a latent period of 20 to 40 seconds, characteristic 
of the histamine liberators. Tachyphylaxis resulted from repeated injections. 
On the isolated guinea-pig ileum L 1935, added to the bath in high concentra
tion, caused a transient contraction and after washing out, the ileum showed 
increased spontaneous activity and decreased sensitivity to histamine and acetyl
choline. Similar effects were obtained with 48/80; the two substances were 
equiactive on the ileum. g . p.

C apsaicin and A nalogues, Pharm acological A ctions of. C. C. Toh, T. S. 
Lee and A. K. Kiang. {Brit. J. Pharmacol., 1955, 10, 175.) Intravenous 
injection of capsaicin into cats under chloralose anesthesia caused apnea, 
which was either abolished or greatly reduced by cooling the vagi to 9 to 10° C. 
Any residual apnoea disappeared with further cooling to 2 to 3° C. The site 
of action was traced to receptors in the lungs, probably pulmonary stretch 
receptors. The drug also caused a fall in blood pressure and heart rate, 
abolished by cutting the vagi; receptors in the coronary circulation were prob
ably involved. With injections of capsaicin into the carotid sinus circulation, 
apnoea and a fall in blood pressure were again observed and were greatly reduced 
by cutting the sinus nerve. Sensitisation of the baroreceptors of the carotid 
sinus was suggested as causing the vasodepressor action. After injection into 
the splanchnic circulation a rise in blood pressure was obtained, abolished by 
removal of the superior and inferior mesenteric plexuses. The drug acted on 
undetermined receptors in the skeletal muscles causing hyperpnoea and var^ble 
effects on the blood pressure when injected close-arterially into the muscle 
circulation. These effects were absent after section of the nerve supplying the 
muscle. Capsaicin contracted the isolated guinea-pig ileum, which rapidly 
became tachyphylactic to it, but the drug had no effect on the rat uterus or 
perfused rabbit ear vessels. The analogues of capsaicin, vanillylamine and 
vanillyl acetamide had little or no pharmacological activity. Van i llyI-«-decoyl- 
amide, on the other hand, had similar activity to capsaicin. g . p .

Carboline U nsym m etrical Bis-quaternary H ypotensive Agents, Pharm acology of.
T. B. O’Dell, C. L una and M. D. N apoli. {J. Pharmacol., 1955, 114 , 306.) 
Study of a group of carboline unsymmetrical bis-quatemary derivatives has 
shown many of them to be potent hypotensive agents having primarily a 
“central” site of action with varying degrees of peripheral effects. The hypo
tensive action in the anssthetised dog was biphasic, an initial rapid fall with 
recovery in twenty minutes, followed by a more sustained secondary fall. Only 
the initial fall was prevented by atropine or vagotomy. In the series, increase 
of the methylene chain to more than three decreased the duration of action. 
Variations in the small or the large (carboline) cationic heads caused pronounced
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differences in hypotensive action. The more potent compounds were effective 
by intramuscular injection or following injection into the small intestine. In 
the series there was very little correlation between hypotensive activity and 
sympathetic ganglion blockade, tested on the nictitating membrane of the cat. 
The most potent ganglionic blocking compound was the «-methyl tetrahydro- 
harman derivative. Toxic doses of the compounds caused death from repiratory 
depression and increase in the length of the methylene chain increased toxicity 
In vitro, on the isolated rabbit and guinea-pig ileum, the compounds showed 
varying degrees of blockade of acetylcholine, but they did not antagonise the 
vasodepressor action of acetylcholine in the dog. The vasopressor action of 
adrenaline was not blocked, but was potentiated by compounds causing gangli
onic blockade. Some of the compounds caused dilatation and fixation of the 
pupils in male cats and humans. Several of the compounds blocked nicotine 
convulsions in mice. In unanaesthetised dogs large intravenous doses caused 
transient staggering, shivering and sometimes collapse. Mice and monkeys 
showed ptosis and became sleepy. g . f . s .

Catechol Am ines Injected in M an, Am ine O xidase in the Inactivation of.
U. S. von E uler and B. Z e tte rs tro m . (Acta physiol, scand., 1955, 33, 
Suppl. 118, 26.) There was no significant difference between the percentage 
of adrenaline, noradrenaline and corbasil (3:4-dihydroxynorephedrine) excreted 
in the free form in the urine during the two hour period following their sub
cutaneous injection into healthy adults. Very little of any of the amines was 
excreted in the conjugated form. Since corbasil, although being unaffected by 
amine oxidase, is inactivated to about the same extent as adrenaline and nor
adrenaline, it may be inferred that some other enzyme system must play a 
significant part in the destruction of circulating catechol amines. m . m .

Cortisone and A C T H ; Treatm ent o f  B lood D isorders. (Brit. med. /., 1955, 
2, 455.) This is the Third Report to the M.R.C. by the Panel on the Haemato- 
logical Application of ACTH and Cortisone, previous reports having been 
submitted in 1952 and 1953. Dosage tended to be higher in this than in the 
two previous series, most patients receiving at least 200 mg. of cortisone a day 
in their initial course of treatment. With the increased availability of cortisone 
tablets for oral administration the number of patients treated with cortisone 
rather than ACTH steadily increased. Twenty-eight further cases of acquired 
haemolytic anaemia were treated, making a total of 48 cases treated since 1951. 
Of this number partial or complete response was obtained in 39 (81 per cent.). 
When a favourable response occurred this was always apparent within 2 weeks 
of starting an adequate dosage of cortisone. Eight patients were given continu
ous treatment with cortisone for at least 6 months, the dose requirement varying 
from 50 to 200 mg. a day. In all these patients a relapse could be induced 
promptly by stopping cortisone or reducing the dosage. In 7 of the patients 
there were no apparent toxic effects from the treatment; the eighth patient 
developed a gastric ulcer. Of 26 new cases of idiopathic thrombocytopenic 
purpura complete responses were obtained in 12 and partial responses in a 
further 10; these results were more favourable than those reported in 1952 
(partial or complete responses in 11 out of 16) or in 1951 (partial or complete 
responses in 8 out of 14). This was probably due to the use of larger doses. 
Of 8 cases of non-thrombocytopenic purpura 6 failed to respond in spite of 
adequate dosage. No favourable response to cortisone was noted in 16 patients 
with aplastic anaemia or in 2 with refractory anaemia. In acute leukaemia the
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administration of ACTH or cortisone induced temporary remissions in approxi
mately half the patients treated (34 remissions in 49 children, and 22 remissions 
in 52 adults) and compared favourably with other forms of treatment. Re
missions, however, were not of long duration, and few patients survived for 
more than a year. s. l . w .

Cortisone and Aspirin in the T reatm ent o f  Rheumatoid Arthritis. (Brit. med. 
J., 1955, 2, 695.) This is the second Report by the Joint Committee of the 
Medical Research Council and Nuffield Foundation on Clinical Trials of 
Cortisone, ACTH, and Other Therapeutic Measures in Chronic Rheumatic 
Diseases. The report relates to the second year of treatment of the 58 adult 
patients who completed the first year’s treatment as described in the 
committee’s first report. Dosage was determined by the physician in charge 
in accordance with each patient’s need. The doses of cortisone in use at the 
end of the year were from 25 to 125 mg. per day, 17 of the 26 patients receiving 
either 75 or 100 mg. per day. The doses of aspirin were from 2 to 6-7 g. per 
day, 13 of the 20 patients receiving either 4 or 5 g. per day. Treatment of one 
patient in each group had to be discontinued during the year because of severe 
side-effects and 10 patients were not receiving treatment at the end of the year. 
Appraisal was based on joint tenderness, range of movement in the wrist, 
strength of grip, manual dexterity, haemoglobin level, blood sedimentation 
rate, X-ray studies of the hands and feet, and clinical assessment. The results 
showed remarkable similarity between the two treatment groups, and in some 
cases they were even closer than at the end of the first year; in particular, the 
previously reported advantage of the cortisone group in respect of haemoglobin 
level and sedimentation rate had disappeared. The X-ray investigation, by 
three independent observers, was a new measure of assessment; the aspirin 
group showed more erosion but the difference was not statistically significant. 
Side effects occurred in 19 patients of the cortisone group and 12 of the aspirin 
group. In the cortisone group the most frequent were oedema of the ankles, 
moon-face, depression, euphoria and obesity, and in the aspirin group, were 
nausea, dyspepsia or anorexia, tinnitus and oedema of the ankles.

H. T. B.

D em ecolcine (D esacetylm ethylcolcine) Intravenously in Acute Gout. \V* C. 
Kuzell, R. W. S chaffarz ick  and W. E. N augler. (Arch, intern. Med., 
1955, 96, 153.) Demecolcine (Colcemid), an alkaloid from the meadow saffron, 
differing from colchicine structurally in the replacement of the acetyl by a 
methyl radical, was given intravenously to a series of 20 patients with acute 
gout. The patients ranged in age from 42 to 83 years and the known duration 
of gout from 1 to 45 years. Only acute attacks were treated. Of the 20 
patients, 15 enjoyed complete remission within 48 hours after the intravenous 
administration of 1 to 4 mg. of demecolcine, and 4 others obtained partial 
amelioration of symptoms. The only undesirable side reaction was the 
occurrence of diarrhoea in 2 patients. In contrast with intravenous colchicine, 
there was a marked absence of venous irritation. s. l . w .

j3-DimethyIam inoethyl-2-m ethylbenzhydryl Hydrochloride (B .S . 5 9 3 0 ) in the 
Treatm ent o f  Parkinsonism . R. O. G illhespy and A. H. R atcliffe . (Brit, 
med. J., 1955, 2, 352.) This compound, belongs to the class of substance which 
antagonises both histamine and acetylcholine, of which the best known example 
is diphenhydramine hydrochloride. It has about the same toxicity in mice as
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diphenhydramine. The compound was tried in the treatment of 67 patients 
suffering from Parkinsonism, and a clinical improvement was noted in 39 cases. 
The results were considered good or excellent in 31 cases (46 per cent.). Patients 
were given 150 mg. of the compound daily divided into three 50-mg. doses. 
In some cases the amount was increased to 250 mg. daily. Above that dose 
signs of intolerance developed, including restlessness, slight blurring of vision 
and nausea, but there were few unpleasant side-effects if the daily dose was 
kept below 250 mg. The authors conclude that B.S. 5930 compares favourably 
with other drugs for the treatment of the Parkinson syndrome and is a most 
useful addition to the range at present available. A new method of carrying 
out clinical trials of this type is described and its advantages discussed.

s. l. w.

p-H ydroxybenzoic Esters, A ction of, A gainst C an dida  alb icans. T. S abalit-
schka, H. M arx and U. Scholz. (Arzneimitt.-Forsch., 1955, 5, 259.) Esters 
of p-hydroxybenzoic acid have already been used with some success in cases 
of monialisis, and the authors now report the results of experiments in vitro 
on the action against the causative organism— Candida albicans, Robin. Six 
strains of the organism were used. The most effective compounds were the 
butyl esters, preferably in admixture. The action of the methyl ester was less 
marked, and the difference was more noticeable at low temperatures (20° C.) 
than at 37° C. At 37° C. the effect of the esters is only slightly decreased by 
the presence of bouillon. g . m.

Iron by Intramuscular Injection in Infancy. W. G aisfo rd  and R . F. 
Jennison. (Brit. med. /., 1955, 2, 700.) More than 100 infants with various 
types of anaemia were treated with intramuscular injections of Imferon, an 
iron-dextran complex containing 50 mg. of iron per ml. The injections were 
given deeply, into the upper and outer quadrant of the buttock, either daily, or 
alternate days or weekly, the dosage being calculated from the formula

Fe required in mg. =  T31 x (19—Hb mg.) x wt. in lb.
There was marked and rapid hematological and clinical improvement, the 
average rate of response being from 1 -4 to 1 -5 per cent, of hemoglobin per day. 
Provided the dosage calculated to be equivalent to the iron deficit is not exceeded, 
no Unpleasant reactions are produced and discomfort is of short duration. 
Although not a substitute for oral iron as a routine the preparation is valuable 
for the treatment of severely anaemic infants or those who cannot tolerate, or 
are resistant to, iron by mouth. h . t. b.

M agnesia and A lkaline Carminatives in Infancy. R . D . G. Creery. (Brit, 
med. J., 1955, 2, 178.) Of 200 apparently healthy infants aged from 6 months 
to 3 years, 184 (92 per cent.) had at some time been given alkaline mixtures by 
their mothers. Magnesia had been given to 158 (79 per cent.), generally for 
regulation of the bowels, and 133 (66-5 per cent.) had received carminatives, 
usually for “wind”. Both magnesia and carminatives had been given to 107 
(53-5 per cent.). Often only an occasional teaspoonful had been given but in a 
considerable number of cases the mixtures had apparently been persisted with 
for prolonged periods. Although not actively harmful (alkali reserve levels 
were always within normal limits), this habit of dosing infants with alkalis is 
meddlesome and unnecessary and should be discouraged. The medicaments 
are often given for symptoms which exist only in the imagination of the mother. 
The frequent resort to magnesia is due to the obsession that infants should
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defecate daily. The crying and fretfulness often attributed to “wind” may well 
be due to unsatisfied hunger. One of the most popular of the proprietary 
carminative mixtures contains about 4 per cent, of ethanol which, acting as a 
mild soporific, may possibly serve to allay hunger and induce sleep, s. l. w .

M ethiodides o f  D im ethylam inobenzoylhydroxam ic Acids, Antagonists o f  D yflos.
A. Funke, G. B enoit and J. Jacob. (C. R. Acad. Sci., Paris, 1955, 240, 2575.) 
The isomeric dimethylaminobenzoylhydroxamic acids, o, m and p, were obtained 
in the form of their sodium salts by the action of hydroxylamine on the corres
ponding esters. The hydrochlorides were prepared by acidifying with hydro
chloric acid and the quaternary ammonium compounds by the action of an 
excess of methyl iodide on the sodium salts. The effect of these compounds 
was investigated in mice. In a series of protective tests in which the quaternary 
salts were administered 15 minutes before an injection of 6 mg./kg. of dyflos 
in water, the coefficient—dose killing 50 per cent./dose protecting 50 per cent.— 
was better than for nicotine hydroxamic acid methyl iodide. The administra
tion of atropine with the «¡-compound enabled almost complete protection to be 
obtained. In the curative tests the compounds merely retarded onset of death, 
although a certain proportion of the animals lived when given atropine as well. 
Again the best results were obtained with the /«-isomer. g . b .

M orphine, M echanism  o f  Pituitary-Adrenal A ctivation by. R. George and
E. L. Way. (Brit. J. Pharmacol., 1955, 10, 260.) Morphine and (+)- and 
(—)-methadone all caused a significant fall in the ascorbic acid content of the 
adrenal glands of rats in a dose of 1/5 LD50, but not with a dose of 1/15 LD50. 
In hypophysectomised animals these doses had no effect on the adrenal ascorbic 
acid. After bilateral adrenal demedullation, on the other hand, much lower 
doses of the three analgesics caused an appreciable depletion. Pretreatment with 
cortisone did not prevent depletion of ascorbic acid by morphine, aspirin or 
adrenaline, but reduced the severity of depletion. Nalorphine inhibited deple
tion by morphine and by (—)-methadone, but not by (+)-methadone or aspirin. 
This may suggest that different receptors or sites are involved in the mediation 
of the depleting action, possibly in the hypothalamus. g . p .

m
Nitrofurantoin; C linical and Laboratory Evaluation. B. A. W aisbren and 

W. Crowley. (Arch, intern. Med., 1955, 95, 653.) In vitro studies of the 
antibacterial activity of nitrofurantoin show that it has a wide antibacterial 
spectrum, is bactericidal, and does not readily invoke resistant mutants. It 
was found particularly effective against Micrococcus pyogenes and Proteus and 
ineffective against Pseudomonas ceruginosa. Sixty patients with infections of the 
urinary tract were treated with nitrofurantoin, in an average daily dose of 300 
to 400 mg. The results were satisfactory in 27 cases, unsatisfactory in 12 cases 
and indeterminate in 21 cases; 14 of the 27 cases in whom treatment was effective 
had received prior unsuccessful therapy with antibiotics. Nine of the 60 patients 
had difficulty in tolerating nitrofurantoin owing to nausea and vomiting, but in 
only 1 case was it necessary to discontinue treatment. In none of the patients 
was there any evidence of rectal irritation or of depression of haemopoiesis due 
to nitrofurantoin, nor were skin rashes or other manifestations of hypersensitivity 
encountered. Nitrofurantoin did not cause diarrhoea in any of the patients. 
Judged as a whole the clinical results obtained were satisfactory and equal to 
those obtainable with any other single drug. s. l . w .
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Noradrenaline and Adrenaline Content in C at Organs, Effect o f  Increased  

Adrenergic N erve Activity on. U. S. von E uler and S. H ellner-B j orkm an. 
(Acta physiol, scand., 1955, 33, Suppl. 118, 17.) Electric stimulation of the 
splenic nerves of the cat caused no significant change in the adrenaline and 
noradrenaline content of the stimulated portion of the spleen, when compared 
with the non-stimulated portion. Increased reflex adrenergic activity, elicited 
by occlusion of the carotid artery or by denervation of the carotid sinus, also 
caused no significant change in the noradrenaline content of the spleen, heart 
and liver. These facts suggest that the release of adrenergic transmitter is 
normally followed by rapid resynthesis, thus allowing the store of amine to be 
maintained at an approximately constant level. m . m .

isoQ uinoline Unsym m etrical Bis-quaternary Hypotensive Agents, Pharm acology
of. T. B. O’Dell, C. Luna and M. D. N apoli. (J . Pharmacol., 1955, 114 , 
317.) A series of unsymmetric bis-quaternary derivatives of /«»quinoline and 
related compounds have been studied for hypotensive activity. Many of them 
are potent hypotensive agents with primarily a central site of action, showing a 
biphasic fall in blood pressure in the ansesthetised dog. The bis-quaternary salt 
seemed essential for overall hypotensive activity. Increasing the methylene 
chain showed a chain length of three to provide maximum activity. Variations 
in the small cationic head resulted in very pronounced differences in activity, 
while substitution on the large cationic (Loquinoline) head caused considerable 
variations in hypotensive activity. Derivatives of the benzwoquinolines were 
generally more active and more toxic than the simple rioquinoline analogues. 
Most interesting were the tetrahydro derivatives (tetrahydroLoquinoline and 
benztetrahydro/soquinoline) all of which were more active than the analogous 
Aoquinoline derivative. There was no correlation between hypotensive activity 
and sympathetic ganglion blockade. Toxic doses caused respiratory paralysis. 
In vitro the compounds showed varying degrees of blockade to acetylcholine 
but they did not block the vasodepressor action of acetylcholine in the dog. 
The vasopressor action of adrenaline was not blocked or depressed by any of the 
compounds. g . f . s .

R oter T ablets in the Treatm ent o f  Peptic U lcer. R. R. H am ilton. (Brit. 
mei^J., 1955,2, 827). Seventy-nine cases of peptic ulcer and 19 of presumptive 
peptic ulcer were treated with Roter tablets. Immediate clinical response was 
satisfactory in 90 per cent, of patients (81 per cent, became symptom-free within 
2 weeks), with a relapse rate of 57 per cent, in the first year. A reduction in 
the average number of relapses was recorded in 15 cases kept on a maintenance 
dose for 1 year. Roter tablets contain heavy magnesium carbonate 400 mg., 
sodium bicarbonate 200 mg., bismuth subnitrate 350 mg., calamus 25 mg., an 
aromatic bitter, and frangula. The patients (all of whom were ambulant) were 
instructed to take 2 tablets three times a day after food for 3 weeks; thereafter 
1 tablet three times a day for 2 months. Fifteen patients with a long history of 
frequent relapses continued on a maintenance dose of 2 tablets daily for a year. 
The patients were advised to take an average diet but to avoid fried foods. 
In 75 per cent, of the cases the patients were of the opinion that the tablets were 
superior to alkaline powders, and they found they were able to take foods they 
had avoided for years. No serious toxic effects were observed in any of the 
patients treated. Though the author admits that a study of the individual 
drugs contained in these tablets yields no solution to their mode of action, he 
considers that the treatment is of value for general practice, where its simplicity- 
appeals to both doctor and patient. s. l . w .
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Serotonin R elease as a  P ossib le M echanism  o f  Reserpine A ction. A . 
Pletscher, P. A . Shore and B. P. Brodie. (Science, 1955, 122 , 374.) 
Reserpine (5 mg./kg.), injected intraperitoneally in rabbits, effected the release 
of up to 85 per cent, of total serotonin in intestinal tissue. The serotonin 
content of the small intestine decreased progressively for about 16 hours after 
administration of the reserpine and, after remaining constant for a further 16 
hours, regained normal levels after 5 days from injection. Serotonin depletion 
in the intestine was demonstrable with doses down to 0-25 mg./kg. Pheno- 
barbitone and barbitone in doses inducing deep narcosis had no effect on 
intestinal serotonin content. The results were consistent with the view that 
reserpine owes some of central sedative actions to the release of serotonin.

G. P.

PHARMACOLOGY AND THERAPEUTICS

Steroid Anaesthesia in Surgery. F . J. M urphy, N. P. G uadagn i and F. 
DeBon. (/. Amer. med. Ass., 1955, 1 58 , 1412.) This is a report on the use 
of the steroid Viadril (21-hydroxypregnanedione sodium succinate) as a basal 
anaesthetic on 125 patients in a variety of surgical procedures. Viadril is a 
white, crystalline substance, soluble in water and having an alkaline reaction 
(pH 8-5 to 9-8). It is administered intravenously in a freshly prepared 2-5 per 
cent, solution in either distilled water or isotonic sodium chloride solution. 
The Viadril solution is introduced via the intravenous tubing into an intravenous 
drip of 5 per cent, glucose in distilled water, so that mixing and dilution of the 
two solutions takes place in the tubing before the needle is reached. Approxi
mately 5 minutes is required to give 1500 mg. and an additional 5 minutes is 
allowed before the patient is considered ready for further manipulation. In 
this series pre-medication usually consisted of administration of 50 to 75 mg. 
of pethidine hydrochloride, and hyoscine or atropine in the appropriate dosage. 
In the lightly pre-medicated patient Viadril produces sleep in 5 to 10 minutes, 
without an excitement phase. The authors conclude that Viadril is a true 
anaesthetic agent, as evidenced by its ability to control pain, obtund reflexes, 
produce relaxation, and produce sleep, without depression of vital functions. 
Most satisfactory results have been obtained with administering the compound 
with nitrous oxide 75 per cent, and oxygen 25 per cent. In many cases it has 
been found necessary or advantageous to add pethidine hydrochloride, other 
agents, or relaxants, but in these cases the dosages required have been con
siderably smaller than would have been employed had the patient been receiving 
thiopentone sodium-nitrous oxide-oxygen. No complications were observed 
following the use of Viadril except for three cases of thrombophlebitis in the 
injected vein: in each of these cases the patient had widespread vascular disease 
and was receiving the anaesthetic for an aortogram. s. l. w .

Synthalin A  as Selective M ito tic  Poison A cting on A lpha-Cells o f  Islets o f  
Langerhans. H . F ern er and W . Runge. (Science, 1955, 1 22 , 420.) 
Synthalin A (decamethylene diguanidine dichlorhydrate), decreased the mitotic 
rate of the alpha-cells of the islets of Langerhans (considered to be the producers 
of glucagon) in one- to five-day-old rats. The drug was given in a single 
subcutaneous injection of 10 mg./kg. and the rats were killed 12 to 18 hours 
later. In none of the animals were there any signs of lesion of the alpha-cells, 
although lesions and alpha-cell destruction often occur in adult rats after 
Synthalin A administration. Beta-cell mitosis was not affected by the drug.

g . p.
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Mumps Virus, Reproduction in the Chorio-allantoic Membrane. H. L. W olff.
{ N a tu r e ,  L o n d . ,  1955, 176, 604.) The cultivation of mumps virus is described 
in the chorio-allantoic membrane of the incubated hen’s egg. Using “Enders” 
mumps strain, compliment fixing antigen could not be detected until 18+ hours 
after inoculation, and hæmagglutin after 19-J hours. The infection titre de
creased from 2 \  hours after inoculation, reaching a minimum after 5 hours and 
remaining low until 14i hours when it slowly rose again. Experiments were 
also carried out using the chorio-allantoic membrane of 9 day old chicks cut into 
small pieces and placed with the virus into a petri dish. It is concluded that 
mumps virus is reproduced in the living chorio-allantoic cell in 14 to  17 hours.

g . f. s.

M ustard Oils, Bacteriostatic Action of. P. K le s se  and P. L u k o s c h e k  
(A r z n e i m i t t . - F o r s c h ., 1955, 5, 505.) A  strong bacteriostatic action was observed 
with a number of synthetic m ustard oils : methyl, ethyl, allyl, phenyl, benzyl and 
phenylethyl m ustard oil. Effective concentrations ranged between 1:60,000 
and 1:2,000,000 against S ta p h ,  a u r e u s , E . c o l i  and S a r c in a  lu te a . The action is 
also observed in the urine—after the administration of 10 mg. of benzyl mustard 
oil the urine was found to  be bacteriostatic for more than 10 hours. In plate 
tests the action is decreased by a factor of from 3 to  10 by the presence of blood 
or serum. By subcutaneous injection into mice, the toxicity showed a variation 
between LD50 =  0-05 g. per kg. for methyl m ustard oil, and LD50 =  0-25 g. 
per kg. for phenylethyl mustard oil. g . m.

Usnlc Acid, Antibacterial Action of. J. R. M b se . (A r z n e im i t t . - F o r s c h ., 
1955, 5, 510.) Tests were carried out with pure usnic acid against a large variety 
or micro-organisms, using the plate method. With the exception of meningo
cocci and N e is s e r ia  / l a v a ,  only Gram-positive bacteria were affected. No action 
was observed on moulds or viruses. The minimum concentration required 
(for S ta p h ,  a u r e u s  and N .  f l a v a )  was 1:64,000. Thirty different strains of 
C lo s t r id iu m  te ta n i  showed particularly fine bacteriostatic zones of 10 to  12 mm., 
which is considerably greater than with penicillin and streptomycin. Although 
th e «  were differences between the many different strains of S ta p h ,  a u r e u s  tested, 
only one proved resistant. The effect differed according to the solvent used and 
the pH  value of the solution, and was also modified by various additions such as 
powder and ointment bases. Usnic acid is not affected by the action of heat or 
of ultra-violet light. Its toxicity appears to  be low. The oral administration 
of 2 g. of the pure acid to a guine-pig of 4-08 kg. weight showed no perm anent ill 
effects. In this case the bacterostatic action of the urine was nil. g . m.

Water-soluble Filter for Trapping Airborne Micro-organisms. M. R ic h a rd s .  
( N a tu r e ,  L o n d . ,  1955, 176, 559.) The preparation of a water soluble “wool” of 
sodium alginate to  trap spores is described. Calcium alginate yarn is cut into 
short lengths and stirred into a large volume of water to untwist the filaments. 
After draining on a Buchner funnel the mass of calcium alginate wool is soaked in 
N  hydrochloric acid to  leech out the calcium, drained, suspended in 50 per cent, 
ethanol and neutralised with sodium hydroxide. The sodium alginate yarn 
produced is soluble in water. It is washed with 50 per cent., then absolute 
ethanol and dried. The wool is used to trap micro-organisms when packed as a 
plug in a special brass tube. It is very useful for sampling airborne fungi and 
bacteria for culture. g . f . s.

BACTERIOLOGY AND CLINICAL TESTS
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T H E  Q U A N T IT A T IV E  A N A L Y S I S  O F  D R U G S , by D. C. G arratt. Second 
edition. Pp. xv +  670. Chapm an and Hall, London, 1955. 70s.

The first edition o f this book was published in 1937 under the title o f D rugs 
an d  Galenicals: Their Q uantitative A nalysis. Since that date many changes have 
occurred in pharmacy and some of these changes are reflected, in the work under 
review, by the inclusion of new sections dealing with synthetic organic chemicals 
and by the deletion o f the word “Galenicals” from the original title. I t  was 
stated, in the first edition, that the author had relied mainly on his own collection 
o f notes and references collected during his analytical experience; it was, in fact, 
this which gave the work much of its practical value. The new edition has been 
awaited for some time and it is o f interest to see how far, after a period o f 18 
years, the original practical approach to the subject could be maintained in the 
much wider field o f present day pharmaceutical analysis.

The general arrangement o f the first edition has been retained, a substance, 
its salts, similar compounds, and preparations containing the substance, being 
grouped together. Thus barbiturates are listed and described as a group, as are 
the sulphonamides, sugars, soaps, paraffins, flavines, and compounds containing 
mercury. New sections have been added where necessary and those describing 
the penicillins and soapless detergents are particularly informative. The 
appendices to the original volume have been enlarged and new additions include 
an account o f titration in non-aqueous solvents and a review of physical methods 
of analysis.

In describing the various methods of assay available for a substance or group 
of substances, the author clearly states the alternative methods available and 
gives reasons for his final choice. F or many official B.P. or B.P.C. assays, 
points of practical analytical detail from the author’s experience are given which 
will greatly assist any newcomer to  the method.

Few criticisms can be made and a preliminary reading did not show any 
typographical errors. If  one wished to be hypercritical the choice and exclusion 
o f certain substances might be queried. Thus a monograph on solapsone is 
included but not one on cyanocobalam in; mephenesin and chloramphenicol 
have also been omitted and future editions might well include a separate section 
on the antihistamines. These points however, do not detract from the value of 
the book but serve to emphasize the rapid changes which now occur in the 
contents o f official volumes.

The book is attractively produced and bound, and well indexed. I t can be 
stated that the author has, in fact, maintained his original standard, resulting 
in a practical handbook and reference work which will be essential for any 
laboratory engaged in pharmaceutical analysis.

R. E. S t u c k e y .

M E T H O D E N  D E R  O R G A N IS C H E N  C H E M IE  (H ottben- W eyl). Volume III, 
Part 2. Physikalische Forschungsmethoden. Fourth  Edition. Edited by 
Eugen Müller. Pp. xxviii +  1078 (including 507 illustrations and Index). 
Georg Thieme Verlag, Stuttgart, 1955. Moleskin D m .186.00.

This latest volume of the new fourth edition of Houben-Weyl is the second of 
two which are to be devoted to physical methods, and deals solely with electrical, 
optical, magnetic and acoustic analytical methods. The layout o f this book
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follows the now usual pattern with detailed monographs each by a specialist on 
the major subdivisions of the subject. Included are chapters on the measure
ment o f pH ; potentiometric and conductimetric titrations; redox potentials; 
polarography; dielectric constants; refractom etry; polarim etry; fluorescence; 
phosphorescence; electron microscopy; X-ray crystallography; visible, ultra
violet, infra-red and Ram an spectroscopy ; microwave spectroscopy ; magnetic 
methods and ultrasonics. The theory of pH  is presented, as was to be expected, 
from the standpoint of the Lowry Brpnsted theory of acids and bases, so that 
such sections as those on the measurement o f pH  in non-aqueous media, Hammet 
acidity functions and indicator theory, fall naturally into place. On the experi
mental side, the description of apparatus and methods for the measurement of 
pH  and redox potentials, and for conductimetric and potentiometric titration is 
given, as in all these volumes, in a wealth of detail. These descriptions are often 
quite sufficient in themselves for the average worker to establish the necessary 
technique without further reference, but, as always, in addition full reference to 
original literature is also included. By comparison the single chapter on the 
polarography of organic compounds is a little disappointing. Much o f it has 
been devoted to general theory and the description of apparatus which, although 
excellently presented in itself, is general to all polarographic work, whilst what 
appears to the reviewer as the real purpose of the chapter has been relegated to 
the last few pages. As may be expected, a large section of this volume has been 
allocated to the theory and practice o f light absorption measurements. Especially 
welcome here is the chapter on Ram an spectra which are, o f course, comple
mentary to the infra-red and for which few volumes of this type provide adequate 
treatment. The tabulation o f solvents suitable for infra-red measurements in 
various ranges of the spectrum provides a useful collection of information, 
whilst the collection and diagramatic representation of absorption data for the 
various functional groups is a valuable addition. The inclusion of examples of 
the use of infra-red spectra in the determination of organic structures greatly 
enhances the value o f this section. The newer techniques of micro-wave 
spectroscopy and ultrasonics are also briefly described. The volume is remark
ably free from misprints, beautifully finished, and although part o f a large 
series can be seriously entertained as a work, complete in itself, which will be of 
value both to the specialist and the routine analyst.

•  J. B. S t e n l a k e .

LETTER TO THE EDITOR
Thiambutene and Barbiturate Anaesthesia in the Dog

Sir ,—I regret and apologise for certain errors in doses which occur in the 
article “Thiambutene and Barbiturate Anaesthesia in the Dog,” published in 
this Journal 1955, 7, pp. 533-540. In all cases subcutaneous doses of thiam 
butene were 22 mg./kg. and intravenous doses 4-4 mg./kg. Intravenous doses 
of nalorphine were 2-2 mg./kg.

L. N. Ow en .
Ellerslie Estate,
Crosby,
Isle o f Man.

December 14, 1955.
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