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

S Y N T H E T IC  (E S T R O G E N S

By E. C. Dodds,
M .V .O . ,  M .D . ,  D .S C .,  F .R .C .P . ,  F .R .S .

Courtauld Professor of Biochemistry in the University of London

T he field o f  chem otherapy in general has show n the large num bers o f  
com p ou n d s w hich  can  be  used fo r  the same purposes. O ne on ly  has 
to  contem plate the developm ent o f  the so-called  “  sulpha ”  drugs to  
provide an exam ple o f  this. T he first com p ou n d  produced  by  D om a g k 1 
was the com p lex  dye-stuff Prontosil. This substance obtained w ide 
acceptance fo r  the treatment o f  certain infections, but alm ost com pletely  
disappeared after the brilliant observations o f  T refouel, N itti and B ovet2 
that in the rabbit the com p ou n d  w as split at the azo  linkage, liberating 
sulphonam ide, and that this sim ple substance itself was active against 
certain infections. A s  w e know , this w as the start o f  a w hole series o f  
drugs o f  w hich  there must be by  now  m any hundreds on  the market.

T he sam e story can  be  told  o f  the anti-syphilitic remedies, and the 
sam e is true o f  the anti-malarials. T h e physician wishing to treat either 
o f  these cond ition s has a w ide range o f  com pou n ds to  ch oose  from , 
m any o f  them differing quite fundam entally in constitution, despite the 
fa ct that they all bring about the same therapeutic results.

O OH

U p to the d iscovery  o f  synthetic oestrogens, this phenom enon  did  not 
apply  to  the horm ones. T here has been on ly  on e  adrenaline isolated 
from  the suprarenal m edulla, on ly  one thyroxine from  the thyroid gland 
and on ly on e insulin from  the pancreas.

137
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T h e first indication that there m ight be a w hole series o f  closely  re
lated substances secreted by one endocrine gland cam e with the isolation  
o f five different oestrogenic substances from  the urine o f pregnancy, 
nam ely, œstrone, œstriol, œ stradiol, equiline and equilenine (II  to V I). 
These all have the same qualitative effect, though their quantitative 
effects are different.

T he same story was unfolded concern ing  the suprarenal cortex. It 
is now  know n that a very large num ber o f  steroid substances are p ro 
duced by the cortex  o f  the suprarenal gland, differing in constitution 
and differing considerably  in their m etabolic action.

C h e m is t r y

Up to the present time the basic structure o f  the cyclopen ten o- 
phcnanthrene ring system (I) has been fou nd  indispensable fo r  
androgenic, progestational and adreno-cortical action. In the case o f  
œstrogens it has been found possible to break aw ay from  this structure.

ft is on ly necessary to review very briefly the work leading to  the 
synthesis o f  stilbœstrol and its allied com pou nds. Experim ents were 
begun in the Courtauld Institute about 1930 with the ob ject o f  seeing 
how  far it was possible to change the m olecu le o f  oestrogenic substances 
w ithout destroying the b io log ica l activity. A s all naturally-occurring 
œstrogens contain  the phenanthrene system as part o f  the nucleus, a 
num ber o f  phenanthrene derivatives were prepared and tested by  the 
vaginal smear m ethod (Stockard and P ap an ico laou ') on  ovariectom ised 
rats. In 1933, the substance 1-keto-1 : 2 : 3  : 4-tetrahydro-phenanthrene 
(C ook , D odds and H ew ett4) was fou nd  to  be active in rats at a dose 
level o f  100 m g ./ra t (V II). A t the same time a certain similarity was 
noticed between the m icroscop ic  appearance o f the cells o f  the vagina 
under the influence o f  œstrogens and the proliferation  caused by  the 
painting o f  carcinogenic hydrocarbons on  the skin. T w o  o f  the m ost 
potent carcinogenic hydrocarbon s, 5 :6 -cy c lo p e n te n o -l : 2-benzanthracene 
(VTTT) and I : 2-benzpyrene ( I X )  were tested and found to  have definite,

o
/ \

/ \ / \
. "  ■ / ¡’ !À/J 

1 ! : il |

v \ .  , , . .A .  /  .//

/

_
/ \

\ / \/\/\/
VII. 1-keto-l : 2 :3 :4 -  

tetra hydro-phenan threne
VIII. 5 :6-cyclopenteno-l : 2- 

benzanthracene
IX . 1: 2-benzpyrene

though slight oestrogenic activity (C o o k  and D od d s5). M oreover, it was 
fou n d  that by  introducing groups in the 9 : 10-position  o f  dibenzanthra
cene this cou ld  be converted into quite a pow erfu l oestrogen. A  series o f  
9 : 10 -d ih yd roxy -9 : 10-dialkyl-l : 2 : 5 : 6-dibenzanthracenes was specially
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investigated, and the d i-n -propyl substituent (X )  was fou nd  to be active 
in a dose o f  25 /.ig. in the rat (C ook , D odds, H ewett and Law son '1).

A t  this p oin t it was decided  to  see whether the phenanthrene nucleus 
cou ld  be dispensed with and a series o f  com pou n ds was m ade, the aim  
alw ays being to  find the simplest possible substance with the highest 
oestrogenic activity. C onsiderable activity was show n by  certain c o m 
pounds with on ly  tw o benzene rings, particularly by stilbene (X I )  and 
4 : 4 '-d ihydroxystilbene (X II )  (D od d s and L aw son 7). A n  attempt was 
then m ade to “  drop  ”  on e o f  the rings and the com p ou n d  anol, 
p -h ydroxypropen ylbenzene (X III ) , w as tested. This appeared to  be very 
highly active (D od d s and L aw son 8), but when other w orkers attem pted 
to  repeat the observation , considerable variation was fou n d  in the d if
ferent batches o f  anol, som e having on ly  very slight activity. T he 
conclu sion  was that the activity in som e batches o f  anol w as due to

V -C H  CM \
\___ /  \ __ . '

XI. Stilbene

HO C H = C H — hOH
/  \ ___/

XII. 4 : 4'-Dihydroxystilbene

HO CH CH—CH;,

XIII. Anol

a contam inant, probably  a dim eride o f  anol. T h e unsym m etrical 
dim eride, d i-a n o l (X IV ) , w as tested, but though active, it w as n ot suffi
ciently so to  accoun t for  the high activity o f  som e o f  the batches o f  anol 
(C am pbell, D od d s and L aw son"). T h e other possibility was the sym 
m etrical dim eride, 4 : 4 '-d ihydroxy-a :j3-diethyl stilbene, later know n as 
stilbcestrol (X V ) . T h is com p ou n d  was synthesised by  a com bin ed  team 
from  Sir R ob ert R ob in son ’ s Departm ent at O xford  and from  the 
Courtauld Institute. W hen tested on  rats by  the vaginal smear m ethod 
this w as found to  be the m ost pow erful oestrogenic substance then know n 
(D od d s, G olberg , L aw son  and R o b in so n 10). A t the same time it was 
fou n d  possible to  isolate another com p ou n d  from  the residue rem ain
ing from  the an ol crystallisation, and this com p ou n d  was later know n 
as hexcestrol (X V I )  (C am pbell, D od d s and L a w son 11). A  further c o m 
pou nd , dienoestrol (X V II ) ,  was m ade a few  m onths later (D odds, 
G olberg , L aw son  and R o b in so n 12).

These com p ou n d s have now  been used, particularly for  the treatment 
o f  m enopausal sym ptom s, fo r  nearly ten years, and have been found to

CH;i

CH2

c h 2 o h , / '  \
\  /  I II

II I /  \
\  /  HO CH,
\ /  j

CH,
|

c h ;!
X. 9:10-Dihydroxy-9:10-di-H- 

propyl-I : 2 : 5 : 6-dibenzanthracene
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replace the naturally-occurring oestrogens in every w ay, with the add i
tional advantage that they are active by  m outh. T hey have also been 
used since the publication  by H uggins13 o f  his observations on  carcinom a 
o f  the prostate fo r  the treatment o f  this cond ition , and have proved  to  
be o f  great benefit in a  large p roportion  o f  cases.

W ith  the establishm ent o f  stilbcestrol, hexoestrol and dienoestrol as 
therapeutic agents, it look ed  as if the interest in this particular field 
had m ore or  less co m e  to  an end. R ecently , how ever, there have been 
a num ber o f  developm ents o f  entirely new synthetic oestrogens, and it 
is m ainly with these that the present a ccou n t is concerned.

In  the first instance, we m ust aban don  the use o f  the term “  synthetic 
oestrogen,”  as pointed out recently by  H oreau 14. T h e synthesis of 
oestrone has n ow  been effected, and therefore the naturally-occurring 
horm one cou ld  also be included under the heading o f  synthetic oestrogens. 
F or  the stilbcestrol type o f  substance it is better to  em ploy  the term 
“  artificial oestrogens ”  in the future.

T h e  total synthesis o f  oestrone was effected by  A nner and M iescher15. 
W hilst this is o f  great theoretical im portance, it w ou ld  appear very 
unlikely that the synthetic product w ill ever com pete with the p roduction  
from  natural sources. T h e natural oestrogens are prepared com m ercially  
either from  the urine o f  certain pregnant anim als, notably  the m are, or 
from  cholesterol b y  a degradation  synthesis.

T h e fact that there were available three artificial oestrogens fo r  use 
in  therapeutics did  not hinder the attem pts to  find others, since it was 
h op ed  by  this m eans to  find som e clue as to  the reason for  the oestrogenic 
activity show n by  substances with a constitution  far different from  that 
o f  the natural product.

R ecently , clin ical interest has been show n in a substance produ ced  
by  Inhoffen  and H oh lw eg16 as long  ago  as 1938. These w orkers show ed

CH3
1

HO—C6H4—CH—C = C H —C6H4 OH

c 2h 5
XIV. Di-anol

HO

C3H6 c 2h 5

OH

XV. Stilbœstrol

ho/ 7 N —c — c— /  N oh
\  /  Il II \ _ /

CH CH
1 I

CH3 CH,
XVI. Hexoestrol XVII. Dienoestrol

that it was possib le  to  introduce an ethylenic linkage on  to  the 17-carbon 
atom  in œ stradiol. T h e resulting com p ou n d  was called  ethinyl œ stradiol 
(X V II I ) .  T h is derivative o f  the naturally-occurring substance w as fou n d  
to  be  active by  m outh , but it was also stated to  suffer from  the same

C2H5 C2Hs

HO /  V J h  —  ¿ h - /  \ (. CH CH x _ /
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disadvantages with regard to the production  o f  side-reactions as stil- 
bcestrol. T here are n o  figures available to  show  the com parative potency 
o f  this substance as com pared  with the others, on  laboratory animals, 
and therefore it w ill m erely be referred to  from  the clin ical po in t o f  view.

Attem pts to  produce substances o f  the same degree o f  activity as the 
stilboestrol series have n ot been particularly successful. T h e activity o f 
diphenylethylene was show n to  be definite, but slight. R o b so n  and his 
colleagues17 studied the activity o f  triphenylethylene (X I X )  and have 
show n that derivatives in this series have activity, but again on  a m uch 
low er plane than the stilboestrol series. R o b so n  and his colleagu es1819 
also m ade som e interesting observations on  halogen substituted deriva
tives o f  triphenylethylene. These substances have not aroused the interest 
o f  clinicians.

SYNTHETIC CESTROGENS

HO
XVIII. Ethinyl œstradiol

/  \  
\ _ / \

/ _ \ /
C =

XIX. Triphenylethylene

A n oth er m od ification  o f  the stilboestrol type o f  m olecu le was m ade 
by  B lanchard and his colleagues20-21 in the synthesis o f  octo fo llin , 
2, 4 -d i(p -hydroxyphenyl)-3-ethyl hexane (X X ) .  This is a  derivative o f  
hexane and the general resem blance to the stilboestrol form ula can be  seen 
by  com parin g  the formulae. This substance is considerably  less active 
than those o f  the stilboestrol series, but it has been offered com m ercially  
and there are references to its activity in the hum an subject (Jaeger22).

In  an attem pt to  explain  the activity o f  synthetic oestrogens the author 
suggested (D o d d s23) that som e o f  the substances show ing oestrogenic 
activity m ight be  regarded as stages in the disintegration o f  the cy c lo -  
penteno-phenanthrene nucleus. F or  exam ple, the activity o f  the diphenyl 
series m ight be  explained by  the open ing  o f ring B  in the m anner show n 
in the diagram  (X X I ) .  W ith  the discovery  o f  stilboestrol, how ever, this 
hypothesis w as rather neglected, but recently it has been revived in a

very definite form , first by  the striking w ork  o f  M iescher and his c o l 
leagues, and later by  H oreau  and Jacques24-25-26-27.
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In 1933 D oisy  and his colleagues28-29 show ed that it was possible to 
produce a very highly active substance from  cestradiol by an ox idation  
process, but they failed  to identify the com p ou n d  so produced . The 
suggestion that highly active substances cou ld  be obtained in this manner 
suggested to  M iescher and his colleagues that the disintegration o f  the 
oestrone m olecu le m ight produce substances o f  considerable activity. H e 
therefore synthesised a num ber o f  com p ou n ds which corresponded  to 
the oestrone m olecu le  with the 5-m em bered ring opened. T w o  o f  these 
substances have show n great activity. These are referred to as doisyn olic

CH.,

—COOH

XXII. Doisynolic Acid

CH,
\ i

A  / - C=H
A  \ /  \ /
i 8 1

/ \ / v

H ( A \ A \ A h < A \ X \ /

COOH
C H

XXIII. /»i'sDehydrodoisynolic Acid

-CH ,—CH,COOH
HO1

XXIV. Allenoic Acid

X
CH
I

HO1
,—CH----- C—COOH

; \ / \ /  ¿ H ,
XXV. Dimethylethylallenolic Acid

acid  and /m deh yd rodoisyn olic  acid  respectively (M iescher24-23) (X X I I ,  
X X I I I ) .  T here have been extensive clinical trials with the 7-m ethyl 
derivative o f  h/.vdehydro-doisynolic acid. M iescher and his colleagues 
have published a  num ber o f  papers on  the synthesis o f  this com p ou n d  
and have also described20 a shortening o f  the synthetic process, but even 
with this advantage the m ethod o f production  is infinitely m ore costly  
than that o f  the sim pler stilbene derivatives such as stilboestrol.

F ollow in g  up the disintegration idea still further, H oreau  and Jacques27 
synthesised com p ou n d s which correspon d  to do isyn olic  acid  w ith the
6-m em bered ring C  opened. This yields a series o f  naphthalene deriva
tives, som e o f  which have show n considerable activity. The parent 
substance has been called allenolic acid (X X I V )  and the m ost active 
m em ber o f  the series is dim ethylethylallenolic acid  (X X V ),  som etim es 
referred to  as the H oreau  acid.

B iological  A c t iv it y

T h e b io log ica l standardisation o f sex horm ones and particularly o f  
oestrogens has always presented very great difficulties. T he oestrus 
reaction  in the ovariectom ised rat or m ou se can  on ly be treated quanti
tatively on  a statistical basis, and the m ethod proposed  by  C ow ard  and 
B u m 30 is still the basis o f  all m ethods o f standardisation. T h is in brief 
consists in an estim ation o f  the am ount o f  m aterial required to produ ce  
fu ll oestrus response in 50 per cent, o f  a group o f  ovariectom ised anim als. 
A ccord in g  to the size o f  the group , so vary the reproducibility  and
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accuracy o f  the result. T o  obtain  a reproducibility  o f  20 per cent, som e 
20 anim als m ust be used, and in order to  get dow n  to  10 per cent. 100 
will be  required. It can  be seen that such a standardisation is very 
laborious, and in order to m ake the results o f  one laboratory com parable 
with those o f  another the League o f  N ations Com m ittee on  B iologica l 
Standards introduced the international standards o f  oestrone and 
œstradiol som e years before  the war. W ith the isolation  and charac
terisation o f  the pure com pou n d s, the difficulties o f  standardisation very 
largely disappeared and the dubious use o f  “  rat units ”  fortunately d is
appeared from  the literature.

T he introduction  o f synthetic œstrogens raises a whole series o f  new 
difficulties, and the com parison  o f  the potency o f  the various synthetic 
and artificial œstrogens becom es an im possibility. In the first instance, 
it w ill be  rem em bered that the potency o f  an oestrogenic substance d e 
pends n ot on ly  on  the actual weight o f  material adm inistered, but on  
the length o f  tim e over which the adm inistration is spread. B y  and 
large one can  say that the m ore one fractionates the dose, the greater 
will be  the potency  show n. O ne o f  the great difficulties with the synthetic 
œstrogens is their rate o f  absorption  and destruction in the anim al b od y . 
It is therefore very difficult to  com pare on  any sound basis the activity 
o f, say, stilbœ strol as against œ stradiol. A gain , the sensitivity o f  
anim als varies from  laboratory to laboratory, and therefore it is im pos
sible to  com p are  potencies arrived at in one laboratory with those o f  
another. In the Courtauld Institute a m ethod o f  standardisation has 
been w’orked out, using ovariectom ised rats and fractionated injections 
in sesame oil. By the use o f  this m ethod it has been possible to  arrive 
at the relative potency o f the various synthetic substances w hich led to 
stilbœstrol. T h e results are on ly com parable  in the one institution, 
and therefore it is not p roposed  here to  m ake any suggestion that the 
potencies given are in any w ay absolute. By our m ethod  the follow in g  
T ab le  gives the potency o f  the synthetic œstrogens m entioned :

Substance D ose p er  R at

Stilbœstrol ... ... ... 0-3 to 0-4 /.ig.

Hexcestrol .............................................................. 0-2 ,ug.

Diencestrol .............................................................  0-4 fi.g.

*7-m ethyl-M sdehydro-doisynolic  acid .................. 0-5 <ig.
D im ethylethylallenolic acid ... ... ... 3-0 to 4-0 >ig.

* This is the figure obtained for the racemic compound. Miescher ‘ has resolved 
this and has found that the dextro ( +  ) compound is active in rats by single sub
cutaneous injection in oil in dose of 10-0 ,«g., whereas the lævo ( —) compound 
is active in rats in a dose of 0 05 ug.

F rom  this table it can be  seen that by the m ethods em ployed , hexcestrol 
is the m ost potent substance o f  the series when adm inistered by  sub
cutaneous in jection  in oil. W ith regard to oral adm inistration, it w ould
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appear that in the rat the m ost potent substance is 7-m ethyl-fm 'dchydro- 
d o isyn olic  acid , with stilbcestrol occu pyin g  second place.

Clinical A ctivity

T h e earliest tests o f  stilbcestrol were m ade under the aegis o f  the 
M edica l Research  C ou n cil in 1939 (B ishop, B oy co tt  and Z uckerm an 31, 
W interton and M acG regor32). Since that time a vast literature has 
accum ulated describing the testing and dosage o f  the various synthetic 
cestrogens. O ut o f  this very extensive, and in m any cases highly uncri
tical, literature a num ber o f  facts em erge:

1. T hat the synthetic cestrogens are active in the hum an subject by 
m outh, and that they are efficient in the treatment o f  the various 
gynaecological disorders.

2. T hat all products in a varying degree d o  cause side reactions, 
varying from  slight nausea to, very rarely, severe sym ptom s such as 
vom iting, skin rashes, and so  forth. B y  and large the reactions are 
never so severe as to necessitate the discontinuance o f  the treatment.

3. A stonishing diversity o f  op in ion  occurs on  the relative potency 
and percentage o f  side reactions in these various com pou nds. In  the 
first instance, the question o f  side reactions has been the subject o f  m uch 
speculation. V ariou s groups o f w orkers have claim ed that one o f  the 
synthetic cestrogens is m uch less prone to  produce side reactions than 
another, and from  this it has been con clu ded  that the toxicity  is due to 
som e peculiarity o f  the m olecule. T o  the present writer this has always 
seem ed an unlikely explanation, and in view  o f the fact that it is possible 
to  get the same type o f  side reactions with com pou n ds o f  such w idely 
different structure as ethinyl cestradiol, do isyn olic  acid and allenolic 
acid , stilboestrol, and so forth, it w ould  appear m uch m ore reasonable 
to  suppose that the tox icity  is associated with the oestrogenic potency. 
It is know n that the naturally-occurring cestrogens are rapidly destroyed 
in the b od y , whereas m ost o f  the synthetic cestrogens are excreted in 
the urine either unchanged in part or  in con jugation  with g lucuronic acid.

It has been usual to  assume that the sensitivity o f  all m am m als is 
roughly the same fo r  cestrogens, but there is n ow  considerable evidence 
that such is not the case, and that it is m ost unwise to  assum e that the 
hum an fem ale w ill react in the same w ay as the laboratory  anim als. 
T he difficulty in the past has been the lack  o f  any quantitative w ork  on  
the subject. It is therefore with very great interest that the paper by  
B ishop, K ennedy and W ynn-W illiam s33 has been received. T hese authors, 
recognising the lack  o f  quantitative data, have attem pted to  standardise 
the cestrogens on the hum an subject by  using oestrogen withdrawal b leed 
ing as a criterion. I f  cestrogens are given to  a m enopausal w om an  with 
amenorrhoea, am elioration  o f  the sym ptom s o f  the m enopause occurs 
alm ost im m ediately. If, after a fortnight o r  so, treatment is Suddenly 
stopped, a small vaginal haemorrhage occurs. This has been  term ed 
oestrogen w ithdraw al bleeding. B ish op  and his colleagues have used
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this as an en d -poin t in their standardisation, and by  determ ining the 
m inim um  am ount o f  orally  active oestrogen necessary to  induce this 
phenom enon , have been able to place the com pou n ds tested in order o f  
potency. T h e result was that, o f  the substances tested, stilbœstrol is 
the m ost potent. In  view  o f  the extrem ely im portant nature o f  their 
conclusions, the sum m ary is quoted  in ex ten so :

“  A  m ethod  is described fo r  com paring  the potency o f  œstrogens 
in m an. It consists in giving the oestrogen daily by  m outh  in  14-day 
courses to  am enorrhœ ic w om en  and recording whether oestrogen 
w ithdraw al bleeding takes place.

“ T h e  results obtained indicate that dienœ strol is about a 
quarter, d o isyn o lic  acid  ab ou t a  fifth, and hexœ strol abou t an 
eighteenth as potent as stilbœstrol.

“  Investigation o f  the incidence o f  ‘ toxicity  ’ indicates that stil
bœ strol is m ore  likely to produ ce  nausea in therapeutic doses than 
are dienœ strol, do isyn olic  acid and hexœstrol.

“  R eason s are given fo r  choosin g  this end-point, and fo r  the 
failure to  devise any other suitable m ethod  o f  assessm ent at d if 
ferent levels o f  oestrogenic response, such as the relief o f  m enopausal 
sym ptom s, the p roduction  o f  an oestrous vaginal smear, and the sup
pression o f  lactation .”

This w ork  is o f  very great interest in that it shows the fo lly  o f  ap p ly 
ing results obtained on  anim als to  the hum an being. F or  exam ple, 
there appears to  be  little dou bt that 7-m ethyl-/u .vdehydro-doisynolic acid  
is highly potent in the rat and m ouse by  m outh, yet it appears from  the 
results o f  B ish op  and his colleagues to  be relatively im potent in the 
hum an fem ale.

Finally, ethinyl œstradiol has been the subject o f  a num ber o f  p u b 
lications, and there is n o  dou bt that it is able to  replace the naturally- 
occurring œstrogens in  the same w ay as stilbœstrol. A  num ber o f  papers 
have appeared in A m erica  w hich show  that m enopausal sym ptom s can 
generally be  contro lled  b y  daily  doses o f  0-05 to  about 0-3 mg. (W ies- 
bader and Fillet34, G roper and B isk ind35, Salm on et al.36). B irnberg 
et al.37 have used ethinyl œ stradiol with success fo r  the treatment o f  
the m enopause and o f  am enorrhœ a, fo r  the suppression o f  lactation and 
fo r  the induction  or hastening o f  labour. Ethinyl œ stradiol can  also 
be  used, like other œstrogens, fo r  the treatment o f  carcinom a o f  the 
prostate (M cC rea38). Som e papers have appeared in w hich  the potency 
o f  ethinyl œ stradiol is com pared  with that o f  other œstrogens, natural 
and artificial. H arding39 in a series o f  47 cases used ethinyl œstradiol 
and other œstrogens to treat hypo-ovarian  sym ptom s. Ethinyl œstradiol 
was show n to  b e  the m ost active o f  the substances used, but like stil
bœ strol was liable to cause “ m ild  tox ic  reactions.”  Jefîcoate et al.i0 
have com pared  ethinyl œ stradiol with other œstrogens on  its pow er to 
suppress lactation. B y  this criterion it is also show n to  be  the m ost
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active. H ow ever, as pointed out by B ishop  et al.33, this is “ an unsuit
able m ethod  for  the clin ical assessment o f  cestrogens,”  and it is not one 
that lends itself to  quantitative consideration. Finally, Soule41 has c o m 
pared ethinyl œ stradiol, using oestrogen w ithdraw al bleeding as the en d 
point, with stilbœstrol, a-œ stradiol and “  m ixed  œ strogens.”  T h e various 
œstrogens were on ly  tested on  1 patient, so the results can  hardly be c o n 
sidered as statistically significant, but it w as shown in this case that 
ethinyl œstradiol was the m ost active, producing oestrogen withdrawal 
bleeding with a dose o f  0-05 mg. per day fo r  21 days, as against a dose 
o f  4  m g. o f  stilbœstrol for  13 days. Both these substances caused 
nausea when used in effective dosage.

Future R esearch

T h e success obtained in the field o f  synthetic œstrogens leads on e  to 
speculate as to  future possibilities in the extension o f  research. W hilst 
it is always unwise to prophesy, there w ould  appear to be  tw o m ain 
lines o f  w ork.

Firstly, is it possible to synthesise com p ou n ds with a m ore  selective 
action  on  the various tissues acted upon  by  œ strogens? A s  Parkes42 
has pointed out, the w ord  oestrogen is rather an unfortunate one, since it 
focusses attention on only one aspect o f  these com p ou n d s ’ activities, 
nam ely, the p roduction  o f oestrus changes in the vagina. H e has sug
gested that the term “  gynæ cogenic ”  w ould  be  better, as this w ou ld  
include all the various activities associated with oestrogenic pow er, such 
as developm ent o f  secondary sexual characteristics, action  upon the 
uterus, breast and anterior lobe o f  the pituitary. M any have speculated 
as to  whether it w ould  be possib le to  synthesise a substance with selective 
action  o n  the anterior lob e  o f  the pituitary, whilst at the same time 
having little action  on the breast, uterus and so on. T h e advantage o f  
such a com p ou n d  in the treatment o f  carcinom a o f  the prostate is obvious. 
It is the writer’ s opin ion  that there is n o  evidence that such com p ou n d  
cou ld  be  fou n d . E xperience suggests that these com pou n ds act in their 
entirety, and that it is n ot possible to segregate or separate the various 
actions. In  other w ords, the results are due to  oestrogenic activity p er  s e .

The second  line o f  speculation is whether it w ill be possible in the 
future to  m ake synthetic analogues o f  the other steroid horm ones. In 
other w ords, w ould  it be possible to  produ ce  a com p ou n d  with, let us 
say, androgenic activity, w hich  bears no m ore resem blance to  testosterone 
than d oes stilbœstrol to  œ stradiol. W hilst on  general grounds it w ould  
seem possible that such com pou n ds cou ld  be produced, until one has 
actually been synthesised and its action  dem onstrated it is obv iou sly  
idle to  speculate.

In conclu sion  it m ay be stated that the clinician has a w ide selection 
o f  artificial œstrogens from  w hich to ch oose  to  treat his patients by  
the oral route. A gain , consideration  o f  the evidence w ould  seem to 
indicate that there is little to  ch oose  betw een any o f these substances, 
and that they are likely to produce side reactions in direct proportion  to 
their oestrogenic potency.
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Investigations on  the natural card iac g lycosides have revealed that the 
unsaturated lactone ring in the side chain  o f  their aglucones is indis
pensable fo r  the specific action  on  the heart. Thus E lderfield1, R u zick a 2, 
R eichsrein3 and others have been engaged in the preparation o f  un
saturated lactones related to  the natural aglucones, but the com pou n ds 
they obtained did  n ot show  card ioton ic  activity4. C om paring the 
potencies o f  som e cardiac g lycosides with those o f  their aglucones C hen5 
m ade it clear that g lycosidal com bination  enhances the card ioton ic  
potency up to  12 times. So, whilst a synthetic aglucone o f  relatively 
small activity m ight show  no activity whatsoever during pharm acological 
tests, it is m uch less likely that the potential card ioton ic  activity o f  such 
a com p ou n d  w ould  be ov erlook ed  if it was exam ined in g lycosidal form .

Som e special m onosaccharides have been fou n d  in nature on ly in c o m 
bination with the cardiac aglucones, and m ight be  supposed to  have an 
optim um  effect upon  the activity o f  the aglucones with w hich they are 
com bined . H ow ever, synthetic glucosides o f  strophanthidin, digitoxin  
and d igox in 6 possess a greater activity than the natural glycosides. H ence 
no specificity m ay be expected from  the sugar fragm ent o f  the m olecule. 
Certain com paratively  sim ple m olecu les o f  the substituted butenolide 
structure have been prepared and exam ined fo r  card ioton ic activity. 
These substances are show n in T ab le  I.

TABLE I
R —— C =  C H

I I
h 2c  c = o

R  =  C H 37; -C 2H 5; -C H 2.C H 2.C H 3
=  -C6H s; -C6H 4(OH) [1 :4 ]; -CfiH 4(OH) [1 :3 ]8; -C6H4(OCH3) [1 : 3]9 
=  cyc/ohexyl; 2-chloro-cyc/ohexyl; cis and tram 4-hydroxy 
-  cyc/ohexyl10; 3 : 4-dihydroxycyc/ohexyl11 
=  A3-cyc7ohexenyr1 
=  cvc/opentanyl12
=  a-naphthyl; ^-naphthyl; 6-hydroxy-/S-naphthyl,

6-m ethoxy-2-naphthyl; decahydro-jS-naphthyl1 
=  l-indanyl3
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A lth ough  the m ethyl and the /3-naphthyl derivatives show ed a minute 
reaction  in frogs (active at a dose o f  2 m g ./g .)4; all the other substances 
w ere inactive. This level o f  activity is hardly significant. H ow ever, 
none o f  the com pou n ds has been converted into g lycosides and tested 
in this form .

F or  these reasons it was decided to  prepare som e com pou n ds w hich 
possess the characteristic unsaturated lactone ring in con jugation  with 
sim ple hydroxylated carbon  skeletons, and convert them into their re
spective g lucosides before  ph arm acolog ical testing. T he first m em ber 
o f  this series, p -h ydroxyph en yl-A «:P -butenolide glucoside, was obtained 
by  the action  o f  acetobrom oglucose  on  p-hydroxyphenyl-A o -P-butenolide8 
and subsequent deacetylation  o f  the tetra-acetylglucoside thus obtained 
by  m eans o f  barium  m ethoxide. T he glucoside w as obtained as a 
white m icrocrystalline p ow d er melting at 208° to  209 °C .; it had a faint 
bitter taste and was very h ygroscop ic  and freely soluble in a lcoh o l and 
in water. It gave a positive L egal’ s test and was hydrolysed on  boiling  
in water. T h e analytical figures were in accord  with those required.

Pure acetobrom oglu cose  necessary fo r  the reaction  w as obta in ed  in 
g o o d  yields b y  a m od ification  o f  the process usually used fo r  its pre
paration13.

Neither the pure aglucone n or  the g lucoside show ed any card ioton ic  
activity. T h e tetra-acetylglucoside was insoluble in ordinary solvents and 
thus cou ld  not b e  exam ined.

E xp er im e n ta l

A ceto b ro m o g lu co se . T h e  fo llow in g  m ethod was fou nd  to  be  better 
than the norm al m ethod fo r  the preparation o f  the com pou nd .

G lu cose  penta-acetate (10 g .) w as covered  with com m ercia l 50 per 
cent, solution  o f hydrogen  brom id e  in glacial acetic acid (20 m l.) at 
0 °C . T h e m ixture w as left at room  tem perature overnight, then gradu
ally pou red  w ith stirring into a large excess o f  ice -co ld  water. T h e 
acetobrom oglu cose , which separated as a white crystalline mass, was 
filtered, w ashed with ice -co ld  water and dissolved in w arm  m ethyl 
a lcoh ol, and the solution  kept in a refrigerator fo r  1 hour. T h e c o m 
pou n d  separated out in long  colourless needles, w hich w ere filtered and 
recrystallised from  isopropyl ether. Y ie ld  95 to 98 per cent.; m .pt. 
91 °C .

p - O -T e tr a - a c e ty lg lu c o s id o x y p h e n y l- M ’P -b u ten o lid e . p-H ydroxyphen yl- 
A ^ P -b u ten o lid e8 (1 g .) d issolved  in 2 per cent, aqueous sod ium  hydroxide  
(10 m l.) w as ad ded  to  a solution  o f  acetobrom oglucose  (2-5 g.) in acetone 
(10 m l.) and the m ixture shaken fo r  5 hours. 2 per cent, sodium  hydroxide 
solution  (15 m l.) and acetobrom oglu cose  (2 g .) were added and the m ix 
ture shaken fo r  a further 12 hours. T h e  precipitate that form ed was 
filtered, w ashed with 10 per cent, sod ium  hydroxide solution and 
crystallised from  alcoh ol. It form ed  colourless shining plates, m .pt. 
195° to  195-5°C . Y ie ld  36 per cent. F ou n d ; C , 56-72; H , 5-01; 
C 24H 260 12 requires C , 56-89; H , 5-10 per cent.
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p - H y d r o x y p h e n y l - ^ o - ' . f i - b u t e n o l i d e  g l u c o s i d e .  2N  Barium  m eth ox id e14 
(0-1 m l.) was added to a suspension o f  the g lucoside acetate (0-4 g .) in 
methyl a lcoh o l (40 m l.) and the m ixture kept at ordinary tem perature in 
a stoppered flask for 5 days. T h e solution was exactly  neutralised by 
the addition  o f  0-5N sulphuric acid  (1 m l.) and, after allow ing to stand 
for  half an hour, the precipitate was filtered off. T h e filtrate was 
evaporated to dryness under reduced pressure and the residue dissolved 
in methyl a lcoh o l; on adding dry ether to the solution  a white precipitate 
w as thrown dow n . The precipitate was rapidly filtered, washed with 
ether fo llow ed  by light petroleum  and then kept in a vacuum  desiccator 
until dry. T he g lucoside form ed a white m icrocrystalline pow der, m .pt. 
208° to  209°C . Y ie ld  90 per cent. F ou n d : C, 54-5: H, 5 64 per cent.; 
C,„H180 8 requ ires: C , 56-5; H, 5-4 per cent.

T he aglucone. glucoside acetate and glucoside gave a positive Legal's 
test.

Attem pts to  form  the g lucoside acetate by shaking in presence o f  
active silver ox ide  in different solvents a lone1’ and in presence o f  
pyrid ine1“ gave am orphous brow n products w hich  cou ld  not be purified.

Thanks are due to P rofessor Buttle and Dr. D yer, o f  the P h arm aco
logical Departm ent o f  this S chool, for  the physiological testing o f  these 
com pounds.
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I n Part I  o f  this series the p -h yd roxyp h en yl-A «:£ -bu ten olide  and its 
/3-glucoside were fou n d  to  have n o  card iac activity.1 T h e success which 
has attended the use o f  the stilbene nucleus in the preparation o f  syn
thetic oestrogens naturally encourages the use o f  this nucleus in other 
fields o f  steroid derivatives. F or  this reason  it was decided  to  attem pt 
the preparation o f  a 4 -h y d rox y - 4 ' - Aa:8-butenolido-a:|S-diethylstilbene (I) 
in the h ope that this m olecu le  or  the g lucoside prepared from  it w ould  
exhibit the desired activity.
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Som e little difficulty was encountered in the preparation o f  this c o m 
pound. but at length its m ethyl ether was obtained. T he starting point 
o f  the synthesis was, 4 -m ethoxy-a:j3-diethylstilbene-4 '-carboxylic acid  (II) 
w hich  had been previously obtained in low  yields by Jaeger and R o b in so n 2 
and by  N eher and M iescher3, and therefore attempts were m ade to 
im prove this preparation. T he previous authors obtained (II) by  the 
hydrolysis o f  the corresponding  nitrile although difficulties had previously 
been encountered in the hydrolysis o f  such stilbene derivatives4’3’6.

This difficulty was surm ounted by the hydrolysis o f  4 -m eth oxy -4 '- 
cya n od eoxyb en zo in 2 with a m ixture o f  acetic and sulphuric acids, when 
a g o o d  yield o f  4 -m eth oxy -4 '-ca rb oxy -d eoxyb en zoin  w as obtained in 
colourless needles melting at 223° to  224°C . It was slightly soluble in 
alcoh ol, ether and benzene. This acid w as converted into its ethyl ester 
which, w as obtained in fine white needles melting at 136° to  137°C . It 
gave the required analytical figures as did its 2 : 4-d initrophenylhydrazone 
which crystallised from  benzene-light petroleum  mixture in red scales 
m .pt. 165° to  166°C .

T h e a b ove  ester was ethylated by  m eans o f  sodium  ethoxide in ethyl 
a lcoh ol and the 4 -m eth oxy-4 '-carbeth oxy-a-ethyl-deoxybenzoin  obtained
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w as purified by  distillation in va cu o; it form ed  a pale yellow  o il boiling  
at 220° to  22 3“C ./0 -2  m m . H g. pressure. T h e  2 : 4-dinitrophenyl- 
hydrazone separated as an o il and cou ld  not be induced to crystallise. 
T h e ester was easily hydrolysed  to  the free acid  w hich, separated as an 
o il and solidified into a resinous m ass w hich  w as subsequently crystallised 
from  benzene-light petroleum  m ixture in thick needles melting at 125° 
to 126°C . B oth  the ester and the acid  gave analytical figures accord ing  
with those theoretically required.

T h e resulting 4 -m eth oxy -4 '-carbeth oxy -a -ethy ldeoxybenzoin  was 
treated with ethyl m agnesium  iod ide to  y ield  the correspon din g  tertiary 
a lcoh ol, but during the final distillation involved in the purification o f  the 
isolated product, water w as elim inated from  the m olecu le  and ethyl
4-m ethoxy-a:/J-diethylstilbene-4 '-carboxylate was isolated in g o o d  y ield  
and quantitatively hydrolysed  to  the desired stilbene acid  (II). T he c o n 
version  o f  this stilbene acid  into the correspon d in g  acid  ch loride was 
effected without difficulty with thionyl ch loride  and, w ithout isolation , 
the product w as treated with diazom ethane to  g ive the d iazok eto  deriva 
tive w hich, on  w arm ing with glacial acetic a c id  y ielded  4-m ethoxy-4'-<o- 
acetoxyacetyl-a:/J-diethylstilbene. This com p ou n d  appeared as a thick oil 
boiling  at 208° to  21 1°C . (bath  tem perature)/ OT m m . H g. pressure and 
form ed  a  crystalline 2 : 4-d initrophenylhydrazone melting at 232° to 
233 °C . Both  the ketone and its d in itrophenylhydrazone gave the required 
analytical figures.

T h e ab ove  co m p ou n d  w as treated with ethyl brom oacetate in presence 
o f  zinc to give the required lactone 4 -m eth ox y -a : /3-diethylstiibene-Au: 8- 
butenolide in the form  o f  pale m icrocrystalline pow d er melting at 94° to  
9 5 °C . It gave a positive L ega l’s test, and the analytical figures accorded  
with the theoretical requirem ents.

U nexpected  difficulty was encountered in the attem pts m ade to 
dem ethylate this stilbene-butenolide and further w ork  is in progress to  
achieve this en d  and then to  con vert the dem ethylated substance in to its 
glucoside.

Prelim inary ph arm acolog ica l exam ination , for  w hich  w e are indebted 
to  P rofessor Buttle and D r. D yer o f  the P harm acolog ical D epartm ent o f  
this S ch ool, indicated that the lethal dose fo r  guinea-pigs was about 
200 m g ./k g .;  the death w as characteristic o f  the card iac aglucones which 
suggests that the com p ou n d  possessed approxim ately  1 /1 0 0 0  the potency 
o f  strophanthidin. This result is encouraging because it is m ore than 
probable  that the dem ethylated com p ou n d  w ou ld  possess a m uch higher 
level o f  activity. A ga in  the conversion  o f  the com p ou n d  into its g lucoside 
w ou ld  in all probability  produce a further increase in activity. This w ork  
is therefore being continued  in order to  obtain  the glucoside w hich  m ight 
be  expected to exhibit a reasonable level o f  activity.

E xp er im e n ta l

4 '-C a rb o x y -4 -m eth o x y d eo x y  benzoin . 4 -M eth ox y-4 '-cya n od eox y -
ben zoin 2 (2-5 g .) was d issolved  in glacial acetic acid  (20 m l.), sulphuric 
a c id  (20 m l.) and water (20 m l.) were added and the m ixture b o ile d  under
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reflux fo r  4  hours. T he c o o le d  m ixture w as diluted with water and 
filtered, an d  the precipitate recrystallised from  60 per cent, acetic acid. 
T h e acid  w as obta in ed  in colourless needles. It is slightly soluble in 
a lcoh o l, ether and benzene, m .pt. 223° to 2 2 4 °C . Y ie ld  82 to  85 per 
cent. 'F ou n d  C , 71-0; H , 5-13 per cent.; C 16H 14Q 4 requires C , 71-11; 
H , 5-19 per cent.

Esterification  o f  the acidic group. H ydrogen  ch loride  was passed into 
a boilin g  a lcoh o lic  solution  o f  the ac id  (2 g .) fo r  4  hours. T h e  solution 
was concentrated under reduced  pressure and the ester, w hich  crystallised 
out, was filtered o ff and recrystallised from  90 per cent, a lcoh ol. It 
form ed  fine white needles, m .pt. 136° to  137°C . Y ie ld  85 per cent. 
F ou n d  C , 71-15; H , 6-14 per cent.; C 18H 180 4 requires C , 72-50; H , 6-04 
per cent. T h e  2 : 4-d initrophenylhydrazone crystallised from  benzene- 
light petroleum  m ixture as red scales, m .pt. 165° to  166°C . F ou n d  C , 
60-34; H , 4-00; N , 11-1 per cent. C 24H 22N 4Q~ requires C , 60-00; H , 4-00;
N . 10-2 per cent.

4 '-C a rb eth oxy -4 -m eth oxy -a -e th y ld eoxybenzoin . 4 '-C arbethoxy-4-m eth - 
ox yd eox yb en zo in  (5-5 g.) w as m ixed  with absolute a lcoh o l (50 m l.) and 
the m ixture raised to  boiling. A  solution  o f  sod ium  ethoxide (0-5 g. 
o f  sod ium  in 10 m l. o f  a lcoh o l) w as added  and after 10 m inutes boiling, 
ethyl iod id e  (3 g .) w as added and the m ixture strongly bo iled  fo r  10 
m inutes m ore. Sodium  ethoxide solution  (0-25 g. o f  sod ium  in 6 m l. o f  
a lcoh o l) was added  fo llow ed  by  ethyl iod ide (1 g.). A fter  2 hours reflux
ing, another addition  o f  sod ium  eth ox ide (0-25 g. o f  sodium  and 6 ml. o f  
a lcoh o l) and ethyl iod ide (1 g .) w as m ade and the w hole refluxed fo r  6 
hours. T o  isolate the desired com p ou n d , the neutral solution  was diluted 
w ith water, acidified with dilute sulphuric acid  and extracted with ether. 
T h e  ethereal extract w as w ashed with aqueous sod ium  carbonate, sodium  
th iosulphate solution  and water respectively, then dried over anhydrous 
sod ium  sulphate. T h e residue rem aining after the rem oval o f  ether was 
distilled under reduced pressure. 4 '-C arbeth oxy-4-m eth oxy-a-eth yl- 
deoxyb en zo in  distilled as a pale ye llow  oil at 220° to  2 2 3 °C ./0 -2  m m . 
H g . pressure. Y ie ld  90 per cent. F ou n d  C , 73-9; H , 6-91 per cent.; 
C 20H 22O 4 requires C , 73-6; H , 6-61 per cent.

T h e  2 : 4-d initrophenylhydrazone separated as a sem isolid m ass w hich 
cou ld  n ot b e  crystallised.

H ydrolysis. T he ester (1 g .) was boiled  with 10 per cent, sodium  
h ydroxide solution  (20 m l.) fo r  1 hour, w hen  it com pletely  dissolved. 
Treatm ent o f  the clear solution  with dilute sulphuric acid  p rodu ced  a 
m ilky precipitate, w hich  solidified into a resinous mass. It w as crystallised 
fro m  a m ixture o f  benzene and light petroleum  in clusters o f  thick needles, 
m .pt. 125° to  126°C . F ou nd  C , 71-93; H , 5-77 per cent.; C 18H a80 4 
requires C , 72-50; H , 6-04 per cent.

4'-Carbethoxy-4-methoxy-a'.fi-diethylstilbene. A n  ethereal solution  o f  
ethyl m agnesium  iod ide prepared from  ethyl iod ide (17-26 g.) and 
m agnesium  turnings (2-23 g .) in ether in the usual w ay, was added  with 
stirring to  a solution  o f  4 ,-carbeth oxy-4-m eth oxy-a-ethyldeoxybenzoin
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(10 g.) in dry ether (100 m l.), with continual stirring during the addition 
and fo r  1 hour m ore. T he m ixture, carefully protected from  m oisture, 
was left overnight and then refluxed fo r  2 hours. It was then co o le d  and 
decom posed  by  m eans o f  ice and h ydroch loric  acid ; the oil that separated 
w as extracted with ether, the ethereal extract dried over anhydrous 
m agnesium  sulphate, and the ether then rem oved . T he residue was d is 
tilled in vacuo  and the fraction  boiling  at 180° to  1 8 3 °C /0 -2  m m . Hg. 
pressure was collected . It form ed a colourless th ick oil and its solution  in 
carbon  tetrachloride decolorised  brom ine. F ou nd  C , 78-4; H , 7-77 per
cent. ; Q „ H , , 0 ,  requires C , 78-1; H , 7-71 per cent.

4 -M e th o x y -4 '-carboxy-a :fi-d ieth ylstilben e. T he above ester (5 g .) was 
boiled  with a mixture o f  a lcoh o l (10 m l.) and 10 per cent, aqueous sod ium  
h ydroxide (10 m l.) for  1 hour. O n coo lin g , the sodium  salt o f  the 
acid  crystallised out. It was filtered off and boiled  with glacial acetic 
acid  (20 m l.), when 4 -m eth oxy -4 , -carboxy-a:|3-diethylstilbene separated in 
colourless needles on  coo lin g , m .pt. 175° to 176°C . Y ie ld  96 per cent.

4-M ethoxy-4'-w -acetoxyacetyl-a\fS -diethylstilbene. 4 -M e th o x y -a : /3- 
d ¡ethylsti 1 bene-4 '-ca rbox y  I ic acid  (5 g.) was dried by  heating on  a water- 
bath under reduced pressure fo r  2 hours. T he dry  acid was converted to 
its acid  ch loride b y  refluxing with thionyl chloride (20 g.) fo r  4 hours. O n 
rem oval o f  the excess o f  th ionyl ch loride, the acid  ch loride  rem ained as 
a sem isolid mass, w hich was dissolved in ether and added at 0 °C . to  an 
ethereal solution o f  diazom ethane7 prepared from  60 g. o f  nitrosom ethyl 
urea8. T he m ixture was kept at 0 °C . fo r  1 hour, then at ro o m  tem pera
ture fo r  16 hours. Ether was rem oved  under reduced pressure and the 
crude diazoketone thus obtained, m ixed with glacial acetic acid  (20 m l.) 
and heated on  a water-bath for  2 hours after w hich n o  m ore nitrogen 
was evolved . T h e m ixture w as co o le d , diluted with ether, shaken with 
water and then with sod ium  carbonate solution. T h e ethereal layer was 
separated and dried over calcium  ch loride ; on  rem oval o f  the ether, the 
ketol acetate was left as a thick oil, which was purified by  distillation in 
vacuo. It distilled at 208° to  211°C . (bath tem peratu re)/0T  m m , Hg. 
pressure. Y ie ld  70 per cent. F ou nd C, 74-00; H , 6-8 per cent.; C_..,H..,;0 4 
requires C, 75-4, H , 7-1 per cent.

T he 2 : 4-d initrophenylhydrazone, crystallised from  a lcoh o l in the form  
o f  an orange m icrocrystalline pow der, m .pt. 233° to 234°C , F ound C, 
63-60; H , 5-37; N , 10-01 per cent.; C ,.,H n(l0 7N,, requires C , 63-73; H , 5-5; 
N . 10-25 per cent.

4 -M eth o x y -a : f}-diethylstilbene-4'-Aa':P'-butenoUde. Z in c  (2 g .) was
added to a solution  o f  4-m ethoxy-4-<,,-acetoxyacetyl-a:/3-diethylstilbenc 
(3 g .) in benzene (20 m l.) and the m ixture raised to  boilin g  o n  a water- 
bath. Ethyl brom oacetate (3 g .) in benzene (10 m l.) w as then gradually 
added to  the boiling  m ixture with stirring. A fter 2 hours refluxing and 
stirring, the reaction  m ixture was c o o le d  and decom posed  by  m eans o f  
ice and concentrated h ydroch loric acid. T h e benzene layer was separated, 
w ashed with water and sodium  carbonate solution  respectively and dried 
over anhydrous sodium  sulphate. A fter rem oving the benzene under
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reduced pressure, the residue was heated on a water-bath under reduced 
pressure fo r  half an hour, then m ixed with a 50 per cent, solution  o f 
h vd robrom ic acid  in glacial acetic acid and heated again for  another half 
hour, and finally poured into a large volum e o f  ice -co ld  water. The 
precipitate that form ed was filtered and recrystallised from  benzene. It 
form ed pale yellow  crystals, m .pt. 94 to 95 C. Y ie ld  24 per cent. 
Found C , 79-8; H , 6-74 per cent.; C , ,H ,40 ;, requires C, 79-31; H , 6-92 
per cent. T he com p ou n d  gave a positive L egal’s test.
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Bellad o n n a  root  is defined in  the British Pharm acopoeia, 1948, as the 
root, or  r o o t  and roo tstock , o f  either A tropa  Belladonna L inn., or  A tropa  
acuminata R oy le  ex L indley or  a m ixture o f  both  species. In  the earlier 
parts o f  this w ork , it was n oted  that the xylem  o f  A . Belladonna r o o t  
consists in the m ain o f  cellu losic parenchym a and scattered vessel strands, 
whereas in A . acuminata the cellu losic parenchym a is largely replaced 
b y  lignified fibrous tissue. Inspection  o f  transverse sections o f  the roots  
o f  the tw o species did  n ot indicate any differences in  the num bers o f  
vessels per unit area, hence it seem ed likely that a differential character 
cou ld  be based on  the ratio o f  the num bers o f  fibres to  the num bers o f  
vessel elements. It was therefore decided to  investigate this character 
on  b oth  the w hole drug and the pow der and to  ad opt the term  “  fibre/ 
vessel ratio ”  to  indicate the num ber o f  fibres associated w ith on e vessel 
element. In  counting  the fibres, it was anticipated that the som ew hat 
similar fibre-tracheids m ight cause difficulty in their discrim ination, and 
to  avoid  this they w ere included in the fibre cou n t i f  they exhibited 
elongated sim ple pits. T rue tracheids, due to  their characteristic elliptical 
pits, are readily distinguished.

In Part III o f  this w ork ,1 it was show n that the vessel index provided  
a m eans o f  differentiating the pow dered  drugs, but its application  to  the 
w h ole  drug was n ot investigated in detail. It appeared desirable therefore 
to  d o  this also in order to  com pare  the tw o  characters and to  assess then- 
value w hen com bin ed  in a discrim inant function .

M aterials

Specim ens o f  the w hole  drug were selected from  a num ber o f  parcels 
o f  com m ercial material obtained from  reputable w holesale druggists 
between 1940 and 1945, and supplied as either “  English Belladonna 
ro o t  ”  o r  “  Indian Belladonna r o o t .”  T en  specim ens o f  each variety 
were selected, ranging in  diam eter from  the narrow est to  the w idest in 
the material and including exam ples at all the stages o f  xylem  developm ent 
present. The w ider o f  these specim ens consisted o f  b oth  r o o t  and ro o t-  
stock , and the narrow er o f  r o o t  only. They w ere num bered 1 to  10 in de
creasing order o f  diameter, w hich  order correspon ded  approxim ately  with 
their age, the w idest specim ens o f  either variety being abou t five years old .

The p ow dered  material consisted o f  six samples o f  com m ercia l pow der, 
c o d e d  AB1 to  A B 6, supplied as A . Belladonna and five co d ed  A a l to  A a5, 
supplied as “  Indian B elladonna.”  This was the same material as that 
used fo r  the determ ination o f  the vessel index and the cork  cell num ber 
reported on  in  Part III o f  this w ork ,1 in T ab le  I o f  w hich  fuller details 
appeared.
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THE HISTOLOGY OF BELLADONNA ROOT. PART IV

A .— T he W hole D r u g

Num ber o f  observations. Since the fibres are m ore  num erous than the 
vessel elem ents, it was fou n d  convenient in  practice to  cou n t the num bers 
o f  the latter associated w ith groups o f  10 fibres. T o  determ ine the 
m inim um  num ber on  w hich  the ratio should  be based in  order to  obta in  
g o o d  agreem ent betw een successive results, on e r o o t  o f  each species 
taken at ran dom  from  the com m ercia l drug was exam ined and the num ber 
o f  vessel elements associated with a total o f  400 fibres determ ined in 
each case. T he range o f  successive results based o n  cou n t o f  100 fibres and 
200 fibres was respectively ab ou t 8 per cent, and 4 per cent, o f  the m ean. 
Subsequent w ork  was therefore based on  a m inim um  cou n t o f  200 fibres.

Variation in the whole drug. T he 10 roo ts  o f  each species were softened
by  soaking in dilute a lcoh o l and cut in to 5 approxim ately equal lengths,
w hich  were num bered 1 to  5 fro m  base to  apex o r  crow n. T he entire
portion , or  a longitudinal sector accord in g  to  the bulk, was disintegrated
separately by  m eans o f  Schultz’s m aceration  fluid, fo llow in g  the m ethod
described below . T he fibre/vessel ratio was calculated from  observations
o f  the num ber o f  vessel elements associated w ith  200 fibres ; at the same
tim e, and using the sam e m icroscop ica l preparations, the vessel index
135/*1 (i.e. the percentage o f  vessel elem ents w ider than 135/*) was also
determ ined. „

Su m m a r y  of R esults

T h e values o f  the fibre/vessel ratio fo r  the w hole  drug are given in 
T ab le  I, and o f  the vessel index 135/* in T ab le  II. T he ranges o f  the 
position a l values o f  the fibre vessel ratio are : A . Belladonna, 0-89 to
1- 79 to  4-28 to  7.69, m ean 3-04, standard deviation , 1-25 ; A . acuminata ,
2 - 35 to  2 2 0  to  8-79 to  18-18, m ean 5-49, standard deviation  3-29. F o r  
the vessel index 135/*, the corresp on d in g  ranges are : A . Belladonna, 
0 to  1-42 to  7-14 to  10-07, m ean 4-28, standard deviation  2-86 ; A . acu
minata, 6-37 to  8-58 to  22 30 to  27-74, m ean 15-44, standard deviation
6-86. T he ranges o f  either character thus show  a n ot inconsiderable 
overlap  so that com plete  differentiation  o f  the w hole  drug is n ot possib le  
by  these means. Fisher has show n that, in cases such as this, an im -

TABLE I
Fibre/vessel ratio—variation in the whole drug

Species | A . Belladonna
ij

A . acuminata 1

R oot
N o.

P o s i t i o n

5

R oot
Mean

;..

P o s i t i o n
R oot
M ean

1
2

3 4 1 2 3 j 4 5

1 1-39 1 -62 1-75 2-27 2-63 1 -93 5-26 6 06 6-25 1 6-90 7-69 6-43
2 2-99 2-90 3-70 3-23 4-76 3*52 8 00 10-53 10-53 12-50 12-50 10-81
3 2-25 3-77 3-70 3-70 4 0 8 3-50 2-86 3-85 3-85 ; 5-88 5-56 4-40
4 3-77 3-70 4-55 4-35 7-69 4-81 6-45 1000 11-11 ; 14-29 18-18 12-01
5 0-89 1-35 1 -32 1-74 1-90 1-44 2-60 2-35 2-86 4-44 4-08 3-27
6 2-25 2-27 2-70 3-13 2-94 2-66 2-99 2-86 3-12 ; 3-12 3-08 3-03
7 1-55 1-92 2-25 2-47 3-23 2-28 2-74 3-57 2-94 3-57 2-53 3-07
8 3-28 3-51 4-55 4-26 4-55 4 03 3 08 4-00 4-65 1 5-00 5-71 4-49
9 1-87 2-25 2-99 ; 31 3 3-28 2-70 2-60 3-51 3-57 5-26 5-56 4-10

10 2-60 2-94 3-08 ! 3 03 5-88 3-51 3 -03 3-45 3-64 2-86 3-70 3-34
!

Position; 0 
M ean j Z 2-62 3 06 j 3 1 3 4 09 3 038 3-96 5 02 5-25 ! 6-38 6-86 5-494
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provem ent m ay result from  the use o f  a discrim inant fu nction  X , w hich  
is a linear com p ou n d  o f  the available m easurem ents, i.e. X = A 1x1+ A 2x2, 
the constants Aj and A2 being chosen  so as to  m axim ise the ratio o f  the 
difference between the specific m eans to  the variance within the species.

TABLE II
VARIATION IN THE WHOLE DRUG

Species

1 3 5  m . V e s s e l  i n d e x -

A. Belladonna A. acuminata

Root
No.

Pos i t i on Po s i t i o n
Root
Mean

Root
Mean

■ 1
1 3-85 3-10 2*72 1*19 119 2-41 21-38 24-47 26 04 27-11 27-74 25-38
-) 7-41 8-76 8-42 8-09 8 09 8*15 10-07 10-40 9-75 10*71 U-34 10*45
3 6 02 6-72 7-41 8-76 8*76 7*53 10-07 12-28 11-98 14-09 14-97 12-68
4 1-96 2-72 310 3*85 4*22 3-17 13-79 16-39 16-67 16-94 11-34 15-03
5 3-10 3-10 3-10 310 3-85 3-25 15-25 16-94 18-57 19-87 23-08 18*74
6 0-79 0-79 1-58 1 19 J 96 1-26 20-64 23-31 23-78 24-93 25-37 23*61
7 7 06 7-41 8 09 10 07 10-07 8-54 17-76 21-88 23-78 25-81 27-74 23*39
8 1-96 1 -96 2-72 3-47 3-47 2-72 6-37 6-72 6-72 6-72 8-42 6-99
9 4-22 4-58 4-58 5*30 602 4-94 9-09 9-75 10-07 10-07 10-40 9-88

10 0-40 1 19 0-40 0*00 1*96 0-79 7-06 7-41 8-09 8-76 10-07 8*28
Position
Mean 3-68 4 03 4-21 4*50 4-96 4-277 13-15 14-96 15-55 16-50 17-05 15*439

A ccord in g ly , the discrim inant fu nction  com bin in g  the p osition a l fibre / 
vessel ratio and the vessel index values in T ables I and II was calculated. 
T he calculation  fo llo w e d  the m ethod  detailed by  M ather2, with the result 
X = 0 -0 0 4 4 3 1 x1+ 0 -0 0 4 7 6 0 x2, where x, and x2 are the vessel index and 
fibre/vessel ratio values respectively. F or  convenience in practice, a new 
function  X 1= 2 2 5 -6 8 3 2 X  was em ployed , i.e. X 1= v e s s e l in dex -f l -074 
fibre/vessel ratio. T he results are given in T ab le  III and discussed later.

B.— T he Po w d e r ed  D r u g

Preliminary. B efore the fibre/vessel ratio can  be determ ined on  the 
pow dered  drug, the m ethod  as applied to  w h ole  r o o ts  needs m od ify in g  
to  a llow  fo r  the presence o f  broken  elements. A ccord in g ly , portion s o f  
tw o samples o f  com m ercia l pow dered  Indian belladonna root, A a l and 
A a2 , were disintegrated and used fo r  this prelim inary w ork.

TABLE III
Values o r  X 1 =  vessel index + 1 ' 0 7 4  fibre/vessel ratio for the whole drug

Species A. Belladonna 1 A. acuminata

Pos i t i on P o s i t i o nRoot
No. Root

Mean Root
1 i 3 4 '5 : 1 2 3 4 5

Mean

1 5-34 4-84 4-60 3*55 4-02 4-47 27-03 30-98 32-75 34-52 36-00 32*262 10*62 11-88 12-39 11-56 13-20 11-93 18-66 21*71 21-06 24-14 24-77 22-073 8-44 10-77 11-38 12-73 13-14 11*29 13-14 16-41 16-11 20-41 20-94 17-404 6-01 6-69 7-99 8-52 12-48 8-34 20-72 27-13 28-60 32-29 30-87 27*925 4*06 4-55 4-52 4-97 5-89 4-80 18-04 19-46 21-64 24-64 27-46 22-256 3*21 3*23 4-48 4-55 5-12 4-12 23-85 26-38 27-13 28-28 28-68 26-867 8-73 9*47 10*51 12-72 13*54 10-99 20-70 25-71 26-94 29-64 30-46 26-698 5-48 5-73 7*61 8-05 8-36 7*04 9-68 11-02 11 -71 12-09 14-55 11*819 6-23 7*00 7-79 8-66 9-54 7*84 11-88 13-52 13-90 15-72 16-37 14*2810 3*19 4-35 3-71 3-25 8-28 4-56 10-31 11-12 12-00 11-83 14-04 11*86
Position
Mean 6-13 6-85 7-50 7-86 9-36 7-538 17-40 20-34 21-18 23-36 24-41

i
21-34
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Three m ethods o f  assessing the num bers o f  w hole  elem ents equivalent 
to  the fragm entary ones appeared w orthy  o f  trial. These w ere based o n  :—

(1) m easurem ent o f  the total length o f  the fragm ents and d ivision  by
the m ean w hole elem ent length o f  the sam ple ;

(2 ) counting  the num bers o f  fragm entary elem ents and m ultiplying by
a fa ctor  equivalent to  the ratio o f  the m ean fragm ent length to
the m ean w hole elem ent length ;

(3) coun tin g  the fragm entary elem ents as w hole ones accord in g  to  a
predeterm ined convention .

M eth od  (1). T h e m ean lengths o f  the broken  elements based on  50 
m easurem ents w ere fou n d  to  be :— fibre fragm ents— 22 7 -5/x ; vessel 
elem ent fragm ents— 184-5//. T hree slides were exam ined fo r  each sample, 
the num bers o f  w hole  elem ents being counted , and the lengths o f  the 
broken  elem ents in  the sam e fields determ ined with the aid o f  a cam era 
lucida. Results are in corporated  in T ab le  IV .

TABLE IV

THE HISTOLOGY OF BELLADONNA ROOT. PART IV

Sample A. acuminata. Aa 1 A. acuminata. Aa2

Fibres Vessels Ratio Fibres Vessels i Ratio

Length of fragments ¡j. ... 2158 ! 579 7020 754
Equivalent number whole 9-5 31 31 30-9

!
4-9 | 6-3

Counted number whole ... 142 i 23 6-2 j 189 30 6-3

Total as whole ............ . . ;  151-5 26-1 5-8 219-9 34*9 6-3

M eth od  (2). T he three slides o f  each sam ple were re-exam ined and 
the num bers o f  w hole and broken  elem ents counted . T he m ean length 
o f  the vessel elements has already been recorded  fo r  the w h ole  drug®, 
viz. 252n, hence the fa ctor  by  w hich the num ber o f  fragments should 
be m ultiplied to  estimate the equivalent num ber o f  w hole elem ents is 
18 4 -5 /2 52 = 0 -73 2  w hich can be approxim ated to  £. T he m ean length 
o f  the fibres (including fibre-tracheids as described  above) was estimated 
as 450/1. hence the correspon d in g  fa ctor  is 2 2 7 -5 /4 5 0 = k , approxim ately. 
Results are in corporated  in T ab le  V .

M eth od  (3). F or  this m ethod , the fo llow in g  con ven tion  was adopted . 
B roken  fibres w ere cou n ted  as w hole i f  they tapered tow ards b oth  ends, 
otherwise they were ignored. Broken vessel elements were coun ted  as

TABLE V

Sample A. acuminata. Aal A. acuminata. Aa2

Fibres Vessels Ratio Fibres Vessels Ratio

Number of fragments ... 394 105 587 125
Equivalent number whole 197 79 2-5 294 94 3-1

Counted number whole ... 240 39 | 6-1 399 68 5-9

Total as whole ............ ... 437 118 3-7 693 162 4-3
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w hole  i f  they exhibited portion s o f  the perforation  rim  at both  ends ; 
i f  visible on ly  at on e end, they were coun ted  as h a lf ; all other fragments 
were ignored. T he num ber o f  such vessel elem ents associated w ith 300 
such fibres was determ ined on  the three slides o f  each sam ple exam ined 
previously. T he fibre/vessel ratios w ere :— Sam ple A a l, 6-25 ; Sam ple 
A a2 , 6-67.

T h e relative merits o f  the three m ethods were n ow  considered  before  
proceed ing  w ith  the exam ination  o f  the pow dered  drug. T h e standard 
by  w hich  they m ay be com p ared  is the value o f  the fibre/vessel ratio 
obtained from  counts o f  the w hole  elem ents on ly . This value is reason 
ably consistent fo r  the first tw o  m ethods, having regard to  the relatively 
sm all num bers o f  elem ents on  w hich  it is based. T h e results fo r  sam ple 
A a2  by  m ethod  (1) sh ow  that this m ethod  is capable o f  giving consistent 
results, but the process o f  m easuring the brok en  elements is ted ious and 
does n o t recom m en d  itself in practice ow in g  to  the tim e involved. M eth od
(2) does n ot suffer from  the latter disadvantage, but the results d o  n ot 
suggest that an  accurate estimate o f  the fibre/vessel ratio cou ld  be  obtained 
in this w ay. T h e results obtained by  m ethod  (3) are consistent with those 
obtained  by  counting  w hole  elements on ly  and the process is sim ple to  
apply  in practice. M oreover, the num ber o f  elements that can be  observed  
in  a given tim e is m u ch  larger than that possib le  by  m ethod  (1), thus 
reducing variation due to  ran dom  effects. H aving regard to  the a b ove  c o n 
siderations, it was decided  to  ad opt m ethod  (3) fo r  the subsequent w ork .

Variation with the fineness o f  the portion  examined. Pow dering causes 
som e destruction  o f  individual cells and it is necessary to  determ ine 
whether the action  is selective on  either the fibres o r  the vessel elements. 
P ow der sam ples A a l  and A B 3 were therefore passed through  a series 
o f  standard sieves and the fibre/vessel ratio determ ined o n  the portions 
retained by  each sieve.

TABLE VI
Variation of the fibre/vessel ratio in portions of the powder of varying

FINENESS

Sieve Number 10 22 25 30 36 44 60 85

Sample AB.3 - 5-5 5-3 4-0 3-9 40 4-2 3-9
Number ...................... Aa.l 8-5 7-3 7-1 7-1 6-4 5-5 5-3 4-8

F rom  these results it is seen that the fibre/vessel ratio decreases with 
increasing fineness o f  p ow der and that the decrease is n o t large over 
the 25 /44 range. P ortions N o . 60 and 85 contained  a h igh p rop ortion  
o f  broken  elem ents and coun tin g  was correspon din gly  difficult. In view  
o f  this and also o f  that fact that the N o . 22/44 p ortion  had been em ployed  
previously1 fo r  vessel index determ ination, it was decided to  em p loy  the 
latter portion  fo r  subsequent w ork  o n  pow ders.

D etails o f  the method. A b o u t 1-0 g. o f  the 22/44 portion  o f  the c o m 
m ercial p ow der was bo iled  gently w ith 30 ml. o f  Schultz’ s m aceration  
fluid fo r  abou t 10 m inutes or  until particles ceased to  float on  the surface, 
sufficient potassium  chlorate being added  m eanw hile to  m aintain a steady 
evolu tion  o f  chlorine. T h e m acerated material was then collected  on  a
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sintered glass filter, w ashed with water, transferred to  a sm all test-tube 
with abou t 2m l. o f  water and disintegrated by  v igorou s shaking. The 
resulting suspension was then diluted with 3 o r  4 volum es o f  suspending 
fluid conta in in g  a trace o f  th ym ol as preservative. Slides were prepared 
by  further dilution  such that each scan contained  ab ou t 20 fibres and the 
fibre/vessel ratio calculated fro m  observation  o f  the num ber o f  vessel 
elem ents associated with 300 fibres. In counting, the convention  fo r  
including broken  elements in the cou n t as described ab ove  (m ethod  3) 
was adopted . C ounting was d on e using a 1/6 in. objective and a x 6  
eyepiece, and the w hole  slide covered  system atically with the aid o f  a 
m echanical stage. Elements intersected by  the field o f  view, but lying 
m ore  than h a lf within it, were included in the count, otherw ise they were 
ignored.

Su m m a r y  of R esults

T h e values o f  the fibre/vessel ratio fo r  com m ercia l pow ders are given 
in T able V II. T he ranges are :—

A . B elladonna, 2.30 to 4.55, mean 3.91.
A .  acum inata, 6.54 to 12.05, mean 8.66.

These are distinct and the fibre/vessel ratio is thus a g o o d  differential 
character fo r  the pow dered  drugs. T he values fo r  sam ples A a l and A a2  
are slightly higher than those obtained  in the prelim inary w ork , w hich  
m ay be accoun ted  fo r  by  the fact that they relate to  the 22 /44 portion s, 
whereas the prelim inary w ork  was d on e  on  the unsieved pow ders.

TABLE VII
Fibre/vessel ratio for commercial powders— 22/44 portion

THE HISTOLOGY OF BELLADONNA ROOT. PART IV

A. Belladonna A. acuminata

Code Number Fibre/vessel
ratio Code Number Fibre/vessel

ratio

AB.l ................................ 407 Aa.l ................................ 6-54
AB.2 ................................ 4-29 Aa.2 ................................ 7-0
AB.3 ................................ 3-91 Aa.3 ................................ 8-85
AB.4 ................................ 4-55 *Aa.4 ................................ 1205
AB.5 ................................ 2-35 *Aa.5 ................................ 8-85
AB.6 ................................ 2-30

Mean 3*91 M ean ................................ 8-66

* 44/60 portion.

D iscussion of R esults
The analysis o f  variance, T ab le  VIII, fo r  the fibre/vessel ratio deter

m inations on  the w h ole  drug show s that the difference between the species 
is n ot very significant and hence the differential value o f  the character 
w hen applied  to  the w hole  drug is lim ited. T he variance within the 
species A . Belladonna  is contributed  to  a lm ost equally by positional 
variation  w ithin the roots  and by  differences betw een them , w hile in
A . acuminata r o o t  differences are m ore  im portant. T h e increase in 
position a l values from  the base tow ards the apex o f  the roots  is fairly 
u n iform  and the values at the m id-poin ts approxim ate to  the ro o t  means. 
T he critical value fo r  classifying w h ole  roots  is 4-27, i.e. h a lf the sum 
o f  the specific m eans, and the expected p ro p o rtio n  m isclassified on  the
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basis o f  a value determ ined at on e position  taken at random , as calculated 
fr o m  know ledge o f  the norm al deviate, is 32 per cent. T h e ranges fo r  
the r o o t  m eans are A . Belladonna 1-44 to  4-8 ; A . acuminata, 3-03 to
12-01, but little im provem ent in  classification results fr o m  their use. 
H ow ever, it m ay be considered  that values less than ab ou t 2-0 indicate

TABLE VIII
A nalysis of variance in Tables I and II

Cha racter Species
Source

of
Variance

Degrees
of

Freedom
Sum
of

Squares
Mean
Square

Variance
Ratio

Variance
Ratio

P-0-01

Roots 9 46-97 5-22 17-7 3-1
Fibre/vessei A. Belladonna Positions 4 18-65 4-66 15-9 3-9

ratio 
Table T

Error 36 10-59 0-29
Roots 9 486-34 54-04 31 -4 3 - r

A. acuminata Positions 4 52-87 13-22 7-7 3-9
' Error 36 61-91 1 -72

Species 1 150-82 150-82 21-8 7 0
Error 98 677-33 6-91
Roots 9 368-51 40-95 63-8 3-1

Vessel Index 
Table II

A. Belladonna Positions
Error

4
36

9-38
23-10

2-35 . 
0-64

3-7 3-9
Roots 9 2126-68 236-30 99-5 3-1

A. acuminata Positions 4 92-08 23-02 9-7 3-9
Error 36 85-52 2-38 j —
Species I 3115-10 3115-10 ; 117-1 7-0
Error 98 2705-27 27-60

A . Belladonna and greater than abou t 8-0 A . acuminata, intermediate 
values being inconclusive. In  this conn ection , how ever, the fact must 
a lso  be taken in to  a ccou n t that the specim ens o f  the w hole  drug were 
selected on  a basis o f  diam eter and developm ent o f  xylem  and were n ot 
taken at random . R eference to  the results fo r  com m ercial pow ders 
show s that the m ean value o f  8-66 fo r  the A . acuminata material is c o n 
siderably higher than that fo r  the w h ole  drug 5-49, indicating that speci
m ens with high fibre/vessel ratios form  the greater part o f  the drug from  
this species. Thus the m isclassification  rate o f  32 per cent, m ay be 
unduly high when applied to  specim ens taken at random  from  the c o m 
m ercial drug.

T he values o f  the vessel index fo r  the w hole drug also increase from  
the base tow ards the apex o f  the ro o t , but the analysis o f  variance, T ab le  
VIII, show s this effect to  be unim portant com pared  with that due to  
differences between the specim ens. T he difference between the species 
is highly significant, so that the vessel index is valuable fo r  differentiating 
the w h ole  drug. O n  the basis o f  a single determ ination, the expected 
m isclassification rate is abou t 15 per cent., the critical value being 9-86 
and i f  the r o o t  m eans are used this p rop ortion  is reduced to  abou t 
10 per cent, in spection  o f  the results in  T ab le  II does n ot suggest any 
c lose  con n ection  between the vessel index and the age o f  the specim en 
in A . Belladonna a lthough  in A. acuminata the values fo r  the younger 
roots  num bers 8, 9 and 10 are considerably  low er than the m ean o f  the 
other seven. T h e ranges fo r  the r o o t  m eans, A . Belladonna 0-79 to  8-54,
A . acuminata 6-99 to  25-38. are not inconsistent with those for  another
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selection  o f  specim ens reported on  in Part 111 o f  this w ork , nam ely,
A. Belladonna 0-3 to  16-02, mean 6-9 : A. acuminata 5-0 to  43-58, mean 
19-87. Thus values o f  less than abou t 5 m ay be taken as indicating
A. Belladonna and greater than 16, A. acuminata.

C om p arison  o f  the m ean values o f  the vessel index and the fibre/vessel 
ratio fo r  specim ens o f  the w hole  drug suggests there is little correlation  
betw een them . This is born e  out by  the low  correlation  coefficients 
calculated from  the data in Tables I and II, w hich are :— A. Belladonna
0-6, A. acuminata - 0 - 1 5 .  T he tw o characters m ay thus be considered as 
varying independently o f  on e another. Their com bin ation  in a linear 
fu nction  yields a discrim inant w ith a critical value fo r  classifying purposes 
o f  14-44 and an expected m isclassification rate o f  12 per cent.. This is 
a considerable im provem ent on  the figure o f  32 per cent, fo r  the fibre/vessel 
ratio, but is very little superior to  that o f  15 per cent, w hen the vessel 
index is used alone. F o r  this reason, use o f  the discrim inant fo r  other 
than borderline cases w ou ld  n ot be justified.

T he variation  o f  the fibre/vessel ratio in the w hole drug is not re
p rod u ced  in the com m ercia l pow d er ow in g  to  the th orough  m ixing o f  
the elements on  w hich  it is based. Thus the values fo r  com m ercial 
pow ders vary w ithin narrow  limits and, since the ranges fo r  the tw o 
species are distinct, the fibre/vessel ratio provides a valuable character 
fo r  their differentiation.

Su m m a r y  a n d  C onclusions

1. The term “  fibre/vessel ratio ”  is adopted  to  signify the num ber 
o f  fibres (including fibre-tracheids exhibiting elongated sim ple pits) 
associated with on e vessel element.

2. Consistent results are obtained  w hen the fibre/vessel ratio is 
calculated from  the num ber o f  vessel elem ents associated with n ot less 
than 200 fibres.

3. T h e variation  in the w hole drug o f  the fibre/vessel ratio and o f  
the vessel index 135/la is investigated and their value as differential 
characters assessed.

4. Neither character is com pletely  successful in differentiating the 
w h ole  drug, but som e im provem ent results by  com bin in g  them  in a 
linear function .

5. A  m ethod  o f  determ ining the fibre/vessel ratio on  the pow dered  
drug is described.

6. T he fibre/vessel ratio o f  com m ercial belladonna ro o t  pow ders 
decreases with the fineness o f  the p ortion  exam ined, bu t is reasonably 
constant fo r  the portion  retained between a N o . 22 and N o . 44 sieve.

7. F ibre/vessel ratio values fo r  com m ercial pow ders provide  a m eans 
o f  differentiating the species from  w hich  they were prepared.

8. T h e ranges fo r  the com m ercia l pow ders exam ined are :— A. Bella
donna 2-30 to  4-55 ; A . acuminata 6-54 to  12-05.
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A t t e m p t s  to  isolate the crystalline principles o f  the fruit o f  A m m i  
Visnaga  (in A ra b ic  “ K h e l la ” ) date since 1897, w hen M ustapha1 o b 
tained by  extraction  with a lcoh o l and ether, white silky needles, bitter 
in taste and sparingly soluble in water. M ustapha gave this substance 
the nam e o f  khellin. T h e w ork  was continued  b y  M alosse2, Fantl and 
Salem 3, F ahm y and E l-K e iy 4 and Sam aan5. T h e crystalline substances 
obtained by  these authors were, in m any instances, n ot subjected to  a 
satisfactory chem ical analysis, the p ro o f o f  their purity resting m ainly 
on  a rough exam ination  o f  their physical properties. T he sm all am ount 
o f  consideration  w hich m ost o f  these authors had paid  to  the results 
obtained by  the preceding w orkers led to  a considerable con fu sion  o f  
nom enclature; different nam es were frequently given to  apparently the 
sam e substance. A  similar con fu sion  exists also in the pharm acolog ical 
literature concern ing  A m m i Visnaga, different properties being som e
times attributed to  the same crystalline substance.

The recent w ork  o f  Späth and G ru ber6’7’8 p laced  the prob lem  on  a 
sound chem ical basis. T hese authors isolated from  the fruit o f  the plant 
three crystalline substances w hich on  analysis proved  to  belong  to  the 
group o f  chrom ones. In  a private com m u n ication  to  on e  o f  us (G .V .A .)  
P rof. G ruber states that, in addition  to the three chrom ones, he had also 
detected the presence o f  a sm all am ount o f  a coum arin , the analysis o f  
w hich he has not, how ever, yet com pleted . T herefore, until further 
p ro o f is available, on ly  the three chrom ones, so far isolated and analysed, 
are to be  considered.

A ccord in g  to  Späth and G ruber, these substances a r e : —

(1) K hellin , isolated b y  M ustapha and b y  Fantl and Salem and
show n by  Späth and G ru ber6 to  be  a dim ethoxym ethylfurano- 
chrom on e (I) m .pt. 154°C .

(2) K h ello l g lycoside, isolated by  Fantl and Salem  and show n  by
Späth and G ru ber8 to  be  a m onom ethoxym ethylfuranochrom one, 
oxyg lycoside  (II ) m .pt. 175°C .

(3) Visnagin, isolated b y  Späth and G ru ber7 and show n b y  them  to  
be a m on om ethoxym eth ylfuran och rom on e (I II ) m .pt. 144°C .

It can  be seen from  the structural formulas given that the sim plest c o m 
pou n d  is visnagin, that khellin is a  m ethoxyvisnagin  and that the khellol 
g lycoside is an oxyg lycosid e  o f  visnagin. T aking the visnagin radical as' 
R , khellin is R -O C H 3 and khellol g lycoside R - 0 C eH u 0 5.

THE PHARMACOLOGICAL ACTIONS OF THE CRYSTALLINE
PRINCIPLES OF AM M I VI SNAG A LINN.
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Späth and G ruber have also analysed a large num ber o f  derivatives 
o f  these com pou n d s. T h e m ost interesting were obtained b y  the action  
o f  alkali and o f  acids. B y  alkali, khellin is split to  a d im ethoxyacetyl- 
h ydroxy  cou m aron e (m .pt. 99° to  101 °C .) and visnagin to  a m on o- 
m ethoxyacetylhydroxy  cou m aron e (m .pt. 109° to  111°C .). T h e  authors 
gave the nam e o f  khellinon  to  the first com p ou n d  (IV ) and visnaginon 
to  the second (V I). T h e aglycon e obtained by  the hydrolysis o f  the 
k h ello l g lycoside in acid  was first isolated by  Fantl and Salem 3, w h o  gave 
it the nam e o f  khellol (m .pt. 179°C .). Späth and G ruber show ed that 
the khello l is a hydroxyvisnagin  (V ). It was further show n that the 
g lycoside, as w ell as the khellol, w hen treated with alkali give a  p roduct 
w hich is in all respects identical with visnaginon. In  a sim plified form  
the relations between these com p ou n d s are as fo l lo w s :

Khellin is converted by alkali into khellinon
Khellon glycoside is converted by acid into khellol
Khellol glycoside 1
Khellol fare all converted by alkali into visnaginon
Visnagin ) .

T h e decoction  o f  the dried fruit o f  A m m i V isnaga  has been used since 
ancient times b y  the popu lation  in the M idd le  East, and is frequently 
prescribed by  the loca l physicians as a diuretic and as an anti-spasm odic 
in cases o f  ureteral stones. Sam aan9 investigated the pharm acological
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action  o f khellin and o f  the g lycoside (w hich he respectively caiied 
visam m in and khellinin) and fou n d  that khellin increases the flow  o f 
urine and causes a relaxation  o f  the visceral plain m uscles. T h e interest 
in the crystalline constituents o f  A mini V isnaga  has been recently re 
vived as the result o f  the dem onstration  by  A n rep , B arsoum , K enaw v 
and M israhy10 that khellin causes a con sp icu ou s dilatation o f  the 
coron ary  b lo o d  vessels w ithout m uch affecting the systemic circulation . 
T he interest in the substance was further stimulated by  the prom ising 
results o f  the clin ical observations upon  the effect o f  khellin in the 
anginal syndrom e (K enaw y and B a rsou m ", A n rep  and et a l } 2- A y y a d 13).

Salam a14 show ed in anim als and man that none o f the crystalline prin 
ciples o f  A n im i V isnaga  exerts a diuretic action, the increased form ation  
o f  urine being entirely due to the fluid taken in the form  o f  the d e c o c 
tion.

Sam aan1'“'1“ ascribes the coron ary  vasodilator action  o f  A nim i Visnaga 
not to  khellin, but to  the g lycoside, w hich , accord in g  to  him , causes in 
concentrations o f  1 in 25,000 and even 300,000 a con sp icu ou s increase 
o f  the coron ary  outflow  o f the isolated perfused rabbit’ s heart. In  
experim ents in w hich  an artificial spasm o f  the coron ary  b lo o d  vessels 
was induced by  barium  ch loride, adm inistration o f  the g lycoside w as 
stated to  cause som etim es as m uch as a tw elve-fo ld  increase o f  the 
coron ary  outflow . On the other hand, accord ing  to  B a g o u r i" . the 
glycoside, even  when used in high concentrations, exerts n o  action  on  
the coron ary  vessels o f  the perfused heart, the coron ary  vasodilatation 
being entirely due to khellin.

It fo llow s from  the ab ove  that further research is required before  a 
proper assessm ent o f  the pharm acological potency  o f  the different 
crystalline principles o f  A mini V isnaga  can be  m ade. W e, therefore, 
u ndertook  to  investigate the com parative action  o f khellin, o f  visnagin, 
o f  the g lycoside and o f  their derivatives by quantitative m ethods.

Methods of Preparation

T h e three natural crystalline substances o f  A n im i Visnaga, khellin, 
khellol g lycoside and visnagin were prepared accord ing  to the m ethod 
devised by  Spath and G ruber. T he substances were repeatedly crystal
lised from  m ethyl a lcoh ol and other solvents until their respective m elting- 
points reached the m axim um  values given by  the Austrian observers 
and did  n ot change by  further recrystallisation. T he purity o f  the final 
products was controlled  in the P harm acognosy L abora tory  and in the 
F aculty o f  Science o f  this University. T he fission products, khellinon, 
visnaginon and khellol were obtained by the action o f  acid  and alkali 
as recom m ended by  Spath and G ruber. T he purification o f  these su b 
stances presents n o  difficulty since they easily crystallise from  m ethyl 
a lcoh o l and give sharp m elting-points, 100°C . fo r  khellinon, 110°C.  for  
visnaginon and 179°C . fo r  khellol.

G. V. ANREP, G. S. BARSOUM AND M. R. KENAVVY
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T he C o lo rim etr ic  and  th e  B io lo g ical  A s s a y  o f  th e  C r ystall in e  
Pr in c iple s  o f  A m m i Visnaga

C olorim etric  assay :— T h e m oderately  stable pink co lora tion  w hich  
khellin  gives, as d iscovered by  F ahm y and E l-K eiy4, in contact with 
solid  sodium  hydroxide, served as the basis for  the co lorim etric  assay o f  
khellin and o f  visnagin. F or  quantitative w ork  we used a saturated so lu 
tion  o f  potassium  hydroxide  and a 0 5  m illim olar standard solution  o f  
khellin in water ( 0 1 3  m g. o f  khellin  per m l.). A d d ition  o f  OT m l. o f

the khellin solution  to  1-0 ml. o f  
saturated potassium  hydroxide 
solution  gives an intensity o f  co lo u r  
suitable fo r  w ork with a sensitive 
colorim eter o f  the ordinary type or  
with a ph otoelectric colorim eter. A s  
has already been show n b y  Fahm y, 
this m ethod is less suitable fo r  the 
estim ation o f  the g lycoside, w hich , 
in presence o f  strong alkali, gives a 
very unstable cherry-red colour. 
T he products o f  acid  and alkaline 
hydrolysis o f  the three natural su b 
stances g ive n o  pink co loration  in 
presence o f  strong alkali.

B iological assay :— T he b io log ica l 
m ethod o f  assay used in this w ork 
was originally  devised b y  Barsoum  
and G a d d u m 18 fo r  the estim ation o f  
adenosine. A s a test ob ject they 

used the rectal cæ cum  o f  the fo w l suspended in T y ro d e ’s solution in a 
bath 5 ml. in capacity. W e find that the rectal cæ cum  can  be  satisfactorily

used also fo r  the com parative assay 
o f  the active principles o f  A m m i 
Visnaga. W ith sensitive prepara
tions it is possible to m ake the assay 
with an accuracy o f  about 10 per 
cent. Figure 1 shows the reaction 
o f  the rectal cæ cum  to gradually- 
increasing doses o f  khellin which, for  
this purpose, was dissolved in 
T y ro d e ’s solution. A n  average pre
paration o f  the rectal cæ cum  is sensi
tive to about 2 ;ug. o f  khellin, i.e., a 
concentration  o f khellin in the 

bath o f  2-5 x 10 '7. Figure 2 show s that repeated adm inistration o f  the 
same d ose  o f  khellin gives the same degree o f  relaxation o f the rectal 
cæ cum , and F igure 3 serves as an exam ple o f  a com parative assay o f  
visnagin and o f  khellin show ing that visnagin is about 30 per cent, less 
active than khellin.

THE PHARMACOLOGICAL ACTIONS OF AMMI VISNAGA LINN.

5 3 5 3 5

Fio. 2. Regular response o f thè rectal 
cxcam to alternate doses of 3'0 and 

5 0 ,ng. o f khellin.

2 3 5 7  8 9  10
Fig. I. Response of the rectal cæcum 
o f the fowl to gradually increasing 
doses o f  khellin. The amounts 

administered are shown in ,«g.
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T ab le  I gives the results obtained with the three natural substances 
and with the products o f  their hydrolysis. T h e results o f  the c o lo r i

m etric and o f  the b io log ica l

M A

V \

assays given in T ab le  I are 
m eans o f  not less than 50 separ
ate estim ations o f  the 3 natural 
substances and o f  their deriva
tives. U sually on ly  2 o r  3 sub
stances w ere assayed on  on e 
rectal caecum. B efore  adm in is
tration, the solutions w ere 
w arm ed to  the tem perature o f  
the bath containing the caecum. 
T he doses o f  the substances w ere 
such as to  cause 30 to  50 per 
cent, o f  the m axim al relaxation  

o f  the intestinal m uscle, w hich  is the range o f  m axim al discrim ination  
o f  the preparation.

TABLE I
Colorimetric and biological assays of khellin, of visnagin, of khellol-
GLYCOSIDE AND OF THE PRODUCTS OF THEIR HYDROLYSIS. ALL THE SUBSTANCES 
WERE PREPARED IN 0 5 MILLIMOLAR SOLUTIONS AND KHELLIN WAS TAKEN AS THE 

STANDARD FOR THE COMPARISON

1 0 ,u g . 1 0  Mg. 15 Mg- 1 0  Mg- 7  mg- 1 0  Mg- 
Visnagin Khellin Visnagin Khellin Visnagin

Fig. 3. Comparative assay of khellin and 
of visnagin on the rectal cæcum of the 
fowl. The amounts of the two substances 

administered are given in Mg-

Equivalent doses in Mg-
Khellin 

m.pt. 154°C
Visnagin 

m.pt. 144° C
Glycoside

m.pt.l75°C
Khellinon 

m.pt. 100° C
Visnaginon
m.pt.ll0°C

Khellol
m.pt.l79°C

Colorimetric assay 10 14-5 not
tested

gives no 
colour 

reaction
gives no 
colour 

reaction
not

tested
Standard deviation ........... . — . 0-5 — — — —
Biological assay...................... 10 15 over 300 30 50 40Standard deviation — 0-6 — 11 2-2 —

Percentage of activity in relation to that of Khellin
i 100 I 66 ! traces I 33 I 20 j 25

T ab le  I  reveals the fo llow in g  points o f  interest :
(1) C olorim etric and b io log ica l assays show  that the m on om ethoxy

derivative, visnagin, is about 30 per cent, less active than the 
d im eth oxy  derivative, khellin. T h e agreem ent betw een the c o lo r i
m etric and the b io log ica l assays is extrem ely satisfactory.

(2) K hellinon , the alkali-split p rod u ct o f  khellin, loses its c o lo u r  re 
action, but partially retains its p ow er to  relax the sm ooth  m uscle. 
B io log ica lly , khellinon is abou t on e third as active as khellin.

(3 ) T h e  b io log ica l action  o f  the g lycoside, as tested on  the rectal 
cæ cum , is n ot less than 30 times weaker than that o f  khellin. In 
fact it is questionable whether it has any action  at all.

(4) K hellol, the product o f  acid  hydrolysis o f  the g lycoside, show s a
considerably  greater activity than the m other substance. A p 
parently the substitution o f  the g lycoside radical by  the hydroxy l 
grou p  partially unm asks som e o f  the latent activity o f  the rest 
o f  the m olecule.
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(5) K hello l is a m on om eth oxy  derivative which differs from  visnagin
by  containing a  h yd roxy l group. This difference is sufficient to  
cause a con sp icu ou s dim inution  o f  the activity o f  khello l as 
com pared  with that o f  visnagin.

(6) V isnaginon , similarly to  khellinon, gives n o  co lou r  reaction. Its
b io log ica l action  is about 30 per cent, weaker than that o f  
khellinon.

T h e action  o f  khellin on the rectal cæ cum  is considerably  w eaker than 
that o f  adrenaline, 4 p g .  o f  khellin being approxim ately  equivalent in 
action  to  0-01 pg. o f  adrenaline chloride. K hellin  is, how ever, about 12 
times m ore  effective than am inophylline. T h e rabbit’ s uterus is also 
relaxed by  khellin, especially  w hen it has previously  been contracted by 
adm inistration o f  adrenaline, showing that khellin acts directly on the 
plain m uscle and not on  the sym pathetic nerve endings.

T he C o m par a tive  A ction  of  K h e llin , of  V isnagin  and  of  the 
K h e l l o l  G l y c o sid e  on  th e  C oron ary  C ircu lation

A t the time w hen A n rep  and et ali0 m ade their observations u pon  the 
coron ary  vasodilator action  o f  khellin in the heart lung preparation , the 
existence o f  the related m on om eth oxy  com p ou n d , visnagin, w as not yet 
know n. So far, visnagin does not present m uch interest from  the prac
tical poin t o f  view, since it occurs in the fruit o f  A m m i V isnaga  in very 
small am ounts. H ow ever, in the future it m ight possibly be prepared 
synthetically. From  the theoretical point o f  view  it presents a greater 
interest because a com parison  betw een visnagin, khellin and the glycoside 
m ight throw  a light on  the relation between the action  o f  these sub
stances and their m olecu lar structure. T h e com parison  o f  the action  
o f  khellin and o f the g lycoside on  the one hand and o f  khellin and o f 
visnagin on the other, was m ade on  the standard heart-lung preparation 
on  d ogs by  collecting  the b lo o d  through a coron ary  sinus cannula. A  
few  typical experim ents, selected from  am ongst many others, are suf
ficient to illustrate the action  o f  these substances.

E xperim ent 1. H eart-lung preparation ; systemic output 650 
m l./m in u te ; aortic b lo o d  pressure 120 m m . H g. For about 20 m inutes the 
coron ary  outflow  remained constant at 42 to 44 m l./m inu te. A fter a 
gradual adm inistration o f 40 mg. o f  the g lycoside the coron ary  b lo o d  flow  
rem ained unchanged. A dm inistration  o f  5 m g. o f  khellin increased it to 
59 m l./m in u te ; after another d ose  o f  5 m g. o f  khellin the flow  increased 
to  90 to  95 m l./m in u te . T h e total am ount o f  b lood  in circulation  was 
about 800 ml.

E xperim ent 2. Heart-lung preparation; output 500 m l./m in u te ; aortic 
b lo o d  pressure 120 m m . H g. T h e ou tflow  o f  b lo o d  from  the coronary 
sinus rem ained constant fo r  ov er  15 m inutes at 58 to 61 m l./m inu te. 
4 doses o f  the g lycoside, 20 m g. each , w ere adm inistered at intervals o f  a 
few  m inutes; 80 m g. in all. T he coron ary  b lo o d  flow  rem ained unchanged 
although the drug was allow ed to  circulate fo r  several minutes. A dm in is
tration o f  10 mg. o f  khellin rapidly increased the coron ary  b lo o d  flow  to 
120 m l./m in u te . T h e total am ount o f  b lo o d  in circu lation  w as about 
700 ml.
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E xperim ent 3. D em onstrated to  the C a iro  C linical Society. H eart- 
lung preparation  output 450 m l./m in u te , arterial b lo o d  pressure 130 m m . 
H g. T h e outflow  from  the coron ary  sinus w as 51 m l./m in u te . O n 
adm inistration o f  45 mg. o f  the g lycoside the coron ary  outflow  rem ained 
the same. A fter  adm inistration o f  15 mg. o f  khellin it increased to  250 
m l./m in u te . T he am ount o f  b lo o d  in circulation  was abou t 500 ml.

T h e action  o f  khellin w as extrem ely prolon ged , the coron ary  b lo o d  
flow  rem aining increased to  the end o f an experim ent. In this, the 
effect o f  khellin greatly differs from  that o f  am yl nitrite.

In som e o f  the experim ents the action  o f  khellin on  the coron ary  
b lo o d  flow  w as m ore and in others less con sp icu ou s than in the ab ove  
exam ples. A s  regards the g lycoside, n o  coron ary  vasodilator action  
cou ld  be dem onstrated in the heart-lung preparation, even though its 
concentration  was increased to  100 /xg ./m l.

W e w ere also able to  confirm  the observation  o f  B agouri17, w h o  fou n d  
that system ic b lo o d  vessels are m uch less sensitive to  the vasodilator 
action  o f  khellin than coron ary  b lo o d  vessels, and that the g lycoside 
caused n o  coron ary  dilatation in the perfused rabbit’ s heart.

T he g lycoside, since it has no action  on  the coron ary  b lo o d  vessels, 
cou ld  be adm inistered together with khellin in the sam e heart-lung pre
paration. T h is is not possible w hen com paring  the action  o f  khellin 
with that o f  visnagin. B oth  are coron ary  vasodilators, the action  o f  
w hich  persists fo r  a very long  time. T he action  o f  the tw o  drugs was. 
therefore, studied on  tw o separate preparations w hich were m ade to 
w ork  in, as nearly as possible, the same experim ental conditions. T h e 
type and the weight o f  the dogs used for  the tw o preparations were 
the sam e; the arterial b lood  pressure, tem perature and the output o f  
the heart w ere respectively m aintained at the same levels, and the tw o 
hearts usually d id  n ot differ in  weight by m ore  than 5 g. In  spite o f  
these precautions, the individual variations o f  the coron ary  sinus outflow  
were to o  large to  perm it o f  a  definite con clu sion  as regards the relative 
action  o f  the tw o  drugs. T h e observations m ade on the rectal cæ cum  
w ou ld  suggest that visnagin m ight possib ly  be  a som ew hat weaker 
coron ary  vasodilator than khellin. O bservations m ade on  tw o  separate 
heart-lung preparations are not, how ever, sufficiently accurate to  justify 
this conclu sion . A s  com pared  with am inophylline the action  o f  khellin 
on  the coron ary  circu lation  in the heart-lung preparation is 4 to  6  times 
stronger.

O bse r va tio n s  on th e  A lim en tary  T ract  in situ

T he experim ents were m ade on  d ogs o f  7 to  9 kg. weight, anæsthetised 
with chloralose, sod ium  lum inal o r  nem butal. T h e  abdom en  w as 
opened  b y  a m edian incision  and a lo o p  o f  the jejunum , ab ou t 30 to  
40 cm . in length, was tied o ff betw een tw o  ligatures. A  w ide cannula 
was inserted into each end o f  the lo o p . T h e tw o cannulæ w ere then 
conn ected  to  a separating funnel the top  o f  w hich  was jo in ed  to  a 
volum e recorder. T h e funnel, filled with saline solution, w as k ep t at
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a suitable height, sufficient to  fill but not to  distend the intestinal loop . 
T h e contractions o f  the lo o p  w ere recorded  on  a drum. Intravenous 
in jection  o f  khellin in doses o f  5 to  10 m g. caused a rapid  and c o n 
spicuous relaxation o f  the intestinal loop , the rhythm ic m ovem ents being

Fig. 4. Dog 10 kg. Left, effect of intravenous injection of 10 mg. of khellin on the 
intestinal movements recorded as described in the test. Right, 20 minutes later. 

Time in 10-second intervals.

reduced in rate and in strength. T he relaxation o f  the intestine fo llo w 
ing adm inistration o f khellin was extrem ely prolon ged , the recovery

Fig. 5. Dog 9'5 kg. Effect of injec
tion o f 20 mg. o f khellol glycoside on 
the intestinal movements. Times in 
10-second intervals. The intestine was 
slowly relaxing before the injection.

being slow  and usually incom plete 
even after 1 to 2 hours. F igure 4 
show s the effect o f  adm inistration o f 
khellin on  the intestinal m ovem ents 
in the w h ole  anim al. K h ello l 
g lycoside even in greater doses 
caused n o  relaxation o f  the intestinal 
loop  and n o  dim inution  o f  the 
rhythm ic contractions (Fig. 5). In  
som e experim ents in jections o f  the 
g lycoside w ere fo llow ed  by  an  in 
crease o f  the intestinal tone.

O b se r va tio n s  on  the  B ronchial  
M u sc le s

Sam aan“ show ed that khellin 
causes a relaxation o f  bronchial 
m uscle, but d id  n ot study the effect 
by  quantitative m ethods. O ur ex -
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periments w ere perform ed on  perfused lungs o f  the guinea-pig, using the 
m ethod o f  Sollm ann and O ettingen19. T h e lungs were suspended in an air 
therm ostat at a  tem perature o f  38° to  40° C ., the air being kept saturated 
with water. A  cannula was introduced into the trachea, and the lungs 
were perfused with warm  oxygenated R in ger-L ock e  solution  in the 
same m anner as the isolated heart. In  order to  a llow  an outlet, the 
surface o f  the lung was scarified .in  several places, the fluid being c o l 
lected through a  w ide funnel in a graduated cylinder. A ll the m easure
ments were m ade w ithout open ing  the therm ostat so as to avoid  coo lin g  
the lungs. T h e results o f  som e o f  the experim ents are given in T ab le  II.

G. V. ANREP, G. S. BARSOUM AND M. R. KENAWY

TABLE II
Action of khellin on the bronchi of the perfused lungs of the guinea-pig

Initial flow 
in ml./minute

Concentration 
of khellin 
in mg./l.

Maximum flow 
in ml./minute

Percentage
increase

5 0 to 5-4 10 42 0 to 43 0 700
4-4 to 4-8 10 39 0 to 39-6 750
2-5 to 2-6 6 11-6 to 12 0 350
3-3 to 3-5 4 9-8 to 10-2 195
3-5 to 3-7 2 5-2 to 5-4 47

Other similar experim ents gave approxim ately  the same results. T h e 
m inim um  effective concentration  o f  khellin causing a  50 per cent, in 
crease in the ou tflow  was ab ou t 2 to 3 /xg ./m l. A fter  replacing the 
khellin solution  with R in ger-L ock e  solution  the ou tflow  o f  the fluid 
from  the bronch ial tree usually returned to  its original volum e in the 
course o f  4  to  5 minutes. T he effect o f  khellin is strong enough to 
antagonise considerable concentrations o f  histamine. W hen  the lungs 
are perfused with 10 m g ./l .  o f  khellin, in jections o f  5 to  10 p.g. o f  
histamine diphosphate have on ly  a negligible effect. In  absence o f  
khellin these doses cause a conspicuou s bron ch o-con striction . T h e g ly 
coside  even  in high concentrations causes n o  relaxation  o f  the bronchi. 
A s a bron ch o-d ila tor khellin is 4 to  6 times m ore  effective than am ino- 
phylline.

A s  a result o f  the above observations adm inistration o f  khellin was 
tried in a large num ber o f  patients suffering from  bronch ial asthma. W ith 
a few  exceptions, presented by  subjects with advanced em physem a or 
fibrosis o f  the lungs, khellin was extrem ely , beneficial. T h e asthm atic 
attacks w ere cut short, the vital capacity  o f  the subjects increased and 
the feeling o f  respiratory distress disappeared. O n  continuous a d 
m inistration o f  khellin the attacks either disappeared or becam e less 
frequent and less severe. T h e treatment o f  bronch ial asthm a with 
khellin w ill form  the subject o f  another com m unication .

E stim a tio n  an d  D istribu tio n  of  k h ellin  in  B loo d  and  T iss u e s

T h e estim ation o f  khellin in b lo o d  and tissues can  be m ade b y  the 
colorim etric m ethod or  b y  the b io log ica l m ethod  on  the rectal cæ cum . 
T h e fo llow in g  procedure was adopted  fo r  the preparation o f  the final 
extracts suitable fo r  quantitative estim ations. T en  ml. o f  b lo o d  was
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added  to  100 m l. o f  a lcoh o l; after filtration the precipitate w as washed 
with three quantities o f  a lcoh ol, each o f  10 ml. T he washings and 
the filtrate w ere m ixed  and evaporated on  a w ater-bath, under reduced 
pressure, to  a  volum e o f  abou t 5 m l.; 50 to  100 ml. o f  w ater w as then 
added and the solution  w as treated in  a  separating funnel with 3 
quantities o f  ch loro form , each o f  10 m l., to  extract the khellin. T he 
ch loro form  solution  was evaporated to  com plete  dryness and the residue 
was dissolved in exactly 1 or 2 ml. o f  distilled water, fo r  the colorim etric 
test, or, o f  T y ro d e ’s fluid, fo r  the b io log ica l assay. This m ethod  pre
sents the advantage that the khellin content o f  any reasonable quantity 
o f  b lo o d  o r  o f  other b io log ica l fluids can  be concentrated in the 1 or 
2 ml. o f  the final extract. T h e colorim etric  or  the b io log ica l assay 
was m ade against a standard 0 5  m illim olar solution  o f  khellin. The 
recovery o f  khellin by  the a b o v e  m ethod  is 95 to  100 per cent. W hen 
the m ethod  is used fo r  tissues, a p iece  o f  an organ is w eighed, ground 
with silver sand, treated with a lcoh o l and extracted with ch loro form  as 
described fo r  b lo o d . C on tro l observations show ed that the extraction 
o f  khellin from  tissues is som ew hat less com plete , ranging between 
85 and 95 per cent. E xtraction  o f  khellin from  fat is less satisfactory, 
khellin being highly soluble in lipoids. T h e accuracy  o f  the colorim etric 
and o f  the b io log ica l m ethod  is the same.

D istribution  o f  khellin in b lo o d .— K hellin  added  to  defibrinated b lo o d  
or  to  b lo o d  rendered incoagulable by  addition  o f  heparin is taken up 
by  the serum or  plasm a and by  the red b lo o d  corpuscles. W ith  co n 
centrations varying between 1 and 200 /¿g ./m l. the plasm a or  serum 
contained  abou t 10 to  20 per cent, m ore  khellin than the red b lo o d  
corpuscles. T h is p roportion  is n ot changed by  allow ing the b lo o d  to  
stand fo r  several hours before  it is centrifuged. It is w ell know n that 
the red b lo o d  cells are ab le to  take up a large num ber o f  organic sub
stances, som e o f  w hich  are easily given off, while others b ecom e fixed 
and, therefore, p roba b ly  b io log ica lly  inactive. G lu cose, fo r  exam ple, 
belongs to  the first grou p  o f  substances and histam ine to  the second. 
W e find that khellin  is rapidly given off b y  the corpuscles w hen these 
are exp osed  to  serum or  T y ro d e ’s solution  containing n o  khellin. It 
is, therefore, obv iou s that the khellin o f  the red b lo o d  corpuscles is n ot 
pharm acolog ically  wasted. It should be  lo o k e d  upon  as a store w hich 
is readily released to  the surrounding plasm a.

A fter  intravenous or  intram uscular adm inistration o f  khellin the drug 
at first appears in the b lo o d  in a high concentration . W ithin  a  few  
minutes the khellin concentration  begins to  dim inish, and in about 20 
to  30 m inutes it reaches a steady level w hich  is m aintained fo r  several 
hours. T h e  rapid dim inution  o f  the khellin concentration  in the c ir 
culating b lo o d  is not due to  excretion  by  the kidneys or  to  destruction 
by  the tissues, but to  a  gradual and m ore or  less uniform  distribution 
o f  the drug am ongst all the organs o f  the b od y .

T h e drug rem ains in the circulation  fo r  an extrem ely lon g  time. In 
dogs after in jections o f  10 to  20 m g ./k g . khellin cou ld  be  detected in
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the b lo o d  as long  as 36 hours later; 24 hour-sam ples o f  urine co llected  
after the in jection  contain  on ly  traces o f  khellin. T h e  conclu sion  must 
be, therefore, m ade that the khellin is not elim inated by  the kidneys in 
an unchanged form .

R epeated  adm inistrations o f  khellin lead to  its accum ulation  in  the 
b lo o d  and tissues. A n im als in jected with doses o f  10 m g ./k g . had a 
concentration  o f  4 ¡j.g ./m l. o f  b lo o d , 24 hours after the first in jection  
and 12 /¿g ./m l. 24 hours after the ninth in jection . A  sim ilar accum ula
tion  o f  the drug can  b e  also dem onstrated in m an. F or  exam ple, in 
subjects w h o  received on e in jection  o f  200 m g. o f  khellin per day its 
concentration  in the b lo o d , 30 minutes after the first in jection , w as 4 
to  5 r /g ./m l. and after the 5th in jection , 12 to  17/¿g ./m l.

In ord er to  study the distribution o f  khellin in  the tissues the drug was 
in jected intram uscularly in doses o f  20 to  40  m g ./k g ., the adm inistra
tion  o f  such large doses being necessary since on ly  sm all sam ples o f  
tissues cou ld  be used to  obtain  a perfect extraction . T h e dogs w ere 
killed at different intervals o f  tim e after the in jections and their tissues 
analysed. In  on e  set o f  experim ents the first anim al w as k illed  1 
h ou r after the in jection , the second  24 hours, and the third 36 hours 
later. T h e  concentration  o f  khellin in the b lo o d  o f  these anim als was 
3 0 ,1 6  and 5 /¿g ./m l. respectively. T h e concentration  in the liver, m uscle, 
brain, kidney and the m esentery varied between 20 and 40 /¿g ./g . 1 
h our after the injections, between 7 and 15 /¿g ./g . 24 hours and between 
2 and 5 /¿g ./g .  36 hours later. It fo llow s that khellin is rapid ly  d is 
tributed over the w hole  b od y . T he concentration  in the liver was 
alw ays som ew hat higher than in the other tissues. T h e figures obtained 
fo r  the brain w ere the low est, w hich  is probab ly  due to  the difficulty o f  
extraction  o f  khellin  from  lipoid -contain ing  tissues. T h e  disappearance 
o f  khellin from  the tissues is extrem ely slow  and is not related to  any 
particular organ.

Absorption of khf.llin and of the khellol glycoside from the
Alimentary Tract

K hellin  is absorbed  from  the stom ach, from  the sm all intestine and 
from  the large intestine. T he absorption  from  the stom ach and from  
the small intestine was studied in anæsthetised dogs after com plete  
separation o f  the pylorus from  the duodenum . Khellin solutions w ere 
injected directly  into the stom ach or  into the duodenum . In  som e o f  
the experim ents khellin was in jected into a separated lo o p  o f  the sm all 
intestine. A b sorp tion  from  the large intestine was studied on ly  in 
m an. T h e b lo o d  samples were co llected  after the respective injections 
and assayed fo r  khellin in the usual manner. T h e absorption  from  the 
alim entary tract is not fo llow ed  by  a tem porary large increase o f  thé 
khellin concentration  in the b lo o d  as is the case with intram uscular 
absorption. O ral adm inistration is, therefore, suitable fo r  the m ainten
ance o f  a high concentration  o f  khellin in the b lo o d , while intram uscular
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adm inistration is m ore suitable when it is desired to  raise its concentra
tion in  a short time.

In  m an, after oral adm inistration o f  300 m g. the m axim um  c o n 
centration o f  5 to  6 ¿¿g ./m l. o f  b lo o d  was reached in 40 to  60 minutes. 
A fter  rectal adm inistration o f 500 m g. d issolved  in 50 ml. o f  a lcoh o l (20 
per cent.), the m axim um  concentration  o f  6 to  8 /¿g ./m l. w as reached 
in abou t 2 hours. It can  b e  seen that the rate o f  absorption  o f  khellin 
from  the large intestine is not in ferior to  that from  the rest o f  the digestive 
tract.

N o  evidence cou ld  be fou n d  to  show  that the khellol g lycoside is 
converted  in the b o d y  to  active khellin. A fter  oral or  intram uscular 
adm inistration o f  4  to  5 g. o f  the g lycoside, in non-anaesthetised dogs, 
n o  khellin cou ld  be detected in their circulating b lo o d . Neither is there 
any evidence show ing that the g lycoside is absorbed  from  the intestinal 
tract. In  d ogs, anaesthetised with chloralose, a lo o p  o f  the small intestine, 
abou t 50 cm . long, w as tied off and its tw o ends were provided  with 
cannulae. A fter thoroughly w ashing the inside o f  the lo o p , 70 m l. o f  a 
solution  containing 1 m g ./m l. o f  khellin or  o f  the g lycoside in a lcoh o l (20 
per cent.) w as injected into the lo o p , w hich was then closed  and 
returned to  the abdom ina l cavity. A fter  30 to  90 minutes the lo o p  was 
em ptied  into a m easuring cylinder and w ashed 2 or  3 times with a lcoh ol 
(20 per cent.) to  rem ove all traces o f  the injected substance. T h e am ount 
o f  khellin or  o f  the g lycoside w hich  escaped absorption  w as then deter
m ined. T h e khellin was determ ined as described  be fore  fo r  b lo o d  and 
the g lycoside, by  m easuring the reducing pow er o f  the intestinal content 
before  and after hydrolysis in a c id  fo llow in g  a prelim inary precipitation 
o f  the protein  m atter with a lcoh o l (95 per cent.). T h e results o f  4 experi
m ents are given in T ab le  III.

TABLE III

THE PHARMACOLOGICAL ACTIONS OF AMMl V1SNAGA LINN.

A bsorption of khellin and of khellol glycoside from the small intestine
AMOUNT OF FLUID, ALCOHOL (20 PER CENT.), INJECTED INTO THE LOOP WAS IN EACH 

CASE 70 ML. CONTAINING 70 MG. OF KHELLIN OR OF THE GLYCOSIDE

Substance injected
Duration of 
absorption in 

minutes
Amount of fluid 
not absorbed ml.

Amount of substance 
not absorbed mg.

Khellin ................................ 30 43 14
Khellin ................................ 30 41 17
Glycoside................................ 30 48 68
Glycoside................................ 90 26 72

C o n c lu sio n s

1. A  b io log ica l m ethod o f  assay and a m od ification  o f  the c o lo r i
m etric m ethod  o f  assay o f  the active crystalline principles o f  A m m i  
Visnaga  are described.

2. A  com parative colorim etric and b io log ica l assay o f  khellin, o f  
the khello l g lycoside and o f  visnagin show ed that the g lycoside is 
b io log ica lly  alm ost inactive and that the activity o f  visnagin is about 
one-third less than that o f  khellin.
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3. T he g lycoside has n o  detectable action  on  the coron ary  circulation .
4. N o  difference cou ld  be detected between the coron ary  vasodilator 

action  o f  khellin and o f  visnagin.
5. K ellinon  and visnaginon, the products o f  alkali hydrolysis o f  

khellin and visnagin respectively, g ive n o  co lo u r  reaction, but still exert 
som e b io log ica l activity. T h e action  o f  khellinon is about one-third 
that o f  khellin, and the action  o f  visnaginon about one-third that o f  
visnagin.

6. K hellol, the product o f  acid  hydrolysis o f  the g lycoside, has a 
definite b io log ica l action  w hich is m uch stronger than that o f  the g lycoside 
and is about 25 per cent, o f  that o f  khellin.

7. K hellin  causes a conspicuou s relaxation o f the bronch i in  the 
isolated lungs and a dim inution  o f  the intestinal tone in the w hole anim al. 
T he khellol g lycoside is in these respect inactive.

8. K hellin  is rapidly absorbed from  the small intestine, from  the 
stom ach and from  the large intestine.

9. Intram uscular in jections o f  khellin are fo llow ed  by  a rapid and 
consp icuou s increase o f  its concentration  in the circulating b lo o d , which 
after som e tim e gradually dim inishes and finally becom es stabilised at 
an approxim ately  uniform  level. O ral adm inistration is n ot fo llow ed  
by  such a tem porary large increase; the concentration  o f khellin increases 
gradually and reaches a stable level in about 30 minutes.

10. K hellin  is n ot excreted in the urine in an unchanged form  and 
it disappears from  the b lo o d  and tissues at a very slow rate.

11. In m an, oral or  intram uscular adm inistration o f  a single dose o f 
100 to  200 m g. o f  khellin raises its concentration , in the b lo o d  to  above  
the m inim al effective concentration , w hich  has been show n to  cause a 
coron ary  vasodilatation  and relaxation  o f  the bronch i. D u e  to  the slow 
destruction o f  the drug, repeated adm inistration leads to  its accum ula
tion  in the bod y .

12. N o  evidence c ou ld  be  fou n d  that the khello l g lycoside is converted 
in the b o d y  to  khellin or  that it can  be  absorbed  from  the intestine in 
an unchanged form .
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T he t w o  m a in  c r y st a l l in e  p r in c iple s  o f  the fruit o f  A m m i Visnaga, 
khellin and khello l g lycoside, have been  extracted by  M ustafa ,1 M alosse ,2 
Fantl and Salem ,3 F ahm y and E l-K eiy ,4 and Sam aan.5 T h e  chem ical 
structure o f  the tw o com p ou n d s w as determ ined by  Spath and G ruber.6’7 
Sam aan claim s that khellin (nam ed by  him  visam m in) causes a relaxation 
o f  visceral plain m uscle, while the g lycoside (nam ed b y  him  khellinin) 
con sp icu ou sly  dilates the coron ary  b lo o d  vessels o f  the perfused rabbit’ s 
heart.8’9 T h e  latter observation  stands in direct contradiction  with that 
o f  A n rep , B arsoum , K enaw y and R ia d ,10 w h o find, in  the heart-lung 
preparation on  dogs, that the g lycoside has n o  effect on  the coronary  
circu lation  and that the relaxation  o f  plain m uscle, as w ell as the coron ary  
vasodilation  are both  du e to  khellin. T h e question  arises whether 
possib ly  both  substances, khellin as w ell as the glycoside, have a coron ary  
vasodilator action , the difference in the results being due to  the difference 
in the species o f  anim als used o r  to  the fact that Sam aan w orked  on  
isolated hearts perfused with R in g er-L ock e ’ s solution, while the experi
ments o f  A n rep  e t al. were perform ed on  hearts supplied with b lood .

T h e  ob ject o f  the experim ents described  in this com m unication  was 
to  com p a re  the action  o f  khellin and o f  the g lycoside on  the coron ary  
circu lation  in the isolated perfused rabbit’ s heart. I  should like to  
thank P rof. F ahm y and D r. H ad dad, o f  the P harm acognosy D epartm ent, 
fo r  the supply o f  the tw o substances. Som e o f  the experim ents were 
m ade with the khellin and the g lycoside prepared in the P hysiological 
L abora tory  or  obtained from  pharm aceutical firms. T hese sam ples will 
not be  described separately, since n o  difference in their action  cou ld  be 
detected.

C o m par a tive  A ction  of  k h e llin  an d  of  k h e l l o l  g l y c o sid e  on  the  
C oron ary  C ircu lation  o f  th e  I so l a t e d  P e r f u se d  R abbit ’s  H eart

T h e adm inistration o f  the different substances w as m ade by  changing 
the fluid perfusing the isolated heart from  oxygenated R in g er-L ock e ’ s 
solution  to  the sam e solution  in w hich  the one or  the other o f  the tw o 
substances had been  dissolved. A  m odified  form  o f  L an gendorff’s 
m ethod w as used fo r  the perfusion. T h e coron ary  ou tflow  was recorded 
by  collecting  the fluid in a m easuring cylinder at intervals o f  30 seconds. 
T h e perfusion  pressure was kept at 100 to  120 m m . H g. A  few  exam ples 
representing the average results obtained  are given in T ab le  I.

Khellin in such a large concentration  as used in the ab ove  experim ent, 
cau sed  a dim inution  in the am plitude o f  the heart beat, w hich w as in
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E xp e r im e n ts  w it h  k h ellin  

TABLE I
P e r f u s io n  o f  t h e  is o l a t e d  r a b b it ' s  h e a r t . K h e l l in  c o n c e n t r a t io n  4 0  m g . / I .

Perfusion Fluid
Coronary outflow in ml./minute measured at intervals of 30 

seconds
1— Ringer Locke’s solution ...
2— „  „ with Khellin
3— „  „ solution ...
4— „  „ with Khellin
5— 7 minutes later ......................
6— Ringer Locke’s solution............

9, 9, 8*6, 9, 9, 9-2, 9, 9
12, 19, 24, 28, 35, 36, 38, 37-5, 38, 39
35, 33, 28, 24, 22, 17, 16-5, 11,11, 9, 9-5, 9, 9, 9-5, 9
12, 16, 19, 22, 28, 36, 38, 40, 39, 40, 39
35, 36, 38, 35, 37, etc.
33, 30, 26, 22, 20, 18, 14. 13, 10, 8-5, 8, 8

m ost cases o f  a  tem porary nature. It is unnecessary to  g ive a  detailed 
description  o f  each experim ent, instead, a sum m ary, show ing the initial 
coron ary  ou tflow  and the m axhnum  increase obtained with different 
concentrations o f  khellin, is given in T ab le  II.

TABLE II
I n i t ia l  c o r o n a r y  o u t f l o w  a n d  t h e  m a x i m u m  in c r e a s e  o b t a in e d  w it h  d if f e r e n t  

c o n c e n t r a t io n s  o f  k h e l l in

Average initial 
coronary outflow 

in ml./minute
Concentration 

of khellin 
mg./l.

Maximal coronary 
outflow during 
perfusion with 

khellin ml./minute
Increase per cent.

9-0 40-0 390 33390 40-0 40-0 3344-5 10-0 12-0 1674-2 10-0 10-8 15710-2 40 15-5 529-2 4-0 14-5 58

C oncentration  o f  2 to 10 m g ./l .  caused n o  detectable effect on  the 
heart beat. A s  regards the coron ary  circulation , the m inim um  effective 
concentration  o f  khellin, fo r  the rabbit’ s heart perfused with R inger ’s 
solution, is som ew hat be low  2 m g / l „  i.e., about dou ble  that g iven  by  
A n rep , Barsoum , K enaw y and M israhy11 fo r  the heart lung preparation.

In  several experim ents, solutions o f  1 :4 0 ,0 0 0  or  1 :5 0 ,0 0 0  o f  barium  
ch loride w ere used to  induce an artificial spasm  o f  the coron ary  b lo o d  
vessels b e fore  perfusion  with khellin. N o  special advantage was, h o w 
ever, gained by  this procedure. In  the presence o f  barium  ch loride, larger 
concentrations o f  khellin had to  be  used to  cause an appreciable increase 
o f  the ordinary ou tflow . T he coron ary  vasodilator action  o f khellin 
can  b e  dem onstrated on  the norm ally  beating heart as w ell as o n  the 
fibrillating heart.

E xp e r im e n ts  w it h  k h e l l o l  gly c o sid e

T h e observations with the g lycoside were carried out with the same 
technique as those with khellin. T h e results obtained  in som e o f  the 
typical experim ents are sum m arised in T ab le  III.

E very observation  was m ade on  a different heart. In  all the ab ove  
experim ents, adm inistration o f  khellin caused the usual coron ary  dilata-
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THE CORONARY VASODILATOR ACTION OF AMMI VISNAGA LINN.

TABLE III
E f f e c t  o f  k h e l l o l  g l y c o s id e  o n  c o r o n a r y  o u t f l o w

Average initial coronary outflow Average coronary outflow
ml./minute glycoside mg./l. during perfusion with the 

glycoside ml./minute

11 *0 4-0 10-56-5 40 6-810-8 200 11-28-8 20-0 8-812-0 20-0 11 -57-4 40-0 5-25-8 40-0 4-44-7 100-0 4-55-9 100-0 5*2

tion. A ttem pts to  dem onstrate the coron ary  vasodilator action  o f  the 
g lycoside  after inducing a coron ary  spasm  by  m eans o f  barium  ch loride  
were unsuccessful. In  fact, in m any experim ents, adm inistration o f  large 
doses o f  the g lycoside caused som e dim inution  o f  the coron ary  outflow , 
but never an increase. T h e dim inished ou tflow  does n ot necessarily 
indicate a  vaso-constriction , since it m ay be  accounted fo r  b y  the 
m echanical effects accom panyin g  the slight increase in the strength o f  
the heart beat, w hich  is usually observed on  adm inistration o f  large 
doses o f  the glycoside.

Comparative action of khellin and of the khellol glycoside on
THE ISOLATED CORONARY AND SYSTEMIC ARTERIES

T he study o f  the action  o f  drugs on  isolated arterial rings was first 
m ade b y  L angendorff. A  detailed description  o f  the results obtained  
by  this m ethod  w as given by  Cruickshank and Subba R a w .12 These 
authors observed  som e fundam ental difference in the reaction  o f  coron ary  
and system ic arterial rings to changes in tem perature and to  different 
drugs. K ou n tz ,13 w orking in this laboratory, confirm ed the results o f  
the previous w orkers and applied the m ethod  to  hum an arterial rings. 
T he same m ethod was used fo r  the study o f the action  o f  khellin and o f 
the glycoside.

Intram uscular branches o f  the coron ary  arteries o f  the w ater buffalo 
w ere dissected and several rings, abou t 2 m m . thick, were jo in ed  together 
by  m eans o f  silver wire, 3-4 rings in a  chain. T h e  rings w ere m ounted 
in a  50-m l. bath contain ing oxygenated R in g er-L ock e ’s solution  at 37° C. 
T he contractions o f  the rings w ere recorded  b y  a  light lever a llow ing a 
m agnification  o f  abou t 30 to  40 times. T h e  drugs were adm inistered 
directly  into the bath.

K hellin , in doses o f  0-5 m g., caused a definite relaxation  o f  the rings. 
A fter  replacing the khellin -containing solution  with fresh R in g er-L ock e ’s 
fluid the rings show ed a partial recovery , never, how ever, com pletely  
regaining their original tone. B oth  the relaxation  and the recovery  w ere 
very slow . T h e difference betw een the action  o f  khellin and o f  the 
g lycoside  was quite obviou s. T h e latter caused n o  relaxation  o f  the 
coron ary  rings, even  though the doses were increased to  about 10 times 
a b ove  those o f  khellin.
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A s  regards the action  o f  khellin u pon  rings o f  system ic arteries, 1 
fou n d  that doses up to  2 mg. caused n o  relaxation. E vidently the 
system ic arteries are m uch less sensitive to  the drug than the coron ary  
arteries.

In  order to  gain further know ledge about the action  o f  khellin and 
o f  the g lycoside on  system ic b lo o d  vessels, I m ade use o f  P issem sky’s 
m eth od 14 o f  the perfused rabbit’ s ear. T h is m ethod presents the advan
tage that the perfusing fluid need not be oxygenated  or  warm ed.

Sam aan fou n d  that the flow  o f  fluid through the perfused toad m ay 
be as m uch as dou b led  by  khellin in a concentration  o f  1 :5 ,0 0 0 . Such 
high concentrations present n o  therapeutic interest. M y  ow n  observa
tions confirm  the statement o f  A n rep , Barsoum , K enaw y and M israhy,11 
that khellin in concentrations w hich  cause a consp icuou s dilatation o f  
coron ary  b lo o d  vessels has n o  effect o n  the system ic b lo o d  vessels, the 
latter being less sensitive. K hellin  as w ell as the khellol g lycoside, in 
concentrations up to 40 m g ./l .,  caused n o  increase in the flow  o f  the 
R in ger-L ock e ’s solution  through the perfused rabbit’ s ear.

C onclusion

1. K hellin  causes a consp icuou s increase in  the coron ary  ou tflow  in 
the isolated perfused rabbit’ s heart, the m inim um  effective concentration  
being about 2 m g ./l .

2. T h e khello l g lycoside causes n o  increase in  the coron ary  outflow , 
even w hen adm inistered in concentrations as high as 100 m g ./l .

3. Isolated coron ary  rings are relaxed b y  khellin and are not affected 
b y  the glycoside.

4. T h e systemic b lo o d  vessels are considerably  less sensitive to  khellin 
than the coron ary  b lo o d  vessels.
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A B S T R A C T S  O F  P A P E R S  P U B L I S H E D  I N  

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

C H E M I S T R Y

A L K A L O ID S

Fluosilicates of the Alkaloids. J a n o t  and C h a i g n e a u .  (C. R. 
Acad. Sci., Paris, 1948, 227, 982.) Knowledge of the fluosilicates of the 
alkaloids and related substances has been extended to the analysis and 
optical rotation of 13 alkaloidal fluosilicates. The fluosilicic acid was deter
mined as the potassium salt in alcohol (50 per cent.); in the case o f the 
morphine compound as the fluorochloride of lead. The alkaloid was 
liberated with ammonia and extracted with ether, chloroform or amyl 
alcohol. The fluosilicates crystallised easily in prismatic needles or plates; 
the quinine and quinidine compounds showed a blue, those of morphine 
and corynanthine a green, fluorescence. The general formula was SiF3H2 
(alkaloid)., XFLO, except the compounds of morphine and codeine, both of 
which were anhydrous. h . f .

A N A L Y T I C A L
Colorimetric Determination of Copper with Carbon Disulphide and 

Diethanolamine. W. C. W o  e l f  el. (Anal. Chem., 1948, 20, 722.) Use has 
been made o f the reaction of the />/.v-(2-hydroxy-ethyI)-dithiocarbamate of 
diethanolamine with the cupric ion forming a brownish yellow salt soluble in 
water, as the basis of a colorimetric method for the determination of copper. 
The reagent is prepared by mixing solutions of carbon disulphide and 
diethanolamine, both in methyl alcohol. Several advantages are claimed 
over the ordinary diethyldithiocarbamate procedure in that the solubility of 
the coloured copper salt eliminates the need for a stabilising colloid or for 
extraction with an organic solvent. Of the metals whose compounds are 
soluble under the conditions used, bismuth, chromium, cobalt, iron, mercury, 
nickel, silver, and uranium interfere seriously. Procedures are described for 
eliminating the interference of appreciable amounts of bismuth, chromium, 
ferric iron, and uranium. Among the anions studied, only cyanide, dichro
mate, nitric, and sulphite interfered appreciably. r . e . s .

Ephedra and Ephedrine in Nasal Sprays, Assay of. Report No. 6 of the 
Poisons Sub-Committee of the Analytical Methods Committee of the Society 
of Public Analysts. (Analyst, 1948, 73, 312.) The method of the British 
Pharmaceutical Codex, 1934, for the determination of the total alkaloids in 
ephedra was regarded as satisfactory. For the determination of ephedrine 
in sprays an aliquot portion of the spray is steam distilled in the presence of 
sodium chloride and sodium hydroxide, the ephedrine being collected in a 
standard excess of 0-05N sulphuric acid which is titrated against 0-05N 
sodium hydroxide. The distillation is continued until no further alkaloid 
is removed and the result is calculated as anhydrous ephedrine. R . e . s .

Ferric Chloride, Reactions of, in presence of Alcohol. L. R o s e n t h a l e r .  
(Pharm. Acta Helvet., 1948, 23, 271.) It is well known that the blue colour 
given by phenol with aqueous solutions of ferric chloride does not appear 
in dilute alcohol. If to 1 vol. of a 1 per cent, solution o f ferric chloride
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9 vols. of alcohol are added the solution after a time no longer gives the 
usual reactions of ferric salts. Apparently the whole of the iron is present in 
the form of a complex, or alternatively in a colloidal form. g . m .

o-Hydroxy quinoline Sulphate, Aikalimetric Titration of. F. R e i m e r s.
(.Dansk Tidsskr. Farm., 1948, 22, 181.) The pk2 value for hydroxyquinoline 
was found to be about 10-6 (in 50 per cent, alcohol) and 11-4 (in 75 per cent, 
alcohol.) Thus the difference between pk, and pk2 increases with increasing 
alcohol concentration. In addition, the colour of the titrated solution is 
brighter in alcohol than in water. The titration may be carried out as 
follows: 0-1 g. of o-hydroxyquinoline sulphate is dissolved in 20 ml. of 
alcohol (86 per cent, by weight) and titrated with aqueous 0-1 N sodium 
hydroxide to the colour change of bromocresol purple, or to a green colour 
with bromothymol blue. This method often gives higher results than 
bromimetric titration, showing the presence of excess of sulphuric acid,

G . M.

Methylene Blue Periodide as Volumetric Indicator. J. A. G a u t i e r .  
(A n n . pharm. Fr. 1948, 6, 171.) By the addition of iodine and hydriodic acid 
to methylene blue, a precipitate o f the formula B.HI.2I2 is obtained. This 
reaction may be used both in iodimetry and acidimetry. On the addition 
of a reducing agent, methylene blue is reformed, and gives a blue colour to 
the solution, while a larger quantity of a strong reducing agent decolorises 
the methylene blue forming the leuco base. A  suitable indicator may be 
prepared by mixing a solution of methylene blue (0-0935 per cent.) with an 
equal volume of 0-01N iodine solution. This suspension should be used 
fresh. For iodimetry a drop or two is added to the solution being titrated 
just before the end-point, and titration is continued with thiosulphate until 
a blue colour appears in the solution. Alternatively, one drop of methylene 
blue solution may be added, though in this case there is a slight error equiva
lent to one drop of 0-01N iodine. This method is claimed to be superior 
to the use of starch. Since the compound is also decomposed by alkalis, it 
may also be used for acidimetric titrations but in this case it would not 
appear to offer any advantage over the usual indicators. g . m .

Starch in Plant Tissues, Determination of. G. D. P u c k e r, C. S.
L e a v e n s w o r t h ,  and H. B. V i c k e r y .  (Anal. Chem., 1948, 20, 850.) 
The method consists of extraction of the starch from a 50 to 250 mg. sample 
of dried plant tissue with perchloric acid, precipitation with iodine under 
conditions that have been shown to be quantitative, decomposition of the 
starch-iodine complex and determination of the sugar produced by hydrolysis 
of the recovered starch. The results are independent of the composition of 
the starch of different species with respect to amylose and amylopectin 
content, in contrast to the colorimetric methods of starch estimation, but once 
the fundamental values for the starch from a given tissue have been deter
mined in terms o f sugar titrations and in comparison with a standard, e.g. 
a preparation o f potato starch, the more rapid colorimetric method can be 
used in a series of determinations on the same tissue. For a variety of plant 
tissues results are accurate to within 2 per cent. e. n . i .

F IX E D  O IL S, F A T S  A N D  W A X E S

r/l-Hydnocarpic Acid, Synthesis of. D. G. M. D  i a p e r and J. C. S m i t h .  
(Biochent. J., 1948, 42, 581.) The accepted structure assigned to
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hydnocarpic acid has been confirmed by synthesis. The ester-acid chloride 
o f sebacic acid reacts with ethyl sodioacetoacetate and the product yields a 

sodio derivative which reacts in the cold with cyclo*
pent-2-enyI chloride to give a complex; this complex 

(CH.)io. cooh ¡s hydrolysed mainly with the loss of the acetyl and 
carbethoxy groups to 10-ketohydnocarpic acid.

The keto acid was isolated as the semicarbazone which on heating with 
sodium ethoxide yielded ¿//-hydnocarpic acid. The synthetic acid did not 
depress the melting point of the natural ¿/-acid and confirmation was obtained 
from the preparation and identity of the two dihydroderivatives in which 
there is no asymmetry. r . e. s.

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

G E N E R A L  B IO C H E M IS T R Y

Ascorbic Acid, Pure, Stability of Solutions of, and of Dehydroascorbic Acid.
P. G u i l d ,  E. E. L o c k h a r t  and R. S. H a r r i s .  (Science, 1948, 107,
226.) Because there appears to be lack o f agreement between the content of 
ascorbic acid in foods as measured by the 2 : 6-dichlorophenolindophenol 
method and the 2 : 4-dinitrophenylhydrazine method, the suitability o f these 
two methods for determining ascorbic or dehydroascorbic acid has been 
compared. The effects o f oxalic acid and metaphosphoric acid on the stability 
o f ascorbic and dehydroascorbic acids in solution have also been investigated. 
It was found that the 2 : 4-dinitrophenylhydrazine method gave higher results 
than the other since the reagent reacts with products related to ascorbic acid 
which are biologically inactive; this may prove helpful when assaying the 
original vitamin C content and not the actual content. The method using 
2 : 6-dichlorophenolindophenol gave results which closely resembled the 
biologically active content of ascorbic acid and dehydroascorbic acid. Ascorbic 
acid was found to be stable for at least 12 days when kept at 4°C. in a 
solution containing 5 per cent, o f oxalic acid and 10 per cent, o f acetic acid; 
in a solution containing 5 per cent, o f metaphosphoric acid and 10 per cent, 
o f acetic acid it was stable for at least 8 days under similar conditions. 
Dehydroascorbic acid was unstable in neutral solution at room temperature, 
and neither oxalic nor metaphosphoric acids prevented the irreversible change 
into biologically inactive forms. For stabilising ascorbic acid, oxalic acid 
was more effective, more stable, more convenient and less expensive than 
metaphosphoric acid. l. h. p.

Bt, a New Vitamin of the B Group. G. F r a e n k e l ,  M. B l e w e t t  
and M. C o l e s .  (Nature, 1948, 161, 981.) The common mealworm, 
Tenebrio molitor, has been shown to be a very suitable test subject for folic 
acid and certain other, still unidentified, B factors. When grown on an 
artificial diet consisting of casein, glucose, water-insoluble fraction from 
yeast, cholesterol, a salt mixture, and aneurine, riboflavine, nicotinic acid, 
pyridoxine, pantothenic acid, choline chloride and inositol in ample amounts, 
at least two more factors are essential for growth and survival, namely, folic 
acid and a factor contained in a norite filtrate from yeast or liver extract; in 
the absence of both these factors growth is very slow and mortality high. 
The authors have tentatively named the norite filtrate factor Bt (to indicate 
its activity on Tenebrio). The reported absence of significant amounts of 
folic acid or the conjugate, pteroylheptaglutamic acid, in well known commer
cial parenteral liver extracts was-fully confirmed in tests with Tenebrio.
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Further tests to ascertain the possible Bt effects of these extracts, showed no 
effect with one of the extracts in any concentration, and a positive effect 
with another extract in only a very large dose. It is obvious that the kind 
of activity for which the anti-anaemic concentrates have been developed 
must be entirely different from that of folic acid or Bt. s. l. w. ■

Schiff’s Reagent, Use of Thionyl Chloride in the Preparation of. J. C.
B a r g e r  and E. D. D e L a m a t e r .  (Science, 1948, J08, 121.) 10 g. of 
basic magenta is dissolved in 400 ml. of distilled water, 1- ml. o f thionyl 
chloride is added and the mixture allowed to stand for 12 hours. The 
decolorised solution is cleared by shaking with 2 g. o f charcoal and filtering 
immediately. Alternatively, the treatment with charcoal may precede the 
addition of the thionyl chloride. The pH of the resulting solution is 1-24, as 
opposed to 1-38 for the solution prepared in the usual manner. When used 
in the Feulgen reaction, Schiff’s reagent prepared with thionyl chloride is a 
successful nuclear stain for fungi, Blastomyces dermatitidis and Saccharo- 
myces cerevisiae, in addition to tissue sections of human thymus, kidney, liver 
and spleen. G. B.

Vitamin B,2 and Thymidine, for growth of L a c t o b a c i l l u s  l a c t i s .  W.
S h i v  e, J. M. R a v e l  and R. E. E a k i n. [J. Amer. chem. Soc., 1948, 70, 
2614.) A  medium previously described is modified by adding an oleic acid 
source, tween 80, 10 m g./10 ml., enzymatic digest o f casein, 10 mg./ml. or 
clarified tomato juice, 0-5 m l./10 ml., and Wilson’s liver fraction LR, 10 
pg/10 ml. and replacing a phosphate buffer by sodium acetate. For the 
growth of Lactobacillus lactus Dormer, thymidine can replace liver extracts 
containing the principles active against pernicious anaemia, half-maximum 
growth stimulation requiring 1 to 3pg./10 ml. Thymine (100 pig./10 ml.) 
is inactive. Probably vitamin B,2 functions in the biosynthesis of thy
midine. In the medium containing tomato juice, 1 ml. o f aerated water 
in 10 ml. can replace liver extracts; this effect is enhanced by adding 
ascorbic acid. Aerated water is not effective in the medium made with 
enzymatic digest o f casein, but 1 mg. o f ascorbic acid in 1 ml. o f aerated 
water/10 m l, can replace liver extracts. g . b.

Vitamin D. Potency of the U.S.P. Reference Cod-liver Oil. W. D a s 1 e r,
C. D. B a u e r ,  and M. v a n N o s t r a n d. (J. Lab. din. Med., 1947, 32, 
1251.) Three fresh samples of calciferol from entirely different sources, 
were dissolved in corn oil and repeatedly assayed against the U.S.P. reference 
cod-liver oil No. 2. The results indicate potency-values of 50 ± 2 units/pg. 
for all three samples. Similar bioassays of samples of parallel physical and 
chemical purity made in 1937-1938 against an earlier U.S.P. reference oil 
gave values of 40 units/pg. This discrepancy in potency-value, confirming 
repeated observations o f recent teams o f workers, can only be explained 
upon the hypothesis that the reference standard cod-liver oil is deteriorating, 
and should therefore be replaced, as regards vitamin D, by a primary 
standard, viz., pure crystalline vitamin D3. f . j. d .

B IO C H E M IC A L  A N A L Y S IS
p -Aminosalicylic Acid in Blood and Cerebrospinal Fluid, Determination of.

W. K l y n e  and J. P. N e w h o u s e .  (Lancet, 1948, 255, 611.) A colori
metric method for the determination of p-aminosalicylic acid in blood and 
cerebrospinal fluid has been developed. The procedure is as follows: — 
Add 0-5 ml. of oxalated whole blood or 1 ml. o f cerebrospinal fluid to
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7 ml. o f water, mix until caking occurs, add 3 ml. o f 20 per cent, p-toluene- 
sulphonic acid, allow to stand for 5 minutes and filter through a No. 40 
or 42 Whatman paper. To 5 ml. of the clear filtrate add 1 ml. o f citrate 
buffer solution, 0-75 M, and 2 ml. of 2 per cent. (Ehrlich’s) p-dimethyl- 
aminobenzaldehyde reagent. Read the colour intensity with a photo
electric photometer using a blue filter, e.g., Ilford No. 602. Use a reagent 
blank consisting o f 1-5 ml. of p-toluenesulphonic acid, 1 ml. o f citrate 
bufler and 2 ml. of Ehrlich’s reagent and made up to 8 ml. with water. 
A  calibration curve is constructed from 3 standards o f sodium p-amino- 
benzoate corresponding to 20, 10 and 4 mg. o f p-aminosalicylic acid per 
100 ml. Streptomycin (1000 /j.g/ml. of plasma) does not interfere with 
the estimation but the method cannot be used if other primary aromatic 
amines are present. e. n. i.

Salicylates in B lo o d , D eterm ination  o f .  M. V o l t e r r a  and
D. M. J a c o b s .  (J. Lab. din. M e d . ,  1947, 32, 1282.) Salicylates 
may be determined by a simple and rapid method based on 
the xanthoproteic reaction, in volumes o f 1 ml. o f blood serum 
or plasma, deproteinated by trichloracetic acid. The yellow colour
subsequently developed by the reagents is directly proportional to the con
centration of salicylates as observed in recovery-values ranging from 5 to 
80 mg. per cent, determined either photoelectrically or by direct vision against 
a standard series of potassium dichromate units. Good agreement was 
obtained between the authors’ method and that of Co bum for values ranging 
from 5 to 55 mg. per cent. F. j. d .

Streptom ycin , Identification  o n  P aper Strip C hrom atogram s. R. E.
H  o r n e, J r. and A. L. P o 11 a r d. (J. Bact., 1948, 55, 231.) A paper strip 
chromatographic method is described for detecting the presence o f strepto
mycin in culture filtrates, etc., using 3 per cent, ammonium chloride solution 
as the solvent, the mechanism involved being a salting-out process. The 
paper strips are spotted near one end with the solution under test and the 
“  spot ”  dried. They are then suspended, spotted end downwards, so that 
the lower ends are immersed in the ammonium chloride solution, the whole 
being placed in a closed container so as to maintain a saturated atmosphere. 
The solvent moves the streptomycin in a sharp band near the advancing 
solvent front. After 4 to 12 hours, when the solvent front has reached 
the desired height, the strips are dried and developed by means of a modifica
tion of the Sakaguchi reaction. The dry strip is sprayed with N /2  sodium 
hydroxide and immediately with 0-25 per cent, a-naphthol. After 2 minutes 
it is sprayed with sodium hypochlorite prepared as described by Sakaguchi. 
Streptomycin is shown as a brilliant red band. h. t . b.

V itam in  A , S im ultaneous C om parative  C arr-P rice R eactions fo r  D eterm ina
tion  o f .  W . K o c h and D . K a p 1 a n . (J. biol. C h e m .,  1948, 172, 363.) 
The difference in rates of fading of the Carr-Price colour of graded concen
trations of standard vitamin A, provides the basis of a photoelectric method 
in which standard and “ unknown ” are matched simultaneously thereby 
cancelling errors. Initially, the currents generated by two photocells receiving 
the light from two reaction tubes containing two different concentrations of 
vitamin A in Carr-Price reagent, were balanced on a galvanometer sliding 
bridge scale. When the differences in fading-rates in seconds, for graded 
concentrations of vitamin A standard in U.S.P. units were plotted against 
bridge-readings, it was observed that with falling concentrations the curves
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flatten, change their slope and (at 10 units) approach the 80 per cent, trans
mission line, used as a convenient arbitrary standard. Subsequently, a calibra
tion diagram was constructed by joining each of the predetermined bridge 
readings equivalent to fading values at 15 to 180 sec. in 15 sec. intervals, for 
concentrations of 50, 40, 30 and 20 units respectively, to the point of inter
section of the 10 unit abscissa with the arbitrary “ 80” bridge ordinate. 
Determination of “  unknowns ” were then made by entering each bridge
reading as a dot on the appropriate seconds line, tracing the best fitting line 
through the points back to the abscissa, and reading the vitamin A in 
units/ml. Evidence is offered that values obtained by this method are in fair 
agreement with figures measured by ultraviolet absorption. F. J. D.

P H A R M A C Y

DISPENSING
O ils and Fats, Sterilisation o f .  H. H u r n i .  (Pharm. Acta Helvel., 1948, 

23, 283.) A number of methods are given in various pharmacopoeias for the 
sterilisation of oils and fats. The ordinary conditions o f sterilisation in an 
autoclave do not apply since water is absent, and in fact bacteria are 
killed in the same time at any temperature, whether they are in fat or in 
dry air. It has been shown that fats and oils as used for pharmaceutical 
preparations are nearly always sterile. Suitable methods for sterilisation 
are as follows: 4 hours at 140°C.; 3 hours at 145°C.; 2 hours at 150°C.; or 
filtration through a Berkefeld filter at 80° to 90°C. The Seitz filter is not 
effective for this purpose. G. m.

V itam in  A, Stability o f ,  In Pills. P. T e r p. (Arch. Pharm. Chemi, 1948, 
55, 513.) Pills were prepared according to the following two formulae:
I. lactose-starch granulate, 54 g.; vitamin concentrate, 8-4 g.; hydroquinone,
0-03 g.; aluminium oxide anhydrous, 9-6 g.; II. granulate, 41-4 g.; vitamin 
concentrate, 9 g.; hardened mustard oil, 12 g.; hydroquinone, 0 06 g.; 
aluminium oxide, anhydrous, 15-6 g. Both of these lost 40 per cent, in 
strength in 3 months. A further batch was made as above, with the addition 
o f 0.25 per cent, of hydroquinone added to the granulate during granulation. 
These pills became black after a few days, and the vitamin was almost 
completely destroyed in a week. A  number of pills were then made by 
the dropping method in which the molten mixture is solidified by dropping 
into cold alcohol (d. 0-883). Good results were obtained with the following 
formula: vitamin A concentrate (160,000 units/g.) 1 part; hardened arachis 
oil 8 parts; hydroquinone, 0-25 per cent. These pills showed a loss in 
strength of 12 per cent, after keeping for 12 months at ordinary temperature, 
and no loss over the same period in an ice chest. G. m.

GALEN ICAL PH ARM ACY

Penicillin  D ep ot Preparations. J. B ii c h i and F. O. G u n d e r s e n. 
(Pharm. Acta Helvet., 1948, 23, 290.) Measures found effective for delaying 
the absorption of penicillin were: to avoid aqueous solutions, to surround the 
solid penicillin or sparingly soluble penicillin salt with an oil base, to choose 
the optimum degree of fineness, and to add substances (wax, adrenaline, 
aluminium stearate) which delay absorption. Certain proprietary prepara
tions were effective, so that with these only one injection daily was 
necessary. Of the formulae given, the following is the best; with an
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injection of 1 ml., the etfect lasts for more than 12 hours; and with 2 ml. 
for 24 hours; benzylpenicillin sodium cryst., 300,000 units; adrenaline,
0-3 mg.; sterile neutralised olive oil, to 1 ml. g. m.

T incture o f  Iod in e , Stability o f .  A. T e n  nee .  (Dansk Tidsskr. 
Farm ., 1948, 22, 226.) An alcoholic solution of iodine, without potassium 
iodide, rapidly decomposes, and after 1 week’s storage it already contains 
an amount of hydriodic acid greater than the limit allowed by the Danish 
Pharmacopoeia (i.e. 0T3 per cent.). The reaction is apparently reversible, 
since if the preparation, after heating at 90 °C, is then kept at ordinary tem
perature for some time, the acidity decreases and the free iodine increases. 
After 12 weeks’ storage at 20°C., there was no appreciable difference between 
two preparations containing respectively 5-06 per cent, of iodine with 3-54 
per cent, o f potassium iodide, and 5-04 per cent, of iodine with 2-08 per cent, 
of potassium iodide. When kept at 90°C. for 4 weeks, the preparation with 
the smaller quantity of potassium iodide showed 50 per cent, more acidity 
than the other. g. m.

GALENICAL PHARMACY

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

Hydrastis, H isto log ica l Peculiarities of its Adulterants. R. L e m e s 1 e.
(C. R . A cad. Sci., Paris, 1948, 227, 686.) Blaque and Maheu (Rev. gen. Bot. 
1947, 54, 138) have described the peculiarities o f the pith and pericycle of 
the rhizomes o f Xanthorrhiza apiifoiia  L’Her. and of Coptis Teeta Wall, 
which are adulterants of H ydrastis canadensis rhizome. In this paper the 
xylem elements of these three rhizomes are described. Hydrastis rhizome 
has vessels with bordered pits, containing pectosic mucilage and of diameter 
36 to 44fi. Wood parenchyma and fibres (without starch) are also present. 
In Xanthorrhiza  the vessels are up to 55/x in diameter and have no bordered 
pits; parenchyma is absent. The fibres contain numerous spherical or 
polyhedral starch granules (4 to 6p). In Coptis, narrow tracheidal vessels, 
such as occur in ipecacuanha, are present, maximum diameter 18 .̂ 
Parenchyma is absent and the fibres contain starch granules. j. w. f.

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

C aronam ide, E ffect o n  Penicillin  Plasm a C on centration  in C hildren. M .
R a p o p o r t ,  F. B. C o r n e a l ,  K. H. B e y e r  and W. F 
V e r w e y .  (A m er. J. med. Sci., 1948, 215, 514.) Oral administration of 
caronamide to children, in a dosage of 0'2 g./kg. of body weight per day, 
together with penicillin increased the concentration of penicillin in the plasma 
to from 1-8 to 2-8 times the control values obtained with penicillin alone. 
With a caronamide dosage of 0-4 g./kg. of body weight per day the penicillin 
concentration was increased by from 2-8 to 14-5 times the control concentra
tion. Toxic symptoms during 1 to 2 weeks administration were not sufficient 
to warrant discontinuance of caronamide treatment. Renal function tests 
before and after treatment showed that the drug does not irreversibly affect 
kidney function. h. t. b.

Coprelone, T rigem inal N euralgia  Treated W ith. A. M. G. C a m p b e l  1. 
(Lancet, 1948, 255, 690.) Cuprelone, cupro-allyl-thiourea-sodium benzoate, 
contains 19 per cent, o f copper. It was introduced as a non-toxic sub
stitute for gold compounds. It is supplied in dry ampoules, containing 
10 to 100 mg. and is dissolved in sterile distilled water for intravenous
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injection; 100 mg. produced a rise in blood-copper level for 2 hours after 
injection. All the extra copper is probably excreted during the next 2 or 
3 weeks. It was administered in 13 cases of trigeminal neuralgia and in 
some the pain was relieved; its toxic effects were negligible. h. f.

D ip o le  M om en t and P h ysiolog ica l A ctivity . B. M e 1 a n d e r. (F arm . 
R evy , 1948, 47, 503.) In the hexachlorocyc/ohexane series, maximum insecti
cidal activity is shown by the isomer with a dipole moment in the region o f  
4D; the two isomers with no dipole moment are inactive. A  similar effect is 
observed with the same compound in the production of total colchicine 
mitosis in A lliu m  C epa . Local anaesthetic bases (procaine and xylocaine) 
have a moment about 4D, whereas the group of aliphatic alcohols and 
benzyl alcohol have moments 1 -7 to 2 D. The latter group, unlike the former, 
do not produce convulsions when injected intravenously. Ether and chloro
form have dipole moment 1-15 D. g. m.

Parpanit, Treatm ent o f  Parkinsonism  with. W. F. Dunham and
C. H. Edwards. (L a n c e t , 1948, 255, 724.) The effects of parpanit, a syn
thetic compound, closely related to trasentin and pethidine (dolantin), and 
having the structural formula

/ ' _ \
CH,—CH., \  /

\ / ---- HC I CH.—CH,
/  \  1 /CH,—CH. COOCH. CH,-N

|\| CH.—CH,Cl
were investigated in 25 cases of Parkinsonism, in all o f which treatment 
with solanaceous drugs had been given for more than a year. The results 
showed no striking difference from those obtained with solanaceous drugs. 
The optimum individual dose varied from 0-025 to 0-1 g., usually 3 to 4 
times a day. The side effects o f parpanit, although similar to those of 
the solanaceous drugs, differed sufficiently in intensity and frequency to 
make it the drug of choice for some patients. e. n. i.

Penicillin  A lum in ium  Salt in M ou se  P rotection  Tests. R . D . R e i d .
(P roc. S o c . exp. B io l. N.Y., 1947, 66, 605.) Aluminium penicillin is a water- 
insoluble salt which has been administered in arachis oil suspension. A  dose 
of 300,000 I.U. given intramuscularly to human subjects has been found 
to give blood levels of 0-03 I.U./ml. for 12 to 24 hours. The author 
compared the dosage required to give a survival rate of 50 per cent, in mice 
infected intraperitoneally with 1000 M.L.D. of a diluted culture of 
D ip lo co ccu s pneum onias Type 1, with the dosage of sodium penicillin in 
oil and wax and calcium penicillin in oil, giving injections for 14 days. 
The figures obtained were respectively 34 units, 40 units and 95 units.

H. T. B.

Penicillins F , G , K  and X; R elative A ntisyphilitic A ctivities. H. E a g l e  
and R. F l e i s c h m a n .  (J . B act., 1948, 55, 341.) The antisyphilitic 
activities o f penicillins F, G, K and X, and o f bacitracin were evaluated by 
a method based on the fact that an extremely small amount of treatment is
sufficient to terminate syphilitic infection in rabbits, provided it is 
administered soon after inoculation and before the appearance o f the 
primary lesion. Rabbits were inoculated intradermally with 2,000 T repon em a

188



BATERIOLOGY AND CLINICAL TESTS

pallidum, and treated 4 days later with intramuscular injections of the various 
penicillins or bacitracin, repeated once daily for 4 days. It was found that 
penicillins F, K and X  were approximately 8, 12 and 14 per cent, respectively 
as active as penicillin G, and a crude preparation of bacitracin assaying at 
30 units/mg. was 10 per cent, as active. Comparison of the results obtained 
with those of other workers shows that the absolute and relative activities 
of the various penicillins and of bacitracin vary widely according to the 
method of assay. h. t . b.

Penicillin  Suspension with A dren aline fo r  G onorrhoea. A. C o h n  and
B. A. K o r n b l i t h .  (Amer. J. med. Sci., 1948, 215, 506.) A total of 300 
male ambulatory patients with acute gonococcal infections were treated 
intramuscularly or subcutaneously with a single dose o f suspension o f  
potassium penicillin in oil containing adrenaline. The suspension contained
300,000 units of potassium penicillin and 0-3 mg. of adrenaline in 1 ml. o f  
vegetable oil, and dosage varied between 0-25 and 1 ml. Only exceptionally 
were 2 ml. doses used. Single injections of 150,000 units cured 97 of 100 
patients treated, the criteria of cure including a bacteriological and clinical 
check for 2 or 3 weeks after treatment. The other 3 cases were 
promptly cured by a second injection of the same amount, indicating that the 
relapse strain had not become resistant to penicillin. All of 19 patients treated 
with 200,000 units in 1 ml. intramuscularly were cured. A  table gives the 
results obtained on 154 of the patients treated, the remainder of the 300 not 
attending for final determination o f cure. No untoward local or systemic 
reactions were observed. H. T. b.

Salicylazosulphapyridine, Therapeutic A ctio n  o f .  N. S v a r t z .  
(Bull, schweiz. Akad. med. Wiss., 1948, 3, 311.) It has been shown that all 
acid azo compounds have a marked affinity for connective tissue, particularly 
tissue rich in elastin; and their localisation in such tissues may be detected 
microscopically by the fluorescence. Such compounds should therefore be 
effective in ulcerative colitis and rheumatic polyarthritis. Cases of colitis 
were treated usually with 1 g. o f salicyazosulphapyridine 6 times a day, the 
dose being decreased as the symptoms improved. It was found necessary 
to continue the treatment over a long period with 0-5 g. 2 to 3 times a day. 
Results of 119 cases show a considerable improvement or cure in 108 of them. 
For acute polyarthritis, 100 patients were treated (some with salicylazosulpha- 
thiazole) in the period 1941 to 1945. In 1947, 92 were reported free from 
symptoms. The results for chronic polyarthritis were less satisfactory, only 
about 40 per cent, showing any considerable improvement. Although 
the administration was generally per os, periarticular injection was sometimes 
useful. G. M.

Streptom ycin, E ffects o n  M y c o b a c t e r iu m  tu b e r c u lo s is  In fe ct ion  by
Inhalation. C. L e v a d i t i ,  A. V a i s m a n  and P. L e v y .  (C. R. Acad. 
Sci., Paris, 1948, 227, 987.) Mice were infected by injection with 
Mycobacterium tuberculosis, human strain H 512, and 30 were kept in an 
atmosphere containing streptomycin introduced under a pressure of 0 ■ 5 kg. 
for 6 hours a day for 6 weeks. The total amount o f drug evaporated during 
this period amounted to 22 mega-units. Another batch of 20 mice were 
infected and kept as controls without treatment. Of these all died within 
29 days. Of the mice treated with streptomycin, one died on the 46th day, 
the remainder were then destroyed and examined. From the results it 
appeared that streptomycin undoubtedly exerted therapeutic activity,
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although it was lower than that showed by the subcutaneous injection of
1,000 to 2,000 units daily. h. f.

Tetra-ethyl pyrophosphate in M yasthenia G ravis. A . S. V. B u r g e  n,
C. A. K e e l e  and D. M e  A l p i n e .  (Lancet, 1948, 254, 519.) T.E.P.P. 
was given to 3 patients either as a 0 5 per cent, solution in propylene glycol, 
intramuscularly, or as a 2 or 5 per cent, solution in propylene glycol, orally. 
By injection, it was found to be from a third to half as potent as prostigmine 
but its action lasted about twice as long. Side effects, similar to those 
produced by prostigmine, were experienced, but the action on the gut 
producing colic and diarrhoea was prevented by atropine. g. r. b.

B A C T E R I O L O G Y  A N D  C L I N I C A L  T E S T S
A eroso l O T , Synergistic E ffect o f ,  on  Certain  G erm icides. G. V. J a m e s .  

(J. Soc. chem. Ind., Lond., 1948, 67, 336.) Rideal-Walker coefficients for 
dispersion o f certain germicides in a 20 per cent, solution of a neutral 
castor oil soap show the following increases on the addition o f 0T per cent, 
w /v  of aerosol OT (di-octyl-sodiumsulphosuccinate):—phenol (1 per cent.),
0-6; cresol (1 per cent.), 0'9; p-chloro-m-xylenol (2 per cent.), IT; butyl- 
phenol (2 per cent.), IT; benzylcresol (2 per cent.), 1-6; cresantol-15 (3 per 
cent.), 2-2. Similar results are obtained with 0-4 per cent, of a commercial 
product described as the ¿«-ester o f sodium sulphonated dicarboxylic acid. 
The increased germicidal activity appears to be stable over at least 4 months 
at room temperature. The use of sulphonated castor oil instead o f castor 
oil soap results in a smaller enhancement of R.W. co-efficient. Bacillus 
typhosus was used as the test organism and 0-02 ml. pipettes replaced 
platinum loops to prevent errors due to differences in surface tension.

G. B.
Penicillin : Induced Resistance and O xygen  U tilisation. W. D . B e l l a m y  

and J. W. K l i m e k .  (J. Bad., 1948, 55, 147.) The observation that 
penicillin-resistant staphylococci grow more slowly than the parent strain, 
and almost exclusively at the surface of broth cultures, was confirmed on a 
penicillin-sensitive strain o f Staphylococcus aureus, and a penicillin-resistant 
variant of this strain. Growth curves under aerobic and anaerobic conditions 
showed that the penicillin-resistant variant grew more slowly than the parent- 
sensitive culture, and had lost the ability to grow anaerobically. Strains of 
Streptococcus fcecalis, Strep, mastitidis and Clostridium welchii when treated 
in a similar manner failed to develop resistance to penicillin. It is suggested 
that the development of resistance is dependent on the power to grow under 
aerobic conditions. H. T. b.

Penicillin-Resistant S tap h y lococci. W. D . B e l l a m y  and J. W . 
K l i m e k .  (J. Bad., 1948, 55, 153.) The properties of penicillin-resistant 
variants of Staphylococcus aureus have been compared with those of the 
parent sensitive culture. The variant was 60,000 times more resistant to 
penicillin than the original culture, was Gram-negative, and had lost the 
ability to grow anaerobically. Increase in resistance is accompanied by  a 
progressive loss of fermentative activity, but the resistant variant can 
synthesise nicotinic acid in quantities sufficient for growth. It produces an 
extracellular penicillinase when grown in the presence of penicillin. Serial 
transfers through a deficient medium will cause a reversion from Gram
negative rods to the original Gram-positive staphylococcus forms which have 
lost most of their resistance. h. t . b.
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T H E  U F A W  H A N D B O O K  O N  T H E  C A R E  A N D  M A N A G E M E N T  
O F  L A B O R A T O R Y  A N I M A L S , with an  A p p en d ix  on  S ta tist ica l A n a ly sis . 
E d ite d  by A . M . W orden. Pp. 368, 70 Figs. Bailliere, Tindall and Cox, 
London, 1947, 31s. 6d.

This handbook has been produced by the Universities Federation for 
Animal Welfare. It is intended as a practical introduction to the husbandry' 
o f laboratory animals for use by research workers and technicians. Both 
novices and experienced workers in fields involving the keeping of health 
stocks of animals for experimental purposes will find much of value to 
them in this book. The novice may be bewildered by the numerous 
variations in details which he will find reported from different laboratories. 
The experienced worker will be interested to learn what variations of 
detail have been found valuable by other workers. Scarcely any detail 
can be considered very much better than the rest and much depends on 
the availability of varieties of such things as food pots and water bottles, 
material for constructing cages and stands for cages, etc. One general 
principle, however, stands out pre-eminently, the simpler the arrangement 
the better. Simplicity in racks for holding cages, simplicity in the construc
tion of the cage itself, simplicity in the food pots and water bottles all 
help towards cleanliness. Ledges in racks harbour dust and food, and 
getting it out with a brush spreads most of it into the air again to settle 
elsewhere. Labour and time are wasted. The best arrangement seen by 
the reviewer is that in her own laboratory, viz., racks made of gas piping, 
which, being cylindrical, affords the smallest possible area for collecting 
dust, and cages (not in her own laboratory) made of sheets of wire mesh 
with strong borders (for floor, walls and ceilings), held together with 
movable clips. These cages are hooked on the bars which hold the trays 
of the cages above, themselves loose and easily pulled out for cleaning. 
Each cage can be taken to pieces in nearly no time and many more cages 
can be sterilised at one time when in pieces than when whole. However, 
“  chacun a son gout ” (and his pocket). The animals considered in detail 
in this book are the rabbit, guinea-pig, Norway rat, black rat, mouse, 
wild house-mouse, wood mouse, deer mice, cotton rat, common or field 
vole, Orkney vole, golden hamster, ferret, hedgehog, pigeon, canary, 
amphibia, X e n o p u s  laev is Daudin, and fresh water fish. Others dealt with 
more lightly are anthropoids, dogs and cats, horses, other ungulates, shrews, 
vampire bats, poultry, reptiles, marine forms and other vertebrates. 
Housing, nutrition, breeding, etc., and common diseases of each species 
are dealt with. In addition there are useful chapters on Law and Practice: 
The Rights of Laboratory animals, (much of which will be news to most 
animal workers), Pests o f the Animal House and their Control, and an 
Appendix o f 70 pages, a conspectus of the Elements of Statistical Analysis 
which should be read and digested if possible even by those readers 
who are already familiar with the recommended ways of planning and 
assessing the results of experiments. Another man’s way of putting it 
is always worth examining.

K. H. C o w a r d .
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The Estimation of df-Tubocurarine Chloride
Sir,—A  method for the estimation o f d-tubocurarine chloride, suitable for 

standardisation of injections, depending on the development of a blue colour 
with Folin-Ciocalteu phenol reagent, has been described by Foster1, and its 
application in the assay of the total quaternary alkaloids in crude curare has 
been described by Foster and Turner2. In our hands this method has not 
been found to give results more accurate than the ± 5  per cent, claimed, 
and, as stated, it is certainly necessary in all cases to prepare a standard at 
the time the assay is made. The issue o f the Therapeutic Substances Amend
ment Regulations, 1948, has emphasised the necessity for accurate control 
of this preparation. We have found the qualitative colour test given in these 
regulations—the development o f a cherry-red colour when a few crystals of 
the substance are added to 0'5 ml. of Millon’s reagent—to form the basis 
of a suitable colorimetric assay, accurate to ± 2  per cent, and requiring less 
manipulation than with the Folin-Ciocalteu reagent.

To prepare Millon’s reagent pure mercury is dissolved in twice its weight 
of nitric acid B.P., heating if necessary to complete solution. The solution 
is diluted with twice its volume of water, allowed to stand overnight and 
filtered if necessary. Standard colour solutions are prepared as follows. A 
standard O' 1 per cent, solution o f d-tubocurarine chloride in water is prepared. 
1, 2, 3, 4 and 5 ml. portions of this solution are diluted to 10 ml. with water 
and 5 ml. o f Millon’s reagent is added to each. A blank is prepared from 
10 ml. of water and 5 ml. of reagent. The contents of each tube are 
thoroughly mixed and allowed to stand at room temperature for 2 hours. 
(Unless a standard solution is set up side by side on each occasion a test is 
made, it is desirable to standardise a temperature, e.g., 20 ±  1 ° C., at which 
colour development is allowed to proceed.) Maximum colour development 
is attained at this time, the variation in colour for a few minutes on either 
side being negigible. Shortly after 2 hours precipitation commences in the 
more concentrated solutions. Light transmission is measured on a suitable 
photoelectric absorptiometer, using a cell having a light path of 2 cm. and a 
filter with a maximum transmission at about 430 m^. A straight line graph 
is obtained by plotting the logarithmic (density) readings against concentra
tion. For the assay of a sample 2 mg. is a convenient quantity to use and a 
volume containing this amount is diluted to 10 ml. with water and 5 ml. of 
reagent added. After standing at room temperature for 2 hours, the colour 
is compared against a blank, which should contain in similar proportions any 
additional solvent known to be present in the test sample.

Ethyl alcohol, benzyl alcohol, glycerol and sodium metabisulphite, any of 
which may be encountered in injections, do not interfere with the develop
ment of the colour, and it is unlikely that any inorganic salts which may be 
used as buffers, or to prepare isotonic solutions, will affect the results. Phenol 
and chlorocresol interfere, producing a pink colour similar to that given by 
the alkaloid, and may be removed prior to colour development by extraction 
with chloroform, as described by Foster.1

Duncan, Flockhart and Co., Ltd., Edinburgh. A. M. Pryde,
January 19, 1949. F. R. Smith.

References
1. Foster, Analyst, 1947, 72, 62.
2. Foster and Turner, Quart. J. Pharm. Pharmacol., 1947, 20, 228.
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; The asterisk (*) after the name o f an article indicates that the information 
given is derived from the makers’ publications. Further information regarding 
these articles may be obtained by application to the Editor.

Cremosuxidine* is a suspension of succinylsulphathiazole 10 per cent., 
with pectin 1 per cent, and kaolin 10 per cent. It is indicated in the 
treatment o f specific and non-specific diarrhoeas, including bacillary dysen
tery, paradysentery, salmonellosis, diarrhoea o f the new-born and summer 
diarrhoea; it is also of value in other conditions where a liquid form of 
succinylsulphathiazole is preferred to powder or tablets. The dose for 
adults is 2 to 3 tablespoonfuls 4 times daily, for children 1 to 2 tablespoon
fuls 4 times daily, and for infants 2 to 3 teaspoonfuls 4 times daily, these 
doses being equivalent to a  total daily dose of succinylsulphathiazole of 
12  to 18 g. for an adult, 6 to 12 g. for a child, and 3 to 5 g. for an infant. 
For infants, the suspension may be incorporated with milk, or the infant’s 
formula, up to 50 per cent, of the quantity of the feed, and will still pass 
through an ordinary teat. Cremosuxidine is supplied in bottles containing 
4 or 16 fl. oz. s. l . w.

Etamon* is a proprietary form of tetraethylammonium chloride, a quatern
ary ammonium compound. It is indicated in the treatment of thrombo
angiitis obliterans, peripheral arteriosclerosis obliterans, thrombophlebitis, 
causalgia, and functional vascular disorders such as Raynaud’s syndrome. 
It may also be employed diagnostically in many acrovascular conditions, 
and in neurogenic hypertension, to determine the contribution of sympathetic 
stimuli in the maintenance o f vasospasm. The injections may be given 
either intravenously, in a dose of 1 to 5 ml., but not exceeding 7 mg./kg. 
o f bodyweight, or intramuscularly, in a dose o f 10  to 12  ml., but not 
exceeding 20 mg./kg. o f bodyweight, the frequency of injections depending 
on the duration or relief of symptoms. It should be used with caution 
in patients with severe hypertension, especially in the presence of 
poor renal function or high diastolic pressure. It should not be used 
in cases with a recent coronary thrombosis, and only with caution in elderly 
and arteriosclerotic patients. It is issued in rubber-capped bottles con
taining 20 ml. o f a sterile 10 per cent, aqueous solution. s. l . w .

Ferrivenin* is a preparation of saccharated iron oxide for intravenous 
injection, 5 ml. o f a 2 per cent, solution containing 100 mg. o f Fe. It is 
especially indicated in the treatment of refractory hypochromic anaemias. 
The total dose of ferrivenin required for the individual patient 
may be calculated by relating the haemoglobin deficit of the patient to the 
fact that 25 mg. o f iron are required to produce a 1 per cent, rise in 
haemoglobin. A  test dose of 1-5 ml. is usually given intravenously on the 
first day, followed by an injection of 3 ml. on the second day, and subse
quent injections o f 5 ml. daily or on alternate days until the course is 
completed. The injections should be given slowly and care taken to avoid 
perivenous leakage. Alternatively, the total required dose may be given 
by a single intravenous infusion. It is claimed that the injections are 
painless and non-toxic and do not give rise to thrombosis or embolism, 
and that the usual symptoms o f nausea, indigestion, anorexia and diarrhoea, 
or constipation, associated with the oral administration of iron, do not 
occur. Ferrivenin is issued in ampoules containing 5 ml. o f a 2 per cent, 
solution. s - L- w -
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A  number of low-pressure catalytic hydrogenators have been described in 
the literature, most of them being intended for use in the determination of 
structure, in which the hydrogen absorbed by small quantities of material 
must be measured with great accuracy1 ’2. However, such apparatus is quite 
unsuitable for normal laboratory-scale hydrogenations. The small number 
of hydrogenators intended for synthetic work vary from simple devices3’4’3’6’ 
to those which are exceedingly complex7. The simpler designs are divisible 
into two groups; one kind will handle large volumes of hydrogen with ease 
and fair accuracy of measurement, but is somewhat inaccurate for quantities 
of 1 litre or less3’8. The other type is capable of dealing with small quan
tities with good accuracy, but requires too much refilling when large volumes 
are required3-4’6.

In the present design an attempt has been made to produce a robust 
apparatus having as many advantages as possible compatible with simplicity 
of construction and safe operation; its main features are shown in the 
theoretical diagram (Fig. 1). The apparatus is easily moved from bench to

HYDROGEN INLET

bench, since it has been built up on a  laboratory trolley. Filling is almost 
instantaneous, for there is no large volume of liquid to displace, a decided 
advantage during large-scale hydrogenations. The hydrogen uptake is 
measured by means of a manometer in conjunction with a reservoir of known 
volume; this reservoir may have a capacity of either 1 or 4 litres, according 
to the position of a tap at the back of the apparatus. When the reservoir 
capacity is 1 litre, the delivery of a few hundred ml. of hydrogen results 
in a considerable fall in the manometer reading, which makes accurate 
measurement an easy matter. The 4-litre capacity is more convenient for 
larger volumes. During a series of small-scale hydrogenations, using the
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1 -litre capacity, the rest o f the reservoir may be used for hydrogen storage, 
thus making the apparatus fairly independent o f a cylinder.

The manometer has been placed in circuit at such a point that on closing 
the reservoir outlet tap the absorption rate, as measured by the manometer, 
is magnified. This interferes in no way with the initial and final measure
ments of the reservoir pressure, and is most useful for observing the rate of 
hydrogen absorption. The maximum pressure obtainable is about 2 
atmospheres, but the apparatus will also operate at pressures below 
1 atmosphere, a  fact which may prove useful in the controlled hydrogena
tion o f substances which absorb hydrogen with great vigour. In order to 
safeguard the operator, a safety valve has been incorporated, which cannot 
fail to leak above a predetermined pressure. An efficient charcoal trap 
has been included for use on those occasions when it is thought that catalyst 
poisons are being introduced either from the hydrogen used or from the 
apparatus itself.

The Reservoir.—This comprises four 1-litre bolt-head flasks, A , B, C  and 
D, each flask being closed by a well-fitting rubber bung, through which 
the necessary connecting tubes pass.
After wiring in the bungs, each flask 
is wrapped in cotton material and 
secured to a cork ring by means of 
insulation tape, so that the flasks 
are protected during movement of 
the apparatus. The four flasks are 
mounted on the lower tier o f the 
trolley and are kept in fairly rigid 
and symmetrical arrangement by 
means o f a length of brass strip, 
which is looped around each flask 
neck, and serves to keep the flasks 
about three inches apart. The reser
voir compartment is covered in 
with thick plywood in order to pro
tect the operator, whilst tap G , which 
controls the reservoir capacity, is 
mounted so that it projects through 
a hole in the board at the back of the 
reservoir compartment. The reser
voir inlet and outlet taps, F  and H, 
are mounted onto a plywood frame, 
screwed to the back of the mano
meter upright (Fig. 2). This reser
voir system may be replaced with 
steel flasks if required.

T h e  J u n ction  T u b e .—The reser
voir outlet tap, H, leads to a 
junction tube, E , in order to effect 
the connections referred to in the 
theoretical diagram. This consists of 
the open end of a thick-walled Pyrex 
boiling tube joined on to a length of 
12  mm. tubing. Three side arms o f the same tubing are then blown into the 
body of the boiling tube. The junction tube is situated in the reservoir

F ig. 2.— General view of apparatus
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compartment, whilst the exhaust tap, I, is mounted in a rubber bung, which 
is fitted into a hole on the top of the trolley.

The M a n o m e te r .—An upright of oak (|"  x 1 - / ' )  screwed to the edges of 
the upper and lower tiers supports a metre scale, which slides up and down 
the upright between two accurately fitted wooden rails. The manometer 
itself consists of two lengths of thick-walled capillary tubing (internal 
diameter =  1-5 mm.; external diameter =  6-5 mm.) joined together at the 
bottom of the “  U ” by means of a short length of pressure tubing. The use 
of pressure tubing in this case not only simplifies construction o f the 
manometer and renders it less fragile than an all-glass LI-tube, but enables 
one to vibrate the mercury column before reading to ensure that tailing has 
not distorted the levels. The two limbs of the manometer are fixed to the 
rails on the upright by loops of copper wire at intervals; the wire passes 
around the back of the upright, but not across the metre scale. In filling 
the manometer air bubbles should be removed by forcing the mercury into 
the open limb and pushing a long length of copper wire down the tube.

The S a fe ty  Valve.—The principle of operation is as follows (see Fig. 3). 
As the pressure in the flask, L, increases, mercury is forced into the vertical

capillary tube OM; the quantity o f mer
cury initially in L  is adjusted so that, 
when the pressure has risen to about 2 
atmospheres, the whole of the mercury 
is in the vertical tube. A  further small 
increase in pressure then forces the 
mercury into the baffle chamber, J. 
Hydrogen escapes through the outlet 
tube K , which contains a small quantity 
of mercury to act as a seal, during 
evacuation of the apparatus; the outlet 
of K  is fitted with a miniature mercury 
baffle. During this process the pressure 
in the apparatus falls rapidly, and the 
hydrogen supply must be cut off com
pletely before the mercury in J  will 
again return to the flask, L. Both L  and 
J are constructed from 50-ml. Pyrex 
flasks, J being the most simple and effi
cient mercury baffle of several types 
tried. The tube ON has the same 
dimensions as that used for the mano
meter and passes to the bottom of the 
vessel, L, which is mounted on the 
bottom of the reservoir compartment as 
near to the manometer upright as 
possible. Connection between ON and 
J  is made with a length of capillary 
pressure tubing, M N ; this should be 
kept reasonably straight. The use of 
narrow-bore tubing in this part o f the 
valve reduces the volume of mercury 

required, and hence lessens the problem of baffling; the baffle, J ,  is mounted 
on a bracket, screwed to the back of the manometer upright. After J, 
ordinary pressure tubing is used in order to reduce the resistance to hydrogen
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flow;>PQ is a length of 6 mm. tube, which passes to the bottom of tube K ; 
the latter is mounted on the top of the trolley immediately behind the mano
meter upright. The introduction of the correct volume of mercury is an

F ig. 4.— Close-up view of apparatus

easy matter; after removing the pressure tube from the top of J ,  small quanti
ties of mercury are poured in until by trial and error the valve is found to 
operate at the desired pressure.

T h e  C h a rcoa l T ra p .—When immersed in an acetone/solid carbon dioxide 
bath, this trap is capable of adsorbing 1 litre of hydrogen sulphide; it is 
therefore a useful adjunct where it is desired to rigidly exclude any catalyst 
poisons arising from the apparatus or the hydrogen supply. The construc-
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tioD should be apparent from Figure 4; the U-tube is filled with granular 
charcoal to give a total path of about 30 cm. length, and a glass wool 
plug is present at each end to prevent movement during the flow o f gas. 
After use, immerse the trap in boiling water and pass a slow stream of 
hydrogen through for about an hour. At the end of this operation the trap 
should be quite free from moisture, otherwise it may block during the next 
hydrogenation.

T h e  S h a k er .—This was specially designed for the apparatus by Dr. W. J. 
Arrol. The 1 /25th h.p. motor is suitably geared down to drive a rocking 
retort-stand by means of a shaft, the reaction flask being attached to the 
stand. The principle should be apparent by reference to Figure 4. The 
dimensions have been carefully worked out, so that the catalyst is very 
well shaken without undue splashing of the reaction mixture into the neck 
of the flask. This shaker appears to be much more satisfactory for this 
purpose than any previously encountered.

G en era l N o t e s  o n  C o n s tr u c tio n .— Most of the connections have been made 
with Portex Plastic Commercial Tubing No. 6c, and the associated glass 
work has been made from Pyrex tubing of 12  mm. external diameter, with 
which the plastic tubing forms a very tight-fitting joint. All glass junctions 
are narrowed at the tips and well-rounded off to facilitate the fitting of 
the plastic tube. In addition, each connection is doubly wired with No. 18
S.W.G. copper wire. When operating at 60 cm. of mercury above atmos
pheric pressure, the leakage rate of the whole apparatus is of the order of 
about 2 mm. an hour; for the 1 litre reservoir capacity this is equivalent 
to a leakage of approximately 3 ml. of hydrogen an hour, which may be 
ignored during any but the slowest hydrogenations. When desired, the 
leakage rate can be reduced further by working at a few cm. of mercury 
above atmospheric pressure.

T h e T a p s .— Figure 5 shows the way in which high vacuum taps have been 
adapted to withstand pressure The taps are well greased with Apiezon “  L ,”

and a slotted brass disc seated upon a 
rubber washer is wired into place, so 
that the tap is held firmly into its 
socket. This method has given very 
little trouble.

C a lib ra tion .— It is necessary to 
know the precise volumes of the 
reservoir when set at nominal 
capacities of 1 and 4 litres respec
tively. The apparatus should be 
filled with hydrogen and the drop in 
manometer pressure noted during 
the delivery of 500 ml.; a volumetric 
flask and a trough of water at room 
temperature is useful here. The 
volumes are then readily obtainable 
after correcting for aqueous vapour 
pressure. It is useful for practical 
purposes to calculate a p p r o x i 
mately the fall in manometer pres

sure corresponding with the delivery of 100 ml. of hydrogen in the case o f 
both reservoir capacities. As will be seen below, in calculating the mano
meter drop for a given hydrogenation it is necessary to add the volume o f

F ig. 5.— Close-up view of a tap
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the dead space in the reaction vessel to the reservoir volume before arriving 
at the final volume for calculation purposes 

C alcu la tion  o f  R e s e r v o ir  V o l u m e .— Suppose 500 ml. has been collected 
over water at room temperature.
Let v =  volume of reservoir in ml.

=  initial manometer reading in mm. 
m2 =  final manometer reading in mm. 
a =  atmospheric pressure in mm. of mercury
w r= aqueous vapour pressure of water at room temperature in mm. Hg

Then v 7 6 0 ^ 5 0 0  

(m, -  m3)
w
a )

Mode of Operation

(a) F illin g  W i t h  H y d r o g e n .—Close the hydrogen delivery tube by means 
o f a pinch clip or, if the charcoal trap is being used, close the tap thereof. 
Connect the exhaust outlet to vacuum and close tap F; open taps G , H and 
I, and evacuate the apparatus. Then attach the hydrogen inlet tube to a 
cylinder and sweep out the air in the safety valve and associated tubing 
by applying just enough pressure to blow the valve, and then allowing 
hydrogen to bubble through for a few seconds. I f  the inlet tube is detached 
from the cylinder without previously closing by means o f a pinch clip, air 
will diffuse into the valve, and must be swept out again before refilling. The 
apparatus is then filled by opening tap F  and allowing hydrogen to flow in 
from the cylinder until the manometer registers about 60 cm., when tap F  
is closed. Tap H must be open during this operation. This sequence of 
operations! is sufficient when the apparatus is in regular use, but when first 
used or after being unused for some time it is advisable to sweep out 
the apparatus thoroughly by repeating the above sequence two or three 
times, depending on the vacuum available.

(b) H y d r o g e n a tio n .—A  standard joint round-bottomed flask o f suitable 
capacity is used as reaction vessel, and an adapter is needed to connect to 
the hydrogen delivery tube. The adapter is made by pulling out a standard 
cone and joining on to a short length of 12  mm. Pyrex tubing. The joint 
is greased with Apiezon “  L  ”  and held together by copper wire in conjunc
tion with two bands of brass strip, as shown in Figure 4. Estimate, or measure 
when maximum accuracy is required, the dead space which will exist in 
the flask and adapter after adding the solution to be hydrogenated. This 
volume is added to the appropriate reservoir volume before calculating the 
manometer fall, which corresponds with the theoretical volume of hydrogen 
to be absorbed (see below). Then check that tap G  is set to the desired 
reservoir capacity and close tap H. Mount the reaction vessel on the shaker 
and connect the adapter to the hydrogen delivery tube, open the tap on the 
charcoal trap, if this is in circuit.

Evacuate the reaction vessel by opening tap I, and after closing it admit 
hydrogen from the reservoir. Whether or not this operation is repeated 
depends upon the vacuum available and the volatility of the solvent, although 
where possible it should be repeated. At this point tap H should be open; 
if the manometer reading is too low, let in more hydrogen from the 
cylinder or, when the 1 litre capacity is being used, it is only necessary 
to open and close tap G . Note the manometer reading, making sure 
that tap F  is closed and tap H open; start the shaker. In order to check 
that hydrogen is being absorbed, it is useful to close tap H at this point in
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order to obtain the magnified pressure fall referred to above. During very 
slow hydrogenations it is advisable to correct for any change in atmospheric 
pressure and room temperature that has occurred during the process and to 
adjust the final manometer reading accordingly.

Calculation of the Required Manometer Drop
Let t, =  temperature (in °C.)

s =  volume of the dead space (in ml.)
h =  volume o f hydrogen in ml. theoretically required at N.T.P. 

(The other symbols are as above)

Correction for Temperature and Pressure Variations During Hydrogenation
Let m2 =  the originally calculated final manometer reading (in mm.) 

m3 =  the corrected final manometer reading (in mm.) 
tj =  initial temperature (°C.) 
t2 =  final temperature (°C.)

at =  initial atmospheric pressure (in mm. mercury) 
a2 =  final atmospheric pressure (in mm. mercury)

Then m3 = (273 +  t2) (m2 H 
(273 +  t,)

a.)
) - a2

The author wishes to express thanks to Professor W. H. Linnell for 
encouragement and advice during this work. Also to Dr. W. J. Arrol for 
suggesting the use of the charcoal trap, to Mr. P. C. Barden for constructing 
the shaker and to Mr. V. Askam for checking the equations.
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ANAH/EMIN B.D.H.
Since its introduction 12 years ago, Anahaemin B.D.H. has 
given outstanding results in the treatment of macrocytic 
anaemias.
Although the potency of each batch of Anahaemin B.D.H. 
is established clinically before issue, further confirmation o f 
its haemopoietic activity is now afforded by the isolation o f 
the anti-pernicious anaemia factor from routine batches o f 
Anahaemin B.D.H. in the B.D.H. Research Laboratories*. 
This factor has been obtained in crystalline form and is almost 
certainly identical with the substance named vitamin BI2 by 
Rickes et at.-\

* J. Pharm. & Pharmacol., January 1949, p.60 
f  Science, 16th April, 1948, p. 397.

Further information on request
MEDICAL DEPARTMENT

T H E  B R I T I S H  D R U G  H O U S E S  L T D .  L O N D O N  N . l
Telephone: Clerkenwell 3000 Telegrams: Tetradome Telex London

D



X The Journal of Pharmacy and Pharmacology March, 1949

T. & H. SMITH LT1 I
LONDON E D I N B U R G H  GLASGOW

A L K A L O I D S  

F I N E  C H E M I C A L S  

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

A L O I N .  A T R O P I N E ,  
B I S M U T H  S A L T S ,  
C A N T H A R I D I N .  
CAPSICIN. CHLORAL 
H Y D R A T E ,  
C H L O R O F O R M  
CODEINE, EPHEDRINE 
D IAC ETYLM O R PH IN E  

D I H Y D R O C O D E I N E .  D IH YD R O C O D E IN O N E , D IH Y D R O 
M O R P H IN E , DIHYDROHYDROXYCODEINONE, ERGOTIN. 
ETHYLMORPHINE. GINGERIN. IRIDIN, HYOSCYAMINE, 
HOMATROPINE. JALAP RESIN. LEPTANDRIN, MAGNESIUM 
TRISILICATE, MORPHINE, PAPAVERINE, PHYSOSTIGMINE, 

PODOPHYLLIN, SALICIN, SANTONIN, STRYCHNINE, 
SCAMMONY RESIN.

122 years o f  experience and progress in 
the p roduction  o f  galenicals and pharm a
ceutical products.ÍBUHDriELD CHEMICAL WORKS EDINBURGH?

\iR ■ g l  V,:, jx J É - f - ï  ä  '
\ A /  A  V  ^  V  “i W A A  A i

t i

P r o p e r t ie s  :—

S f a

Neutral, and, like the parent alcohols from which It is made, 
free from fatty acids, fats and other impurities.
Easily self-emulsifiable in water to the O /W  type of emulsion 
and easily forms O /W  emulsions of almost every oil, fat 
and wax.
O/W  emulsions made with ' Lanette ’ Wax SX can also hyoid 
in suspension a very large number of solid materials in 
powder form.
Stable to appreciable variations of pH on acid or alkaline 
side. Buffered, stable emulsions of pH 2'6 have been 
obtained. Also stable to reasonable concentrations of 
inorganic salts of the monovalent metals.

SHEIM 6. MOORE{Proprietors : The Gardinol Chemical Co. Ltd.) 
GROSVENOR GARDENS HOUSE, GROSVENOR GARDENS, S.W, 

V ic to r ia  0331 /2  . ‘ G a rd in o l, S o w e s t, London ’
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I n  i n s o m n i a . . .

In ‘ Carbrital’  capsules the rapid, but rela
tively brief, hypnotic action o f  soluble 
pentobarbitone is com bined w ith the p ro 
longed sedative effect o f  carbrom al. In 
insom nia ‘ Carbrital’  produces slum ber sim u
lating natural undisturbed sleep o f  adequate 
depth and duration, and patients awaken 
refreshed and alert.

‘ Carbrital’  is also indicated as a general 
sedative in neurasthenia, etc., for  pre- 
operative sedation, and routinely in m inor 
operations.

E ach ‘  Carbrital ’ capsule contains 1-| grains 
o f  soluble pentobarbitone and 4 grains o f  
carbrom al.

Available in  bottles o f 10, 25 &  250 Capsules.

“ . . . the ports of slumber open wide 
To many a watchful night! ”

II Henry IV, iv. 4.

CARBRITAL’
P A R K E ,  D A V I S  &  C O . ,  H o u n s l o w ,  M i d d l e s e x
Ine. U.S.A., Liability Ltd. Telephone: Hounslow 2361 {11 lines)

D E V E L O P M E N T S  Il\ VACU U M  DRVINCi
E D W A R D S  CENTRIFUGAL F R E E Z E -D R Y IN G  EQUIPMENT

This unique range o f  self-contained freeze 
drying apparatus o f  advanced vacuum  engi
neering design em ploying the centrifugal 
technique developed by D r. R . I. N. Greaves 
o f  Cambridge University, enables m inim al or 
production quantities o f  therm o-sensitive and 
labile m aterials to  be dried for  processing or 
indefinite preservation.

-fa Evaporative freezing eliminates pre-freezing equipment.
-fa Centrifugation permits minimal quantities (0.25 ml. or less), to be readily processed without thawing or foaming.
^  Material is shell or wedge frozen 

to give large drying areas and minimal depth.
■jAf Dried material may be vacuum sealed and in its original container.
-fc Apparatus is always ready for immediate and trouble free operation 

by unskilled workers.
Please send fo r full details of the complete range 

which we manufacture,

W . E D W A R D S  & CO. (London) LTD- 
L O W E R  S Y D E N H A M ,  L O N D O N ,  S.E.26
Phone: SYDenham 7026 (5 lines). Grams: EDCOHIVAC, Phone, Lon

MODEL L5 LABORATORY 

CENTRIFUGAL FREEZE DRYER
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Please write for further details, stating output required

MANESTY MACHINES LTD.
(Dept. 30) SPEKE. LIVERPOOL, 19
T e le p h o n e  : H u n ts  C ro s s  1972 C a b le s  : M a n e s ty ,  L iv e rp o o l

jy i  A  N  i-, s  i  y

BRITISH MADE

AUTOM ATIC  
W ATER STILLS

♦ High quality distilled water

♦ Thirteen different models

♦ Electric, gas, steam and paraffin 
heating

♦  All Stills supplied with wall bracket

♦ Outputs available from 2 pints to 
50 gallons per hour

B A T T E R Y  M O D E L  26 gns. 

„  A .C .  M O D E L  
30 gns.

PORTABLE
COLORIMETER

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

. . .  we have found the instrument quite satisfactory . . . 
we are using it regularly for estimating copper, nickel, iron, 

chrome and other metals present as impurities in elet'tric plating baths. In d u s tr ia l  C h e m is t .

. . . the Colorimeter to some of our routine testing and that we have found it most satisfactory, in fact, the indications so far are that it is superior to our 
£150 instrument. This may sound surprising but it seems to be true.

In d u s tr ia l  C h e m is t .
This in strum ent provides a simple photoelectric  means of accurately assessing the colour density  
o f a liquid. A n y variations can be im m ediately  read on the logarithm ic scale of the  m icroam m eter. 
Send for full details of this and other photoelectric equipment incorporating the famous “EEL" selenium cells.

E V A N S  E L E C T R O S E L E N I U M  L T D
HARLO W  ESSEX



A n  e f f e c t i v e

t h e r a p e u t i c

c a s e s  o f

C H R O N I C  

L E U K A E M I A

recent  clin ica l results have em phasised  the value o f  U rethane 

(ethyl-carbam ate) as a therapeutic agent in  the con tro l o f  ch ron ic  

m yelogen ou s leukaem ia, the palliative e ffect b e in g  sim ilar to  that 
obta in ed  w ith  deep  X -ra y  therapy. U reth an e has also g iven  

en cou ragin g  results in  c h ro n ic  lym p h atic  leukaem ia.

U rethane E lixir is a stable, pleasantly flavou red  preparation 
conta in in g  4  G . o f  U rethane per fl. o z . ( 3 0  m l.) . A vailab le in 

bottles o f  6  fl. oz.

Urethane Elixir
Further information gladly sent on request to the Medical Department

BOOTS PURE DRUG COMPANY LTD . N O TTIN G H AM  ENGLAND
S.27

St. Clements Press, Ltd., Portugal Street, King stray, W.C.2



P E N I C I L L I N

CRYSTALLINE PENICILLIN G
S O D I U M , P O T A S S IU M , an d  P R O C A I N E  S A L T S

AM O RPHO US PENICILLIN
S O D I U M  and C A L C IU M  S A L T S

M a n u fa c tu re d  by

T H E  D IST IL L E R S C O M P A N Y  (B IO C H E M IC A L S ) L T D .

The above products and pharmaceutical preparations th ereo f are 
distributed throughout the w orld  by

ALLEN & HANBURYS LTD.

BOOTS PURE DRUG C O . LTD.

BRITISH DRUG HOUSES LTD.

BURROUGH S W ELLCOME & C O .

EVANS MEDICAL SUPPLIES LTD.

IMPERIAL CHEMICAL (PHARMACEUTICALS) LTD. 

PHARMACEUTICAL SPECIALITIES (M AY & BAKER) LTD.

and their associated houses, agents and representatives, to  w hom  
all enquiries should be addressed

T H E  D IST IL L E R S C O M P A N Y  (B I O C H E M iC A L S ) L T D . 
FLEMING R O A D  SP E K E  LIVERPOOL
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