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FOR THE TREATMENT OF PERNICIOUS ANÆMIA

Recent correspondence in the medical 
press has emphasised certain points in 
the treatment o f  pernicious anaemia 
with liver extracts.
1. Only those extracts which have had proper 
clinical trials should be used.
NEO HEPATEX is submitted to full clinical 
trials and the issue o f each batch is dependent 
on a satisfactory report.
2. Adequate doses are essential.
NEO-HEPATEX is recommended in the following 
dosage —
First two weeks—2 ml. three times weekly.
Next four weeks—2 ml. twice weekly.
NJxt two months—2 ml. once weekly.
3. Vitamin B12 is an essential factor in liver extracts for the 
treatment o f pernicious antemia.
NEO-HEPATEX contains 10 microgrammes o f Vitamin B 12
in each ml. (This is assayed by the combined method of paper 
chromatography and microbiological assay, using Lactobacillus 
lactis Dorner.)
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A sterile technique allows 
POSITIVELY NO A D 

M ITTAN C E to the bacterial 
invader.

■  In the operating theatre, surgeon and sister preserve 
meticulous asepsis o f  materials. Yet in this vital issue they are reliant upon 
the indispensable contribution o f  their invisible ally— the suture manufacturer.

M odern production methods, with scientific sterility control o f  every phase 
o f  manufacture, merit their complete confidence in sterility o f  the suture.

The sealed tube is the final guarantee. Once broken, the aseptic suture is 
brought safely into the theatre sterile technique.

These things assured, the patient is secure with surgical skill in confident 
hands.

S T E R IL IT Y -V IT A L  AID TO SURGICAL SKILL

MERSONS (SUTURES) LIMITED, BANKHEAD AVENUE, EDINBURGH
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prepared w ith  the assistance o f  eight com m ittees o f  experts 

representing all branches o f  m ed ica l and pharm aceutical know 

ledge and experience, and w ork ing  under the general direction  

o f  the C ou n cil o f  the P harm aceutical Society  o f  G reat Britain

The book prescribes standards for and gives comprehensive 
details of the action, uses, and methods of administration of 
over 1000 substances used in medicine—vegetable and animal 
drugs, synthetic chemicals, antibiotics, biological products.
Other sections provide information on blood products, surgical 
sutures, ligatures and dressings.

T h ere  are nearly 900 formulae o f  tested pharm aceutical 

preparations ; appendices p rovide  details o f  tests, reagents, 

m ethods o f  sterilisation, etc.

This edition supersedes the 1934 issue.

P p . x x v  +  1563 .. .  . . .  P r ic e  6 3 s . (Inlandpostage li .)

Remittance with order is requested

T H E  P H A R M A C E U T I C A L  P R E S S , 

1 7 , B lo o m s b u r y  S q u a re , 
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P r o l o n g e d

a c t i o n

As in gliding, there has been in penicillin therapy a con
stant stri\ing to prolong effective action. This was achieved 
by the introduction of Procaine Penicillin Oily Injection 
A&H, the suspension of procaine penicillin-G with 2 per 
cent, aluminium stearate in sterile arachjs oil. Each c.c. 
contains 300,000 units o f penicillin and the equivalent of 
120 mg. of procaine.
The value of aluminium stearate in such preparations has 
been established and. procaine penicillin-G in oil with 
aluminium stearate has been described as the most suitable . 
preparation for clinical use where economy in material, 
slow absorption and a long lasting therapeutic blood- 
penicillin level is important (vide Lancet 1949, 1,863.) 
Procaine Penicillin Oily Injection A&H is administered, 
with little or no pain, by intramuscular injection. Generally, 
a single injection o f 1 c.c. daily is sufficient.

Available in vials of 10 c.c.

P R O C A I N E  P E N I C I L L I N  
O I L Y  I N J E C T I O N  A & H

r ALL E N & H AN BURYS LTD • LONDON • E-2
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C h a irm a n  : NORM AN EVERS

C H A I R M A N ’S A D D R E S S

Pharmaceutical R esearch

I propose, this afternoon, to talk on the theme of pharmaceutical research, 
its aims and scope and its relationship to research in medicine, chemistry 
and other sciences. This topic was discussed by Dr. T. E. Wallis in his 
address to the Conference in 1943, and I feel therefore, that some apology 
is necessary, but as I propose to approach the matter from a direction 
rather-different from that of Dr. Wallis, who was mainly concerned with 
academic research, perhaps I may be forgiven for referring to the subject 
again. In fact, my address is in the nature of an addendum to Dr. 
Wallis’s and will underline much of what he said.

In considering the subject of Pharmaceutical Research, I am immedi
ately confronted by the difficulty of definition. What is Pharmacy and 
what is Research? The word “ research ” has become very much over
worked in these days. It seems to be applied to almost any type of 
enquiry. We hear of “ listener research,” “ market research,” “ packag
ing research ” and even “ time-table research.” Most people, I think, 
would hesitate to give the term “ research ” so wide a definition, but where 
is one to draw the line? Research cannot be defined according to the 
importance of the results achieved. The distinction between what is or 
is not research is something more intangible. Rather, it depends on the 
attitude of mind with which an enquiry is approached. A  problem which 
appears at first sight to be simple and solvable by known methods and 
therefore not to be dignified by the name of research may turn out to 
involve a fundamental investigation into certain phenomena, which raises 
it to the plane of true research.

When I ask myself “ What is pharmaceutical research? ” I find it 
equally difficult to provide an answer. Pharmacy is not a science in 
itself. It is an art which makes use of many sciences. I would remind 
you of the words of Daniel Hanbury which were quoted by Dr. Wallis in 
his address and which I think are worth repetition. He said, “ Our art, 
gentlemen, is ever progressive. All science is interesting to us since almost 
every scientific discovery may sooner or later, directly or indirectly, yield 
some results profitable to pharmacy.”

It would be going too far to argue from this that all scientific research 
is pharmaceutical research. Here, I think, we must take into account 
the objective of the research, and say that pharmaceutical research is 
research carried out with a pharmaceutical objective, which is rather like 
saying that an archdeacon is one who performs archidiaconal functions.

What, then, is a pharmaceutical objective? I think that the best way 
to answer that question is to consider the different types of investigations
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that can justifiably be claimed as pharmaceutical research. The following 
list is probably not complete, but, I hope, fairly comprehensive:

1. The synthesis of new organic compounds with the object of dis
covering new drugs, and the examination of known compounds for new 
pharmacological properties.

2. The isolation and purification of the active principles of naturally- 
occurring drugs, the elucidation of their structure and their synthesis.

3. Pharmacognostical research.
4. Research on methods of cultivation of vegetable drugs with the 

object of producing maximum potency.
5. Methods of preparation of drugs in a form suitable for administra

tion, under which heading we may include the preservation and sterilisa
tion of medicinal products.

6 . The chemical and biological standardisation of drugs.
Let us consider these divisions in rather more detail.
The primary importance to medicine of organic chemical research 

needs no emphasis from me. The number of valuable synthetic 
drugs discovered in recent years provides sufficient evidence of this. 
The organic chemist must, of course, work hand-in-hand with the 
pharmacologist, who functions as a sort of compass and tells him 
whether he is moving in the right direction. Most research of this 
type is nowadays carried out by teams of workers, each approaching 
the subject with a special knowledge and skill. The organic chemist 
usually takes as his starting-point some compound, either natural or 
synthetic, of known pharmacological action, and by modification of its 
structure, produces new compounds which he hopes will have an improved 
or modified pharmacological action. Modification of structure in the 
direction of simplification has proved a fruitful source of new drugs. 
Such simplification may have the advantage of substantially reducing 
the cost of treatment. Examples of this are seen in stilbcestrol and related 
compounds which resemble in a much simplified form the structure of the 
natural oestrogens, and the new synthetic curarising compounds which are 
substitutes for the natural alkaloid, tubocurarine, are comparatively easily 
synthesised and are very much cheaper. Sometimes such researches lead 
the chemist far away from his starting point. The series of researches 
which started out to produce an improvement on the antimalarial drug, 
mepacrine, ended with paludrine, a compound of very different structure.

Research of this type sometimes involves the production of hundreds 
of compounds in the laboratory. The discovery of a successful new type 
of synthetic drug is followed by feverish activity in organic laboratories in 
the production of compounds of a similar structure in the hope of finding 
an improvement on the original. The number of sulphonamides which 
have been synthesised since the discovery of the value of sulphanilamide 
is legion, but the number of real value in medicine is probably less than 
a dozen. Sulphanilamide itself provides an example of a compound 
which has been known for many years before its valuable bacteriostatic 
properties were realised. This emphasises the importance of thorough 
pharmacological testing of all new compounds. Sometimes too, a varia-
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tion on a compound having a certain pharmacological action may prove 
to be valuable for a therapeutic effect of quite a different kind. On the 
other hand, valuable drugs are sometimes discovered which bear no 
relation in structure to those previously known. The analgesic, pethidine, 
is modelled on the structure of morphine, in amidone the relationship is 
scarcely recognisable. The new antihistamine drugs are of a type not 
hitherto used in medicine and have a novel pharmacological action. 
The most remarkable development of recent years has been the dis
covery of drugs which act selectively on species of living organisms 
or upon one particular type of cell or enzyme. The antibiotics, anti- 
malarials, antrycide, etc., are examples of drugs acting selectively on 
certain organisms. Antihistamine, antithyroid, anticholinesterase and 
curarising agents are examples of selective poisoning of certain types 
of cells or enzymes. Increased knowledge of chemical constitution 
and its relation to pharmacological action, of the causes of disease 
and of the nutritional requirements of organisms makes the task of 
the organic chemist less subject to chance than it used to be, but we 
are still a long way from being able to design a new drug like a machine 
on a drawing-board. The element of luck has not yet been entirely 
eliminated, but as Pasteur wisely said, “ In the fields of observation 
chance favours only the mind which is prepared.” It may have been 
a lucky chance that led Sir Alexander Fleming to the discovery of peni
cillin, but unless his mind had been prepared by years of research and 
thought on such matters, who knows that he would have appreciated 
its significance?

It cannot be too strongly emphasised that the greatest possible care and 
the most thorough and exhaustive trials are necessary before placing a 
new drug on the market. Time and again a drug, which has been thought 
from preliminary tests to have an irreproachable character and has been 
launched with a flourish of trumpets, has proved to possess undesirable 
and even dangerous qualities.

The second type of research to which I have referred deals with the 
isolation and purification of natural drugs, the determination of their 
structure and synthesis. Recent discoveries have shown that Nature still 
has something up her sleeve. A  few years ago it might have been thought 
that it was unlikely that any new natural drugs of value would be dis
covered and that the future lay with synthetic organic chemistry. Then 
came penicillin to show us an entirely new type of drug from an entirely 
new source— a compound with a new sort of structure, and one, more
over, that has not yet been synthesised except in minute quantity in spite 
of the efforts of some of the finest organic chemists in the world— a blow 
to the pride of those organic chemists who might have been inclined 
to think that anything can be synthesised once its structure is known—  
except, of course, cane sugar. Then, as if to heap coals of fire on the 
head of the organic chemist, Nature produces chloramphenicol or 
Chloromycetin, a naturally occurring antibiotic with a comparatively 
simple structure, containing, above all things, a nitro-group and two
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c h l o r i n e  a t o m s ,  l o o k i n g  f o r  a l l  t h e  w o r l d  l i k e  a  t y p i c a l  p r o d u c t  o f  t h e  

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

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

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

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

d r u g s  f o r  t h e  r e l i e f  o f  h u m a n  s u f f e r i n g  i s  k n o w n  a s  “ C o m p o u n d  E , ”  

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

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

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

i s  l o n g  a n d  d i f f i c u l t ,  e v e n  i f  s u p p l i e s  o f  r a w  m a t e r i a l  f r o m  S tr o p h a n th u s  
s a r m e n to s u s  a r e  f o r t h c o m i n g  i n  s u f f i c i e n t  q u a n t i t y .  T h e  p o s i t i o n  i s  a  

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

h a v e  d e s e r v e d  w e l l  o f  m a n k i n d .

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

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

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

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

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

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

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

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

c e u t i c a l  r e s e a r c h  o n  m y  l i s t — p h a r m a c o g n o s y .  D r .  W a l l i s  h a s  a l r e a d y  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

i n j e c t i o n .  N e v e r t h e l e s s  t h e  p h a r m a c i s t  i s  b y  n o  m e a n s  t h e  l e a s t  i m p o r t a n t  

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

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

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

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

I f  a n  i n j e c t i o n  i s  r e q u i r e d ,  a  n u m b e r  o f  q u e s t i o n s  m u s t  b e  c o n s i d e r e d ,  

s u c h  a s —

( a )  I s  t h e  d r u g  s u f f i c i e n t l y  s o l u b l e  a n d  s t a b l e  i n  w a t e r  t o  m a k e  a n  

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

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

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

b e  a  s u i t a b l e  m e t h o d ?  ( b )  I s  t h e  a d d i t i o n  o f  s o d i u m  c h l o r i d e  o r  o t h e r  

m a t e r i a l  n e c e s s a r y  t o  m a k e  t h e  i n j e c t i o n  i s o t o n i c ?  I f  s o ,  h o w  d o e s  i t  

a f f e c t  t h e  s o l u b i l i t y  o r  s t a b i l i t y  o f  t h e  d r u g ?  ( c )  I s  t h e  n a t u r a l  p H  o f  t h e  

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

m u s t  t h e  p H  b e  s t a b i l i s e d  b y  t h e  a d d i t i o n  o f  a  b u f f e r ?  ( d )  W h a t  i s  t h e  

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

w i t h  t h e  d r u g  o r  a f f e c t  i t s  s t a b i l i t y ?  ( e )  W h a t  i s  t h e  m o s t  s u i t a b l e  m e t h o d  

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

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

t i o n  b y  f i l t r a t i o n  c a u s e  a n y  l o s s  o f  p o t e n c y ?  ( f )  S h o u l d  t h e  i n j e c t i o n  b e  

p r o t e c t e d  f r o m  o x i d a t i o n  b y  f i l l i n g  t h e  a m p o u l e  w i t h  n i t r o g e n ?  ( g )  W h a t  

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

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

t i o n s ?  ( h )  I f  t h e  i n j e c t i o n  i s  t o  b e  i n  a  r u b b e r - c a p p e d  c o n t a i n e r ,  w i l l  

c o n t a c t  w i t h  r u b b e r  a f f e c t  t h e  i n j e c t i o n  i n  a n y  w a y ?  ( i )  S h o u l d  t h e  i n j e c 

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

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

a r i s e  s u c h  a s —  ( a )  W h a t  i s  a  s u i t a b l e  c o m p o s i t i o n  f o r  t h e  o i l y  b a s e ?

( b )  I f  a  s u s p e n s i o n  i s  r e q u i r e d ,  w h a t  i s  t h e  m o s t  s u i t a b l e  p a r t i c l e  s i z e  

o f  t h e  d r u g ?  ( c )  D o e s  t h e  d r u g  r e m a i n  e a s i l y  d i s p e r s i b l e  i n  t h e  b a s e ?  ( d )  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

c o n t a i n i n g  p e n i c i l l i n .  H e r e  w a s  a  p r o b l e m  w h i c h  w a s  q u i t e  n e w .  I t  w a s  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

a d d r e s s  l a s t  y e a r ,  a n d  I  d o  n o t  p r o p o s e  t o  r e p e a t  t h e m  n o w .

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

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

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

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

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

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

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

o r  “  p i l o t  ”  s t a g e  i s  i n t e r p o s e d .  T h e  c l o s e s t  c o - o p e r a t i o n  b e t w e e n  t h e  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

r e s e a r c h  w o r k e r .  I t  i s  a  c u r i o u s  f a c t ,  t h a t ,  n o  s o o n e r  i s  a  n e w  d r u g  

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

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

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

p u b l i s h e d  l i t e r a t u r e  o n  t h e  s u b j e c t .  M u c h  o f  t h e  r e s e a r c h  w o r k e r ’ s  

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

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

A  k n o w l e d g e  o f  e x i s t i n g  p a t e n t s  i s  e s s e n t i a l  b e f o r e  u n d e r t a k i n g  a  p i e c e  

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

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

g r a n t e d  i n  t h i s  f i e l d  i s  i n c r e a s i n g  a n d  r e n d e r i n g  t h e  t a s k  o f  t h e  r e s e a r c h  

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

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

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

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

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

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

t h e  U n i t e d  S t a t e s  h a s  f o r c e d  t h e  C o u n c i l  o n  P h a r m a c y  a n d  C h e m i s t r y  o f  

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

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

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

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

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

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

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

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

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

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

o n  t h e  d e t e r m i n a t i o n  o f  a l k a l o i d s  i n  d r u g s  i s  n o  m o r e .  M o s t  m o d e m  

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

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

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

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

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

u n s u n g . ”  I t  i s  t o  b e  h o p e d  t h a t  t h e  N a t i o n a l  H e a l t h  S e r v i c e  w i l l  n o t  

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

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

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

e n g a g e  i n  p r a c t i c e .

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

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

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

E x e c u t i v e  C o m m i t t e e  o f  t h i s  C o n f e r e n c e  i n  t h e i r  r e p o r t  t o  t h e  C o u n c i l  

o f  t h e  P h a r m a c e u t i c a l  S o c i e t y .  S u c h  a  b o d y ,  c o m p o s e d  o f  m e n  o f  d i s t i n c 

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

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

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

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

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

P h a r m a c o p o e i a  a n d  t h e  B r i t i s h  P h a r m a c e u t i c a l  C o d e x .  P h a r m a c e u t i c a l  

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

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

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

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

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

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

I  h a v e  n o t  l e f t  m u c h  t i m e  t o  d e a l  w i t h  t h e  s i x t h  i t e m  o n  m y  l i s t —  

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

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

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

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

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

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

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

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

c a n  b e  j u s t  a s  f a s c i n a t i n g  a s  o t h e r  t y p e s  o f  r e s e a r c h ,  t h o u g h  t h e  p r i z e s  

m a y  n o t  b e  s o  v a l u a b l e .

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

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

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

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

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

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

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

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

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

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

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

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

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

r i s e  w i t h  h e a d  “  b l o o d y  b u t  u n b o w e d . ”  A b o v e  a l l ,  h e  m u s t  k n o w  w h e n  

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

w i t h  w o r k  w e l l  d o n e .  H e  s h o u l d  b e  a b l e  t o  s a y ,  a s  w a s  s a i d  b y  a n  o l d  

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

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

a m o n g  s m o k e  a n d  v a p o u r ,  s o o t  a n d  f l a m e ,  p o i s o n s  a n d  p o v e r t y ;  y e t  

a m o n g  a l l  t h e s e  e v i l s ,  I  s e e m  t o  l i v e  s o  s w e e t l y ,  t h a t ,  m a y  I  d i e ,  I  w o u l d  

n o t  c h a n g e  p l a c e s  w i t h  t h e  P e r s i a n  K i n g . ”
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Introduction

V egetable d r u g s  a r e  r e q u i r e d  b y  t h e  B r i t i s h  P h a r m a c o p o e i a  1948 t o  b e  

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

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

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

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

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

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

q u e n t l y  p o w d e r e d ,  a n y  e g g s  p r e s e n t  a r e  u s u a l l y  k i l l e d  a n d  u n l e s s  r e i n f e s -  

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

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

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

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

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

e x a m i n a t i o n .  S o m e  m e t h o d  o f  c o n c e n t r a t i n g  t h e  i n s e c t  f r a g m e n t s  m u s t  

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

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

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

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

w e r e  n o t  r e m o v e d  d u r i n g  t h e  p r e p a r a t i o n  f o r  t h e  m a r k e t .  L a r g e  i n s e c t s  

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

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

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

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

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

m i c r o s c o p i c a l  c h a r a c t e r s  o f  s o m e  o f  t h e  m o r e  c o m m o n  b e e t l e  p e s t s  o f  

d r u g s  d e s c r i b e d .

The Isolation of Insect Fragments

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

a n d  o n l y  t h e  e x o s k e l e t o n  n e e d  b e  c o n s i d e r e d .  T h i s  c o n s i s t s  o f  c h i t i n  

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

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

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

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

r e p e l l a n t  b u t  i s  r e a d i l y  w e t t e d  b y  p e t r o l e u m  a n d  s i m i l a r  n o n - p o l a r  l i q u i d s .

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

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

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

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

a u t h o r ’ s  e x p e r i e n c e ,  t h e y  h a v e  n o t  a f f o r d e d  t h e  c o m p l e t e  s e p a r a t i o n  o f  

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

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

G r e e n i s h 1 ,  b u t  d o e s  n o t  a p p e a r  t o  h a v e  b e e n  g e n e r a l l y  a d o p t e d .  I t  

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

m a c e r a t i n g  t h e  w a s h e d  r e s i d u e  f o r  1 8  t o  4 8  h o u r s  i n  a  m i x t u r e  c o n t a i n i n g  

a b o u t  1 2 - 5  p e r  c e n t ,  o f  s u l p h u r i c  a c i d  a n d  2 0  p e r  c e n t ,  o f  c h r o m i c  a c i d  

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

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

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

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

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

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

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

a n d  c o m p l e t e l y  i n  a c e t i c  a n h y d r i d e  c o n t a i n i n g  1 0  p e r  c e n t ,  o f  c o n c e n t r a t e d  

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

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

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

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

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

M e t h o d .— B o i l  a b o u t  5  g .  o f  t h e  p o w d e r e d  d r u g  i n  a  f l a s k  w i t h  1 0 0  m l .  

o f  1 0  p e r  c e n t ,  w / w  n i t r i c  a c i d  i n  w a t e r  f o r  a b o u t  1  m i n u t e  w i t h  f r e q u e n t  

s h a k i n g .  F i l t e r  t h r o u g h  a  N o .  3  s i n t e r e d  g l a s s  f i l t e r ,  u s i n g  s u c t i o n ,  a n d  

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

b o i l  f o r  a b o u t  1  m i n u t e  w i t h  1 0 0  m l .  o f  2 - 5  p e r  c e n t ,  s o d i u m  h y d r o x i d e  

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

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

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

r e s i d u e  a s  c o m p l e t e l y  a s  p o s s i b l e  t o  a  f l a s k  o f  a b o u t  5 0  m l .  c a p a c i t y ,  a n d  

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

A d d  a  m i x t u r e  o f  1 0  m l .  o f  a c e t i c  a n h y d r i d e  w i t h  2  m l .  o f  c o n c e n t r a t e d  

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

f i b r e  h a s  d i s s o l v e d .  S o l u t i o n  i s  u s u a l l y  c o m p l e t e  a f t e r  a b o u t  1 0  t o  1 5  

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

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

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

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

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

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

t h e  c o n t e n t s  o f  t h e  f l a s k  t o  a b o u t  1 0  m l .  o f  w a t e r .  W h e r e  i n f e s t a t i o n  i s  

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

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

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

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

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

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

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

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

c r u d e  f i b r e .

I d e n t if ic a t io n  o f  t h e  F r a g m e n t s

T h e  b e e t l e s  m o s t  f r e q u e n t l y  i n f e s t i n g  s t o r e d  v e g e t a b l e  d r u g s 2 a r e  

S t e g o b i u m  p a n ic e u m  L .  ( t h e  d r u g - r o o m  b e e t l e )  a n d  P tin u s  te c tu s *  B o i e .  

( t h e  b r o w n  s p i d e r  b e e t l e ) .  L e s s  c o m m o n  b u t  o f  f r e q u e n t  o c c u r r e n c e  a r e  

N i p t u s  h o l o le u c u s  F a l d .  ( t h e  g o l d e n  s p i d e r - b e e t l e )  a n d  C a la n d r a  
g ra n a ria  L .  ( th e  g ra in  w e e v i l ) . L y c t u s  b r u n n e u s  S t e p h . ,  o n e  o f  t h e  p o w d e r  

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

v e g e t a b l e  d r u g s  e . g .  l i q u o r i c e 3 . I n  t h e s e  l a b o r a t o r i e s  i t  h a s  b e e n  f o u n d  

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

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

s p e c i e s  w i t h  t h e  a d d i t i o n  o f  a  r e f e r e n c e  t o  t h e  c o m m o n  c o c k r o a c h  B la tta  
o r ie n ta lis  L .

M a te r ia ls .— A  s a m p l e  o f  J a m a i c a  g i n g e r  w a s  e x a m i n e d  f o r  f r e e d o m  

f r o m  i n f e s t a t i o n  a n d  t h e n  c o a r s e l y  c h o p p e d .  F o r  e a c h  s p e c i e s  1 0  b e e t l e s  

w e r e  m i x e d  w i t h  a b o u t  3 0  g .  o f  t h e  m a t e r i a l  a n d  p o w d e r e d  i n  a  s t e e l  

l a b o r a t o r y  e n d - r u n n e r  m i l l  u n t i l  f i n e  e n o u g h  t o  p a s s  t h r o u g h  a  N o .  6 0  

s i e v e .  A b o u t  5  g .  q u a n t i t i e s  w e r e  t r e a t e d  b y  t h e  m e t h o d  d e s c r i b e d  a b o v e  

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

F u r t h e r  m i x t u r e s  w i t h  o t h e r  d r u g s  w e r e  s u b s e q u e n t l y  p r e p a r e d  a n d  t h e  

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

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

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

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

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

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

e n c e  t o  t h e  w h o l e  i n s e c t s  c l e a r e d  b y  b o i l i n g  i n  2 - 5  p e r  c e n t ,  s o d i u m  

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

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

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

f i c a t i o n  o f  x  5 0 0 ,  o r  f o r  m a n d i b l e s  a n d  a n t e n n a l  j o i n t s  x  2 0 0 .

M i c r o s c o p i c a l  C h a r a c te r s . G e n e r a l .— T h e  f r a g m e n t s  c o n s i s t  o f  t h e  

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

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

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

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

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

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

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

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

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

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

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

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

*  W a l l i s  m e n t i o n s  P. brunneus  D f t .  b u t  P. tectus a p p e a r s  t h e  m o r e  common of
t h e  t w o  s p e c i e s .
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h a i r s  l e a v e  m i n u t e  u s u a l l y  s i m p l e  s c a r s  r e f e r r e d  t o  s u b s e q u e n t l y  a s  m i c r o 

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

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

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

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

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

s u r r o u n d e d  b y  a n  o v a l  o r  i r r e g u l a r  a r e a  s l i g h t l y  d a r k e r  t h a n  t h e  g e n e r a l  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

S t e g o b i u m  p e n i c e u m  L.
E l y t r a :  s t r i a l  p u n c t u r e s  1 0  t o  5 0 a  a p a r t  i n  p a r a l l e l  r o w s ,  s l i t - l i k e  

a b o u t  2 0  t o  3 0 a  l o n g ,  w i t h  o n  e a c h  s i d e  o n e  o r  r a r e l y  t w o  r o u n d e d  

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

s u r r o u n d e d  b y  a n  o v a l  a r e a  a b o u t  3 0  t o  5 0 [ x  l o n g :  i n t e r v a l s  b e t w e e n  

t h e  r o w s  1 0 0  t o  1 5 0 ^  b r o a d ,  w i t h  s e t a l  s c a r s  a b o u t  1 0  t o  1 5 n  d i a m e t e r ,  

m a i n l y  i n  a  s i n g l e  m e d i a n  r o w  a n d  s e p a r a t e d  b y  a b o u t  2 0  t o  7 0 [ x : o v e r  

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

t o  a b o u t  2 0 m  ( F i g . l . C . )

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

r o w e d  a n d  i r r e g u l a r l y  d e n t a t e  a t  t h e  b a s e ,  a b o u t  1 0  t o  2 0 | x  d i a m e t e r ,  c o n 

t i g u o u s  o r  s e p a r a t e d  b y  u p  t o  a b o u t  5 0 m  e a c h  c l o s e l y  a s s o c i a t e d  w i t h  a  

s e t a l  s c a r ;  i n t e r v a l s  m i c r o p u n c t a t e  l i k e  t h e  e l y t r a .  ( F i g .  l . E . )

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

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

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

d e p r e s s i o n  c o n t a i n i n g  a  h a i r  o r  i t s  s c a r .  ( F i g .  1  . A . )

A n t e n n a :  t e r m i n a l  j o i n t  e l l i p s o i d a l  a b o u t  2 5 0 | i  b y  7 0 m  c o n s t r i c t e d  a t  

t h e  b a s e ,  h a i r y .  ( F i g .  l . F . )

M a n d i b l e :  b i t i n g  e d g e  a b o u t  1 5 0 j i  l o n g ,  t r i d e n t a t e ,  t h e  t e e t h  d i m i n i s h 

i n g  i n  s i z e  f r o m  a p e x  t o  b a s e  ( F i g .  l . B ) ;  i n  t h e  l a r v a ,  t h e  s u b t e r m i n a l  t e e t h  

p r o m i n e n t  a n d  c o n n e c t e d  b y  a  c u t t i n g  e d g e .  ( F i g .  1  . G . )

H a i r s :  s e t a e ;  c y l i n d r i c a l ,  a b o u t  1 0 0  t o  1 5 0 ( i  l o n g ,  a c u m i n a t e ,  m o d e r a t e l y  

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

a b o u t  3 0  t o  5 0 p  l o n g .  ( F i g .  l . D . )
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F i g .  1 .  Stegobium  paniceum  L .

A .  H e a d ,  f r a g m e n t  f r o m  v e n t r a l  s u r f a c e  s h o w i n g  r i d g e s  a n d  a n  o c c a s i o n a l  h a i r ,  
x  2 0 0 .  B .  B i t i n g  e d g e  o f  a  m a n d i b l e .  G .  T h e  s a m e  f r o m  a  l a r v a ,  x  8 0 .  C .  E l y 

t r o n ,  f r a g m e n t  f r o m  t h e  m i d d l e  r e g i o n  s h o w i n g  t w o  r o w s  o f  s t r i a l  p u n c t u r e s ,  x  2 0 0 .  
D .  H a i r s  f r o m  e l y t r o n  o f  a  w h o l e  i n s e c t ,  x  2 0 0 .  E .  P r o t h o r a x ,  f r a g m e n t  s h o w i n g  
t u b e r c u l e s  w i t h  a s s o c i a t e d  s e t a l  s c a r s ,  x  2 0 0 .  F .  A n t e n n a ,  t e r m i n a l  a n d  s u b t e r m i n a l  

j o i n t s ,  h a i r s  n o t  s h o w n ,  x  8 0 .

P t i n u s  t e c t u s  B o i e ,

E l y t r a :  s t r i a l  p u n c t u r e s  u p  t o  a b o u t  3 0 p  a p a r t  i n  p a r a l l e l  r o w s ,  o b l o n g  

t o  e l l i p t i c a l  a b o u t  2 5  t o  5 0 p  l o n g  w i t h  a  t h i c k e n e d  r i m  a n d  s u r r o u n d e d  b y  

a n  o v a l  o r  r o u n d e d  a r e a  a b o u t  6 0  b y  5 5 p ;  i n t e r v a l s  b e t w e e n  t h e  r o w s  

8 0  t o  1 0 0 p  b r o a d ,  w i t h  a  s i n g l e  m e d i a n  r o w  o f  s e t a l  s c a r s  a b o u t  5  t o  7 p  

d i a m e t e r  a n d  s e p a r a t e d  b y  4 0  t o  6 0 p ;  o v e r  t h e  e n t i r e  s u r f a c e ,  n u m e r o u s  

s c a t t e r e d  m i c r o p u n c t u r e s  s e p a r a t e d  b y  u p  t o  a b o u t  2 0  a .  ( F i g .  2 . A . )

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

i r r e g u l a r l y  a r r a n g e d ,  d e e p ,  c i r c u l a r  t o  i r r e g u l a r l y  o b l o n g  a b o u t  4 0  t o  8 0 p  

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

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

p u n c t a t e  l i k e  t h e  e l y t r a ,  F i g .  ( 2 . D ) : r e m a i n i n g  r e g i o n s  l o c a l l y  t h i c k e n e d ,  

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

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

s u r f a c e  o v e r  t h e  a r e a s  m i c r o - p u n c t a t e ,  i n t e r v a l s  i m p u n c t a t e .  ( F i g .  2 . C . )

H e a d :  c o a r s e l y  p u n c t a t e ,  p u n c t u r e s  n u m e r o u s  s c a t t e r e d  a n d  s e p a r a t e d  

b y  u p  t o  a b o u t  5 0 a ,  v e r y  s h a l l o w ,  c i r c u l a r  t o  o v a l  a b o u t  3 0  t o  8 0 a  

d i a m e t e r  e a c h  a s s o c i a t e d  w i t h  a  s e t a l  s c a r ;  i n t e r v a l s  m i c r o p u n c t a t e  l i k e
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t h e  e l y t r a .  ( F i g .  2 . B . )  S i m i l a r  f r a g m e n t s  f r o m  t h e  t h o r a c i c  a n d  a b d o m i 

n a l  s e g m e n t s  a l s o  o c c u r .

A n t e n n a :  t e r m i n a l  j o i n t  e l l i p s o i d a l ,  a b o u t  2 7 0  b y  1 0 0  a  a n d  3 0  t o  4 0 n 

i n  d i a m e t e r  a t  t h e  b a s e ,  h a i r y .  ( F i g .  2 . F . )

M a n d i b l e :  b i t i n g  e d g e  a b o u t  1 2 0 u  l o n g  w i t h  t w o  t e e t h ,  a p i c a l  t o o t h  

a c u t e ,  b a s a l  t o o t h  s u b a c u t e .  ( F i g .  2 . G . )

H a i r s :  s e t a e ;  r e s e m b l i n g  t h o s e  o f  S. p a n ic e u m  b u t  r a t h e r  l o n g e r  a n d

F i g .  2 .  Ptinus tectus B o i e .

A .  E l y t r o n ,  f r a g m e n t  f r o m  m i d d l e  r e g i o n .  B .  H e a d ,  f r a g m e n t  s h o w i n g  c o a r s e  
s h a l l o w  p u n c t u r e s  w i t h  a s s o c i a t e d  s e t a l  s c a r s .  C .  a n d  D .  P r o t h o r a x ;  C ,  f r a g m e n t  
f r o m  n e a r  t h e  h e a d  s h o w i n g  i s o l a t e d  l o c a l l y  t h i c k e n e d  a r e a s ;  D ,  f r o m  c e n t r a l  
r e g i o n  o f  t h e  p r o n o t u m  s h o w i n g  c o a r s e  d e e p  p u n c t u r e s .  E .  H a i r s  f r o m  e l y t r o n  
o f  a  w h o l e  i n s e c t .  A  t o  E ,  x  2 0 0 .  F .  T e r m i n a l  j o i n t  o f  a n t e n n a ,  h a i r s  n o t  s h o w n ,  

x  8 0 .  G .  B i t i n g  e d g e  o f  m a n d i b l e s :  1 .  l a r v a l ;  2 .  a d u l t ,  x  8 0 .
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w i d e r ;  c l o t h i n g  h a i r s  Y - s h a p e d ,  c y l i n d r i c a l  w i t h  a c u m i n a t e  a r m s ,  a b o u t  

4 0  t o  6 0 | i  l o n g .  ( F i g .  2 . E . )

N j p t u s  h o l o l e u c u s  F a l d .

E l y t r a :  s t r i a l  p u n c t u r e s  a b o u t  lO O p  a p a r t  i n  p a r a l l e l  r o w s ,  c i r c u l a r  

a b o u t  5  t o  1 0 | i  d i a m e t e r  w i t h  a  d e e p l y  p i g m e n t e d  r i m  a b o u t  2 0 p  

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

a r e a  a b o u t  1 2 0  b y  8 0  n  h a v i n g  a n  i n d e n t e d  m a r g i n  a n d  s o m e t i m e s  e x h i b i t 

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

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

a n d  s e p a r a t e d  f r o m  i t  b y  2 0  t o  4 0 p . * ;  i n t e r v a l s  b e t w e e n  t h e  r o w s  a b o u t  

2 0 0 [ x  b r o a d ,  w i t h  s e t a l  s c a r s  a b o u t  5  t o  I 0 u  d i a m e t e r  m a i n l y  i n  a  s i n g l e  

m e d i a n  r o w  a n d  s e p a r a t e d  b y  a b o u t  5 0  t o  1 0 0 p ;  o v e r  t h e  e n t i r e  s u r f a c e  

n u m e r o u s  s c a t t e r e d  m i c r o p u n c t u r e s  s e p a r a t e d  b y  u p  t o  a b o u t  2 0 p .  

( F i g .  3 . A . )

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

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

t w o  r o w s  o f  c o a r s e  p u n c t u r e s  s e p a r a t e d  b y  a b o u t  3 0  t o  7 0 | x ,  p u n c t u r e s  

d e e p ,  c i r c u l a r  t o  o b l o n g  a b o u t  2 0  t o  4 0 | x  l o n g  w i t h  a  t h i c k e n e d  r i m  a n d  

s o m e t i m e s  a n  e n c l o s i n g  c i r c u l a r  t o  o v a l  a r e a  a b o u t  4 0  t o  8 0 u  l o n g .  ( F i g .

3 . C . )

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

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

a b o u t  2 0 | x ,  c o n i c a l ,  e a c h  s u b t e n d i n g  a  s h o r t  h a i r ;  e x t r e m e  m a r g i n  r e t i c u -  

l a t e l y  r i d g e d ,  t h e  r i d g e s  e n c l o s i n g  e l o n g a t e d  p o l y g o n a l  a r e a s  a b o u t  1 5  

t o  6 0 [ i  l o n g  a n d  1 5 p  w i d e .  ( F i g .  3 . F . )

O t h e r  r e g i o n s ; m e s o -  a n d  m e to s te r n ite s , s o m e  jo in ts  o f  th e  a p p e n d a g e s :  
s p a r s e l y  m i c r o p u n c t a t e  a n d  r e t i c u l a t e l y  r i d g e d ,  t h e  e n c l o s e d  a r e a s  m o r e  

o r  l e s s  r e g u l a r  p e n t a -  o r  h e x a g o n a l ,  a b o u t  1 0  t o  1 5 | x  l o n g  a n d  5  t o  1 0 p  

w i d e .  ( F i g .  3 . G . )

A n te n n a s :  t e r m i n a l  j o i n t  e l l i p s o i d a l  t o  s u b c y l i n d r i c a l ,  a b o u t  4 0 0  b y  

lO O u  a n d  5 0 m- i n  d i a m e t e r  a t  t h e  b a s e ,  h a i r y .  ( F i g .  3 . B . )

M a n d i b l e s :  b i t i n g  e d g e  a b o u t  2 0 0 p  l o n g  w i t h  t w o  t e e t h  a n d  r e s e m b l i n g  

t h a t  o f  P . te c tu s .  ( F i g .  3 . E . )

H a ir s :  s e t a : ,  c y l i n d r i c a l  t o  n a r r o w  f u s i f o r m ,  a b o u t  1 0 0  t o  1 5 0 a  l o n g ,  

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

f l a t t e n e d  s c a l e - l i k e  a b o u t  4 0  t o  6 0  u  l o n g  b y  1 0  t o  2 0 n  w i d e ,  c l e f t  i n t o  

t h r e e  o r  o c c a s i o n a l l y  f o u r  l o n g  f i n e  p o i n t s .  ( F i g .  3 . D . )

C a l a n d r a  g r a n a r i a  L .

E l y t r a :  s u r f a c e  c o r r u g a t e  w i t h  i n t e r v a l s  o f  4 0  t o  1 0 0 m- : i n  t h e  f u r r o w s ,  

o n e  o r  r a r e l y  t w o  r o w s  o f  c i r c u l a r  p u n c t u r e s  a b o u t  5  t o  10 n -  d i a m e t e r  

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

a b o u t  1 5  t o  3 0 | x  l o n g  a n d  s e p a r a t e d  b y  a b o u t  4 0  t o  7 0 p ,  e a c h  d e p r e s s i o n  

a l s o  c o n t a i n i n g  a  c i r c u l a r  p u n c t u r e  a b o u t  3  t o  5 p .  d i a m e t e r  o r  a n  o c c a 

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

s o m e w h a t  e l o n g a t e d  h e x a g o n a l  a r e a s  a b o u t  1 0  t o  3 0 ( x  l o n g  a n d  1 0 p  

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

• o f  t h e  f u r r o w s .  ( F i g .  4 . B . )

*  H i n t o n 4 s t a t e s  t h a t  t h e  setae  a r i s e  f r o m  t h e  s t r i a l  p u n c t u r e s .
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p u n c t u r e s ,  x  2 0 0 .  D .  H a i r s  f r o m  e l y t r o n  o f  a  w h o l e  i n s e c t ,  x  2 0 0 .  E .  B i t i n g  e d g e  
o f  a  m a n d i b l e ,  x  8 0 .  F .  H e a d ,  f r a g m e n t  f r o m  n e a r  t h e  m a r g i n  s h o w i n g  t u b e r c l e s  
w i t h  a s s o c i a t e d  h a i r s  a n d  r e t i c u l a t e  r i d g i n g ,  x  2 0 0 .  G .  F r a g m e n t  f r o m  m e s o s t e r n i t e  

s h o w i n g  r e t i c u l a t e  r i d g i n g  a n d  o c c a s i o n a l  h a i r s ,  x  2 0 0 .

P r o th o r a x , h e a d  a n d  o t h e r  r e g i o n s :  s c u l p t u r e  l i k e  t h a t  o f  t h e  e l y t r a ,  

p u n c t u r e d  d e p r e s s i o n s  o f t e n  l a r g e r ,  u p  t o  6 0 u  d i a m e t e r ,  s c a t t e r e d  i r r e g u 

l a r l y  o r  a r r a n g e d  i n  m o r e  o r  l e s s  r e g u l a r  r o w s ,  a n d  s e p a r a t e d  b y  a b o u t
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1 5  t o  1 6 0 u ,  r e t i c u l a t i o n s  m o r e  r e g u l a r l y  h e x a g o n a l  t h a n  o n  t h e  e l y t r a ,  

a b o u t  5  t o  1 0 | x  l o n g .  ( F i g .  4 . A . )

A n te n n c e :  t e r m i n a l  j o i n t  o b o v a t e ,  u p  t o  a b o u t  3 0 0  b y  1 5 0 ^ ,  d i a m e t e r  

a t  t h e  b a s e  a b o u t  5 0 p ,  a p i c a l  f o u r t h  w i t h  n u m e r o u s  v e r y  s m a l l  h a i r s ,  

r e m a i n d e r  a l m o s t  g l a b r o u s .  ( F i g .  4 . D . )

M a n d i b l e s :  b i t i n g  e d g e  c u r v e d ,  a b o u t  lO O p , l o n g  w i t h  3  o r  4  c l o s e l y  

a r r a n g e d  s e r r a t e  t e e t h .  ( F i g .  4 . C . )

H a ir s :  a r i s i n g  f r o m  t h e  p u n c t u r e d  d e p r e s s i o n s ,  a b o u t  2 5  t o  5 0 p  l o n g ,  

s o m e w h a t  f l a t t e n e d ,  m u l t i f i d ,  w i t h  5  t o  1 0  l i n e a r  t r u n c a t e  s e g m e n t s  o f t e n  

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

L y c t u s  b r u n n e u s  S t e p h .

E l y t r a :  s t r i a l  p u n c t u r e s  1 0  t o  2 5 p  a p a r t  i n  p a r a l l e l  r o w s ,  n a r r o w  

e l l i p t i c a l  t o  s l i t - l i k e  a b o u t  5  t o  1 5 p  l o n g ,  w i t h  a  t h i c k e n e d  r i m  a n d  e n 

c l o s e d  i n  a n  o v a l  o r  i r r e g u l a r l y  o b l o n g  a r e a  a b o u t  1 5  t o  3 0 p  l o n g :  i n -

F i g .  4 .  Calundra granaria L .

A .  P r o t h o r a x ,  f r a g m e n t  s h o w i n g  h a i r s  a r i s i n g  f r o m  t h e  s a u c e r - s h a p e d  d e p r e s s i o n s ,  
w i t h  r e t i c u l a t e l y  r i d g e d  i n t e r v a l s ,  x  2 0 0 .  B .  E l y t r o n ,  f r a g m e n t  f r o m  m i d d l e  r e g i o n  
s h o w i n g  t w o  f u r r o w s ,  x  2 0 0 .  C .  M a n d i b l e s ,  x  8 0 . D .  A n t e n n a ,  t e r m i n a l  a n d  
s u b t e r m i n a l  j o i n t s ,  x  8 0 . E .  Blatta orientalis L .  f r a g m e n t  s h o w i n g  r e t i c u l a t e

r i d g i n g ,  x  2 0 0 .

t e r v a l s  b e t w e e n  t h e  r o w s  a b o u t  4 0  t o  6 0 p  b r o a d  w i t h  a  s i n g l e  m e d i a n  

r o w  o f  s e t a l  s c a r s  a b o u t  5 [ t  d i a m e t e r  a n d  s e p a r a t e d  b y  a b o u t  2 0  t o  4 0 u  : 

s u r f a c e  s m o o t h  a n d  i m p u n c t a t e .  ( F i g .  5 . B . )

P r o th o r a x , h e a d  a n d  o th e r  r e g io n s :  c o a r s e l y  p u n c t a t e ,  p u n c t u r e s  

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

c i r c u l a r  o v a l  o r  i r r e g u l a r  a b o u t  2 0  t o  3 0 p  d i a m e t e r ,  e a c h  e n c l o s i n g  a n  

e c c e n t r i c  s e t a l  s c a r :  i n t e r v a l s  s m o o t h  a n d  i m p u n c t a t e .  ( F i g .  5 . C . )

A n t e n n a ::  t e r m i n a l  j o i n t  r o u n d e d - c o n i c a l  a b o u t  1 6 0  b y  1 0 0 p  a n d  5 0 p  

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

t i m e s  a t t a c h e d ,  o b c o n i c a l  o f  s i m i l a r  d i m e n s i o n s .  ( F i g .  5 . D . )
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M a n d i b l e s :  b i t i n g  e d g e  a b o u t  5 0 i i  l o n g  w i t h  t w o  p r o m i n e n t  c l o s e l y  s e t  

t e e t h .  ( F i g .  5 . A . )

H a i r s :  s e t a e ,  a b o u t  8 0  t o  lO O p  l o n g ,  s l e n d e r  a n d  t h i n  w a l l e d  b u t  o t h e r 

w i s e  s i m i l a r  t o  t h o s e  o f  S . p a n i c e u m ;  c l o t h i n g  h a i r s  l a c k i n g  f r o m  t h e  

b o d y .  ( F i g .  5 . E . )

B l a t t a  o r i e n t a l i s  L .

E l y t r a  l a c k i n g .  A l l  s c l e r i t e s  r e t i c u l a t e l y  r i d g e d ,  t h e  r i d g e s  e n c l o s i n g  

m o r e  o r  l e s s  r e g u l a r  h e x a g o n a l  a r e a s  a b o u t  1 0  t o  l 5 p ,  l o n g ,  s o m e  h a v i n g  

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

7 0  t o  1 0 0 [ i ,  e a c h  a b o u t  5  t o  1 5 | i  d i a m e t e r  a n d  s o m e t i m e s  s u r r o u n d e d  b y  

a  c i r c u l a r  u n r i d g e d  a r e a .

Setce, a b o u t  8 0  t o  lO O p  l o n g ,  c o n i c a l  a c u m i n a t e  a n d  t h i c k - w a l l e d .  

C l o t h i n g  h a i r s  l a c k i n g .  ( F i g .  4 . E . )

F i g .  5 .  Lyctus bntnneus  S t e p h .

A .  B i t i n g  e d g e  o f  m a n d i b l e s ,  x  8 0 . B .  E l y t r o n ,  f r a g m e n t  f r o m  m i d d l e  r e g i o n ,  
x  2 0 0 .  C .  P r o t h o r a x ,  f r a g m e n t  s h o w i n g  c o a r s e  s h a l l o w  p u n c t u r e s  w i t h  e n c l o s e d  

setae  o r  s e t a l  s c a r s ,  x  2 0 0 .  D .  A n t e n n a ,  t e r m i n a l  a n d  s u b t e r m i n a l  j o i n t s ,  x  8 0 . 
E .  S e ta e  f r o m  e l y t r o n  o f  w h o l e  i n s e c t ,  x  2 0 0 .

S u m m a r y

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

p o w d e r e d  i n f e s t e d  d r u g s  i s  d e s c r i b e d .

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

a c e t i c  a n h y d r i d e  c o n t a i n i n g  1 0  p e r  c e n t ,  v / v  o f  c o n c e n t r a t e d  s u l p h u r i c  

a c i d .

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

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

I n  c o n c l u s i o n  I  w i s h  t o  e x p r e s s  m y  t h a n k s  t o  M r .  W .  D .  H i n c k s ,

M . P . S . ,  F . R . E . S . ,  o f  t h e  M a n c h e s t e r  M u s e u m ,  f o r  h i s  a s s i s t a n c e  i n  c o n 

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

R e f e r e n c e s

1 G r e e n i s h  a n d  B r a i t h w a i t e .  Phann J., 1 9 1 0 ,  85, 5 8 1 .
2 .  W a l l i s .  T ex tb o o k  o f  Pharm acognosy. C h u r c h i l l ,  1 9 4 6 .  4 7 7 .
3 .  D e n s t o n .  Phann. J.. 1 9 3 7 ,  138, 5 7 7 .
4 .  H i n t o n .  Bull. ent. R es., 1 9 4 1 ,  3 1 ,  3 4 0 .
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DISCUSSION
T he Chairman ( D r .  N o r m a n  E v e r s )  s a i d  t h a t  m a n y  p e o p l e  w h o  h a d  

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

d u c e d  i n  t h e  U . S . A .  f o r  t h e  a b s e n c e  o f  i n s e c t  f r a g m e n t s ,  r o d e n t s ’  h a i r s ,  

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

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

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

r e q u i r e m e n t s  f o r  d r u g s .

Dr . T. E. W allis ( L o n d o n )  s a i d  t h a t  m a n y  o f  t h e s e  s m a l l  b e e t l e s  

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

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

o f  t h e  f o r m  a n d  a t t a c h m e n t  o f  t h e  s e t a  a n d  h a i r s  a n d  f i n e  m a r k i n g s  

o n  t h e  e x o s k e l e t o n  w a s  r e q u i r e d .  D r .  M e l v i l l e ’ s  w o r k  m a d e  i t  p o s s i b l e  

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

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

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

D r. D. C. G arratt ( N o t t i n g h a m )  s a i d  t h a t  t h e  q u a l i t y  o f  i n f e s t a t i o n  

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

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

t o  d r u g s .  K e n t - J o n e s  a n d  h i s  c o - w o r k e r s  i n  t h i s  c o u n t r y ,  i n  t h e i r  w o r k  

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

i t a t i v e  h e l p  o n  i n s e c t  f r a g m e n t s .  D r .  M e l v i l l e ’ s  p a p e r  w o u l d  b e  o f  c o n 

s i d e r a b l e  v a l u e  i n  t h a t  c o n n e c t i o n .  H e  a s k e d  t h e  a u t h o r  w h e t h e r ,  i n  

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

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

Mr . H .  Deane ( L o n g  M e l f o r d )  s a i d  t h a t ,  i n  h i s  o w n  e x p e r i e n c e ,  m o t h s  

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

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

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

d o n e  a n y  w o r k  o n  t h a t  s u b j e c t ?

D r . J. M .  R owson ( L o n d o n )  a s k e d  w h e t h e r  t h e  p o s s i b i l i t y  h a d  b e e n  

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

f i e l d ,  a l s o  w h e t h e r  D r .  M e l v i l l e  c o n s i d e r e d  t h a t  t h e  B . P .  r e q u i r e m e n t  

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

a n d  a n i m a l  e x c r e t a ,  w a s  t o o  s t r i n g e n t .

M r . T .  C .  D enston ( L o n d o n )  a s k e d  w h a t  d r u g s  h a d  p r o v e d  to b e  

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

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

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

M r. R. M axwell Savage ( L o n d o n )  d r e w  a t t e n t i o n  t o  r e c e n t  w o r k  o n  

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

M r. V. R eed (London) asked whether there was any easy way of 
preventing the beetles from getting into the drugs.

Dr . G. E. Foster (Dartford) asked which fragments could be con
sidered most characteristic of infestation. How much of the beetle should 
be found in order to be sure that beetle infestation had actually occurred?
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D r . C o l i n  M e l v i l l e , i n  r e p l y ,  s a i d  t h a t  t h e  d e t e c t i o n  o f  t h e  p a r t i c l e s  

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

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

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

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

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

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

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

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

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

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

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

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

H e  h o p e d  t o  u n d e r t a k e  t h a t  p r o b l e m  w h e n  h e  h a d  m o r e  t i m e .  H e  

h a d  n o t  y e t  d o n e  a n y  w o r k  o n  m o t h s ,  o t h e r  t h a n  l o o k i n g  a t  t h e  l a r v a e .  

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

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

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

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

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

b e e t l e s  a n d  m o t h s .  H e  t h o u g h t  t h a t  a  q u a n t i t a t i v e  m e t h o d  c o u l d  b e  

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

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

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

b e e n  d o u b t f u l  a b o u t  t h e  B . P .  r e q u i r e m e n t s  t h a t  d r u g s  s h o u l d  b e  e n t i r e l y  

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

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

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

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

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

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

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

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

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

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

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

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

A b o u t  1  f l .  o u n c e  o f  t h o s e  l i q u i d s  w a s  s u f f i c i e n t  t o  f u m i g a t e  a b o u t  1 0  c u .  f t .  

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

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

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

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

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

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

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

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

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

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

s c o p i c a l  c h a r a c t e r s  f r o m  t y p i c a l  H y o s c y a m u s  n ig er .  T h i s  s u g g e s t e d  t h e  

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

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

v e s t i g a t i o n  o f  h y o s c y a m u s  f r o m  I n d i a  ; w i t h  a  v i e w  t o  a s c e r t a i n i n g  i t s  

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

t h a t  t h e r e  a r e  s e v e r a l  t y p e s  o f  h e n b a n e  g r o w i n g  i n  I n d i a  a n d  P a k i s t a n  

i n  a d d i t i o n  t o  H .  n ig er . T h e s e  o t h e r  t y p e s  h a v e ,  i n  t h e  p a s t ,  c o m m o n l y  

b e e n  r e f e r r e d  t o  t h e  s p e c i e s  H .  re tic u la tu s,  b u t  t h e y  i n c l u d e  p l a n t s  w h o s e  

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

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

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

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

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

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

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

h y o s c y a m u s  w h i c h  g r o w s  w i l d  i n  t h e  N o r t h - W e s t  F r o n t i e r  P r o v i n c e .  

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

w h i c h  a r e  b r o a d l y  o v a t e  a n d  m u c h  l e s s  i n d e n t e d  ( F i g .  1  a n d  2 ,  A ) .  I t  

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

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

M aterial

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

H I  t o  H 6 ,  c o l l e c t e d  i n  P a k i s t a n ,  i n  t h e  a r e a  o f  t h e  N o r t h - W e s t  F r o n t i e r  

P r o v i n c e ,  b y  P r o f e s s o r  Q a z i l b a s h ,  o f  I s l a m i a  C o l l e g e ,  P e s h a w a r ,  a n d  o n  

p l a n t s  ( H 7 )  g r o w n  u n d e r  g l a s s  a t  L e n t o n  E x p e r i m e n t a l  S t a t i o n ,  N o t t i n g 

h a m ,  f r o m  s e e d s  s e n t  b y  P r o f e s s o r  Q a z i l b a s h .

F o r  c o m p a r i s o n ,  s e v e n  s p e c i m e n s  o f  H y o s c y a m u s  n ig er  w e r e  u s e d .  

T h e s e  w e r e  : —

N l .  C o l l e c t e d  a t  C h e l s e a  P h y s i c  G a r d e n ,  1 9 3 7 .

N 2 .  C u l t i v a t e d  a t  L o n g  M e l f o r d ,  1 9 4 8 .

N 3 .  C u l t i v a t e d  a t  H i t c h i n ,  1 9 4 7 .

N 4 .  G r o w n  a t  L e n t o n ,  1 9 4 8 .

N 5 .  C u l t i v a t e d  i n  t h e  N o r t h - W e s t  F r o n t i e r  P r o v i n c e ,  1 9 4 8 .

N 6 .  F r o m  t h e  D e p a r t m e n t  o f  B o t a n y ,  G o v e r n m e n t  o f  N e p a l ,  

K a t m a n d u ,  1 9 4 7 .

N 7 .  C u l t i v a t e d  i n  I n d i a ,  s u p p l i e d  b y  t h e  D i v i s i o n a l  F o r e s t  O f f i c e r ,

1 9 4 7 .
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T h e  p l a n t  i s  a n  e r e c t ,  b r a n c h i n g  a n n u a l ,  1  t o  2  f e e t  h i g h .  W h e n  d r y ,  

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

b i t t e r  t a s t e .

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

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

f u r r o w s  ;  l i g h t  g r e e n ,  2  t o  5  m m .  i n  d i a m e t e r ,  s l i g h t l y  s w o l l e n  a t  t h e  

n o d e s  a n d  c l o t h e d  w i t h  w h i t e  v i s c i d  h a i r s ,  u p  t o  7  m m .  l o n g  ; l e a f  s c a r s  

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

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

x y l e m  a n d  a  n a r r o w ,  g r e e n  b a r k .

L e a v e s .  O v a t e  t o  o b l o n g ,  3  t o  1 0  c m .  l o n g  a n d  T 5  t o  5  c m .  b r o a d ,  

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

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

f r o m  e n t i r e  t o  c o a r s e l y  t o o t h e d ,  t h e r e  b e i n g  f r o m  1  t o  5  t e e t h  o n  e a c h  

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

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

p i n n a t e ,  w i t h  a  b r o a d  m i d r i b  a n d  5  o r  6  s e c o n d a r y  v e i n s  o n  e a c h  s i d e ,  

w h i c h  m a k e  w i d e  a n g l e s  w i t h  t h e  m i d r i b  a n d  t e r m i n a t e  i n  t h e  t e e t h  

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

m a r g i n  ( F i g .  2 ,  A ) .

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

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

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

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

F lo w e r s .  T y p i c a l l y  s o l a n a c e o u s ,  t h e  l o w e r  s o l i t a r y  i n  t h e  a x i l s  o f  t h e  

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

a b o u t  2 0  m m .  l o n g  w i t h  a  p e d i c e l  2  t o  3  m m .  l o n g .  C a l y x  u r c e o l a t e ,  

1 0  t o  1 5  m m .  l o n g  a n d  4  t o  8  m m .  w i d e ,  h a v i n g  5  l o b e s ,  e a c h  w i t h  a n  

a p i c a l  s p i n e  a n d  1 0  m a i n  v e i n s  ;  g r e e n ,  v e r y  h a i r y  a n d  p e r s i s t e n t .  C o r o l l a  

f u n n e l - s h a p e d ,  1 5  t o  2 0  m m .  l o n g  a n d  1 5  t o  2 0  m m .  i n  d i a m e t e r  a t  t h e  

m o u t h ,  t h e  5  l o b e s  r o u n d e d  a n d  s l i g h t l y  u n e q u a l ,  v e r y  t h i n ,  p a l e  b u f f  

w i t h  v e r y  p r o m i n e n t  p u r p l e  v e i n s .  A n d r o e c i u m  o f  5  f r e e  s t a m e n s ,  2  l o n g ,  

a b o u t  1 2  m m .  a n d  3  s h o r t ,  8  t o  1 0  m m . ,  a t t a c h e d  t o  t h e  b a s e  o f  t h e  

c o r o l l a .  F i l a m e n t s  v e r y  h a i r y  i n  t h e  l o w e r  h a l f .  A n t h e r s  2  m m .  l o n g ,  

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

s i s t i n g  o f  2  u n i t e d  c a r p e l s ,  s m o o t h ,  c r e a m - c o l o u r e d ,  g l o b u l a r ,  a b o u t  

2  m m .  i n  d i a m e t e r  ;  i t  c o n t a i n s  n u m e r o u s  o v u l e s ,  s h o w i n g  a x i l e  p l a c e n t a -  

t i o n .  S t y l e  f i l i f o r m  ; s t i g m a  b i l o b e d .  F l o r a l  f o r m u l a  K ( 5 ) . C ( 5 ) . A 5 . G ( 2 ) .

F ru it. A n  o v o i d - o b l o n g  p y x i s ,  1 2  t o  1 5  m m .  l o n g ,  g r e e n ,  s u r r o u n d e d  

b y  t h e  c a l y x  ( F i g .  2 ,  C ) ,  w h i c h  b e c o m e s  l a r g e r  i n  s i z e ,  t h i c k e r  a n d  m o r e  

c o r i a c e o u s  i n  t e x t u r e  a f t e r  f e r t i l i s a t i o n ,  w i t h  5  b r o a d ,  s h o r t l y  p o i n t e d  

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

S e e d s .  R e n i f o r m  a n d  f l a t t e n e d ,  1  t o  1 - 5  m m .  i n  d i a m e t e r  a n d  0 - 5  m m .  

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

r e t i c u l a t e ,  h a v i n g  1 2  t o  1 6  r e t i c u l a t i o n s  a c r o s s  t h e  f l a t  s u r f a c e  o f  t h e  

s e e d  ;  t h e  w a l l s  o f  t h e  r e t i c u l a t i o n s  c o r r u g a t e d  a n d  t h e  s u r f a c e s  o f  t h e
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F ig . 2. A . I. W h o l e  l e a v e s ,  u p p e r  s u r f a c e ,  n a t u r a l  s iz e .  A . 2. W h o l e  l e a v e s ,  l o w e r  
s u r f a c e ,  n a t u r a l  s i z e .  B .  H yoscyam us niger l e a f ,  n a t u r a l  s iz e .  C .  F r u i t  x  4 .

D .  S e e d  x  2 0 .

d e p r e s s i o n s  r u g o s e  ( F i g .  2 ,  D ) .  T h e  s e e d  h a s  a  s i n g l e  s c a r  o f  a t t a c h m e n t  

t o  t h e  p l a c e n t a  o n  o n e  s i d e .  T h e  w e i g h t  o f  1 0 0  s e e d s  i s  0 - 0 6  t o  0 - 0 7  

g r a m m e s .

M icroscopical Characters
stem. E p id e r m is .  L o n g i t u d i n a l  r o w s  o f  t e t r a -  t o  h e x a g o n a l ,  t a b u l a r  

c e l l s ,  7 5  t o  4 0 0 / r  l o n g ,  7 0  t o  1 5 5 p  w i d e  a n d  2 5  t o  5 5 / *  h i g h .  O u t e r  w a l l s  

5  t o  10 |U  t h i c k ,  s t r a t i f i e d  a n d  s h o w i n g  f a i n t  c u t i c u l a r  s t r i a t i o n s ,  p a r a l l e l  

t o  t h e  l o n g  a x i s  o f  t h e  s t e m  ; i n n e r  w a l l s  a l s o  t h i c k e n e d  ; a n t i c l i n a l  w a l l s  

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

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

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

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

c o n t a i n i n g  c h l o r o p l a s t s  ; a b o u t  5  l a y e r s  o f  c o l l e n c h y m a ,  a v e r a g i n g  4 5 / x  

r a d i a l l y ,  6 0 f i  t a n g e n t i a l l y ,  a n d  2 0 0  t o  50Q p  l o n g i t u d i n a l l y ,  o c c a s i o n a l  

c e l l s  v e r y  e l o n g a t e d ,  r e s e m b l i n g  f i b r e s  ;  a b o u t  4  l a y e r s  o f  c o l o u r l e s s  

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

d i r e c t e d  l o n g i t u d i n a l l y ,  c o n t a i n i n g  s t a r c h  g r a i n s  1  t o  5  m i c r o n s  i n  

d i a m e t e r ,  m o s t l y  s i m p l e  b u t  o c c a s i o n a l l y  2  t o  4  c o m p o u n d .  A l l  t h e  

c e l l s  o f  t h e  c o r t e x  h a v e  c e l l u l o s e  w a l l s .

P e r ic y c le .  C o n s i s t s  o f  1  o r  2  l a y e r s  o f  c o m m o n  p a r e n c h y m a  w i t h ,  o n  

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

1 0  t o  2 0 p  r a d i a l l y ,  2 5  t o  5 0 / x  t a n g e n t i a l l y ,  a n d  u p  t o  5 0 0 0 ^  l o n g i t u d i n a l l y ,  

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

P h lo e m .  P r i m a r y  p h l o e m  e n d a r c h ,  i n  b u n d l e s  m a d e  u p  o f  g r o u p s  o f  

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

T h e  s e c o n d a r y  p h l o e m  f o r m s  a  c o n t i n u o u s  r i n g .  S i e v e  t u b e s  1 2  t o  1 6 /x 

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

C o m p a n i o n  c e l l s  3  t o  4 /x  i n  d i a m e t e r .  A l l  c e l l s  w i t h  c e l l u l o s e  w a l l s .

C a m b iu m .  C o n s i s t s  o f  1  o r  2  l a y e r s  o f  v e r y  t h i n - w a l l e d  c e l l s ,  t e t r a g o n a l  

i n  t r a n s v e r s e  s e c t i o n .  A v e r a g e  d i m e n s i o n s ,  r a d i a l  4 / x ,  t a n g e n t i a l  1 2 / x ,  

l o n g i t u d i n a l  6 0 / x .

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

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

a n n u l a r ,  s p i r a l ,  r e t i c u l a t e  a n d  p i t t e d  v e s s e l s ,  1 5  t o  7 5 / x  i n  d i a m e t e r  ; 

w o o d  p a r e n c h y m a  c e l l s ,  u s u a l l y  5 - s i d e d  w t i h  p i t t e d  w a l l s ,  a v e r a g i n g  1 5  /x 

r a d i a l l y  a n d  2 0 p  t a n g e n t i a l l y  a n d  w o o d  f i b r e s ,  w i t h  o b l i q u e  s l i t - s h a p e d  

p i t s ,  a b o u t  20 /x  i n  d i a m e t e r .  M e d u l l a r y  r a y s ,  u n i -  t o  t r i s e r i a t e ,  c o n s i s t i n g  

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

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

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

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

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

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

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

leaf. U p p e r  ep id erm is .  E p i d e r m a l  c e l l s  o f  t h e  i n t e r n e u r a l  r e g i o n  1 0 0  t o  

2 0 0 / x  l o n g  b y  5 0  t o  1 0 0 / x  w i d e  b y  2 0  t o  4 0 / x  h i g h ,  w i t h  s i n u a t e  a n t i c l i n a l  

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

a n d  e l o n g a t e d  i n  t h e  d i r e c t i o n  o f  t h e  v e i n ,  1 5 0  t o  4 0 0 , u  l o n g  b y  2 5  t o  5 0 / x  

w i d e  b y  2 0  t o  4 0 p  h i g h ,  ( F i g .  3 ,  B ,  e p .  1 )  t h e  c e l l s  b e a r i n g  t h e  h a i r s  a r e  

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

S t o m a t a  3 5  t o  6 5 / s q .  m m . ,  a v e r a g i n g  4 0  b y  2 2 p ,  l y i n g  s l i g h t l y  a b o v e  t h e  

l e v e l  o f  t h e  e p i d e r m a l  c e l l s  a n d  s u r r o u n d e d  b y  3  t o  5  s u b s i d i a r y  c e l l s ,  

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

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

u n i s e r i a t e ,  o f  2  t o  4  c e l l s ,  7 5  t o  2 9 0 / x  l o n g  ( F i g .  3 ,  D ,  c ) .  G l a n d u l a r  

t r i c h o m e s  f a i r l y  n u m e r o u s ,  e s p e c i a l l y  o n  t h e  v e i n s ,  4 5 0  t o  7 5 0 / x  l o n g ,  

w i t h  a  u n i s e r i a t e  s t a l k  o f  2  t o  6  c e l l s ,  s h o w i n g  c u t i c u l a r  r e t i c u l a t i o n s  a n d  

a  m u l t i c e l l u l a r ,  g l a n d u l a r  h e a d  ( F i g .  3 ,  D ,  g l ) .  O n  t h e  v e i n s ,  i n  a d d i t i o n  

t o  t h e  a b o v e  t y p e s ,  a r e  s o m e  v e r y  l a r g e  t r i c h o m e s ,  u p  t o  7 0 0 0 / x  l o n g  

a n d  c o n t a i n i n g  u p  t o  1 2  c e l l s  ; t h e  b a s a l  c e l l s  b e i n g  5 0 0  t o  1 4 0 0 / x  l o n g  

b y  4 0  t o  1 6 0 / x  w i d e  ; t h e  a p i c a l  c e l l  s o m e t i m e s  f o r m i n g  a  r u d i m e n t a r y  

g l a n d  ( F i g .  3 ,  E ) .

L o w e r  ep id erm is .  ( F i g .  3 ,  A  a n d  B ,  e p .  2 ) .  V e r y  s i m i l a r  t o  t h e  u p p e r ,
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F ig . 1. Entire plant, grown at Nottingham. One-third natural size.
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b u t  t h e  s t o m a t a  a r e  m o r e  n u m e r o u s ,  4 0  t o  1 1 2 / s q .  m m .  a n d  s l i g h t l y  

l a r g e r ,  4 5  b y  3 0 / x .  T h e  t r i c h o m e s  a r e  a l s o  m o r e  n u m e r o u s .

M esophyll. O n  t h e  u p p e r  s i d e  o f  t h e  l e a f ,  o n e  r o w  o f  p a l i s a d e  c e l l s ,  

c o n t a i n i n g  c h l o r o p l a s t s  ; c e l l s  a v e r a g i n g  8 5 / x  h i g h  b y  2 0 / x  w i d e  ( F i g .  3 ,  

B ,  p )  ;  c h l o r o p l a s t s  2  t o  4 /x  i n  d i a m e t e r .  T h e r e  a r e  l a r g e  i n t e r c e l l u l a r  

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

T h e  s p o n g y  m e s o p h y l l  c o n s i s t s  o f  3  o r  4  l a y e r s  o f  m o r e  o r  l e s s  s t e l l a t e  

c e l l s ,  2 4  t o  3 0 / x  i n  d i a m e t e r ,  w i t h  l a r g e  i n t e r c e l l u l a r  s p a c e s  ( F i g .  3 ,  B ,  s p ) .  

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

k i n d s  : —

(a )  T e t r a g o n a l  p r i s m s  ( F i g .  3 ,  F ,  p r . ) .

(b)  C l u s t e r  c r y s t a l s .  T h e s e  a r e  c o m m o n l y  c o m p o s e d  o f  a  s m a l l  

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

n u m b e r  o f  s m a l l e r  o n e s  a t t a c h e d  i s  o f  f r e q u e n t  o c c u r r e n c e  ( F i g .  3 ,  

F ,  c l . ) .

( c )  M i c r o s p h e n o i d a l  c r y s t a l s .

T h e  p r i s m s  a n d  c l u s t e r s  a r e  4  t o  4 8 / x  l o n g  b y  3  t o  2 6 / x  w i d e .

M idrib. T h e r e  i s  1  l a y e r  o f  c o l l e n c h y m a  o n  t h e  u p p e r  s u r f a c e  a n d  

1  t o  3  l a y e r s  o n  t h e  l o w e r  ; c e l l s  a b o u t  3 0 / x  i n  d i a m e t e r  a n d  u p  t o  5 0 0 /x 

l o n g .  W i t h i n  t h e  c o l l e n c h y m a  i s  c o l o u r l e s s  p a r e n c h y m a ,  a b o u t  1 0  l a y e r s  

o n  t h e  u p p e r  a n d  4  o n  t h e  u n d e r  s i d e ,  w i t h  l a r g e  i n t e r c e l l u l a r  s p a c e s  ; 

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

6 0 / x  i n  d i a m e t e r  b y  2 0 0  t o  4 0 0 / x  l o n g .  E n d o d e r m i s  o f  1  o r  2  l a y e r s  o f  

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

c h l o r o p l a s t s .

M eristele. I n  t h e  f o r m  o f  a n  a r c ,  m a d e  u p  o f  8  t o  1 0  s i m p l e ,  c o l l a t e r a l  

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

o f  7  t o  8  l a y e r s  c o n s i s t i n g  o f  a n n u l a r ,  s p i r a l  a n d  r e t i c u l a t e  v e s s e l s ,  1 5  t o  

2 4 /x i n  d i a m e t e r ,  e m b e d d e d  i n  x y l e m  p a r e n c h y m a  ; a l l  e l e m e n t s  l i g n i f i e d .  

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

p h l o e m  p a r e n c h y m a .  P e r i m e d u l l a r y  p h l o e m ,  i n  g r o u p s  c o r r e s p o n d i n g  

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

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

3  o r  4  r o w s  o f  s o m e w h a t  t h i c k e n e d ,  f i b r e - l i k e  c e l l s ,  1 0  t o  2 5 / x  i n  d i a m e t e r  

a n d  2 0 0  t o  3 0 0 / x  l o n g ,  w i t h  c e l l u l o s e  w a l l s .

flower. C alyx. Upper epidermis. T h e  b a s a l  c e l l s  a r e  r e c t a n g u l a r ,  

w i t h  s t r a i g h t  a n t i c l i n a l  w a l l s ,  1 5  t o  2 5 / x  l o n g ,  1 5  t o  2 5 / x  w i d e  a n d  1 5  t o  

2 5 / x  h i g h .  U p w a r d s  t h e  c e l l s  b e c o m e  l a r g e r ,  3 0  t o  6 5 / x  l o n g ,  1 5  t o  3 0 / x  

w i d e  a n d  1 5  t o  2 5 / x  h i g h ,  t h e  w a l l s  b e c o m e  m o r e  s i n u a t e  a n d  t h e  s h a p e  

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

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

a b o u t  4 / x  t h i c k  w h i c h ,  o v e r  t h e  m a i n  v e i n s ,  s o m e t i m e s  s h o w s  c u t i c u l a r  

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

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

s q .  m m .  i s  8 0 .  E a c h  s t o m a  i s  s u r r o u n d e d  b y  3  s u b s i d i a r y  c e l l s .  T h e  

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

L ow er epidermis. S i m i l a r  t o  t h e  u p p e r  ( F i g .  3 ,  C ) .

M esophyll. C o n s i s t s  o f  4  t o  6  l a y e r s  o f  t h i n - w a l l e d  p a r e n c h y m a  c e l l s ,
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c o n t a i n i n g  c h l o r o p l a s t s  ;  c e l l s  m o r e  o r  l e s s  s t e l l a t e  i n  f o r m ,  a v e r a g i n g  

2 5 n  i n  d i a m e t e r ,  w i t h  v e r y  l a r g e  i n t e r c e l l u l a r  s p a c e s .  I d i o b l a s t s  f i l l e d  

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

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

M eristeles. T h e s e  a r e  s i m i l a r  t o  t h e  m e r i s t e l e s  o f  t h e  l e a f .

Corolla. Upper epidermis. A t  t h e  b a s e ,  t h e  e p i d e r m a l  c e l l s  a r e  

e l o n g a t e d  a n d  r e c t a n g u l a r  i n  s h a p e ,  3 5  t o  9 0  n  l o n g ,  b y  1 5  t o  3 0 / x  w i d e  

b y  a b o u t  2 0 / a  h i g h  ;  t h e  a n t i c l i n a l  w a l l s  a r e  s l i g h t l y  w a v y  a n d  t h e  o u t e r  

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

b e c o m e  s m a l l e r  a n d  t h e  a n t i c l i n a l  w a l l s  s i n u a t e .  S t o m a t a  v e r y  r a r e  ; 

t r i c h o m e s  a b s e n t .  L ow er epidermis. C e l l s  s i m i l a r  i n  s h a p e  t o  t h o s e  o f  

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

k i n d s  : — ( a )  S h o r t ,  c o n i c a l ,  c o v e r i n g  t r i c h o m e s ,  1  t o  4  c e l l s  l o n g ,  ( h )  G l a n 

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

c o r o l l a  ;  t h e y  h a v e  a  1 -  o r  2 - c e l l e d  s t a l k  a n d  a  w e l l - d e v e l o p e d  m u l t i 

c e l l u l a r  g l a n d u l a r  h e a d .

M esophyll. C o n s i s t s  o f  4  o r  5  l a y e r s  o f  s p o n g y  p a r e n c h y m a .  C e l l s  

s t e l l a t e ,  w i t h  l a r g e  i n t e r c e l l u l a r  s p a c e s .

Stamen. Filament. E p i d e r m a l  c e l l s  e l o n g a t e d - r e c t a n g u l a r  w i t h  s t r a i g h t  

w a l l s  ; n o  s t o m a t a .  T r i c h o m e s  o f  3  k i n d s  a r e  p r e s e n t  : — (a) W i t h  a  

u n i s e r i a t e  s t a l k  a n d  a  m u l t i c e l l u l a r  g l a n d u l a r  h e a d .  ( b )  C o v e r i n g  t r i 

c h o m e s ,  s i m i l a r  t o  t h o s e  o f  t h e  l e a f ,  ( c )  C a p i t a t e  t r i c h o m e s ,  h a v i n g  a  

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

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

s p i r a l  v e s s e l s .

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

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

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

T h e r e  i s  a  f i b r o u s  l a y e r  o f  2  t o  3  l a y e r s  o f  c e l l s ,  n e a r  t h e  c o n n e c t i v e .

Pollen. T h e  p o l l e n  g r a i n s  h a v e  3  p o r e s  a n d  a n  i r r e g u l a r l y  p i t t e d  e x i n e ,  

d i a m e t e r  4 5  t o  5 5 p. ;  d i a m e t e r  o f  p o r e s  1 0  t o  1 5 / t .

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

s t o m a t a  r a r e .  T h e  m e s o p h y l l  c o n s i s t s  o f  a b o u t  1 0  l a y e r s  o f  c l o s e l y  p a c k e d  

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

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

c o m p l e t e l y  l i g n i f i e d .

Septum and Placentae. E p i d e r m i s  s i m i l a r  t o  t h a t  o f  t h e  o v a r y  w a l l  ; 

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

f r u it . Pericarp. O uter epidermis. M o r e  o r  l e s s  t e t r a g o n a l ,  t a b u l a r  

c e l l s  5 5  t o  95/u, l o n g ,  1 5  t o  3 0 ^ .  w i d e  a n d  1 5  t o  2 2 / x  h i g h  ;  a n t i c l i n a l  

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

T r i c h o m e s  a b s e n t .

F i g . 3 .  A .  L o w e r  e p i d e r m i s  o f  l e a f ,  s u r f a c e  v i e w .  B .  T r a n s v e r s e  s e c t i o n  o f  
i n t e r n e u r a l  l a m i n a  o f  l e a f .  C .  L o w e r  e p i d e r m i s  o f  c a l y x ,  n e a r  b a s e ,  s u r f a c e  v i e w .
D .  G l a n d u l a r  a n d  c o v e r i n g  t r i c h o m e s  f r o m  t h e  l e a f .  E .  V e r y  l o n g  t r i c h o m e  f r o m  
m i d r i b  o f  l e a f .  F .  C a l c i u m  o x a l a t e  c r y s t a l s ,  c ,  c o v e r i n g  t r i c h o m e s ;  c l ,  c l u s t e r  
c r y s t a l s ;  e p 1 ;  u p p e r  e p i d e r m i s ;  e p 2, l o w e r  e p i d e r m i s ;  g l ,  g l a n d u l a r  t r i c h o m e s ;  
p ,  p a l i s a d e  l a y e r ;  p r ,  p r i s m a t i c  c r y s t a l s ;  s p .  s p o n g y  m e s o p h y l l ;  s t ,  s t o m a t a .

F  X  3 0 0 ,  r e m a i n d e r  X  1 5 0 .
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In n er  ep id erm is .  T a b u l a r  c e l l s ,  7 5  t o  1 3 0 / i  l o n g ,  2 0  t o  4 0 / t  w i d e  a n d  

2 0  t o  2 6 / x  h i g h ,  a n t i c l i n a l  w a l l s  t h i n  a n d  w a v y .

M e s o p h y l l .  T h i n - w a l l e d ,  s t e l l a t e  c e l l s ,  1 3  t o  2 6 / i  i n  d i a m e t e r  a n d  4 0  

t o  7 5 /j . l o n g ,  w i t h  l a r g e  i n t e r c e l l u l a r  s p a c e s .  C o n t a i n s  n u m e r o u s  v a s c u l a r  

s t r a n d s ,  e a c h  c o n s i s t i n g  o f  1  t o  3  s p i r a l  v e s s e l s ,  4  t o  1 2 f t  i n  d i a m e t e r ,  

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

p o l y h e d r a l  t o  s u b s p h e r i c a l  i n  s h a p e ,  2  t o  1 0 f t  i n  d i a m e t e r ,  m o s t l y  s i m p l e ,  

b u t  i n c l u d i n g  o c c a s i o n a l  c o m p o u n d  g r a i n s  o f  2  t o  4  c o m p o n e n t s .

S e p tu m  a n d  Placentae. E p i d e r m i s  s i m i l a r  t o  t h e  i n n e r  e p i d e r m i s  o f  

t h e  p e r i c a r p  ;  m e s o p h y l l  o f  t h i n - w a l l e d ,  s t e l l a t e  p a r e n c h y m a ,  3 0  t o  6 0 f t  

i n  d i a m e t e r  a n d  7 5  t o  2 0 0 f t  l o n g ,  c o n t a i n i n g  s t a r c h  s i m i l a r  t o  t h a t  i n  t h e  

p e r i c a r p .

Quantitative D ata

P a lisa d e  ra tio .  T h e  p a l i s a d e  r a t i o  o f  t h e  m a t e r i a l  u n d e r  e x a m i n a t i o n  

i s  f r o m  4 - 2 5  t o  5 - 5 .  T h i s  r a n g e  i s  e x a c t l y  t h e  s a m e  a s  t h a t  f o u n d  f o r  

H .  n ig er .

S to m a ta l  in d e x .  T h e  r a n g e  o f  s t o m a t a l  i n d e x  o f  t h e  u p p e r  s u r f a c e  

w a s  f r o m  1 9 - 2  t o  2 4 - 0  a n d  o f  t h e  l o w e r  s u r f a c e  f r o m  1 8 - 7  t o  2 6 - 0 .  T h e s e  

f i g u r e s  c o m p a r e  w i t h  v a l u e s  o f  2 1 - 0  t o  2 2 - 5  f o r  t h e  u p p e r  s u r f a c e  o f  H .  
n ig er  a n d  2 2  T  t o  2 4 - 8  f o r  t h e  l o w e r  s u r f a c e  g i v e n  b y  R o w s o n . 1

V e in -is le t  n u m b er .  T h e  v e i n - i s l e t  n u m b e r s  f o u n d  f o r  t h e  s p e c i e s  i n 

v e s t i g a t e d  r a n g e d  f r o m  4 - 5  t o  1 5 - 5  ;  t h e  r a n g e  f o r  H .  n ig er  w a s  6  t o  1 6 .

C a lciu m  o x a la te  c r y s ta ls .  T h e  p r i s m s  a n d  c l u s t e r  c r y s t a l s  i n  o u r  u n 

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

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

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

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

o f  c r y s t a l s  i n  e a c h  s a m p l e  w h i c h  e x c e e d e d  2 5 ¡x i n  l e n g t h .

TABLE I
D im e n s io n s  o f  c a l c i u m  o x a l a t e  c r y s t a l s

Size N u m be r N um ber Percentage

Specimen
M in im u m  /x M a x im u m  fx

than
25/x long

than
25/a long

than
25/x long

Unnamed S p ecies  :— 
H . l ............................... 6 42 390 120 23-6
H .2 .............................. 6 40 308 104 25-4
H .3 .............................. 4 40 352 146 24-4
H .4 .............................. 5 40 498 196 28-3
H .5 .............................. 6 45 317 142 31 -0
H .6 .............................. 4 45 384 138 26-0
H .7 ............................... 4 48 360 220 3 8 0

A l l  specimens 4 48 2609 1066 2 9 0

H . niger ;—
N . l .............................. 5 35 364 37 9 -2
N .2 .............................. 4 32 591 49 7-5
N .3 .............................. 4 28 549 37 6-3
N .4 ... 4 26 ! 460 5 1-1
N .5 .............................. 6 32 l 480 20 4 0
N .6 .............................. 5 26 410 18 4-2
N .7 .............................. 5 30 374 15 3-8

A l l  specimens 4 35 3228 181 5-3
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T h e s e  f i g u r e s  w e r e  o b t a i n e d  b y  t h e  e x a m i n a t i o n  o f  p o w d e r s ,  p r e p a r e d  

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

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

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

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

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

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

t h a t ,  w h i l e  t h e  c r y s t a l s  o f  H .  n ig er  n e v e r  e x c e e d e d  3 5 / x  i n  l e n g t h ,  a n d  

e x c e p t  i n  o n e  s p e c i m e n ,  d i d  n o t  e x c e e d  3 2 /z , a l l  s p e c i m e n s  o f  t h e  I n d i a n  

m a t e r i a l  c o n t a i n e d  c r y s t a l s  u p  t o  4 0 / x  l o n g  a n d  s o m e  u p  t o  4 8 / x .  M o r e 

o v e r ,  t h e  p e r c e n t a g e  o f  c r y s t a l s  e x c e e d i n g  2 5 / x  i n  H .  n ig er  w a s  n e v e r  

g r e a t e r  t h a n  1 0  a n d  a v e r a g e d  o n l y  a b o u t  5 ,  w h i l e  i n  t h e  I n d i a n  m a t e r i a l  

i t  r a n g e d  f r o m  2 3 - 6  t o  3 8  0  p e r  c e n t .

A lk a lo id  c o n te n ts .  T h e  c o n t e n t  o f  t o t a l  a l k a l o i d s ,  c a l c u l a t e d  a s  h y o s -  

c y a m i n e ,  o f  t h e  6  s a m p l e s ,  H 1  t o  H 6 ,  g r o w n  i n  I n d i a ,  a r e  s h o w n  i n  T a b l e  I I .  

T h e s e  w e r e  d e t e r m i n e d  b y  t h e  m e t h o d  o f  t h e  B r i t i s h  P h a r m a c o p o e i a  f o r  

H y o s c y a m u s .

TABLE II
A l k a l o i d  c o n t e n t s

Specimen
T o ta l a lka lo ids, 

as
Hyoscyam ine

Specimen
T o ta l a lka lo ids, 

as
H yoscyam ine

H . l
per cent. 

0 038 H .4
per cent. 

0 034
H .2 0 038 H .5 0 046
H .3  . 0 031 H .6 0 055

A s h  valu es. I n  T a b l e  I I I  a r e  s h o w n  t h e  r e s u l t s  o f  d e t e r m i n a t i o n s  o f  

t o t a l  a n d  a c i d - i n s o l u b l e  a s h ,  b y  t h e  m e t h o d s  o f  t h e  B . P . ,  o n  t h e  m a t e r i a l  

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

c h l o r i c  a c i d ,  o b t a i n e d  b y  d i f f e r e n c e .

T h e  n e w  m a t e r i a l  t h u s  h a s  a  s o l u b l e  a s h  r a n g i n g  f r o m  1 5 - 7  t o  1 8 - 3  

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

TABLE III 
A s h  v a l u e s

Specimen T o ta l A sh A cid -inso lub le  A sh A c id -so lub le  A sh

per cent. per cent. pe r cent.
Unnamed Species :—

H . l  .............................. 21-5 4-9 16-6
H .2  .............................. 21 -5 4-8 16-7
H .3  .............................. 22-3 4-6 17-7
H .4  .............................. 22-7 4-4 18-3
H .5  .............................. 23-5 6 1 17-4
H .6  .............................. 21-7 6 0 15-7
H .7  .............................. 20-2 3-2 1 7 0

H. niger :—
N . l  .............................. 1 0 0 3 0 7-0
N .2  .............................. 13-7 1-7 12-0
N .3  .............................. 15-3 1-3 14-0
N .4  .............................. 16-0 4 -6 11-4
N .5  .............................. 19 - 8 3-6 16-2
N .6  .............................. 21-7 3-3 18-4
N .7  .............................. 25-1 6 0 1 9 1
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H .  n ig er  g r o w n  i n  E n g l a n d .  T h e  3  s a m p l e s  o f  H .  n ig er  o b t a i n e d  f r o m  

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

G ermination

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

F o r  t h i s  r e a s o n  a  g e r m i n a t i o n  t e s t  w a s  c a r r i e d  o u t  o n  t h e  I n d i a n  s e e d .  

T h r e e  m e t h o d s  o f  p r e l i m i n a r y  t r e a t m e n t  w e r e  t r i e d  : — ( a )  T h e  s e e d  w a s  

p l a c e d  i n  t h e  r e f r i g e r a t o r ,  a t  a p p r o x i m a t e l y  5 ° C . ,  o v e r n i g h t ;  ( b )  T h e  s e e d  

w a s  s o a k e d  i n  a  s o l u t i o n  o f  h y d r o g e n  p e r o x i d e ,  a p p r o x i m a t e l y  2  p e r  c e n t ,  

w / v ,  f o r  1 8  t o  2 4  h o u r s .  T h i s  m e t h o d  o f  t r e a t m e n t  w a s  s u g g e s t e d  f o r  

b e l l a d o n n a  s e e d  b y  S i e v e r s 2 ; ( c )  T h e  s e e d  w a s  s o a k e d  i n  c o n c e n t r a t e d  

s u l p h u r i c  a c i d  f o r  2 \  m i n u t e s  a n d  t h e n  w a s h e d  w i t h  w a t e r .  T h i s  m e t h o d  

i s  r e c o m m e n d e d  b y  N e w c o m b  a n d  H a y n e s 3 .

T h e  s e e d s  s o  t r e a t e d ,  t o g e t h e r  w i t h  u n t r e a t e d  s e e d  ( d )  w e r e  s o w n  i n  

p a n s  o n  3 0 t h  J u l y ,  1 9 4 8 .  F i f t y  s e e d s  w e r e  p u t  i n  e a c h  p a n  a n d  2  p a n s  

w e r e  s o w n  w i t h  e a c h  t y p e  o f  s e e d .  J o h n  I n n e s  S e e d  C o m p o s t  w a s  u s e d  

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

1 7  d a y s .

T h e  r e s u l t s  a r e  r e c o r d e d  i n  T a b l e  I V .

T A B L E  I V

G e r m i n a t i o n  o f  I n d i a n  h e n b a n e  s e e d

Pan 1st C oun t 1 2nd C oun t
Average o f  
T w o  Pans 
2nd C oun t

G erm ina tion

per cent.
A . 1 2 2 2-5 5
A . 2 1 3

B. 1 35 40 2 6 0 52
B. 2 9 12

C. 1 1 2
■

1 -5 3
C. 2 1 1

D . 1 3 5 4-0 8
D . 2 3 3

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

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

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

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

s u l p h u r i c  a c i d  t r e a t m e n t ,  t h i s  c o n f i r m s  t h e  e x p e r i e n c e  o f  S i e v e r s 2 w i t h  

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

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

e x p e r i m e n t  w a s  t o o  s h o r t .  M e l v i l l e  a n d  M e t c a l f e 4 f o u n d  r e f r i g e r a t i o n  

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

u s e d  p e r i o d s  o f  7  o r  1 4  d a y s .  I t  i s  h o p e d  t o  t r y  t h e i r  m e t h o d  w i t h  h y o 

s c y a m u s  s e e d  t h i s  y e a r .

T h e  p l a n t s  r e a c h e d  t h e  f l o w e r i n g  s t a g e  i n  8  w e e k s  a f t e r  s o w i n g  a n d  

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

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

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

2 .  T h i s  p l a n t  m a y  b e  d i s t i n g u i s h e d  f r o m  H . niger, w h e n  u n g r o u n d ,  

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

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

c r y s t a l s  p r e s e n t  a r e  l a r g e r  t h a n  t h o s e  i n  H . niger ; t h e  p r e s e n c e  o f  a n y  

c a l c i u m  o x a l a t e  c r y s t a l s  e x c e e d i n g  35/u . l o n g ,  o r  o f  m o r e  t h a n  1 0  p e r  c e n t ,  

e x c e e d i n g  2 5  p  m a y  b e  t a k e n  a s  i n d i c a t i n g  s o m e t h i n g  o t h e r  t h a n  t r u e  

H yoscyam us niger.
3 .  T h e  t o t a l  a l k a l o i d  c o n t e n t s  o f  t h e  s p e c i m e n s  e x a m i n e d  w e r e ,  

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

c o p o e i a  f o r  H y o s c y a m u s .

4 .  T h e  a c i d - s o l u b l e  a s h  w a s  g r e a t e r  t h a n  t h a t  u s u a l l y  f o u n d  i n  H . niger 
g r o w n  i n  E n g l a n d ,  b u t  a b o u t  e q u a l  t o  t h a t  f o u n d  i n  H . niger f r o m  I n d i a .

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

t h a t  s o a k i n g  t h e  s e e d s  f o r  1 8  t o  2 4  h o u r s  i n  2  p e r  c e n t ,  w / v  s o l u t i o n  o f  

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

O u r  t h a n k s  a r e  d u e  t o  P r o f e s s o r  Q a z i l b a s h ,  o f  I s l a m i a  C o l l e g e ,  P e s h a w a r  

a n d  t o  M r .  K .  C .  C h a t e r j e e ,  o f  B o o t s  P u r e  D r u g  C o m p a n y  ( I n d i a ) ,  L t d . ,  

f o r  t h e  p r o v i s i o n  o f  m a t e r i a l  ; t o  M r .  A .  W .  B i l l i t t ,  o f  L e n t o n  E x p e r i 

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

f o r  g r o w i n g  t h e  p l a n t s  ;  t o  D r .  R .  M e l v i l l e ,  o f  t h e  R o y a l  B o t a n i c  G a r d e n s ,  

K e w ,  f o r  i n f o r m a t i o n  ;  a n d  t o  M r .  H .  O .  M e e k ,  f o r  h e l p f u l  c r i t i c i s m .  

W e  a r e  i n d e b t e d  t o  t h e  D i r e c t o r s  o f  B o o t s  P u r e  D r u g  C o m p a n y ,  f o r  

p e r m i s s i o n  t o  p u b l i s h  t h i s  p a p e r .
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DISCUSSION
M i s s  B .  J o h n s o n  r e a d  a  s u m m a r y  o f  t h e  p a p e r .

D r . T .  E .  W a l l i s  ( L o n d o n )  s a i d  t h a t  t h e  a u t h o r s  s e e m e d  t o  i n d i c a t e  

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

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

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

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

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

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

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

o x a l a t e  c r y s t a l s  w a s  m o r e  i m p o r t a n t  t h a n  t h e i r  s i z e .  I t  w a s  k n o w n  t h a t  

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

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

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

m i g h t  b e t t e r  b e  c o m p a r e d  w i t h  h e n b a n e  g e n e r a l l y  t h a n  w i t h  H yoscyam u s  
niger.

D r . J .  M .  R o w s o n  ( L o n d o n )  s a i d  t h a t  h e  h a d  b e e n  i n t e r e s t e d  i n  t h e
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r e m a r k s  o n  t h e  a c t i o n  o f  h y d r o g e n  p e r o x i d e  o n  t h e  g e r m i n a t i o n  o f  s e e d s .  

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

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

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

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

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

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

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

d i f f e r e n c e  i n  t h e  c r y s t a l  s i z e s  a n d  t o t a l  a s h .  T h e  l o w  a l k a l o i d a l  c o n t e n t  

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

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

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

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

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

D r . W .  M i t c h e l l  ( L o n d o n )  a s k e d  i f  t h e r e  h a d  b e e n  a n y  a t t e m p t  t o  

c h a r a c t e r i s e  t h e  a l k a l o i d s .  I t  w o u l d  b e  i n t e r e s t i n g  t o  k n o w  w h e t h e r  

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

M r . A .  R .  G .  C h a m i n g s  ( H o r s h a m )  s a i d  t h a t ,  i n  t h e  c u l t i v a t i o n  o f  

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

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

D r . C .  M e l v i l l e  ( M a n c h e s t e r )  s a i d  t h a t  t h e  u s e  o f  c a l c i u m  o x a l a t e  

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

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

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

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

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

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

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

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

H yoscya m u s niger.
D r . G .  E .  F o s t e r  ( D a r t f o r d )  a s k e d  w h e t h e r  t h e  a u t h o r s  h a d  i n v e s t i 

g a t e d  t h e  v o l a t i l e  a l k a d o i d a l  c o n t e n t  o f  t h e  d r u g .

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

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

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

d o  a n y t h i n g  m o r e  t h a n  t h e  o r d i n a r y  a l k a l o i d a l  d e t e r m i n a t i o n  a n d  t h e  

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

h a d  s t o r e d  t h e i r  s e e d s  i n  t h e  r e f r i g e r a t o r  o v e r n i g h t  a t  5 ° C .  a n d  a s  s t a t e d ,  

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

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

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

t h e  e f f e c t  o f  l o n g e r  r e f r i g e r a t i o n .

M r . F o r s d i k e  s a i d  t h e y  h a d  c o n s u l t e d  a u t h o r i t i e s  i n  t h i s  c o u n t r y  

a n d  i n  I n d i a ,  a n d  w e r e  s a t i s f i e d  t h a t  t h e i r  m a t e r i a l  r e p r e s e n t e d  a  s p e c i e s  

d i f f e r e n t  f r o m  H yoscya m u s niger; i t  w a s  h o p e d  b e f o r e  n e x t  y e a r  t o  g i v e  

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

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

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

t h a n  o n e  s p e c i e s  o f  H yoscya m u s  w a s  r e p r e s e n t e d .
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VEGETABLE PURGATIVES— PART I

F ig . 1. Photographs o f the cage. U pper: Side-view o f the cage w ith  a pa ir o f food 
containers on the le ft. Low er: T op-v iew  o f the cage w ith  the top grid  removed.
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I n t r o d u c t io n

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

a n t h r a c e n e  d e r i v a t i v e s ,  I  w a s  a s k e d  i n  1 9 4 7  t o  c a r r y  o u t  b i o l o g i c a l  a s s a y s  

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

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

V i e h o e v e r 2 . M o r e  r e c e n t l y ,  L o e w e 3 u s e d  r h e s u s  m o n k e y s  a n d  c l a i m e d  

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

G e b h a r d t 4 u s e d  w h i t e  m i c e  a n d  d e t e r m i n e d  t h e  m i n i m u m  e f f e c t i v e  d o s e  

( M E )  o f  s e n n a  i n f u s i o n s .  T h e  p o t e n c y  w a s  e x p r e s s e d  a s  t h e  n u m b e r  o f  

s u c h  d o s e s  p e r  m l .  o f  t h e  i n f u s i o n .  G e i g e r 5 a d o p t e d  a  s i m i l a r  m e t h o d  b u t  

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

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

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

p r o d u c e  p o s i t i v e  r e s p o n s e .  L a t e r ,  H a z l e t o n  e t  a l.6’7’8 i n t r o d u c e d  t h e  t e r m

T . C . D .  ( T h r e s h o l d  C a t h a r t i c  D o s e — i . e .  t h e  d o s e  w h i c h  p r o d u c e s  c a t h a r s i s  

i n  a p p r o x i m a t e l y  5 0  p e r  c e n t ,  o f  t h e  m i c e ) ,  a n d  G r o t e  a n d  W o o d s 9 i n t r o 

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

C o l l i e r  e t  a l.10 f u r t h e r  m o d i f i e d  t h e  m e t h o d  b y  u s i n g  t h e  r a t i o  o f  t h e  

n u m b e r  o f  u n f o r m e d  f e c e s  ( U F F )  t o  t h e  n u m b e r  o f  t o t a l  f e c e s  ( T F )  a s  

t h e  c r i t e r i o n  o f  p u r g a t i v e  a c t i v i t y .

T h e  m o s t  p r o m i s i n g  m e t h o d  s e e m e d  t o  b e  t h a t  o f  G e i g e r  a s  m o d i f i e d  

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

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

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

A c c o r d i n g l y ,  w o r k  w a s  c o m m e n c e d  i n  1 9 4 7  o n  t h e  b a s i s  o f  t h e i r  m e t h o d s ;  

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

f o l l o w i n g  r e a s o n s :  ( a )  t h e  h a n d l i n g  o f  l a r g e  n u m b e r  o f  f r o g - j a r s  o r  

b e a k e r s  u s e d  a s  m o u s e  c o n t a i n e r s  d u r i n g  t e s t  i s  i n c o n v e n i e n t ;  ( b )  d r o p l e t s  

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

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

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

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

p u r g a t i o n ;  ( d )  m y  e x p e r i e n c e  s h o w e d  t h a t  i n c r e a s e  i n  d o s e  o f  p u r g a t i v e  

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

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

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

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

t h a n  t h e  q u a l i t a t i v e  ( “  a l l  o r  n o n e  ” )  t y p e  u s e d  b y  G e i g e r  a n d  o t h e r s ,  

w o u l d  g i v e  m o r e  a c c u r a t e  r e s u l t s .  C o l l i e r 10  a p p a r e n t l y  h a d  a  s i m i l a r  i d e a  

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

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

T o  o v e r c o m e  t h e s e  d e f e c t s ,  ( a )  s p e c i a l  c a g e s  w e r e  d e v i s e d  t o  a v o i d  t h e  

u s e  o f  l a r g e  n u m b e r  o f  f r o g - j a r s  o r  b e a k e r s ,  ( b )  a  d e f i n i t e  p r o p o r t i o n  o f  

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

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

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

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

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

o t h e r  p u r g a t i v e s  a p a r t  f r o m  s e n n a ;  F l a z l e t o n  e t  a l ?  r e p o r t  t h a t  t h e i r  

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

G e n e r a l  E x p e r im e n t a l  D e t a il s

1 .  T h e  S ta n d a r d .  I t  w a s  d e c i d e d  t o  u s e  t h e  p o w d e r e d  c r u d e  d r u g  a s  

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

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

t i o n  i n  p r e p a r a t i o n ,  s u c c e s s i v e  i n f u s i o n s  m a y  v a r y  i n  p o t e n c y .  A c c o r d i n g  

t o  C o l l i e r 1 0 , a n  i n f u s i o n  m a d e  f r o m  5  t o  6  m g .  o f  s e n n a  f r u i t  ( 0 - 2 4  g . / k g .  

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

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

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

b e  d u e  t o  t h e  f a c t  t h a t  t h e  i n f u s i o n  ( a s  m a d e  b y  » C o l l i e r )  d o e s  n o t  c o n t a i n  

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

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

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

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

i n  a  m e a s u r i n g  c y l i n d e r  w i t h  c o l d  d i s t i l l e d  w a t e r .  F o r  a  m o u s e  o f  2 0  g .  

b o d y - w e i g h t ,  a  d o s e  o f  0  5  m l .  i s  s u i t a b l e .

2 .  D e s i g n  o f  th e  C a g e s .  T h e  c a g e  a s  s h o w n  i n  F i g u r e  1  i s  1 5  i n c h e s  

l o n g ,  9  i n c h e s  w i d e ,  a n d  6  i n c h e s  h i g h .  I t  i s  d i v i d e d  i n t o  1 0  c o m p a r t 

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

s t i t u t e  ”  ( w i r e  g a u z e  i m p r e g n a t e d  w i t h  t r a n s p a r e n t  p l a s t i c ) .  E a c h  c o m 

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

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

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

( d e t a c h a b l e )  g r i d s  m a d e  o f  g a l v a n i s e d  w i r e  w i t h  a  m e s h  o f  1  c m .  b y  1  c m .  

S i x  f e e t  a r e  p r o v i d e d  a t  t h e  e d g e s  o f  e a c h  o f  t h e s e  g r i d s  s o  t h a t  t h e  b o t t o m  

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

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

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

a  l a r g e  n u m b e r  o f  j a r s  i s  a v o i d e d  a n d  ( c )  t h e  b o t t o m  g r i d  c a n  b e  e a s i l y  

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

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

3 .  T h e  T e s t  A n i m a l  a n d  D i e t .  W h i t e  a l b i n o  m i c e  w e i g h i n g  n o t  l e s s  

t h a n  1 8  g .  a r e  u s e d  i n  a l l  t e s t s .  O w i n g  t o  t h e  v a r i a t i o n  i n  r e s p o n s e  o f  t h e  

s e x e s  m e n t i o n e d  b y  H a z l e t o n  e t  a l.s , m a l e  m i c e  o n l y  a r e  u s e d .  T h e y  a r e  

h o u s e d  i n  m e t a l  c a g e s  a n d  f e d  w i t h  r a t - c u b e s  ( D i e t  4 1  s u p p l i e d  b y  t h e  

A s s o c i a t e d  L o n d o n  F l o u r  M i l l e r s  L t d . ) .  I n  a d d i t i o n ,  e a c h  m o u s e  r e c e i v e s  

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

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

r e p e a t e d l y  a f t e r  a  r e s t i n g  p e r i o d  o f  n o t  l e s s  t h a n  1  w e e k .

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

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

p a r t m e n t  o f  t h e  c a g e .  A f t e r  2  o r  3  h o u r s ,  t h e  f a e c e s  a r e  e x a m i n e d  a n d  

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

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

e v e n l y  d i v i d e d  i n t o  4  g r o u p s  e a c h  o f  1 0  m i c e .  A s  w i l l  b e  s h o w n ,  l a t e r ,  i t  i s  

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

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

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

A f t e r  d o s i n g ,  t h e  a n i m a l s  a r e  k e p t  u n d e r  o b s e r v a t i o n  f o r  a t  l e a s t  1 2  

h o u r s .

D u r i n g  t h i s  t e s t i n g  p e r i o d ,  a  s p e c i a l  f o o d  m a d e  b y  m i x i n g  1 0  p a r t s  o f  

p o w d e r e d  r a t - c u b e s  a n d  7  p a r t s  o f  f r e s h  t a p - w a t e r  i s  s u p p l i e d  i n  t h e  f o o d  

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

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

w o r k i n g  o f  t h e  a l i m e n t a r y  c a n a l  d u r i n g  t h e  1 2  h o u r s  o f  t e s t ;  i t ,  u n l i k e  t h e  

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

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

o f  w a t e r - b u l b s  i s  a v o i d e d .

P u r g a t i o n  i s  i n d i c a t e d  b y  t h e  e x c r e t i o n  o f  w e t  f a e c e s  w h i c h  a r e  r e c o g 

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

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

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

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

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

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

R e l a t io n  B e t w e e n  D o s e  a n d  R e s p o n s e

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

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

t h e  r e s p o n s e  e v o k e d  b y  p u r g a t i v e s  i s  “  q u a n t i t a t i v e  ”  r a t h e r  t h a n  t h e  

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

T A B L E  I
N u m b e r s  o f  w e t  faeces p r o d u c e d  b y  g r o u p s  e a c h  o f  10 m ice

Experiment No. Body-weight 
o f  10 Mice

Dose 
mg./kg.

Number o f  WF 
per Group

Number o f  WF 
per kg. o f  Mouse

30
g-

210 280 8 38 1
245 350 15 61-2
198 840 25 126-3
233 1050 34 146-0

33 328 280 19 57-9
305 350 23 75-4
329 840 46 139-8
320 1050 49 153-2
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e i t h e r  l i v e s  o r  d i e s .  T h e  f o l l o w i n g  e x p e r i m e n t s  w e r e  d e s i g n e d  t o  p r o v e  

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

r e s p o n s e .

4  g r a d e d  d o s e s  o f  p o w d e r e d  s e n n a  l e a f  s u s p e n d e d  i n  d i s t i l l e d  w a t e r  

w e r e  g i v e n  t o  4  g r o u p s  e a c h  o f  1 0  m i c e  a n d  t h e  n u m b e r  o f  w e t  f a e c e s  ( W F )  

p r o d u c e d  b y  e a c h  g r o u p  w a s  r e c o r d e d  a s  s h o w n  i n  T a b l e  I .

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

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

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

t o  ( a )  d o s e  ( F i g .  2 )  a n d  ( b )  l o g a r i t h m  o f  t h e  d o s e  ( F i g .  3 ) .  T o  e l i m i n a t e

Dose (mg. per kg. o f  mouse)
F ig . 2.— R elation o f response to dose.

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

w a s  e x p r e s s e d  a s  n u m b e r  o f  w e t  f æ c e s  p e r  k g .  o f  m o u s e .  T h e s e  g r a p h s  

s h o w  t h a t  t h e  r e l a t i o n  r e s p o n s e / l o g .  d o s e  i s  l i n e a r ,  w h e r e a s  r e s p o n s e /  

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

( u s i n g  t h e  s a m e  s a m p l e  o f  s e n n a  l e a f  a s  a b o v e )  i n v o l v i n g  9 2  x  1 0  m i c e ;  

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

t h e  r e s u l t s  a r e  s h o w n  g r a p h i c a l l y  i n  F i g .  4 .  I t  c a n  b e  c l e a r l y  s e e n  t h a t  t h e  

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

I n  F i g .  3 ,  i t  w i l l  b e  n o t e d  t h a t  t h e  l o g .  d o s e / r e s p o n s e  l i n e s  r e p r e s e n t i n g
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t h e  s a m e  d o s e - l e v e l s  g i v e n  o n  d i f f e r e n t  d a y s  a r e  a l m o s t  p a r a l l e l .  T h o u g h  

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

n o t  i n v a r i a b l e y  t r u e .  H e n c e ,  i t  i s  n e c e s s a r y  a l w a y s  t o  g i v e  t w o  d o s e -  

l e v e l s  e a c h  o f  t h e  t e s t  a n d  o f  t h e  s t a n d a r d  f o r  e v e r y  a s s a y ,  s o  t h a t  t h e  

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

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

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

d a r d  a n d  t h e  t e s t  g i v e n  o n  t h e  s a m e  d a y  d i f f e r  t o  a  g r e a t  e x t e n t ,  o n e  m a y  

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

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

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

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

s i d e r a t i o n .
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L o g a rith m  o f  the dose (mg. per kg. o f  mouse)

F ig . 3.— R elation o f  response to  the logarithm  o f the dose.
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Logarithm  o f  the dose (mg. per kg. o f  mouse)

F ig . 4.— The average response/log. dose line. The figures indicate the number o f
mice used.

E x a m p l e  o f  t h e  M e t h o d  : A s s a y  o f  D r y  E x t r a c t  o f  Se n n a

A  s a m p l e  o f  d r y  e x t r a c t  o f  s e n n a  ( E 2 )  m a d e  i n  t h i s  l a b o r a t o r y  w a s  

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

w h i c h  t h e  e x t r a c t  w a s  m a d e ,  b y  t e s t i n g  t h e m  o n  4  g r o u p s  e a c h  o f  1 0  

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

T A B L E  i r
B io l o g ic a l  a s s a y  o f  E 2  (E x p e r im e n t  N o . 68)

Body-weight 
o f  10 Mice

Dose
mg./kg.

Number ofW F 
per Group o f  Mice

Number o f  WF 
per kg. o f  Mouse

Ps 197 350
1

21 106-7
Ps 186 1050 47 252-7
E2 190 150 28 147-4
E2 185 450 51 275-7

C a l c u l a t i o n : ( A t  l e n g t h  t o  d e m o n s t r a t e  t h e  p r i n c i p l e  i n v o l v e d ) .  

T r i p l i n g  t h e  d o s e  o f  P s  c a u s e d  a n  i n c r e a s e  o f  1 4 6 - 0  W F / k g .

T r i p l i n g  t h e  d o s e  o f  E 2  c a u s e d  a n  i n c r e a s e  o f  1 2 8 - 3
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M e a n  e f fe c t  o f  tr ip lin g  th e  d o s e  ............................  =  1 3 7  T 5  „

M e a n  e f f e c t  o f  t h e  t w o  d o s e s  o f  P s  ............................  = 1 7 9 - 7

M e a n  e f f e c t  o f  t h e  t w o  d o s e s  o f  E 2  . . .  . . .  = 2 1 T 5 5  „

D iffe r e n c e  b e tw e e n  th e  m e a n  e f f e c t s  o f  P s  a n d  E 2  = 3 1 ’ 8 5  „

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

l o g a r i t h m  o f  t h e  d o s e

1 3 7 - 1 5  3 1  - 8 5  1 3 7 - 1 5  _  l o g .  3

l o g .  3  l o g .  r  ° r  3 1 - 8 5  l o g .  r

w h e r e  r  i s  t h e  r a t i o  o f  t h e  p o t e n c y  o f  t h e  d o s e s  o f  P s  a n d  E 2 .

H e n c e  l o g .  r  =  0 T 1 0 9

a n d  r  =  1 - 2 9 1

p o t e n c y  o f  1 5 0  m g .  E 2  __

1 , e " p o t e n c y  o f  3 5 0  m g .  P s .

P o t e n c y  o f  1  g .  E 2 = p o t e n c y  o f  3  g .  P s .

i . e .  t h e  e x t r a c t  E 2  p o s s e s s e s  t h r e e  t i m e s  t h e  p u r g a t i v e  a c t i v i t y  o f  t h e  s a m e  

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

BIOLOGICAL ASSAY OF VEGETABLE PURGATIVES. PART 1

A c c u r a c y  o f  t h e  M e t h o d

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

a  l a b o r a t o r y  s t a n d a r d  o f  p o w d e r e d  s e n n a  l e a f  w e r e  g i v e n  t o  4  g r o u p s  

( 1 ,  2 ,  3 ,  4 )  e a c h  o f  1 0  m i c e  o n  9  d i f f e r e n t  o c c a s i o n s .  2  o f  t h e  4  g r o u p s  

( 1  a n d  3 )  e a c h  r e c e i v e d  3  t i m e s  t h e  d o s e  g i v e n  t o  t h e  o t h e r  2  g r o u p s  ( 2  

a n d  4 ) .  T h e  r e s p o n s e s  o f  e a c h  o f  t h e  4  g r o u p s  w e r e  n o t e d .  T h e  

r e s p o n s e s  o f  1  h i g h - l e v e l  d o s e  a n d  1  l o w - l e v e l  d o s e  ( s a y  g r o u p s  1  a n d  2 )  

w e r e  t a k e n  t o  r e p r e s e n t  a  p o t e n c y  o f  1 0 0 ,  t h e  p o t e n c y  o f  t h e  r e m a i n i n g  

t w o  ( g r o u p s  3  a n d  4 )  w a s  c a l c u l a t e d .  T h i s  p r o c e s s  w a s  r e p e a t e d  b y  

r e a r r a n g i n g  t h e  g r o u p s  s o  t h a t  t h e  r e s p o n s e s  o f  g r o u p s  1  a n d  4  w e r e  t a k e n  

t o  r e p r e s e n t  a  p o t e n c y  o f  1 0 0 ,  a n d  t h e  p o t e n c y  o f  t h e  g r o u p s  2  a n d  3  w a s  

c a l c u l a t e d  a s  b e f o r e ;  h e n c e ,  o n e  s i n g l e  “  a s s a y  ”  y i e l d e d  t w o  r e s u l t s .  

A l t o g e t h e r  1 8  s u c h  r e s u l t s  w e r e  o b t a i n e d  a n d  a r e  r e c o r d e d  i n  T a b l e  I I I .  

T h e  m e a n  ( M )  o f  t h e s e  1 8  r e s u l t s  w a s  9 9 - 4 4  w i t h  a  s t a n d a r d  d e v i a t i o n  («-) 

o f  1 5 - 6 2 6  ( o r  1 5 - 7 1 4  p e r  c e n t ,  o f  t h e  m e a n ) .  L i m i t s  o f  e r r o r  ( P  =  0 - 9 9 )  

f o r  a  s i n g l e  a s s a y  a r e  t h e r e f o r e  1 0 0  ±  4 0 - 5  p e r  c e n t .

C a l c u l a t i o n :

M e a n  p o t e n c y  o f  B  c a l c u l a t e d  =  -  . »  -  =  9 9  4 4 .
1 O

S u m  o f  s q u a r e s  o f  d e v i a t i o n s  f r o m  t h e  m e a n  =  5 d 2 4 1 5 0 - 8 3 2 .

S t a n d a r d  d e v i a t i o n  o f  a  s i n g l e  d e t e r m i n a t i o n

4 1 5 0 - 8 3 2

1 8 - 1
1 5 - 6 2 6  o r  ^ _ ^ 6  x  j q q  _  1 5 - 7 1 4  p e r  c e n t .

9 9 - 4 4  v

C o m p a r is o n  o f  A c c u r a c y  w i t h  t h a t  o f  O t h e r  M e t h o d s  

P r e v i o u s  w o r k e r s  u s e d  r a t s 1 1 ’ 1 2 ,  g u i n e a  p i g s 1 3 ,  d a p h n i a 2 , e t c . ,  f o r  t h e  

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

o f  t h e  a c c u r a c y  o b t a i n a b l e .  M u n c h 1  w h o  o b t a i n e d  h i s  b e s t  r e s u l t s  w i t h  

c a t s  c l a i m e d  a n  a c c u r a c y  o f  o n l y  2 0  t o  5 0  p e r  c e n t .  L o e w e 3 u s i n g  r h e s u s
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T A B L E  I I I

E s t im a t io n  of  t h e  a c c u r a c y  of  t h e  m e t h o d

Experiment No. Group o f  
Mice

Number o f Potency o f  B Deviation from
WF/kg. calculated the Mean d2

o f  Mouse ( A —  100) d

31a

32a

33a

34a

35a

37 a

38a

1
2
3
4

' i

126 3 
33-5 

136-6 
38-1

126-3 
38-1 

136-6 
33 5

130-4
54-5

135-8
56-8

130-4
56- 8 

135-8
54-5

173-0 
82-0 

187-3 
43 -1

187-3 
82-0 

1730 
43 1

146-6
65-4

139-8
57- 9

146-6
57-9

139-8
65-4

99-2
41-7
82-7
25-0

99-2
25-0
82-7
41-7

119-5
42-9

109-4
53-6

109-4
42-9

119-5
53-6

46-0
20-0
72-5

4-9

108-93

103-39

105-62

102-29

100-54

100-50

9-49

90-88 8-56

1 10

105-30 5-86

1 06

90-0601

3-95 15-6025

6-18 38-1924

8-1225

89-15 10-29 I 105-8841

78-00 21-44 459-6736

73-2736

1-2100

72-91 26-53 j 703-8409

100-19

34-3396

117-52 18-08 326-8864

1-1236

118-82 19-38 375-5844

114-32 14-88 221-4144
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Experiment No. Group o f 
Mice

Number o f  
WF/kg.

Potency o f B 
calculated

Deviation from 
the Mean d*

o f  Mouse > l © o d

b a / 3 72-5

H i

2 0 0
46-0

61-35 38 09 1450-8481

4-9

39«
a { >

H i

123-3
22-1

142-3
112-97 13-53 183-0609

27-2

b
a { \ 123-3

27-2 107-26 7-82 61-1524

b { !
142-3
22-1

Totals ...
j 1789-94 4150-8320

m o n k e y  a s  t e s t  a n i m a l  c l a i m e d  a n  a c c u r a c y  o f  ±  1 5  p e r  c e n t . ,  h o w e v e r  

t h e r e  i s  n e i t h e r  d a t a  n o r  s t a t e m e n t  a s  t o  h o w  m a n y  m o n k e y s  a r e  n e e d e d  

t o  a c h i e v e  t h i s  a c c u r a c y .

G e i g e r ’ s  o r i g i n a l  m e t h o d 5 i n v o l v e d  t h e  u s e  o f  7 2  m i c e  p e r  s i n g l e  a s s a y ;  

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

a b l e .  M o r e o v e r ,  h i s  m e t h o d  w a s  i m p r o v e d  b y  G r o t e  a n d  W o o d s  w h o  

u s e d  1 0 5  m i c e  p e r  s i n g l e  a s s a y .  A g a i n ,  h o w e v e r ,  n o  f i g u r e  f o r  t h e  d e g r e e  

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

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

u s e d  i n  e a c h  a s s a y .

C o l l i e r 10  s t a t e s  t h a t  t h e  s t a n d a r d  d e v i a t i o n  o f  h i s  m e t h o d  i s  u s u a l l y  

a b o u t  2 0  p e r  c e n t ,  w i t h  a  s l o p e  ( b )  o f  l o g .  d o s e / r e s p o n s e  l i n e  o f  a b o u t  

8 0  p e r  c e n t ,  ( b 2 / s 2 =  1 6 ) .  T h e  l i m i t s  o f  e r r o r  ( P  =  0 - 9 9 )  o f  e a c h  a s s a y  

u s i n g  4 0  m i c e  c a l c u l a t e d  f r o m  t h e  f o r m u l a  q u o t e d  b y  h i m  w o u l d  b e  6 3  

a n d  1 6 0  p e r  c e n t .  H o w e v e r ,  w h e n  a  r a t i o  o f  b 2 / s 2 =  3 0  i s  o b t a i n e d ,  a s  

h e  s t a t e s  o c c a s i o n a l l y  o c c u r r e d ,  t h e  l i m i t s  o f  e r r o r  u s i n g  4 0  m i c e  w o u l d  b e  

7 1  a n d  1 4 1  p e r  c e n t .  A s  a l r e a d y  s t a t e d  t h e  l i m i t s  o f  e r r o r  o f  t h e  m e t h o d  

d e s c r i b e d  i n  t h i s  p a p e r  ( P  =  0 - 9 9 )  a r e  1 0 0  ±  4 0 - 5  p e r  c e n t . ,  w h i c h  o n  

t h e  w h o l e  i s  a  h i g h e r  a c c u r a c y  t h a n  t h a t  o f  C o l l i e r ’ s  m e t h o d .

A p p l i c a t i o n s  o f  t h e  M e t h o d

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

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

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

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

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

t h e s e  d r u g s  a l s o  w i t h  s a t i s f a c t o r y '  r e s u l t s ,  a l t h o u g h  i n  s o m e  i n s t a n c e s  

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

i n v e s t i g a t i o n s  l a t e r .

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

D r .  J .  W .  F a i r b a i r n 1 4 .

S u m m a r y

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

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

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

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

3 .  4 0  m i c e  d i v i d e d  e q u a l l y  i n t o  4  g r o u p s  w e r e  u s e d  i n  e a c h  a s s a y .  

2  g r o u p s  r e c e i v e d  t h e  s t a n d a r d  p r e p a r a t i o n  a n d  t h e  o t h e r  2  g r o u p s  

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

m i n a t i o n  b a s e d  o n  9  s u c h  a s s a y s  w a s  e s t i m a t e d  t o  b e  1 5 - 7  p e r  c e n t .  

T h e  l i m i t s  o f  e r r o r  ( P  =  0 - 9 9 )  f o r  a  s i n g l e  a s s a y  a r e  1 0 0 ± 4 0 - 5  p e r  c e n t .

4 .  A  s p e c i a l  c a g e  h a s  b e e n  d e s i g n e d  f o r  t h i s  a s s a y ,  a n d  i t  h a s  b e e n  

f o u n d  a d v a n t a g e o u s  t o  i n c o r p o r a t e  a  d e f i n i t e  p r o p o r t i o n  o f  w a t e r  i n  

t h e  d i e t ,  d u r i n g  t e s t .

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

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

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

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

g l y c o s i d e s  ( s e n n o s i d e s  A  a n d  B ) ,  a n d  p u r e  a n t h r a c e n e  c o m p o u n d s  ( a l o e -  

e m o d i n  a n d  a l o e - e m o d i n  a n t h r a n o l ) .

A c k n o w l e d g e m e n t s

T h e  a u t h o r  w i s h e s  t o  t h a n k  t h e  D e p a r t m e n t  o f  P h a r m a c o l o g y  f o r  

p r o v i d i n g  f a c i l i t i e s  f o r  k e e p i n g  t h e  m i c e  a n d  e s p e c i a l l y  D r .  F .  I .  D y e r ,  

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

o u t ;  D r .  J .  W .  F a i r b a i r n ,  t h e  F f e a d  o f  t h e  D e p a r t m e n t  o f  P h a r m a c o g n o s y ,  

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

p a r i n g  t h e  m a n u s c r i p t ;  a n d  M r .  A .  H .  F e n t o n ,  B . P h a r m . ,  f o r  c a r r y i n g  

o u t  a  t r i a l  o n  t h e  m e t h o d  s u g g e s t e d  b y  G e i g e r 5 .
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P a r t  I .  G l y c o s i d e s  a n d  A g l y c o n e s  

B y  J .  W .  F a i r b a i r n

F rom  the Pharm acognosy R esearch La boratory, School o f  Pharmacy, 
University o f  Lon don  

R e c e i v e d  J u n e  3 0 ,  1 9 4 9

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

d e r i v a t i v e s  ;  S e n n a ,  l e a f  a n d  p o d  ( Cassia acutifolia a n d  C. angustifolia) ; 
C a s s i a  p u l p  ( Cassia fistula)  ; C a s c a r a  s a g r a d a  (Rhamnus purshianct) ; 
F r a n g u l a  (R . frangula) ;  R h u b a r b  (Rheum s p p . )  a n d  A l o e s  (Aloe s p p . ) .  

T h e s e  d r u g s  a c t  a s  i r r i t a n t  p u r g a t i v e s  a n d  a l l  r e s p o n d  t o  t h e  B o r n t r â g e r  

t e s t 1  o r  s u i t a b l e  m o d i f i c a t i o n s 2 , 3  b y  m e a n s  o f  w h i c h  t h e  a n t h r a c e n e  

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

p i n k  t o  r e d  c o l o u r s  i n  a l k a l i n e  s o l u t i o n .

A n t h r a c e n e  D e r i v a t i v e s

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

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

r h a m n o s e 4 . T h e  f o l l o w i n g  a g l y c o n e s  h a v e  b e e n  r e p o r t e d  : —

( 1 )  Anthraquinone compounds, e . g .  e m o d i n ,  a l o e - e m o d i n ,  r h e i n .  

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

v e r y  s m a l l  a m o u n t s  a s  i n  a l o e s 4 a n d  i n  s e n n a  l e a f 5 a n d  s o m e t i m e s  i n  

q u i t e  l a r g e  a m o u n t s  a s  i n  c a s c a r a 6 a n d  r h u b a r b . 7

( 2 )  Anthranol compounds. A n t h r a n o l  ( a n d  i t s  t a u t o m e r i c  i s o m e r  

a n t h r o n e )  i s  a  r e d u c e d  f o r m  o f  a n t h r a q u i n o n e  a s  s h o w n

o O H

I
o

+  4 H

O
H

H 2
a n t h r o n e .a n t h r a q u i n o n e .  a n t h r a n o l .

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

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

e m o d i n  a n t h r a n o l  i n  a l o e s . 8

( 3 )  Oxanthrone compounds. T h e s e  a r e  i n t e r m e d i a t e  b e t w e e n  

a n t h r a q u i n o n e s  a n d  a n t h r a n o l s .  S c h i n d l e r 9 h a s  s h o w n  t h a t  c a s c a r a  b a r k  

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

H  O R  

H O  \ /  O H

R =  g l u c o s e

H
- C R ,

O

G l y c o s i d e  f r o m  c a s c a r a .  

6 8 3
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O n  h y d r o l y s i s  t h e  a g l y c o n e  i s  r a p i d l y  o x i d i s e d  t o  e m o d i n .

( 4 )  D ia n th ra n o l c o m p o u n d s .  S t o l l ,  e t  a l.10 s u g g e s t  t h a t  t h e  a g l y c o n e s  

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

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

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

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

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

A c t i v e  C o n s t i t u e n t s

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

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

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

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

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

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

b e c a m e  a p p a r e n t  t h a t  t h e  “  t o t a l  a n t h r a q u i n o n e  c o n t e n t  ”  c o u l d  n o t  

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

t h a t  1 0 0  m g .  o f  a l o e  e m o d i n ,  o r  o f  e m o d i n  o r  o f  r h e i n  w e r e  p r a c t i c a l l y  

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

t o  4  g .  o f  c a s c a r a  b a r k ,  w h i c h  i s  t h e  m a x i m u m  d o s e  ( B . P .  1 9 3 2 ) .  S i m i l a r l y ,  

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

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

b e t w e e n  t h e  t w o  t y p e s  o f  a s s a y 1 2 . S i m i l a r  c o n c l u s i o n s  w e r e  a r r i v e d  a t  b y  

A s t r u c  a n d  G i r o u x  f o r  c a s c a r a 3 1 ,  a n d  S t r o m  a n d  K i h l s t r o m  f o r  r h u b a r b 7 .

A n  i n t e r e s t i n g  s e r i e s  o f  e x p e r i m e n t s  b y  G r e e n ,  K i n g ,  B e a l  e t  a l. o n  c a s c a r a  

e x t r a c t 14 4 5  s e e m e d  t o  o f f e r  a n  e x p l a n a t i o n  o f  t h e  s u p e r i o r  a c t i v i t y  o f  t h e  

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

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

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

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

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

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

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

O n  t h e  o t h e r  h a n d  C a s p a r i s  a n d  M a e d e r 4 , w o r k i n g  o n  t h e  s i m i l a r  d r u g  

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

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

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

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

a t t r i b u t e d  t o  t h e  t a n n i n s  p r e s e n t  i n  t h e  b a r k .

S t r a u b  a n d  G e b h a r d t 16 , w o r k i n g  o n  s e n n a  l e a f ,  d i s c o v e r e d  t w o  a c t i v e  

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

t h e  a c t i v i t y  o f  t h e  l e a f .  T h e i r  w o r k  w a s  c o n t i n u e d  b y  S t o l l ,  e t  a l.10 w h o  

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

a n d  s e n n o s i d e  B .

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

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

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

a s  i n  s e n n a  l e a f  a n d  f r á n g u l a  b a r k .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  b o t h  

s e n n a  l e a f 5 a n d  f r á n g u l a  b a r k 1 7 ,  m o r e  t h a n  n i n e - t e n t h s  o f  t h e  a n t h r a c e n e
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d e r i v a t i v e s  p r e s e n t  o c c u r  a s  g l y c o s i d e s .  H e n c e  a  d e t e r m i n a t i o n  o f  

“  t o t a l  a n t h r a q u i n o n e s  ”  w o u l d  b e  v i r t u a l l y  a  d e t e r m i n a t i o n  o f  t h e  

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

t o t a l  a c t i v i t y  o f  t h e s e  d r u g s .  H o w e v e r ,  I  h a v e  a l r e a d y  q u o t e d  p a p e r s  

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

o f  t h e  g r o u p .

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

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

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

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

o f  (a) g l y c o s i d e s ,  (b) f r e e  a n t h r a n o l s  a n d  ( c )  f r e e  a n t h r a q u i n o n e s .  T h e  

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

s e n n o s i d e s  A  a n d  B ,  r h u b a r b  a n d  c a s c a r a ,  t h e  a n t h r a c e n e  d e r i v a t i v e s  

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

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

f i n d i n g s  i s  g i v e n  a t  t h e  e n d  o f  t h e  p a p e r .

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

Chemical and Biological Assays. N e c e s s a r y  r e q u i r e m e n t s  f o r  t h i s  t y p e  

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

T h e  chemical assays w e r e  b a s e d  o n  t h e  c o l o r i m e t r i c  m e t h o d s  o f  K u s s m a u l  

a n d  B e c k e r  f o r  s e n n a 5 , a n d  B j ö r l i n g  a n d  E h r l e n  f o r  f r a n g u l a 1 2 . V a r i o u s  

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

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

t i o n s  w e r e  e s t i m a t e d  a s  s e n n o s i d e s  A  +  B ;  t h a t  o f  c a s c a r a  a n d  o f  

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

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

a g l y c o n e  A  +  B .  T h e  biological assays w e r e  c a r r i e d  o u t  b y  M r .

T .  C .  L o u 1 8 .

1. Preliminary experiments on Senna leaf. P o r t i o n s  o f  p o w d e r e d  

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

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

c o m p a r e d  b y  a  b i o - a s s a y  m e t h o d  b a s e d  o n  t h a t  o f  G e i g e r 19 . T h e  

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

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

T A B L E  I

P u r g a t iv e  a c t iv it y  o f  s e n n a  l e a f  f r a c t io n s  a f t e r  v a r y in g  d e g r e e s  o f
HYDROLYSIS

Treatment Temperature and Time Bio-assay

1. Untreated leaf .................................................... ; — 100

2. Warmed with 0-16N hydrochloric acid in ; 20° C. for 18 hours 88atmosphere o f  n it r o g e n ........................................j 70° C. for i  hour

3. Warmed with 0 -IN hydrochloric acid in atmos- 90° C. for & hour 77phere o f  carbon dioxide ... ... ... ... ; 20° C. for 22 hours

4. Boiled in water under reflux ........................... 100° C. for 2 hours 36

5. Boiled in 1 -5N hydrochloric acid under reflux... approx. 120° C. for
2 hours 0
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p o s s i b l y  o x i d a t i o n  ( p r o d u c e d  e i t h e r  b y  b o i l i n g  i n  w a t e r  o r  w a r m i n g  i n  

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

2 .  Quantitative experiments using senna leaf glycosides. T h e  p r e 

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

p o s s i b l y  o x i d a t i o n ,  l e a d s  t o  l o s s  o f  a c t i v i t y .  I  o b t a i n e d  t h e  l e a f  g l y c o s i d e s  

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

e x p e r i m e n t s  o n  a  m o r e  q u a n t i t a t i v e  b a s i s .

A  s o l u t i o n  o f  s e n n o s i d e  A  o f  s u i t a b l e  c o n c e n t r a t i o n  w a s  d i v i d e d  i n t o  

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

e x t r a c t e d  a n d  p u r i f i e d  ( a s  i n  t h e  c h e m i c a l  a s s a y  p r o c e s s 5) ;  t h e s e  w e r e  

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

s e n n o s i d e  A  s o l u t i o n  w a s  h y d r o l y s e d  a n d  o x i d i s e d  ( a s  i n  t h e  c h e m i c a l  

a s s a y  p r o c e s s 5)  a n d  s i m i l a r  d o s e s  o f  t h e  p u r i f i e d  p r o d u c t s  w e r e  g i v e n  t o  

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

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

p o s s e s s e s  a b o u t  1 / 3  o f  t h e  a c t i v i t y  o f  t h e  p a r e n t  g l y c o s i d e ,  w h e r e a s  t h e  

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

d o s e s ) .

T A B L E  I I

B io l o g ic a l  a n d  c h e m ic a l  a s s a y s  o f  se n n o sid e  A  a n d  f r a c t io n s

Material Bio-assay Chemical assay

1. Sennoside A ......................................................................................... 100 100

2. Hydrolysed Sennoside A (3 N sulphuric acid at 95° C. for i  hour) 32-5 96-4

3. Hydrolysed and oxidised sennoside A  (above, oxidised in
N sodium hydroxide and hydrogen peroxide) ............... 0 85-3

N ote : In theory, the results for the chemical assays should all be 100. The discrepancy in Expt. 2 
is within experimental error ; that in Expt. 3 can be accounted for by having to heat with hydrogen 
peroxide longer than usual, owing to the high concentration o f  the aglycones.

3 .  Quantitative experiments using senna pod. S i m i l a r  e x p e r i m e n t s  t o  

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

a l s o  s a i d  t o  c o n t a i n  s e n n o s i d e s  A  a n d  B . 20 A  l a r g e  s a m p l e  o f  A l e x a n d r i a n  

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

h u n d r e d  g .  r e d u c e d  t o  N o .  6 0  p o w d e r  w a s  u s e d  a s  s t a n d a r d  ( =  P 8) .  A  

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

i n f u s i o n *  u n d e r  r e d u c e d  p r e s s u r e  t o  a  s o l i d  e x t r a c t  ( H T) .  T h i s  e x t r a c t  

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

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

a c i d  a t  9 0 ° C .  f o r  |  h o u r ,  c o o l e d  a n d  n e u t r a l i s e d  w i t h  s o d i u m  h y d r o x i d e .  

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

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

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

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

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

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

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

a n t h r a c e n e  d e r i v a t i v e s  a s  “  t o t a l  a n t h r a q u i n o n e s  ”  w o u l d  b e  n o  g u i d e

*  C h e m i c a l  a s s a y s  s h o w e d  t h a t  a l l  t h e  a n t h r a c e n e  d e r i v a t i v e s  p a s s e d  i n t o  a n  
i n f u s i o n  m a d e  u n d e r  s u i t a b l e  c o n d i t i o n s .
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t o  t h e  b i o l o g i c a l  a c t i v i t y .  T h u s  i n  e x p e r i m e n t s  2  a n d  3 : — b i o l o g i c a l  

a c t i v i t y  i s  i n  r a t i o  6 - 8  : 1 ;  g l y c o s i d a l  c o n t e n t  i s  i n  r a t i o  8 - 3 : 1 ;  “  T o t a l  

a n t h r a q u i n o n e s  ”  i s  i n  r a t i o  1 - 1  : 1 .

T A B L E  I I I

B io l o g ic a l  a n d  c h e m ic a l  a s s a y s  o f  s e n n a  p o d  a n d  f r a c t io n s

Chem ical Assay 
(Results expressed as m g./g.)

M a te ria l i B io-assay G lycosides Free T o ta l

Sennosides
A + B

As
Aglycones ,

As
Aglycones ¡ 

A + B

As
Aglycones

A + B

1. S tandard senna p o d  pow der Ps 100 32-0 20-0 2 0 22-0

2. Po ten t extract o f  Pod Ex i (i)301 
(ii)376 ¡ 339 132-4 82-8 8-2 91 -1

3. H yd ro lysed  extract ¡ A p p ro x . 50 1 6 0 10-0 71-5 j 81 -5

4 .  Q u a n tita tiv e  e x p e r im e n ts  u sin g  R h u b a r b . T h e  e x p e r i m e n t s  a l r e a d y  

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

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

h o w e v e r ,  t h e r e  i s  p r e s e n t  “  n a t u r a l l y  ”  a  l a r g e  p r o p o r t i o n  o f  f r e e  

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

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

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

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

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

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

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

A  w e i g h e d  q u a n t i t y  o f  a  S t a n d a r d  s a m p l e  o f  p o w d e r e d  C h i n e s e  

r h u b a r b  ( R s)  w a s  e x h a u s t e d  w i t h  e t h e r  a n d  a c e t o n e  t o  r e m o v e  t h e  f r e e  

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

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

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

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

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

t h e  1 5  p e r  c e n t ,  l o s s  i n  w e i g h t  o n  e x h a u s t i o n .

T A B L E  I V

B io l o g ic a l  a n d  c h e m ic a l  a s s a y s  o f  r h u b a r b  a n d  f r a c t io n s

M a te ria l Bio-assay
Chem ica l Assay 

T o ta l Anthracenes 
as E m o d in  : m g./g.

1. S tandard rh u ba rb  pow der R s .......................................................... 100 30-5

(i)  106-1
2. R s exhausted w ith  ether, etc. =  R e x ............................................ (Ü) 84 y =  99* 1-2*

( i i i )  107 J

*  A llow ance  m ade fo r  loss in  w e igh t o f  15 per cent, o n  exhaustion.

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

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

t h u s  i n d i c a t i n g  t h a t  t h e  m a i n  a c t i v i t y  l i e s  i n  t h e  ( e t h e r - i n s o l u b l e )  g l y c o s i d e s .
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T h e  f r e e  a g l y c o n e s  c o n s i s t e d  a l m o s t  e n t i r e l y  o f  a n t h r a q u i n o n e  c o m 

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

f r a c t i o n .

5 .  Q u a n tita tiv e  E x p e r im e n ts  u sin g C a sca r a  S a g ra d a  b a r k . C a s c a r a  

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

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

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

e x t r a c t  ( E C )  w a s  m a d e  i n  a  s i m i l a r  m a n n e r  t o  t h a t  u s e d  w i t h  s e n n a  p o d .  

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

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

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

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

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

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

T A B L E  V

B io l o g ic a l  a n d  c h e m ic a l  a s s a y s  o n  c a s c a r a  a n d  f r a c t io n s

J. W. FAIRBAIRN

Chemical assay mg./g.

Material Bio-assay Glycosides Free Total
(as Aglycones Anthraquinones

emodin) (as emodin) (as emodin)

1. Cascara extract (EC) (i) JOG 20-2 19-0 39-2

2. Exhausted cascara extract (i) 110 • 5 1 j Qrj
(ii) 89-3 / 1UU

20-2 4-0 24-2
(ECe*)

1

T h e  r e s u l t s  a r e  e x a c t l y  s i m i l a r  t o  t h o s e  f o r  r h u b a r b ;  c h e m i c a l  t e s t s  

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

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

6 .  E x p e r im e n ts  w ith  p u r e  a n th ra cen e  d er iv a tive s . I n  o r d e r  t o  c o n f i r m  

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

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

b e l o w ,  a n d  t e s t e d  b y  t h e  b i o - a s s a y  m e t h o d .

1 .  A l o e  E m o d in .  P r e p a r e d  f r o m  a l o i n  b y  t h e  m e t h o d  o f  C a h n  a n d  

S i m o n s e n 2 1 . O b t a i n e d  o r a n g e  n e e d l e s .  M . p t .  2 2 3 ° C .  ( u n c o r r e c t e d ) ; 

2 3 1 ° C .  ( c o r r . )  ( C a h n  a n d  S i m o n s e n 24 g i v e  2 1 8 ° C . ;  L i d d e l l ,  e t  a l.u  g i v e  

2 2 2  t o  2 2 3 ° C . ) .

2 .  A l o e  em od in  A n th r a n o l.  P r e p a r e d  f r o m  a l o i n  b y  t h e  m e t h o d  o f  

H a u s e r 8 . O b t a i n e d  y e l l o w  n e e d l e s .  M . p t .  2 0 0 ° C .  ( u n c o r r . )  ( H a u s e r  

g i v e s  1 9 4 °  t o  1 9 5 ° C . ) .

3 .  E m o d in  ( frá n g u la  em o d in ).  P r e p a r e d  f r o m  c h r y s a r o b i n  b y  t h e  

m e t h o d  o f  G a r d n e r 22. O b t a i n e d  s i l k y  o r a n g e  n e e d l e s .  M . p t .  2 5 6 - 5 ° C .  

( c o r r . )  ( G a r d n e r  g i v e s  2 5 4 °  t o  2 5 6 ° C . ) .

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

G a r d n e r 23 . O b t a i n e d  g o l d e n  y e l l o w  c r y s t a l s ,  M . p t .  1 9 7 °  t o  1 9 8 ° C .  

( c o r r . ) .  ( G a r d n e r  g i v e s  1 9 3 °  t o  1 9 4 ° C .  ( c o r r . ) .  N a y l o r  a n d  G a r d n e r 24 

g i v e  1 9 5 - 6 °  t o  1 9 6 -  2 ° C . ) .

5 .  R h ein .  P r e p a r e d  f r o m  r h u b a r b  a n d  p u r i f i e d  b y  s u b l i m a t i o n  in 
v a cu o . O b t a i n e d  o r a n g e  y e l l o w  n e e d l e s .  M . p t .  3 1 9 °  t o  3 2 1  ° C .  ( u n c o r r . ) .  

( O e s t e r l e  a n d  T i s z a 25 g i v e  3 2 1 °  t o  3 2 1 - 5 ° C . )
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VEGETABLE PURGATIVES— PART I

(a) Qualitative experiment
5 - 0  m g .  p e r  m o u s e  o f  e a c h  o f  t h e s e  c o m p o u n d s  w a s  g i v e n  t o  g r o u p s  

o f  5  m i c e  w i t h  t h e  f o l l o w i n g  r e s u l t s  : —

1 .  A l o e  e m o d i n

2 .  A l o e  e m o d i n  a n t h r a n o l

3 .  E m o d i n  ..........................

4 .  C h r y s o p h a n o l

5 .  R h e i n  ..........................

9  w e t  f a e c e s  p r o d u c e d  

2 3  w e t  f e c e s  „

0  „  „  i . e .  n o  r e s p o n s e

0  ,,

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

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

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

b a s i s .

(b) Comparison of Aloe emodin and aloe emodin anthranol with senna 
pod (P,)

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

S e n n a  P o d  ( P 8)  w i t h  t h e  f o l l o w i n g  r e s u l t s  :—

Aloe emodin
( i )  1  g .  h a s  s a m e  a c t i v i t y  a s  0 - 5 6 1  g .  o f  P , .

( n )  1  g -  „  „  „  0 - 4 9 4  „  „

M e a n  =  0 - 5 2 7  , ,  „  ( = 1 0 - 5  m g .  o f  a g l y c o n e

Aloe emodin anthranol A  +  B )

( i )  1  g .  h a s  s a m e  a c t i v i t y  a s  4 - 4 9  g .  o f  P s.

( h )  1  g -  „  „  „  4 - 6 8  „  „

M e a n  =  4 - 5 8  „  „  ( = 9 1 - 6  m g .  o f  a g l y c o n e

A  +  B )

N o t e . — 1  g .  o f  s e n n a  p o d  ( P s)  c o n t a i n s  2 0  m g .  o f  a g l y c o n e  A + B .  

T h e s e  r e s u l t s  s h o w  t h a t —

( a )  A l o e  e m o d i n  a n t h r a n o l  p o s s e s s e s  a b o u t  9  t i m e s  t h e  a c t i v i t y  o f  t h e  

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

(b) T h e  g l y c o s i d e s  i n  s e n n a  p o d  ( c a l c u l a t e d  a s  a g l y c o n e s )  p o s s e s s  a b o u t  

1 1  t i m e s  t h e  a c t i v i t y  o f  a l o e  e m o d i n  a n t h r a n o l  a n d  a b o u t  1 0 0  t i m e s  t h e  

a c t i v i t y  o f  t h e  a n t h r a q u i n o n e .

( c )  T h e  ( r e d u c e d )  a g l y c o n e  o f  s e n n o s i d e  A  i s  a b o u t  1 / 3  a s  a c t i v e  a s  

t h e  g l y c o s i d e  ( s e e  T a b l e  I I ) .  H e n c e  t h i s  a g l y c o n e  i s  m u c h  m o r e  a c t i v e  

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

D is c u s s io n

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

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

g l y c o s i d e  f o r m ;  a n d  t h a t  o f  t h e  f r e e  a g l y c o n e s  t h e  r e d u c e d  ( a n t h r a n o l )  

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

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

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

t h e  e x p e r i m e n t s  o f  O k a d a 26 a n d  S t r a u b  a n d  T r i e n d l 27, o n  s e n n a  l e a f ,  

t h e  f r e e  e m o d i n s  ( a n t h r a q u i n o n e s )  a r e  t h e  a c t i v e  c o m p o u n d s  p r o v i d e d  

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

d i s a p p e a r  d u r i n g  m e t a b o l i s m 28,  a n d  S t r a u b  a n d  T r i e n d l 27 s u g g e s t  t h a t  

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

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

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

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

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

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

t h e  f u r t h e r  r o l e  o f  “  p r o t e c t o r , ”  p r e v e n t i n g  t h e  o r a l l y  a c t i v e  

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

q u i n o n e .  I n  a l l  t h e  d r u g s  s t u d i e d  i t  w a s  f o u n d  t h a t  n e a r l y  a l l  t h e  

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

g l y c o s i d e s  c o n t a i n e d  “  a n t h r a n o l  ”  a g l y c o n e s ) ,  i n d i c a t i n g  t h a t  a f t e r  

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

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

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

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

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

i n  l i n e  w i t h  w h a t  i s  k n o w n  o f  t h e  c o n s t i t u t i o n  o f  t h e s e  g l y c o s i d e s  ( e . g .  i n  

c a s c a r a 9, a l o i n 29) .  T h e  s u g a r  i s  a t t a c h e d  t o  t h e  m e s o  g r o u p  a n d  s o  

w o u l d  p r o t e c t  t h e  a n t h r a n o l  s t r u c t u r e .

T h e s e  t h e o r i e s  a p p e a r  t o  c o n f l i c t  w i t h  t h a t  o f  L i d d e l l ,  K i n g  a n d  B e a l 14 , 

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

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

o c c u r s ,  t h e y  f a i l  t o  s h o w  t h a t  t h i s  s y n e r g i s t i c  e f f e c t  a c c o u n t s  f o r  t h e  

t o t a l  a c t i v i t y  o f  t h e  c r u d e  d r u g .  T h e y  u s e d  1 - 5  m l .  o f  a  c o m m e r c i a l  

s a m p l e  o f  f l u i d  e x t r a c t  o f  c a s c a r a  ( U . S . P . )  a s  s t a n d a r d  i n  t h e  b i o - a s s a y ,  

b u t  u n f o r t u n a t e l y  d i d  n o t  d e t e r m i n e  t h e  a m o u n t  o f  a n t h r a q u i n o n e s  i n  

t h i s  s t a n d a r d .  G i b s o n  a n d  S c h w a r t i n g 6 h a v e  s h o w n  t h a t  t h i s  a m o u n t  

v a r i e s  c o n s i d e r a b l y ;  t h e i r  h i g h e s t  f i g u r e  i s  2 - 9  m g .  p e r  m l .  T h u s ,  a t  

t h e  m o s t  1  • 5  m l .  o f  s t a n d a r d  m a y  c o n t a i n  a b o u t  4  • 5  m g .  o f  a n t h r a q u i n o n e s ,  

w h e r e a s  L i d d e l l  e t  a l  f o u n d  i t  r e q u i r e d  1 2 - 5  t o  2 5  m g .  o f  t h e  s y n e r g i s t i c  

m i x t u r e  t o  p r o d u c e  a  s i m i l a r  e f f e c t .  H o w e v e r ,  i f  s u f f i c i e n t l y  l a r g e  d o s e s  

o f  f r e e  a n t h r a q u i n o n e s  a r e  g i v e n  b y  t h e  m o u t h ,  p u r g a t i o n  r e s u l t s  ; 

i n d i c a t i n g  t h a t  a  p r o p o r t i o n  h a s  r e a c h e d  t h e  l a r g e  i n t e s t i n e .  I n  s u c h  

c i r c u m s t a n c e s ,  s y n e r g i s m  m a y  b e  a n  i m p o r t a n t  f a c t o r .  T o  b e  e f f e c t i v e ,  

c o m p a r a t i v e l y  l a r g e  q u a n t i t i e s  m u s t  b e  g i v e n ,  e . g .  1 0 0  t o  3 0 0  m g .  f o r  

m a n 1 1 ’ 27 . T h i s  q u a n t i t y  c o r r e s p o n d s  w i t h  t h e  d o s e  o f  t h e  s y n t h e t i c  

a n t h r a q u i n o n e ,  1  : 8  d i h y d r o x y a n t h r a q u i n o n e *  ( I s t i n )  o f  w h i c h  1 5 0  t o  

4 5 0  m g .  i s  n e c e s s a r y  a s  a  p u r g a t i v e .

T h e  r e s u l t s  a l s o  s h o w  t h a t  a  c h e m i c a l  a s s a y  w h i c h  m e r e l y  d e t e r m i n e s  

t h e  t o t a l  c o n t e n t  o f  a n t h r a c e n e  d e r i v a t i v e s ,  i r r e s p e c t i v e  o f  t h e i r  f o r m  o f  

o c c u r r e n c e ,  w i l l  n o t  c o r r e s p o n d  t o  t h e  p u r g a t i v e  a c t i v i t y .  A n  i n t e r e s t i n g  

e x a m p l e  o f  t h i s  o c c u r s  i n  a  p a p e r  r e c e n t l y  p u b l i s h e d  f r o m  F i n l a n d  o n  

t h e  c h e m i c a l  a n d  b i o l o g i c a l  a s s a y s  o f  C h i n e s e  a n d  r h a p o n t i c  r h u b a r b s 7 . 

T h e  f o r m e r  c o n t a i n s  l e s s  “  t o t a l  a n t h r a q u i n o n e s  ”  y e t  i s  t w i c e  a s  a c t i v e  

a s  t h e  r h a p o n t i c  a n d  t h e  a u t h o r s  c o n c l u d e  t h a t  t h e  c h e m i c a l  a s s a y  d o e s  

n o t  g i v e  a  t r u e  p i c t u r e  o f  t h e  l a x a t i v e  e f f e c t .  H o w e v e r ,  t h e i r  f i g u r e s  f o r  

“ c o m b i n e d  a n t h r a q u i n o n e s ”  ( g l y c o s i d e s )  a r e  i n  t h e  r a t i o  o f  9 - 2 5  t o

5 - 0 8  r e s p e c t i v e l y ,  w h i c h  c o r r e s p o n d s  v e r y  c l o s e l y  t o  t h e  b i o l o g i c a l  a s s a y s .
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F u r t h e r  W o r k

H a v i n g  E s t a b l i s h e d  t h a t  t h e  g l y c o s i d a l  f r a c t i o n  o f  t h e s e  c r u d e  d r u g s  

p o s s e s s e s  t h e  m a i n  a c t i v i t y ,  I  p r o p o s e  t o  s t u d y  t h i s  f r a c t i o n  i n  g r e a t e r  

d e t a i l ,  a s  i t  i s  o b v i o u s  t h a t  t h e  a g l y c o n e s  o f  t h e  v a r i o u s  g l y c o s i d e s  

v a r y  c o n s i d e r a b l y  i n  t h e i r  a c t i v i t y ,  e . g .  t h e  a g l y c o n e s  o f  s e n n o s i d e s  

A  a n d  B  a r e  m u c h  m o r e  a c t i v e  t h a n  t h e  s i m p l e  a n t h r a n o l  o f  

a l o e  e m o d i n .  I t  i s  f u r t h e r  h o p e d  t o  p u b l i s h  d e t a i l s  o f  c h e m i c a l  a s s a y s  

a n d  t o  e x a m i n e  g a l e n i c a l s  m a d e  f r o m  t h e s e  d r u g s  t o  s e e  w h e t h e r  a l l  t h e  

g l y c o s i d e s  a r e  e x t r a c t e d  a n d  w h e t h e r  t h e y  a r e  p r e s e r v e d  d u r i n g  s t o r a g e .  

H a z l e t o n  a n d  T a l b e r t 30  s t a t e  t h a t  t h e  U . S . P .  f l u i d  e x t r a c t  c o n t a i n s  o n l y  

3 5  p e r  c e n t ,  o f  t h e  a c t i v i t y  o f  s e n n a  l e a f .  P r e l i m i n a r y  e x p e r i m e n t s  w h i c h  

w e  h a v e  p e r f o r m e d  o n  a  c o m m e r c i a l  s a m p l e  o f  d r y  e x t r a c t  o f  c a s c a r a  

s h o w e d  i t  w a s  s l i g h t l y  l e s s  a c t i v e  t h a n  t h e  c r u d e  d r u g ;  w h e r e a s  i t  s h o u l d  

b e  a b o u t  f o u r  t i m e s  a s  a c t i v e .  S i m i l a r  e x p e r i m e n t s  o n  a  d r i e d  e x t r a c t  

o f  s e n n a  p o d  m a d e  b y  t h e  B . P .  m e t h o d  s h o w e d  t h a t  i t  h a d  o n l y  1 / 6  o f  

t h e  a c t i v i t y  o f  t h e  p o d ,  i n s t e a d  o f  3  t o  4  t i m e s  i t s  a c t i v i t y .

S u m m a r y

1 .  A  r e v i e w  o f  t h e  p u b l i s h e d  t h e o r i e s  w h i c h  s e e k  t o  a c c o u n t  f o r  t h e  

a c t i v i t y  o f  p u r g a t i v e  d r u g s  c o n t a i n i n g  a n t h r a c e n e  d e r i v a t i v e s  i s  g i v e n .

2 .  T h e  r e l a t i v e  a c t i v i t y  o f  a n t h r a c e n e  d e r i v a t i v e s  o c c u r r i n g  a s

(a) g l y c o s i d e s ,  ( b )  a n t h r a n o l s  a n d  ( c )  a n t h r a q u i n o n e s ,  i n  c e r t a i n  c r u d e  

d r u g s  h a s  b e e n  d e t e r m i n e d  b y  b i o l o g i c a l  m e a n s .

3 .  A  s i m i l a r  i n v e s t i g a t i o n  o f  i s o l a t e d  g l y c o s i d e s ,  a n t h r a n o l s  a n d  

a n t h r a q u i n o n e s  h a s  b e e n  c a r r i e d  o u t .

4 .  T h e  r e s u l t s  s h o w  t h a t  t h e  a n t h r a c e n e  d e r i v a t i v e s  a r e  h i g h l y  a c t i v e  

a s  a n t h r a n o l  g l y c o s i d e s ;  l e s s  a c t i v e  a s  f r e e  a n t h r a n o l s  a n d  m u c h  l e s s  

a c t i v e  a s  f r e e  a n t h r a q u i n o n e s .

5 .  T h e  m o r e  c o m p l e x  a g l y c o n e  ( d i a n t h r a n o l )  o f  s e n n o s i d e  A  i s  m o r e  

a c t i v e  t h a n  t h e  s i m p l e  a n t h r a n o l  o f  a l o e  e m o d i n .

6 .  T h e  t h e o r y  i s  a d v a n c e d  t h a t  t h e  s u g a r  m o i e t y  o f  t h e  g l y c o s i d e  

n o t  o n l y  a c t s  a s  a  “  t r a n s p o r t e r  ”  o f  t h e  a c t i v e  a g l y c o n e ,  e n a b l i n g  i t  t o  

r e a c h  t h e  l a r g e  i n t e s t i n e ,  b u t  i s  a l s o  a  “  p r o t e c t o r  ”  w h i c h  p r e v e n t s  

o x i d a t i o n  o f  t h e  a g l y c o n e  t o  t h e  r e l a t i v e l y  ( o r a l l y )  i n a c t i v e  a n t h r a q u i n o n e .

7 .  T h e  e x p e r i m e n t s  a l s o  s h o w  t h a t  a  d e t e r m i n a t i o n  o f  “  t o t a l  a n t h r a 

q u i n o n e s  ”  i r r e s p e c t i v e  o f  t h e i r  f o r m  o f  o c c u r r e n c e  w i l l  b e  n o  g u i d e  t o  

b i o l o g i c a l  a c t i v i t y .

8 .  F u r t h e r  w o r k  o n  t h e  g l y c o s i d e  f r a c t i o n  o f  t h e s e  c r u d e  d r u g s  i s  

b e i n g  c a r r i e d  o u t .

I  w o u l d  l i k e  e s p e c i a l l y  t o  t h a n k  M r .  T .  C .  L o u  f o r  p e r f o r m i n g  a l l  

t h e  b i o - a s s a y s  i n c l u d e d  i n  t h i s  p a p e r ,  f o r  p r e p a r i n g  t h e  p u r e  a n t h r a c e n e  

c o m p o u n d s  a n d  f o r  m u c h  v a l u a b l e  a s s i s t a n c e  a n d  m a n y  u s e f u l  

s u g g e s t i o n s  d u r i n g  t h e  c o u r s e  o f  t h e  w o r k .  I  a m  a l s o  g r a t e f u l  t o  t h e  

P h a r m a c o l o g y  D e p a r t m e n t  o f  t h i s  S c h o o l  f o r  f a c i l i t i e s  f o r  c a r r y i n g  

o u t  t h e  b i o - a s s a y s ;  a n d  t o  t h e  D e p a r t m e n t  o f  P h y s i c a l  C h e m i s t r y  f o r  

t h e  l o a n  o f  c e r t a i n  s p e c t r o p h o t o m e t r i c  e q u i p m e n t  n e c e s s a r y  f o r  t h e  

c o l o r i m e t r i c  a s s a y s .  A c k n o w l e d g m e n t s  a r e  m a d e  t o  S a n d o z  P r o d u c t s  

L t d .  f o r  t h e  g i f t  o f  s e n n o s i d e s  A  a n d  B ,  a n d  t o  M r .  A .  H .  F e n t o n  

f o r  t h e  p r e l i m i n a r y  b i o l o g i c a l  w o r k .
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DISCUSSION
T h e  P a p e r s  o n  V e g e t a b l e  P u r g a t i v e s  b y  M r .  L o u  a n d  D r .  F a i r b a i r n  

w e r e  d i s c u s s e d  t o g e t h e r

T h e  C h a i r m a n  s a i d  t h a t  u n t i l  r e c e n t l y  t h e r e  h a d  n o t  b e e n  a  r e a l l y  

s a t i s f a c t o r y  a s s a y  o f  t h e s e  d r u g s .  M r .  L o u ’ s  m e t h o d  w a s  a  d e v e l o p m e n t  

o f  t h a t  d e s c r i b e d  l a s t  y e a r  b y  C o l l i e r  a n d  F l a r r i s .

D r . I .  M ic h a e l s  ( L o n d o n )  s a i d  t h a t  s e n n a  p o d s  w e r e  s a i d  t o  b e  m o r e  

c e r t a i n  t h a n  t h e  l e a v e s  i n  t h e i r  l a x a t i v e  a c t i o n ,  a n d  t o  c a u s e  l e s s  g r i p i n g .  

I t  a p p e a r e d  t h a t  s e n n o s i d e s  A  a n d  B  w e r e  p r e s e n t  i n  b o t h ,  a n d  i t  w o u l d  

b e  l o g i c a l  t o  c o n c l u d e  t h a t  t h e  p o d s  c o n t a i n e d  a  h i g h e r  p r o p o r t i o n  o f  

a c t i v e  p r i n c i p l e s  t h a n  t h e  l e a v e s .  I t  w o u l d  b e  i n t e r e s t i n g  t o  k n o w  t h e  

c o m p a r a t i v e  f i g u r e s  f o r  t h e  a c t i v e  p r i n c i p l e s  o f  A l e x a n d r i a n  a n d  T i n -  

n e v e l l y  p o d s  s o  a s  t o  b e  a b l e  t o  a s s e s s  t h e  r e a s o n  f o r  t h e  m a r k e t  p r i c e  

o f  t h e  A l e x a n d r i a n  p o d s  b e i n g  t h r e e  t i m e s  t h a t  o f  t h e  T i n n e v e l l y  p o d s .  

G r i p i n g  w a s  s a i d  t o  b e  a s s o c i a t e d  w i t h  t h e  a n t h r a c e n e  c o m p o u n d s .  T h e  

s e e d s  w e r e  s a i d  t o  b e  t h e  c a u s e  o f  g r i p i n g ,  a n d  y e t  i t  w a s  r e c o r d e d  t h a t  

t h e  s e e d s  d i d  n o t  c o n t a i n  a n t h r a c e n e  d e r i v a t i v e s .  M o d e r n  t h e o r y  s t a t e d  

t h a t  t h e  s e n n a  g l y c o s i d e s  p a s s e d  u n c h a n g e d  t h r o u g h  t h e  s t o m a c h  t o  t h e  

i n t e s t i n e s ,  w h e r e  t h e y  w e r e  a b s o r b e d  i n t o  t h e  b l o o d  s t r e a m :  h e r e  t h e y  

w e r e  h y d r o l y s e d .  T h e r e  w a s  a  l a t e n t  p e r i o d  o f  1 0  t o  1 2  h o u r s  b e f o r e  

t h e  a c t i v e  e m o d i n  r e a c h e d  t h e  l a r g e  i n t e s t i n e ,  w h e r e  i t  s t i m u l a t e d  t h e
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p e r i s t a l t i c  m o v e m e n t s  o f  p u r g a t i o n .  T h e  e m o d i n s  i n  a  b a d l y  p r e p a r e d  

e x t r a c t  w e r e  r e s p o n s i b l e  f o r  t h e  g r i p i n g  p a i n s  b y  s t i m u l a t i n g  p e r i s t a l s i s  

i n  t h e  s m a l l  i n t e s t i n e .  M r .  L o u ’ s  m e t h o d  c o m p l i e d  w i t h  t h e  a c c e p t e d  

p r i n c i p l e s  o f  b i o l o g i c a l  a s s a y .  T h e r e  c o u l d  b e  l i t t l e  d i s a g r e e m e n t  w i t h  

t h e  c h o i c e  o f  p o w d e r e d  s e n n a  a s  a  s t a n d a r d  f o r  t h e  a s s a y  o f  s e n n a  a n d  

i t s  p r e p a r a t i o n s ,  a l t h o u g h  t h e r e  w a s  r o o m  f o r  c o n t r o v e r s y  a s  t o  t h e  

m e t h o d  o f  a d m i n i s t r a t i o n .  I t  s h o u l d  b e  r e g a r d e d ,  h o w e v e r ,  a s  a n  i n t e r 

m e d i a t e  s t a g e  i n  t h e  e s t a b l i s h m e n t  o f  a  s t a n d a r d  b a s e d  o n  a  c o m p o u n d  

o f  k n o w n  c o m p o s i t i o n .

D r . E .  F .  H e r s a n t  ( D a g e n h a m )  s a i d  i f  t h e  g l y c o s i d e  w e r e  n o t  

h y d r o l y s e d  i n  t h e  s t o m a c h ,  w a s  i t  n o t  p o s s i b l e  t h a t  a f t e r  h y d r o l y s i s  i n  

t h e  l a r g e  i n t e s t i n e  t h e  u n o x i d i s e d  a g l y c o n e  w o u l d  p a r t l y  a c c o u n t  f o r  t h e  

g r e a t e r  a c t i v i t y  o f  t h e  g l y c o s i d e s .

D r . F .  S a i d  ( E g y p t )  s a i d  t h a t  g l y c o s i d e s  w e r e  u s u a l l y  h y d r o l y s e d  b y  

a c i d s ,  a n d  i f  t h e y  w e r e  n o t  h y d r o l y s e d  i n  t h e  s t o m a c h  t h e y  w e r e  u n l i k e l y  

t o  b e  h y d r o l y s e d  b y  t h e  a l k a l i  i n  t h e  d u o d e n u m .  I f  t h e  g l y c o s i d e s  w e r e  

a b s o r b e d  i n  t h e  s t o m a c h  a n d  w e r e  e x c r e t e d  i n  t h e  i n t e s t i n e ,  w o u l d  i t  

b e  p o s s i b l e  t o  i n j e c t  a  s o l u t i o n  o f  a n  a n t h r a q u i n o n e  a n d  s e e  i f  i t  w a s  s o  

e x c r e t e d .

M r . V .  R e e d  ( L o n d o n )  a s k e d  i f  t h e  a u t h o r  h a d  a n y  e x p l a n a t i o n  o f  

w h y  t h e  p u b l i c  t a s t e  f o r  s e n n a  p r e p a r a t i o n s  h a d  a l t e r e d  s o  m u c h  i n  t h e  

l a s t  3 0  o r  4 0  y e a r s .  A t  f i r s t  t h e r e  h a d  b e e n  a  b i g  d e m a n d  f o r  s e n n a  

l e a v e s ,  t h e n  s e n n a  p o d s  h a d  c o m e  i n .  N o w  t h e r e  w e r e  s e n n a  l e a v e s ,  

T i n n e v e l l y  s e n n a  p o d s  a n d  A l e x a n d r i a n  s e n n a  p o d s ,  a l l  t a k e n  f o r  t h e  

s a m e  p u r p o s e .  W a s  t h e r e  a n y  r e a l  d i f f e r e n c e  i n  t h e  a c t u a l  a c t i v e  p r i n 

c i p l e  o f  t h e  t h r e e  t h i n g s ?

D r . T .  E .  W a l l i s  ( L o n d o n )  s a i d  h e  w a s  g l a d  t o  s e e  a  D e p a r t m e n t  o f  

P h a r m a c o g n o s y  t a k i n g  a n  i n t e r e s t  i n  t h e  b i o l o g i c a l  s i d e ,  a s  w a s  t h e  

c a s e  i n  s i m i l a r  d e p a r t m e n t s  i n  o t h e r  c o u n t r i e s .  H e  a s k e d  f o r  M r .  L o u ’ s  

o p i n i o n  o n  t h e  u s e  o f  D a p h n ia  i n  t h i s  t y p e  o f  w o r k .

D r . D .  C .  G a r r a t t  ( N o t t i n g h a m )  s a i d  t h a t  i t  w a s  n e c e s s a r y  t o  g e t  a n  

a c c u r a t e  c h e m i c a l  a s s a y  b e f o r e  t h e y  c o u l d  f u l l y  a p p r e c i a t e  t h e  r e a l l y  

g o o d  w o r k  t h a t  h a d  o b v i o u s l y  b e e n  d o n e .

D r . W a l k e r  ( L o n d o n )  s a i d  t h a t  i n  t h e  l a s t  t w e l v e  m o n t h s  h e  h a d  h a d  

t o  m a k e  c o m p a r i s o n s  c l i n i c a l l y  o f  l i q u i d  e x t r a c t s  o f  s e n n a  a n d  f r a n g u l a .  

T h e  e x p e r i e n c e  h a d  b e e n  t h a t  m a n y  o f  t h e  s e n n a  e x t r a c t s  e x a m i n e d  h a d  

s h o w n  v e r y  p o o r  a c t i v i t y  c o m p a r e d  w i t h  s e n n a  p o d s  t h e m s e l v e s ,  w h e r e a s  

t h e  d i f f e r e n c e  i n  t h e  a c t i v i t y  i n  f r a n g u l a  e x t r a c t s  h a d  n o t  b e e n  s o  m a r k e d .  

I t  w o u l d  a p p e a r  t h a t  t h e  c o n c l u s i o n s  r e a c h e d  h a d  b e e n  o n  s i n g l e  s a m p l e s  

o f  p o w d e r e d  s e n n a  a n d  c a s c a r a .  H a d  t h e  a u t h o r  g o n e  f a r  e n o u g h  y e t  

t o  o f f e r  a n y  i n f o r m a t i o n  a s  t o  v a r i a t i o n s  b e t w e e n  d i f f e r e n t  s a m p l e s  o f  

t h e  p o w d e r e d  d r u g s .

D r . F .  H a r t l e y  ( L o n d o n )  a s k e d  w h e t h e r ,  i n  a r r i v i n g  a t  t h e  c o n d i t i o n s  

f o r  t h e  h y d r o l y s i s  o f  g l y c o s i d e s  i n  T a b l e  1  t h e  t i m e s  a n d  c o n d i t i o n s  

h a d  b e e n  a r b i t r a r i l y  c h o s e n ,  o r  w e r e  t h e y  k n o w n  t o  b e  t h e  m o s t  f a v o u r 

a b l e  f o r  h y d r o l y s i s ?  I f  D r .  F a i r b a i r n  c o u l d  g i v e  s u p p l e m e n t a r y  d a t a  

o n  t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  g l y c o s i d e s ,  i t  w o u l d  t h r o w  l i g h t  o n  t h e
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c o n d i t i o n s .  I t  w a s  s a i d  t h a t  b y  b o i l i n g  a t  1 1 0 °  u n d e r  a  r e f l u x  w i t h  w a t e r  

f o r  t w o  h o u r s ,  6 0  p e r  c e n t ,  o f  t h e  s e n n a  g l y c o s i d e s  h a d  b e e n  h y d r o l y s e d .  

C o u l d  D r .  F a i r b a i m  s a y  w h e t h e r  s u b s t a n t i a l l y  a l l  t h a t  d e c o m p o s i t i o n  

h a d  o c c u r r e d  d u r i n g  a  s h o r t e r  p e r i o d  s u c h  a s  1 5  o r  2 0  m i n u t e s .

M r . H .  D e a n e  ( L o n g  M e l f o r d )  s a i d  t h a t  t h e  m e t h o d  a p p e a r e d  t o  b e  

a c c u r a t e  f o r  t e s t i n g  p u r g a t i v e  d r u g s .  H u m a n  v o l u n t e e r s  h a d  s o  f a r  

s e e m e d  t h e  o n l y  w a y  o f  t e s t i n g ,  b u t  t h e  s t a f f  o f  l a b o r a t o r i e s  c o n s i d e r e d  

t h a t  i t  w a s  n o t  p a r t  o f  t h e i r  d u t i e s .  S e n n a  w a s  m o r e  s e n s i t i v e  t o  h e a t  

t h a n  r h u b a r b  o r  c a s c a r a ;  a  f r e s h l y - m a d e  i n f u s i o n  o f  s e n n a  p o d s  w a s  

m u c h  m o r e  a c t i v e  t h a n  a  l i q u i d  e x t r a c t  m a d e  f r o m  t h e  s a m e  p o d s .

M r . H .  B .  M a c k i e  ( B r i g h t o n )  s a i d  t h a t  i t  h a d  l o n g  b e e n  k n o w n  t h a t  

w i t h  c a s c a r a  p a r t i a l  h y d r o l y s i s  d e c r e a s e d  t h e r a p e u t i c  a c t i v i t y ,  b u t  

i n c r e a s e d  p a l a t a b i l i t y .  W i t h  a  s o l i d  p r e p a r a t i o n  w h i c h  c o u l d  b e  p r o t e c t e d  

b y  c o a t i n g  p a l a t a b i l i t y  w a s  u n i m p o r t a n t .  I n  l i q u i d  p r e p a r a t i o n s ,  t h e  

t h e r a p e u t i c  a c t i o n  h a d  t o  b e  b a l a n c e d  w i t h  f l a v o u r  a n d  o t h e r  f a c t o r s ,  i f  

t h e  p r o d u c t  w a s  b i t t e r  a n d  n a u s e a t i n g  i t  c o u l d  n o t  b e  s w a l l o w e d .  I n  t h e  

p r e p a r a t i o n  o f  d e c o c t i o n  o f  a l o e s ,  t h e  a l o e s  w a s  b o i l e d  w i t h  p o t a s s i u m  

c a r b o n a t e  a n d  t h e  d o s e  o f  d e c o c t i o n  w a s  e q u i v a l e n t  t o  t w i c e  t h e  d o s e  o f  

a l o e s  t o  g e t  t h e  s a m e  t h e r a p e u t i c  r e s u l t ,  b u t  i t  w a s  t h e n  p l e a s a n t  t o  

t a k e ;  5 0  p e r  c e n t ,  o f  t h e  a c t i v i t y  o f  t h e  a l o e s  h a d  b e e n  l o s t  i n  b o i l i n g .

D r . F a i r b a i r n ,  r e p l y i n g ,  s a i d  t h a t  t h e  g l y c o s i d e s  w e r e  t h e  a c t i v e  p r i n 

c i p l e s ,  b u t  t h e  p a r t i c u l a r  g l y c o s i d e s  p r e s e n t  i n  d i f f e r e n t  d r u g s  m i g h t  v a r y ,  

t h u s  g i v i n g  d i f f e r e n t  a c t i v i t i e s .  R e g a r d i n g  a n t h r a n o l s ,  p r e s u m a b l y  a s  s o o n  

a s  t h e  g l y c o s i d e s  w e r e  h y d r o l y s e d  t h e  f r e e  a n t h r a n o l  e n h a n c e d  t h e  a c t i v i t y .  

I t  w a s  t r u e  t h a t  t h e  s t o m a c h  c o n t a i n e d  a c i d ,  b u t  T a b l e  I  s h o w e d  t h a t  i t  

n e e d e d  f a i r l y  s t r o n g  a c i d s  a t  h i g h  t e m p e r a t u r e  t o  p r o d u c e  h y d r o l y s i s .  D r .  

C o l l i e r  h a d  r e p o r t e d  l a s t  y e a r  t h a t  h e  h a d  i n j e c t e d  l i q u i d  e x t r a c t  o f  s e n n a  

i n t o  t h e  v e i n s  o f  m i c e ,  b u t  t h e r e  h a d  b e e n  n o  p u r g a t i v e  a c t i o n .

M r . L o u  s a i d  i t  w a s ,  g e n e r a l l y  s p e a k i n g ,  m u c h  b e t t e r  i f  a  d e f i n i t e  

c o m p o u n d  w a s  u s e d  a s  a  s t a n d a r d ,  b u t  u n f o r t u n a t e l y  t h e s e  p u r g a t i v e  

d r u g s  c o n t a i n e d  v a r i o u s  g l y c o s i d e s  w h i c h  m i g h t  b e  d i f f e r e n t  i n  s t r u c t u r e .  

I f  s e n n o s i d e  A  o r  B  w a s  a d o p t e d  a s  a  s t a n d a r d ,  a n d  t h e  p r o d u c t  a s s a y e d  

o n  e i t h e r  c o m p o u n d ,  t h e  r e s u l t  m i g h t  b e  i n  c o n f l i c t  w i t h  a  c h e m i c a l  

t e s t .  I t  w a s  o b v i o u s  t h a t  w o r k e r s  i n  t h i s  f i e l d  o u g h t  t o  b e  c a r e f u l  a b o u t  t h e  

e l e m e n t  o f  b i o l o g i c a l  v a r i a t i o n .  S t a t i s t i c a l  c o n s i d e r a t i o n s  h a d  b e e n  

a p p l i e d  t o  a l l  t h e  t e s t s  t h e y  h a d  m a d e  a n d  t h e  e r r o r s  w e r e  w i t h i n  1 5  p e r  

c e n t .  T h e y  h a d  n o  e x p e r i e n c e  w i t h  t h e  D a p h n ia  m e t h o d .  T h e r e  w a s  a  

w i d e  z o o l o g i c a l  g a p  b e t w e e n  D a p h n ia  a n d  h u m a n  b e i n g s ,  a n d  t h e y  h a d  

t h o u g h t  i t  p r e f e r a b l e  t o  u s e  a n i m a l s  w h e r e  t h e  g a p  w a s  m u c h  s m a l l e r .  

H e  h a d  t e s t e d  a  f e w  p r e p a r a t i o n s  o n  h i m s e l f .  T h o s e  p r e p a r a t i o n s  w h i c h  

w e r e  i n a c t i v e  i n  h i m s e l f ,  o r  h a d  v e r y  l o w  p o t e n c y ,  h a d  n o  a c t i v i t y  i n  

m i c e .  I n  M u n c h ’ s  b o o k  o n  b i o - a s s a y s ,  t h e r e  w e r e  d a t a  t o  s h o w  t h a t  

t h e  r e l a t i o n  o f  d o s e  b e t w e e n  a  m o u s e  a n d  a  h u m a n  b e i n g  d i f f e r e d  w i t h  

d i f f e r e n t  p u r g a t i v e s .  F o r  s e n n a  t h e  r a t i o  w a s  a b o u t  1  t o  3 0 0 .  F o r  

i n s t a n c e ,  i f  t h e  m i n i m u m  e f f e c t i v e  d o s e  f o r  m i c e  w a s  6  m g .  t h e  h u m a n  

d o s e  w o u l d  b e  1 - 8  g . w h i c h  w a s  w i t h i n  t h e  d o s e  r a n g e  o f  t h e  B . P .  f o r  

s e n n a .  H e  h a d  c a r r i e d  o u t  l a b o r a t o r y  e x p e r i m e n t s  o n  e x t r a c t i n g  b o t h  

p o d s  a n d  l e a v e s ,  b u t  t h e  l a t t e r  g a v e  d i f f i c u l t y  b e c a u s e  o f  t h e  l a r g e  q u a n t i t y  

o f  m u c i l a g e  t h e y  c o n t a i n e d .
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F rom  the Evans Biological Institute, R uncorn, Cheshire.

R e c e i v e d  J u n e  3 0 ,  1 9 4 9

T h e  a n n o u n c e m e n t  b y  S h o r b 1 ’ 2 ’ 3 t h a t  L a c to b a c il lu s  la ctis  D o r n e r  

r e s p o n d e d  t o  a  f a c t o r  p r e s e n t  i n  l i v e r  e x t r a c t s  t o  a n  e x t e n t  r o u g h l y  p r o 

p o r t i o n a l  t o  t h e i r  c l i n i c a l  v a l u e ,  o p e n e d  u p  t h e  p o s s i b i l i t y  o f  a  m i c r o 

b i o l o g i c a l  a s s a y  o f  a n t i - p e r n i c i o u s  a n a e m i a  p r e p a r a t i o n s .  T h e  i s o l a t i o n  

o f  t h e  g r o w t h  f a c t o r  b y  R i c k e s  e t  a L ,  w h o  n a m e d  i t  v i t a m i n  B 1 2 , a n d  t h e  

d e m o n s t r a t i o n  b y  W e s t 5 o f  t h e  a n t i - p e r n i c i o u s  a n a e m i a  p o t e n c y  o f  V i t a m i n  

B 1 2 ,  s t r e n g t h e n s  t h i s  p o s s i b i l i t y .

M o s t  t y p e s  o f  b a c t e r i a  m o u l d s ,  e t c . ,  a r e  a b l e  t o  s y n t h e s i s e  v i t a m i n  B 12  

b u t  s e v e r a l  o r g a n i s m s  h a v e  b e e n  f o u n d  w h i c h  l a c k  t h i s  p r o p e r t y  a n d  t h e s e  

h a v e  b e e n  t r i e d  f o r  a s s a y  p u r p o s e s .  T h e  p r e s e n t  c o m m u n i c a t i o n  d e a l s  

w i t h  a  m e t h o d  o f  a s s a y  i n  l i q u i d  c u l t u r e  u s i n g  L .  la ctis  D o r n e r .

S h o r b 2 ' 3 ’ 6 a n d  S h i v e 7 h a v e  d r a w n  a t t e n t i o n  t o  a  m a r k e d  t e n d e n c y  f o r  

t h i s  o r g a n i s m  t o  b e h a v e  i n  a n  i n c o n s t a n t  m a n n e r  u n d e r  c e r t a i n  c o n d i t i o n s .  

T h i s  u n c e r t a i n t y  h a s  b e e n  c o n f i r m e d  b y  t h e  u n p u b l i s h e d  e x p e r i e n c e s  o f  

m a n y  w o r k e r s  i n  t h i s  f i e l d  a n d ,  f o r  m a n y  m o n t h s ,  i n v e s t i g a t i o n s  i n  t h e s e  

l a b o r a t o r i e s  w e r e  h a m p e r e d  b y  e r r a t i c  a s s a y  r e s u l t s .  T h e  t e c h n i q u e  f i n a l l y  

e v o l v e d  a n d  d e s c r i b e d  b e l o w  s e e m s  t o  b e  f r e e  f r o m  t h e  d i s a b i l i t i e s  

r e p o r t e d  b y  o t h e r  w o r k e r s .

T h e  p r i n c i p l e s  u t i l i s e d  i n  t h e  f i n a l  m e t h o d  a r e  i d e n t i c a l  w i t h  t h o s e  

i n f l u e n c i n g  a l l  o t h e r  m i c r o b i o l o g i c a l  a s s a y s  ( S h a w 8) .  T h e  t e s t  i n o c u l u m  

m u s t  b e  m i n i m a l .  T h e  o r g a n i s m s  i n  t h e  t e s t  i n o c u l u m  m u s t  b e  y o u n g ,  

i n  a  h i g h l y  a c t i v e  p h a s e  o f  g r o w t h ,  a n d  t o  h a v e  b e e n  m a i n t a i n e d  o n  a  

c o m p l e t e  m e d i u m .  T h e  m e d i u m  m u s t  b e  f r e e  f r o m  o t h e r  g r o w t h  f a c t o r s .  

T h e  d i f f e r e n c e  b e t w e e n  L . lactis D o r n e r  a n d  o t h e r  o r g a n i s m s  i s  t h a t  t h e  

f o r m e r  i s  m u c h  m o r e  p r o n e  t o  v a r i a t i o n  f o r m a t i o n .  I t  w a s  f o u n d  t h a t  

w h e n  o p t i m u m  c o n d i t i o n s  h a d  b e e n  e s t a b l i s h e d ,  t h e  a s s a y s  w e r e  m o r e  

c o n s i s t e n t  t h a n  w i t h  a n y  o t h e r  m i c r o b i o l o g i c a l  a s s a y  p e r f o r m e d  i n  t h e s e  

l a b o r a t o r i e s .

T h e  b a s a l  m e d i u m  e m p l o y e d  c o n s i s t s  o f  s u l p h u r i c  a c i d - h y d r o l y s e d  

c a s e i n  w i t h  a d d e d  t r y p t o p h a n e ,  t h e  u s u a l  m e m b e r s  o f  t h e  v i t a m i n  B  c o m 

p l e x  g r o u p  a n d  t w e e n  8 0 .  T . J .  f a c t o r ,  a n o t h e r  e s s e n t i a l  s u p p l e m e n t ,  i s  

s u p p l i e d  a s  a  c o n c e n t r a t e  o f  p o t a t o  e x t r a c t  c o n s i s t i n g  o f  t h e  e t h e r  p r e c i 

p i t a t e  f r o m  a  p h e n o l  e x t r a c t  o f  t h e  f r a c t i o n  i n s o l u b l e  i n  a l c o h o l  ( 8 0  p e r  

c e n t . )  b u t  s o l u b l e  i n  a l c o h o l  ( 5 0  p e r  c e n t . ) .  O n e  a d v a n t a g e  o f  t h i s  s o u r c e  

o f  T  J .  f a c t o r  i s  t h a t  u n l i k e  w i t h  e n z y m e  d i g e s t e d  c a s e i n  u s e d  b y  S h i v e , 7 o r  

w i t h  t o m a t o  j u i c e ,  u s e d  b y  S h o r b , 1 ’ 2 ’ 3 ’ 6 i t  i s  p o s s i b l e  t o  u s e  a  l a r g e  e x c e s s  

o f  T . J .  f a c t o r  w i t h o u t  a t  t h e  s a m e  t i m e  a d d i n g  L .  la ctis  D o r n e r  f a c t o r .  

A n o t h e r  a d v a n t a g e  i s  t h a t  s i n c e  t h e  c u r r e n t  b a t c h  o f  c o n c e n t r a t e  i s  u s e d  

a t  a  f i n a l  d i l u t i o n  o f  1 / 5 0 , 0 0 0 ,  i t  i s  p o s s i b l e  t o  u s e  t h e  s a m e  b a t c h  o f  

p o t a t o  e x t r a c t  o v e r  a  c o n s i d e r a b l e  p e r i o d .  A l l  b a t c h e s  o f  t w e e n  8 0  

a r e  n o t  e q u a l l y  s u i t a b l e .  O n e  s a m p l e  w h i c h  d i d  n o t  g i v e  a  c l e a r  1 0  p e r  

c e n t ,  s o l u t i o n  i n  w a t e r  w a s  u s e l e s s .
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T h e  r e a c t i o n  o f  t h e  f i n a l  m e d i u m  i s  a d j u s t e d  t o  p H  5 - 5  a n d  t h e  

g l u c o s e ,  p o t a t o  e x t r a c t  a n d  p r e p a r a t i o n  t o  b e  t e s t e d  a r e  a d d e d  a s e p t i c a l l y  

t o  t h e  p r e v i o u s l y  a u t o c l a v e d  b a s a l  m e d i u m .  I f  t h e  g l u c o s e  i s  a d d e d  t o  

t h e  m e d i u m  p r i o r  t o  a u t o c l a v i n g ,  t h e  r e s u l t a n t  b r o t h  m a y  s u p p o r t  t h e  

g r o w t h  o f  L .  la ctis  D o r n e r  i n  t h e  a b s e n c e  o f  l i v e r  e x t r a c t  o r  o t h e r  v i t a m i n  

B 1 2  c o n t a i n i n g  m a t e r i a l .  U n d e r  t h e s e  c i r c u m s t a n c e s  t h e  “  b l a n k  ”  i s  h i g h  

a n d  m a y  e v e n  a p p r o a c h  m a x i m u m  t u r b i d i t y .  A u t o c l a v e  t r e a t m e n t  a t  

p H  7  t o  8  i s  m o r e  l i k e l y  t o  u p s e t  t h e  a s s a y  t h a n  w h e n  t h e  p H  i s  a p p r o a c h 

i n g  5 - 5  a t  w h i c h  p H  t h e  p h e n o m e n o n  i s  r a r e l y  o b s e r v e d .  O n e  d o e s  n o t  

a l w a y s  o b t a i n  t h i s  g r o w t h  p o t e n t i a t i o n  o n  a u t o c l a v i n g  a n d  o n e  p o s s i b l e  

e x p l a n a t i o n  o f  f a i l u r e  t o  d o  s o  m a y  b e  t h a t  s o m e  s a m p l e s  o f  g l u c o s e  s o l u 

t i o n  m a y  b e c o m e  a c i d  o n  a u t o c l a v i n g .  I f  t h e  p H  i s  l o w e r e d  b e f o r e  t h e  

r e a c t i o n  b e t w e e n  g l u c o s e  a n d  m e d i a  c o n s t i t u e n t s  c a n  o c c u r ,  i t  w o u l d  b e  

e q u i v a l e n t  t o  a u t o c l a v i n g  a t  a  l o w  s a f e  p H .

T h e  s t r a i n  u s e d  w a s  i s o l a t e d  a s  a  s i n g l e  c o l o n y  f r o m  s o y a  b e a n  m e d i u m  

a n d  h a s  b e e n  m a i n t a i n e d  f o r  u p w a r d s  o f  1 5 0  d a i l y  s u b - c u l t u r e s  o n  p e p 

t o n e  a g a r ,  f o r t i f i e d  w i t h  p r o t e o l y s e d  w h o l e  l i v e r ,  t w e e n  8 0  a n d  p o t a t o  

e x t r a c t .  I t s  b e h a v i o u r  h a s  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  t h i s  s e r i e s  o f  

c u l t i v a t i o n .

F o r  a s s a y  p u r p o s e s  a n  o v e r n i g h t  a g a r  s l o p e  c u l t u r e  i s  w a s h e d  i n t o  

1 0  m l .  o f  b a s a l  m e d i u m  f o r t i f i e d  w i t h  p r o t e o l y s e d  w h o l e  l i v e r ,  a n d  t h i s  

a l l o w e d  t o  i n c u b a t e  f o r  5  t o  6  h o u r s  a t  a  t e m p e r a t u r e  o f  3 7  ° C .  T h e  

b r o t h  c u l t u r e  i s  c e n t r i f u g e d ,  t h e  s e d i m e n t e d  o r g a n i s m  w a s h e d  2  o r  3  

t i m e s  w i t h  b a s a l  m e d i u m  d e f i c i e n t  i n  v i t a m i n  B 12  a n d  f i n a l l y  s u s p e n d e d  t o  

a n  o p a c i t y  o f  a p p r o x i m a t e l y  1  /  5 t h ,  i n  e i t h e r  v i t a m i n  f r e e  b a s a l  m e d i u m  

o r  s a l i n e ,  i m m e d i a t e l y  b e f o r e  u s e .  T h r e e  d r o p s  o f  t h i s  s u s p e n s i o n  a r e  

u s e d  t o  i n o c u l a t e  1 0  m l .  o f  t e s t  m e d i u m .

G r o w t h  i s  u s u a l l y  s a t i s f a c t o r y  a f t e r  1 6  t o  1 8  h o u r s  i n c u b a t i o n ,  b u t ,  i f  

t h e  i n o c u l u m  i s  t o o  s m a l l  o r  t h e  o r g a n i s m  i s  n o t  i n  g o o d  c o n d i t i o n ,  

i n c u b a t i o n  u p  t o  4 8  h o u r s  m a y  b e  n e c e s s a r y .  E x p o s u r e  o f  t h e  w a s h e d  

o r g a n i s m  t o  s a l i n e  s o l u t i o n  f o r  m o r e  t h a n  a b o u t  1 +  h o u r s  m a y  c o n v e r t  

t h e  o r g a n i s m  f r o m  a  p l u m p  b a c i l l u s ,  s t a i n i n g  s o l i d l y  G r a m - p o s i t i v e ,  i n t o  

a  t h i n  o n e  w i t h  t h e  b o d y  o f  t h e  o r g a n i s m  G r a m - n e g a t i v e  s h o w i n g  G r a m 

p o s i t i v e  b e a d s  s i m u l a t i n g  t h e  a p p e a r a n c e  o f  a  c h a i n  o f  s t r e p t o c o c c i .  

F u r t h e r  e x p o s u r e  t o  s a l i n e  s o l u t i o n  m i g h t  e v e n  r e s u l t  i n  a  c o m p l e t e l y  

G r a m - n e g a t i v e  f i l a m e n t o u s  o r g a n i s m  f r o m  w h i c h  i t  i s  d i f f i c u l t  t o  g e t  a  

s a t i s f a c t o r y  c u l t u r e .  I n  c o n t r a s t  t o  t h e  r e p o r t  o f  S h o r b :i w e  h a v e  n o t  

f o u n d  t h a t  t h e  l e n g t h  o f  i n c u b a t i o n  a f f e c t s  t h e  a s s a y  v a l u e s .  T h e  g e n e r a l  

l e v e l s  o f  g r o w t h  a r e  s l i g h t l y  h i g h e r  b u t  t h e  t e s t  s o l u t i o n  i s  a f f e c t e d  e q u a l l y  

w i t h  t h e  c o n t r o l .  P r o b a b l y  a s  a  c o n s e q u e n c e  o f  t h e  a s e p t i c  a d d i t i o n  o f  

g l u c o s e ,  t h e  t e s t  m e d i u m  i s  w a t e r  w h i t e ,  a n d  d u r i n g  t h e  p e r i o d  w h e n  

g l u c o s e  w a s  a u t o c l a v e d  w i t h  t h e  m e d i u m  i t  w a s  f o u n d  t h a t ,  i n  g e n e r a l ,  

a  l o w  b l a n k  w a s  o b t a i n e d  w h e n  t h e  c o l o u r  o f  t h e  m e d i u m  w a s  m i n i m a l ,  

t h e  c o l o u r  b e i n g  p r e s u m a b l y  a n  i n d e x  o f  g l u c o s e  d e c o m p o s i t i o n .

T o  e n s u r e  r e g u l a r  r e s u l t s ,  i t  i s  e s s e n t i a l  t o  u s e  c o n s t a n t - b o r e  t e s t  t u b e s  

i n  o r d e r  t o  h a v e  a  c o n s t a n t  s u r f a c e - a r e a / v o l u m e  r a t i o .  I n c u b a t i o n  i s  b e s t  

p e r f o r m e d  i n  a  l a r g e  r o o m - i n c u b a t o r  a n d  t h e  t e s t  t u b e s  m u s t  n o t  b e  

s h a k e n  d u r i n g  t h e  g r o w t h  p e r i o d .  S t e r i l i t y  o f  t h e  g l u c o s e  i s  e n s u r e d  b y
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t h e  c a n d l e  f i l t r a t i o n  o f  a  4 0  p e r  c e n t ,  s o l u t i o n .  L i v e r  e x t r a c t s  i n  a m p o u l e s  

a r e  a s s u m e d  t o  b e  s t e r i l e ,  o t h e r w i s e  d i l u t i o n s  a r e  m a d e  f r o m  p r e p a r a t i o n s  

w h i c h  h a v e  b e e n  a l l o w e d  t o  s t a n d  i n  t h e  p r e s e n c e  o f  1  p e r  c e n t ,  p h e n o l .  

T h e  f i n a l  d i l u t i o n  o f  t h e  l i v e r  e x t r a c t  i n  t h e  f i n a l  m e d i u m  i s  u s u a l l y  s o  

g r e a t  a s  t o  e l i m i n a t e  t h e  e f f e c t  o f  a n y  p h e n o l  c a r r i e d  o v e r .  W h e r e  n e c e s 

s a r y ,  t h e  p r e p a r a t i o n  t o  b e  a s s a y e d  i s  a u t o c l a v e d  a n d  t h i s  d o e s  n o t  

a p p e a r  t o  h a v e  a n y  d e l e t e r i o u s  a c t i o n .  I t  i s  h o w e v e r  b e s t  t o  a v o i d  a u t o 

c l a v i n g  t h e  t e s t  s a m p l e .

I t  h a s  b e e n  f o u n d  c o n v e n i e n t  t o  m a k e  t h e  b a s a l  m e d i u m  u p  t o  9 /  l O t h s  

f i n a l  s t r e n g t h ,  t o  d i s t r i b u t e  t h i s  i n t o  a l u m i n i u m  c a p p e d  t e s t  t u b e s  i n  9  m l .  

q u a n t i t i e s  a n d  t h e n  t o  a u t o c l a v e  t h e s e  t u b e s  i n  l o t s  o f  a b o u t  5 0 0  t u b e s .  

T h e  t u b e s  a r e  p r e p a r e d  f o r  u s e  b y  a d d i n g  t h e  r e q u i s i t e  a m o u n t s  o f  g l u c o s e ,  

p o t a t o  e x t r a c t  a n d  v i t a m i n  B 12  p r e p a r a t i o n  a l l  i n  a  v o l u m e  o f  1  m l .  T h e  

a u t o c l a v e d  t u b e s  m a y  b e  u s e d  a t  a n y  t i m e  u p  t o  1 4  d a y s  a f t e r  a u t o c l a v i n g  

w i t h o u t  a f f e c t i n g  t h e  a s s a y  i n  a n y  w a y ;  t h u s  e n a b l i n g  a  l a r g e  n u m b e r  o f  

a s s a y s  t o  b e  c o n d u c t e d  w i t h  m e d i u m  i s  k n o w n  t o  b e  i d e n t i c a l  i n  e v e r y  

r e s p e c t .

T h e  o p t i m u m  c o n d i t i o n s  f o r  a u t o c l a v i n g  a r e  o b t a i n e d  b y  t h e  u s e  o f  a  

l a r g e  a u t o c l a v e  i n  w h i c h  t h e  t u b e s  a r e  p l a c e d  i n  s p e c i a l  r a c k s  s o  a r r a n g e d  

t h a t  t h e r e  i s  1  i n .  f r e e  s p a c e  a r o u n d  e a c h  t u b e .  T h e  a u t o c l a v e  i s  f i t t e d  w i t h  

a  r e c o r d i n g  t h e r m o m e t e r  a n d  s o  i t  i s  p o s s i b l e  t o  h e a t  u p  d u r i n g  1 0  

m i n u t e s ,  t o  m a i n t a i n  a t  a  t e m p e r a t u r e  o f  1 1 5 ° C .  f o r  1 0  m i n u t e s  a n d  t o  

t a k e  t h e  s a m e  p e r i o d  t o  c o o l  d o w n .  T h e r e  i s  a l s o  a v a i l a b l e  a  p e r m a n e n t  

r e c o r d  o f  t h e  a u t o c l a v e  h i s t o r y  o f  t h a t  b a t c h  o f  t u b e s .

A c c o r d i n g  t o  S h o r b 6, L .  la ctis  D o r n e r  m a i n t a i n e d  o n  y e a s t - e x t r a c t - a g a r  

w i t h  o r  w i t h o u t  t o m a t o  j u i c e ,  g i v e s  i r r e g u l a r  r e s u l t s ,  a n d  g r o w t h  m a y  b e  

i n h i b i t e d  b y  s o m e  l i v e r  e x t r a c t s .  T h e  s t r a i n  u s e d  i n  t h e s e  l a b o r a t o r i e s  w i t h  

t h e  d e s c r i b e d  t e c h n i q u e  g i v e s  v e r y  r e p r o d u c i b l e  r e s u l t s  a n d  t h e  d o s e -  

r e s p o n s e  c u r v e  f o r  a l l  l i v e r  e x t r a c t s  a s s a y e d ,  f o r  p u r e  v i t a m i n  B 12  a n d  

t h y m i d i n e ,  h a v e  b e e n  f o u n d  t o  b e  i d e n t i c a l  w h e t h e r  a s s a y e d  i n d i v i d u a l l y  o r  

i n  m i x t u r e .  T h y m i d i n e  h a s  o n l y  1  / 1 0 , 0 0 0 t h  o f  t h e  a c t i v i t y  o f  v i t a m i n  B12. 
V a l u e s  o b t a i n e d  f r o m  t h e  a s s a y  o f  m i x t u r e s  a r e  i n v a r i a b l y  t h e  s u m  o f  

t w o  c o m p o n e n t s .  I n h i b i t o r s  m i g h t  b e  e x p e c t e d  t o  a f f e c t  t h e  s h a p e  o f  t h e  

g r o w t h  r e s p o n s e  c u r v e  a n d  t h e  v a l u e s  o b t a i n e d  o n  b l e n d i n g .

G r o w t h - r e s p o n s e  c u r v e s  a r e  e s t a b l i s h e d  f o r  e a c h  a s s a y  b y  u s i n g  5  l e v e l s  

o f  t h e  s t a n d a r d  p r e p a r a t i o n .  I t  i s  d e s i r a b l e  t o  p u t  u p  a n  e q u a l  n u m b e r  

o f  l e v e l s  o f  u n k n o w n ,  e n d e a v o u r i n g  t o  a r r a n g e  t h e  d i l u t i o n s  s o  t h a t  t h e  

r e a d i n g  o f  e a c h  l e v e l  o f  t h e  t e s t  c o i n c i d e  w i t h  t h e  c o r r e s p o n d i n g  l e v e l s  i n  

t h e  c o n t r o l  s e r i e s .  F o r  a c c u r a t e  w o r k  i t  i s  d e s i r a b l e  t o  u s e  6  t u b e s  a t  e a c h  

l e v e l  a n d  t o  r e p e a t  t h e  a s s a y  a t  l e a s t  3  t i m e s .  O r d i n a r i l y  3  t u b e s  a t  e a c h  

o f  3  o r  4  l e v e l s  p r o v i d e  a  f a i r l y  a c c u r a t e  e s t i m a t i o n .  A  t y p i c a l  g r o w t h  

r e s p o n s e  c u r v e  i s  s h o w n  i n  F i g u r e  1 .

L e s t e r  S m i t h  a n d  C u t h b e r t s o n 9 r e p o r t e d  t h e  p r e s e n c e  o f  f o u r  s u b s t a n c e s  

w i t h  g r o w t h  a c t i v i t y  f o r  L .  la ctis  D o r n e r  w h i c h  m a y  b e  p r e s e n t  i n  l i v e r  

e x t r a c t s .  T h e s e  s u b s t a n c e s  h a v e  d i f f e r e n t  m i g r a t i o n  v e l o c i t i e s  o n  p a p e r  

s t r i p  c h r o m a t o g r a m s  w h e n  d e v e l o p e d  w i t h  a q u e o u s  b u t y l  a l c o h o l .  T w o  

o f  t h e  s u b s t a n c e s ,  b o t h  w i t h  a n t i - p e r n i c i o u s  a n a e m i a  a c t i v i t y ,  m i g r a t e  l e s s  

r a p i d l y  t h a n  r i b o f l a v i n e ,  a n d  t w o ,  w i t h  n o  a n t i - p e r n i c i o u s  a n a e m i a

MICROBIOLOGICAL ASSAYS USING LACTOBACILLUS LACTIS DORNER
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potency, migrate m ore rapidly than riboflavine, one being thym idine, 
w hich  is fou n d  very near to  the advance front. T h e possib ility  o f  other
L . lactis D orner-active materials being present in a  liver extract in ad d i
tion  to vitam in B 12 m ust therefore be  taken into consideration. This 
possibility  has been dealt with b y  subjecting various extracts to  paper 
strip chrom atograph  (Shaw 10). A  spot o f  extract o r  other preparation  
(1 /200th  m l. o f  an extract assaying at 10 p g /m l. is satisfactory) is p laced 
on  a  1 cm . strip o f  W hatm an N o . 1 filter paper and, after drying, this strip 
is suspended in norm al butyl a lcoh ol, saturated with water, so  that the 
butyl a lcoh ol level is about 2 cm . b e low  the applied spot. T h e butyl

Millimicrograms of Vitamin B12
F ig. 1.— Growth-response curve vitamin Bi2, Lactobacillus lactis Domer. Average 

o f 25 tests. 10 ml. tubes— 1 cm. cell.

a lcoh o l is contained  in  the bottom  o f  a  glass cylinder and the sides o f  the 
cylinder extend to  about 13 cm . ab ove  the spot. T h e w hole is protected
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from  light and the butyl a lcoh o l travels up the strip, evaporates at the 
top  o f  the cylinder and deposits all o f  the rapidly migrating material 
at this p o in t o f  the strip at the advanced front.

A  sm all am ount o f  riboflavine m ay be p laced  on  the sam e spot as the 
liver extract and after about 48 hours developm ent, it w ill b e  fou n d  that 
the advance fron t is 13 cm . from  the sp ot and a riboflavine belt (identified 
b y  exam ination  under ultra v iolet light) is fou n d  about 6 cm . from  the 
spot. T h e  strip is cut at this poin t, each  portion  extracted w ith water 
and the extract assayed, thus giving the am ount o f  activity w hich  migrates 
both  less and m ore  rapidly than riboflavine.

It was fou n d  that the speed o f  m igration  o f  the m ain L . lactis D orner- 
active fraction  w as so m uch  slower than that o f  the other fractions that 
latterly the strip has been allow ed to  develop  fo r  a  longer period , i.e., 14 
to 21 days, w hen it has been fou n d  that m ost o f  the activity has left the 
spot, accum ulating in a peak about 2\ cm . from  the spot. T here is then 
a considerable length o f  filter p ap er w hich  is devoid  o f  activity and the 
rapid ly  m igrating grow th materials accum ulate at the advance front. The 
strip is exam ined by  cutting it up into 0 5  cm . sections, extracting each 
with w ater and assaying separately. A  typical liver extract gives results 
as show n in the histogram  in Figure 2.

Spot. Distance from spot in cm. Advance front.
Fig. 2.— Paper chromatograph of vitamin B12 in liver extract Product 

0'005 ml. developed for 18 days.
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Su m m a r y
A  m ethod has been described fo r  conducting  m icrob io log ica l assay o f  

m aterial containing vitam in B 12. O ver a lon g  period  regularly reprodu cib le  
results have been obtained. M eans have been described  briefly fo r  assess
ing the extent o f  interference with the assay o f  inhibiting materials and 
grow th factors fo r  L . I act is D orn er other than vitamin B12.

A pp e n d ix

1. HEP AMINO-PEPTONE-TWEEN AGAR. (For strain maintenance.)
Evans Bacteriological Peptone ....................................................  10 g.
Hepamino (Evans Medical Supplies) ... ... ...............  1 g.
Tween 80 ... ... ... ... ... ... ... ... 1 ml.
Glucose ... ... ... ... ... ... ...............  50 g.
Potato Extract double the concentration used in final assay 

medium.
Tap Water ............................................................................. to 1000 ml.

Adjust pH to 6-8, heat to 70'C. for 10 minutes, filter, add 10 g. of agar. Filter, 
tube in 10 ml. quantities. Autoclave for 10 minutes at 10 lb. steam pressure.

2. ACID HYDROLYSED CASEIN. (Modified from Mueller et al11.)
Technical Casein .............................................................................  1000 g.
Concentrated Sulphuric Acid ....................................................  400 ml.
Distilled Water .............................................................................  2600 ml.

Reflux for 50 hours, adjust pH with calcium hydroxide to pH 7-6, filter and 
wash precipitate with hot distilled water. Decolourise with activated charcoal. 
Dilute decolourised solution to the desired nitrogen content. t

3. ASSAY MEDIUM  (Double strength).
Acid Hydrolysed Casein to provide in double

strength medium ............................
Tryptophane Solution (0T per cent.)
Cystine Solution (0'4 per cent.)
Salt Solution “ C ” ........................................
Dipotassium hydrogen phosphate
Potassium dihydrogen phosphate ...............
Distilled Water ............................................

0-32 per cent, o f nitrogen 
... 200 ml.

............................ 50 ml.
40 ml.

...........................  5 g.

...........................  5 g.
...............  to 900 ml.

Adjust pH to 6'9, heat to 70°C. for 10 minutes, filter, add 2 ml. of Tween 80, 
uracil, adenine, guanine and all vitamins as for Lactobacillus Helveticus (Shaw!). 
Dilute with distilled water to 1000 ml.

Note 1.— Potato extract is added to a concentration of double that which will 
give maximum growth with 2 ,umg. of Vitamin B,a /10 ml. in 16 to 18 hours.

Note 2.—Most batches of glucose B.P. will substitute for glucose of A.R. quality.
Note 3.—A  solid liver preparation standardised by Dr. Rickes of Messrs. Merck 

and Co., at 0'4 pg/mg. has been used as reference standard.
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A  Sa tisfa c to r y  m ethod fo r  the standardisation o f  com m ercial liver e x 
tracts in terms o f  their anti-anæm ic potency  w ould  fulfil a long-felt want. 
A lth ou gh  it has not yet been definitely established that L actobacillus  
lactis D orn er activity is an exact reflex o f  anti-anæm ic potency, there is 
a definite correlation  betw een clin ical and D orner effectiveness. The 
present com m u n ication  deals with the grow th -prom oting  efficiency fo r
L . lactis D orn er o f  a series o f  com m ercia l liver extracts o f  British, 
A m erican  and Continental origin.

M eth ods o f  assay used in this investigation are those detailed in the 
preceding p aper1. T h e reference standard used was a solid  liver pre
paration  kindly supplied by  D r. R ick es and standardised by  him  at 0-4 
ug o f  vitam in B 12 per mg. T he results are show n in T ab le  I  expressed 
in ug vitamin B 12 per g. or ml. It should be  em phasised that the values 
are referred to  vitam in B 12 as isolated by  R ick es, and so should be c o m 
parable with the values fo r  A m erican  liver extracts given b y  R ick es e t  a l . 2

TABLE I

THE GROWTH ACTIVITY FOR LACTOBACILLUS LACTIS
DORNER OF COMMERCIAL LIVER EXTRACTS

Number Manufacturer Origin Type
Vitamin

B „
(U-g./mi or g.

Remarks

1 A British Whole Liver 1 80 Proteolysed
2 A Oral Liquid 18-0
3 B Ext. Hepatis Liq. B.P. 1 4 0
4 C 13-0
5 D „ 9-0
6 E Oral Liquid 7-6 Branded plus yeast
7 F Ext. Hepatis Liq. B.P. 0-5 Labelled Proteolysed
8 G New Zealand

High Potency
7-5

9 A British 1 0 0 Proteolysed
1 0 B „ 13-0 Batch 1
u B 7-7 Batch 2
1 2 B 2-5 Batch 3
13 E 0-3 Batch 1
14 E 1 -4 Batch 2
15 E 4-5 Batch 3
16 E 5-6 Batch 4
17 E 1 1 0 Batch 5
18 E 130 Batch 6
19 E 1 6 0 Batch 7
2 0 F 0-4 Batch 1 labelled Forte
2 1 F 0-4 Batch 2 labelled Forte
2 2 H 7-5
23 I 9-5 Batch 1
24 I 8 - 0 Batch 2
25 J U.S.A. 3 0 0 20 U.S.P. units
26 K 1 2 - 0 15 U.S.P. units
27 L 1 0 0 15 U.S.P. units
28 M 9-0 15 U.S.P. units
29 J 7-4 15 U.S.P. units
30 N 1 0 0 10 U.S.P. units
31 O S. America 8 - 0
32 P Continental 3 0 0
33 Q , , 1 0 - 6
34 R

Crude Parenteral
7-4

35 S British 3-0
36 A 3-0
37 C 2-3
38 H „ 3-5 Batch 1
39 H »* 2 - 0 Batch 2

701



G. E. SHAW

A  direct com parison  has n ot been  m ade with the anti-pernicious anaemia 
factor o f  Lester Smith3. D r. Lester Smith has stated that there m ight 
be a slight difference betw een his preparation  and that o f  D r. R ickes.

F rom  T a b le  I it w ill be  seen that proteolysed  w hole liver assays at 
18 ng o f  vitam in B 12 per g., and that oral liquid liver extracts range from  
18 ng. to 7-5 ng. o f  vitam in B 12 per ml. It w ill a lso  be  n oticed  that one 
oral liver extract, w hich  is stated to  have been  proteolysed , has little or 
n o  activity. Sam ples o f  parenteral products prepared b y  this m anu
facturer are also exceptionally  low  in L . lactis D orner factor. F rom  
assays perform ed on  com paratively  sm all sam ples o f  liver, w hich  had 
been subject to extensive laboratory  treatment w ith papain, it w ou ld  
seem  that proteolysed  w hole liver contains the entire potency o f  the 
liver used. O ral liver extracts in general are but lightly fractionated, 
and the final potency  is probab ly  a function  o f  the extraction efficiency 
and the degree o f  accidental natural autolysis.

T he vitam in B 12 content o f  high potency  refined parenteral extracts 
was fou n d  m ainly to  fa ll within the range o f  7-5 to 16 ng. o f  vitam in B 12 
per ml. T h ere are tw o exceptions, one o f  A m erican  and one o f  C o n 
tinental m anufacture, w hich assay at 30 ng. o f  vitam in B 12 per ml. In 
a sim ilar m anner the crude parenteral liver extracts fall in a group  c o n 
taining 2 to  4-5 ng- o f  vitamin B 12 per ml. A  disturbing discrepancy 
w as fou n d  w hen different batches o f  the sam e brand o f  h igh -potency 
parenteral liver extract were exam ined. Six batches from  m anufacturer 
“ E ”  ranged from  0-3 to  16 n g ./m l., three batches from  m anufacturer 
“  B  ”  varied from  2-5 to 13 n g ./m l. T hese discrepancies w ere confirm ed 
by  repeated assays, taking care to  assay the different batches o f  liver 
extract on  the sam e d ay  with the same batch  o f  assay m edium  and against 
the same standard. In  v iew  o f  the large batch  discrepancy show n, a 
search w as m ade fo r  the p ossib le  presence o f  inhibitory substances in 
the low -poten cy  extracts. C hrom atograph ic spectra fo r  these extracts 
w ere norm al with n o  unexpected increase in potency  at any point. I f 
there had been any inhibitory  substance present on e w ould  n ot expect 
this “  unknow n ”  to  m igrate at the same speed as the L. lactis D orner 
factor. C on firm atory  evidence was obtained fo r  the absence o f  inhibitors 
b y  blending low -p oten cy  extracts with a solution  o f  crystalline vitam in 
B 12, and assaying the m ixture. V a lu es were obtained equal to the sum 
o f  the tw o com pon en ts assayed separately. A  difference w ou ld  have 
been  expected  in the presence o f  an inhibitor unless the am ount o f  
inhibitor was just sufficient to  inhibit the activity present in the liver 
extract alone.

C hrom atograph ic analyses also provide a m eans o f  assessing the signi
ficance o f  other grow th fa ctor  for  L . lactis D orn er in liver extracts. B y  
upw ard developm ent there w as in som e preparations a small am ount 
o f  activity present in the advance front after 14 days developm ent. T h is 
is presum ably due to  thym idine, but in n o  case did  it am ount to  m ore 
than 5 per cent, o f  the total D orner activity. Other batches, although 
with similar spectra, show ed n o  activity at the advance front- P roteolysed
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w hole liver, oral liver extracts, h ighly refined and crude parenteral liver 
extracts were similar. D ow n w ard  developm ent in the few  sam ples 
exam ined gave entirely com p arab le  spectra except that, since the ad 
vance front had proceeded  beyon d  the lim its o f  the strip, no advance 
front was present. In  n o  case  was there any ev idence o f  a significant 
secondary peak. A n  illustrative h istogram  is show n in  Figure 1. T he 
absence o f  subsidiary peaks does n ot necessarily m ean that the fou r 
L . lactis D orn er active substances described by  Lester Smith and Cuth- 
bertson4 are absent, but provide  evidence that they are n ot present in 
sufficient quantities to effect the assay.

A s  a  consequence o f  batch variation  considerable dou bt is throw n on  
the utility o f  assaying one batch o f  a particular brand as a m eans o f  
determ ining the general potency  o f  that particular m anufacturer’s p ro 
duct. R ick es assayed a num ber o f  A m erican  liver extracts o f  an  alleged 
p oten cy  o f  either 10 or 15 U .S.P. units per m l. and fou n d  a m arked 
variation between the various brands and also a difference betw een the 
various batches o f  the same brand. T he A m erican  preparations w hich  
have been tested in these laboratories have ranged betw een 7-5 and

GROW TH ACTIVITY OF LIVER EXTRACTS

13

12

5 6 7 8 12

Spot Distance from spot in cm. Advance front

Fig. 1.— Paper chromatograph vitamin BI2 in liver extract product “  B,”  0 005 ml.
developed for 18 days.
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13 ¡xg, o f  vitam in B 12 per ml. with the exception  o f  the 30 n-g- m aterial 
already referred to. M anufacturer “  F  ”  issues 3 products, a liqu id  oral 
liver extract, a parenteral liver extract and a  parenteral preparation 
labelled “  F orte .”  A ll o f  these give exceptionally  low  values, and in 
this instance one is bou n d  to  suspect either the source o f  liver or else 
the prim ary extraction . In the case o f  m anufacturer “  E  ”  and “  B ,”  
both  o f w hich  are highly reputable British firms, the explanation  is not 
so obviou s. A dm itted ly , one o f  the low -poten cy  batches is k n ow n  to 
be old , but others equally low  were bought on  the open  m arket for  
current use. M oreover, we have been unable to  find evidence that, in 
general, finished liver extracts deteriorate in potency  on  storage even 
when they have been  stored under the adverse condition s w hich pertain 
in som e o f  the export markets.

T h e on ly  reasonable explanation  is suggested by  w ork  in these la bora 
tories con cern ed  with investigating “  process losses ”  by  m eans o f  D o m e r  
activity. It is n ow  n o  secret that in a h ighly fractionated parenteral 
extract there may. be very appreciable losses during processing, and 
that the m agnitude o f these losses m ay not be constant from  sub-batch  
to  sub-batch. Thus, fo r  exam ple, if a certain process is liable to give 
a 60 per cent, loss, it is not im possible that occasion ally  this loss is 
90 per cent., so that unless a large num ber o f  sub-batches are com bin ed  
in order to  “  iron  out ”  the variations in  process loss, the final product 
m ight be on ly  one-third the potency  o f another.

Su m m a r y

1. A  num ber o f  com m ercia l liver extracts have been assayed for  
L  lactis D orner activity in terms o f  vitamin B 12. A  considerable varia
tion  from  brand to  brand has been  fou n d  and also a serious variation 
between different batches o f  the same brand.

2. A lth ough  steps have been  taken to elim inate artefacts due to 
m ethod and the presence o f  inhibitors, it is not possible at the present 
tim e to correlate exactly L . lactis D o m e r  activity with clin ical efficacy.

3. It is thus prem ature to  advocate the establishm ent o f  a “  D orn er ”  
assay unitage applicable to  all liver extracts, but it is n ot to o  m uch  to  
expect that, in the future, branded preparations w ill maintain a reason 
ably  constant “  D orn er ”  activity.

4. T h e presum ptive vitam in B 12 content o f  “  high potency  ”  liver 
extracts is o f  the order o f  10 n g ./m l. whether o f  British, A m erican  or  
Continental m anufacture.

It is a pleasure to  acknow ledge the technical assistance o f  M r. G . B . D . 
G rafham .
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V ita m in  B12 C on ten t  o f  L iv e r  E xt ra c ts  
A  n u m ber  o f  different liver extracts have been  assayed fo r  vitam in B ,2 
activity by  the cup-p late  m ethod  o f  Cuthbertson1 em ploying L actobacillus  
lactis A T C C  8,000. Som e o f  these sam ples have also been assayed by  
the technique o f  L ees and. E m ery2 em ploying  the tube assay with L a c to 
bacillus leichm annii 313. T h e  results obtained are sum m arised in 
T ab le  I.

TABLE I
B12 c o n t e n t  o f  l iv e r  e x t r a c t s  t o r  p a r e n t e r a l  u se

Distributor Manufacturer Extract [xg. B 1 2 /m l4 Potency

A 1 1-4 low
2 5-0 high

B 3 6 - 0 high

c 4 2-9* high
British 5 0 - 8 low

D 6 1 -0 * medium
7 1 2 * high

E 8 3* low
9 1 2 * high

F 1 0 0 - 2 higli

European G 1 1 («) 6 * low
( ¿ 0  3-4 low

0-23 low

H 1 2 2-5* high

I 13 0-5 high
14

J 15 0 1 medium
16 0 - 1 high

0 1 medium
K 17 ft g. Bls<0 05t high

American .............. L 18 2-7 low

M 19 3-5 medium

N 2 0 2 2 high

O 2 1 1 - 8 high

P 2 2 1 1 - 8 high

* Average o f  2 to 8  different batches. t  N o B 12 detected even after chromatography.
% The essay results given in T ables I, III, IV and V represent the activity o f  one or more o f  the vitamin 

Bj, group o f  factors expressed as the concentration o f  standard vitamin B 12 (Mg/ml) giving the same 
response as the sample.

Samples used fo r  assay are all recent, having been obtained fo r  the 
m ost part in June, 1949, except for  samples from  m anufacturer G  o f
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w hich (a) were obtained during 1936 to  1939 and (b) was captured during 
the war. O f the ab ove  sam ples N , O  and P are know n to have been 
m anufactured in A m erica . T h e other sam ples w hose m anufacturers are 
described as E uropean  or  A m erican  were nevertheless presum ably m ade 
in England, since w e are in form ed  that n o  liver extracts have been 
im ported into this country  fo r  the last 6 years. T h e description  used is 
thus the country o f the m anufacturers’ headquarters, but not necessarily 
o f  the extract’s origin.

T he extracts have been classified into groups o f  low , m edium  and high 
potency on  the basis o f  in form ation  supplied with the extracts by  their 
m anufacturers. This classification, show n in T ab le  II, is necessarily 
very rough  in the absence o f  any standard m ethod o f describing potency, 
but in assigning the extracts to  low , m edium  or high potency groups, 
the suggested dosing schedules, U.S.P. units and liver equivalents have 
been taken into consideration.

TABLE II

Potency ; Stated liver ( 
equivalent ml. j U.S.P. units

Low ... <10 g. 2

Medium 10 to 20 g. 10

High... > 20  g.
15

N o  attem pt has been  m ade to distinguish between highly refined and 
highly concentrated extracts, although it is obv iou s that som e m anufac
turers have attem pted to  produce potent refined materials, w hile others 
appear m erely to have concentrated their liver extracts w ithout any great 
degree o f  purification.

T ab le  I  dem onstrates the w ide differences between extracts from  
different m anufacturers, the low  potency  extracts ranging from  0 23 to 
6 n g ./m l., while m edium  and high potency  extracts vary over the ranges 
o f  0T  to 3-6 [xg. and 0 T  to  22 ug. B 12/m l. respectively. These variations 
between samples o f  different origins w ould  hardly be  expected if adequate 
clin ical trials had been carried out on  all batches. This variation m ay be

TABLE III
B a t c h  t o  b a t c h  v a r ia t io n  o f  sa m e  b r a n d  o f  e x t r a c t s  f r o m  d if f e r e n t

MANUFACTURERS

Manufacturer Extract Sample ¡lg. B12/ml. Manufacturer Extract Sample /tg. B ,2/ml.

X  ............... A 1 4-8 Z ............... C 12 150
2 19 8 13 7-5
3 11-3 14 1 0 0

Y ............... B 4 2-7 15 8 0
5 3-6 16 5 0
6 2-1 17 5-0
7 3-0 18 150
8 3-3 19 9-0

Z ............... C 9 24-0 20 17-5
10 6-0 21 12-0
11 9 0 22 12-0
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ascribed to differences in m anufacturing technique, quality o f  raw 
materials and clin ical con tro l (if any) o f  the products. D ifferent batches 
o f  the same extract m ade by  the same m anufacturer m ay show  a wide 
range o f  B 12 concentrations, but it cannot be said whether these m ay not 
be  due to alterations in procedure and materials available for  m anu fac
ture. T ab le  I II  show s the degree o f  variation encountered.

F rom  the results it is clear that little value can  be attached 
to estimates o f  potency  unless better con tro l is used than apparently at 
present. A  num ber o f these sam ples have been assayed by  both  o f  the 
different techniques em ployed  in these laboratories, with the results show n 
in T ab le  IV .

TABLE IV
M ic r o b io l o g ic a l  a s s a y  of  p a r e n t e r a l  l iv e r  e x t r a c t s  b y  c u p - p l a t e

(L . LA C TIS) AND TUBE (L . L E IC H M A N N Il) METHODS

Extract Tube assay /¿g. B12/m l. Plate assay /ttg. B12/m l.

1 ............................................................................. 0 05* < 0 1 *
2 ............................................................................. 0 04* <0 05*
3 ............................................................................. 0-6* < 0 1 *
4 ............................................................................. ca 0 1* <0-2*
5 ............................................................................. 0 1 4 0-22
6 ............................................................................. 0-4 0-8
7 ............................................................................ 0-7 1 0
8 ............................................................................ 1 -5 1 -4
9 ............................................................................. 2-8 2-7

10 ............................................................................. 3 0 3-5
11 ............................................................................. 3-3 3-3
12 ............................................................................. 9 1 10-5

* High concentrations o f  desoxyribosides present in these samples.

O n the w hole  the agreem ent is reasonable fo r  m ethods involving tw o 
different organism s and tw o different techniques (the cup-plate and tube 
m ethod ) having different sensitivities to  interfering substances. T he 
discrepancies encountered are being further investigated.

R e l a t i o n s h i p  B e t w e e n  C l i n i c a l  R e s p o n s e  a n d  M i c r o b i o l o g i c a l

A c t iv it y

A ll liver extracts prepared in these laboratories are clin ically tested 
before  they are released fo r  sale. F or  this purpose typical cases o f  
A dd ison ian  pernicious anaemia in severe relapse are used, preferably those 
show ing a red cell cou n t between 1 and 2 m illion /cm m . T he patients 
receive, by  intram uscular in jection , a single test dose o f  the extract. 
D uring the fo llow in g  14 days the b lo o d  picture is determ ined on  alter
nate days, but daily observations are m ade at the time w hen the peak o f 
the reticulocyte response is expected. In  interpreting the results par
ticular attention is paid to  the red cell response, w hich  should increase 
at the rate expressed by  the form u la  o f  I  =  0 94 -  0-214 E 0 (D ella  
V id a  and D yk e3), where I is the w eekly increm ent in the red cells and E 0 
is the initial cell count. In  assessing the response o f an individual 
patient, consideration  is given to  other factors that m ay bear on  the 
test, e.g., haemoglobin levels, shape o f  the response curves, reticu-
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locyte  response, in fection  and possib le  iron  deficiency or abnorm al red 
ce ll destruction. F o o d s  that m ight have an anti-anasmic action  are w ith
held before  and during the period  o f  test.

T h e results on  14 different liver extracts with 18 patients in a num ber 
o f  different hospitals are sum m arised in T ab le  V , w hich  gives on ly  the 
red cell response as a percentage o f  that to  be expected  from  the D ella 
V id a  and D yke form ula and the B 12 content o f  the different extracts. The 
other observations m ade on  these patients have been om itted fo r  clarity.

I f  the responses o f  the individual patients are considered and if a 
response o f  90 per cent, o f  that expected  is taken as indicating activity o f 
the liver extract, then it can be  seen that samples containing less than

W. F. J. CUTHBERTSON et a t

TABLE V
R e l a t io n  b e t w e e n  c l in ic a l  re spo n se  a n d  B12 a c t iv it y  o f  e x t r a c t  

(1 ML. OF EXTRACT USED FOR THESE TESTS)

Sample
B l2 activity 

¡x g./ml.

increase
in

red blood 
cells

expressed
as

percentage
o f

expected
response

Sample
Bj 2 activity 

figv/ml.

Increase
in

red blood 
cells

expressed
as

percentage
o f

expected
response

1 ........................... 2-0 75 9 ............... 9 0 62

2 ........................... 2-9 m }  57 10 ............... 9 0 58

3 3-0 nil 11 ............... 120 46 \  oi 
145/

4 ........................... 4-0 76
12 ............... 1 2 0

5 4-1 nil
1 3 8 /

6 ........................... 4-5 54 13 ............... 150 93

7 ........................... 6 0 50
9 6 7 , 0 4

8 ............................ 6 0 109
112 /

10 iig ./m l. are m uch less satisfactory than those containing m ore than 
10 ¡xg./m l. O f the 11 patients receiving less than 10 fig. o f  B 12 9 gave 
unsatisfactory responses, while o f  the 7 patients w h o received m ore 
than 10 ug- on ly 2 gave unsatisfactory responses. Several o f  these extracts 
w ere tested on  m ore  than one patient. T h e m arked variation in response 
from  patient to patient is very clearly seen in the results obtained with 
these. In  particular the different patients receiving samples 2 and 11 
show  very w ide differences in response. I f  the results obtained with the 
tw o patients on  each sam ple are averaged, then it can  be  seen that on ly 
one extract out o f  10 containing less than 10 g g ./m l. w ould  satisfy our 
criterion (and this result depends on the reaction  o f only one patient) 
w hile none o f the fou r  extracts containing m ore than 10 fig. B 12/m l. 
w ou ld  have failed to d o  so.
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VITAM IN B12 CONCENTRATION IN LIVER EXTRACTS 

Su m m a r y

1. T h e vitam in B 12 contents o f  a num ber o f  liver extracts have been 
reported.

2. A ssa y  results using L actobaccillu s lactis  and L . leichm annii have 
been com pared .

3. T h e clin ical responses to  a num ber o f  extracts have been com pared  
with their B 12 contents, and the range o f  activity fou n d  by clin ical test 
has been  indicated.

W e wish to  express our thanks to  the pathologists w ithout w hose 
enthusiastic co -op era tion  the standardisation o f  liver extracts w ould  
n ot have been  possible.

R eferences

1. Cuthbertson, Biochem. J., 1949, 44, v.
2. Lees and Emery, Biochem. J., 1949, 45, ii.
3. Della Vida and Dyke, Lancet, 1942, 243, 275.

D ISC U SS IO N

T he three papers dealing with the m icro -b io log ica l assay o f  liver extracts 
by  M r. Shaw and b y  D r. C uthbertson, M iss L loy d , D r. E m ery and M r. 
L ees w ere discussed together; the last paper was read by  M r. Lees.

M r . Sh a w , in presenting his papers, stated that since subm itting them 
he had fou n d  that on  applying his assay to  a com m ercia l solution  o f  
crystalline vitam in B 12 prepared fo r  in jection , the indicated vitam in B 12 
content appeared to  be  approxim ately  three times as great as the labelled 
value, using as reference standard the solid  liver preparation  supplied by  
D r. R ick es  and standardised by  h im  at 0-4ug. per m g. T h is observation  
indicated that the results qu oted  in  the paper represented n ot necessarily 
vitam in B 12 as such but w ere a m easure o f  the grow th activity fo r  L a cto 
bacillus lactis D orner. This d iscrepancy along with the extrem ely slow 
speed o f  m igration  o f  the m ain  constituent on  paper chrom atography, 
and the A m erican  v iew  that m icrob io log ica l assay o f  liver extracts fo r  
vitam in B 12 is n ot reliable unless the vitam in B 12 content o f  the liver 
solids in the preparation  under test is o f  the order o f  50 per cent, suggests 
the possibility  that the clin ical action  o f  liver extracts m ay be  due to  a 
com p lex  o r  conjugate o f  vitam in B 12 m ore  than to  the presence o f  the 
free vitamin. It m ight w ell be that fo r  the assay o f  liver extracts a 
standard liver preparation  w ill be a m ore satisfactory reference standard 
than pure crystalline vitamin B 12.

T h e C h airm an  said that the three papers dealt with a subject w hich 
had been  d ev e lop ed  very considerably  in the last year or so. I f  the 
figures given fo r  assays o f  com m ercia l extracts really represented their 
content o f  vitam in B 12 then he thought that they gave a very disturbing 
picture o f  the state o f  affairs. T h e assay process required im provem ent 
before  it was possib le to  p lace reliance on  it, but the results given in the 
papers suggested that there m ight be  som e relationship betw een it and 
the clin ical response. M r. Shaw  used a m ethod o f  paper strip chrom ato-
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graphy w hich  was unusual, in that he did  not protect the solvent from  
evaporation.

D r . C. H . H a m p s h i r e  (L on d on ) com m enting on  the paper by  D r. 
Cuthbertson and his collaborators, rem arked that he was a little sorry to 
see that they still fou n d  it necessary to m ake reference to the U.S.P. unit. 
T he sooner that term disappeared the better. It was to  be h op ed  that the 
w ork  w hich  was n ow  being d on e  by  D r. Cuthbertson and his colleagues 
and by  other teams w ould  enable a truly scientific m ethod o f  assay o f 
liver extracts to  be arrived at by  com parison  with a standard.

D r . F. H a r t l e y  (L on d on ) said that the papers w ould  be generally 
w elcom ed  as helping to  show  som ething o f  the progress m ade on  the 
m icrob io log ica l side since the isolation  o f  vitam in B 12 last year, but a 
com parison  o f  the tw o sets o f  papers as circulated revealed som e startling 
discrepancies. H ow ever, M r. Shaw had n ow  clarified som e o f  those 
discrepancies. T h e variations w hich  becam e apparent im m ediately the 
papers were read w ou ld  obv iou sly  be regarded by  m any peop le  as being 
attributable to the essentially variant factors present in the m icro b io 
log ica l m ethod , nam ely the standard, the test organism , and the m edium  
used. M r. Shaw in his abstract, but not in the paper, indicated the very 
different interpretaion to  be given to  the results, when assaying prepara
tions o f  pure vitamin B 12 in contrast to those fo r  the other materials 
exam ined. T h e standard w hich  he used contained  0-4 n g ./m g ., or  in 
other w ords 0-04 per cent, o f  vitam in B 12. It was w ell know n, as M r. 
Shaw him self had pointed out, that liver preparations contain  other 
grow th factors than vitam in B 12, and a relationship between the grow th 
factors in the standard and in the test cou ld  be obtained. M r. Shaw 
provided  histogram s fo r  materials under test but n ot fo r  the material 
used as his standard; how ever, he had pointed out that when he m easured 
pure vitamin B 12 against his standard he got a result about three times 
larger than he had expected. T h erefore , m aking that allow ance, the 
results o f  the tw o sets o f  results cam e m ore  nearly into line. T he m arked 
influence o f  the m edium  on  the grow th -prom oting  and grow th-inhibiting 
activities, and therefore on the results obtained, was fu lly  discussed by  
D r. M ary Shorb at the recent International B ioch em ica l Congress. It 
becam e clear o n  look in g  at her grow th response slopes that, accord in g  to 
factors such as w ould  occu r w hen com paring  materials o f  totally different 
origin, som e o f  w hich  contained conjugates and others free vitam in B 12 
that one w ou ld  obtain  different interpretations accord ing  to  w hich  slope 
was used. T o  com pare  one kind o f  m aterial with others o f  a different 
nature m ight be  grossly m isleading. It was n ow  w ell know n that different 
strains o f  organism  responded differently to  a particular standard and a 
particular unknow n. D r. Cuthbertson and his colleagues had suggested 
in T ab le  I V  that com parab le  results w ere obtained using L actobacillus  
lactis A T C C  8,000 and L actobacillus leichm annii 7,830 fo r  tube assay, 
but other strains were available, and if the authors w ou ld  lo o k  at that 
m ost recently m ade available, L . lactis D orner A T C C  10,697, they 
w ould  find a rather different picture. Both  Jukes and Lester Smith had 
show n that there m ight be a group o f  vitamin B 12 factors and Jukes had
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already obtained in crystalline form  a second vitam in B 12 w hich he had 
called  vitamin B 12b. Som e or all o f  these different factors m ight w ell be 
clin ically  active. M r. L ees had been understandably cautious in his inter
pretation o f  T ab le  V , but it w ould  be  seen that 1 ml. o f  the extract conta in 
ing 2-9 u g ./m l. o f  vitamin B 12 gave in one patient a response o f  a sim ilar 
order to that given in another patient receiving 1 ml. o f  an extract conta in 
ing 17-5 n g ./m l. Such a contrast strongly suggested that there m ight be 
som e factor additional to vitam in B 12 exerting an erythropoietic effect. 
Standardisation in terms o f  vitam in B 12 on ly, m ight not, therefore, w holly  
reflect the clin ical potency  o f  liver preparations. M r. Shaw had suggested 
in his abstract, but n ot in his paper, that it m ight be desirable to  assay 
the liver extract not against vitam in B 12 but against a standard liver 
preparation . T hat w as certainly a wise extension ; but the difficulty 
lay in arriving at a standard preparation. W ere they interested in the 
con jugated  vitam in B 12 or in free vitam in B 12? H e thought it was 
im portant to obtain  a great deal m ore in form ation  on  the factors w hich 
cou ld  be separated from  liver extracts chrom atographically , and not 
necessarily lim ited to  the co lou red  fractions. U nder the conditions fo r  
chrom atography w hich  M r. Shaw had described , m ost w orkers w ould  
have lost all their vitamin B 12. It w ou ld  norm ally have m oved  far m ore 
than 2-5 cm . up the paper during elution fo r  18 days; overnight elution 
was sufficient fo r  m ost people. F inally, it was im portant to  recognise that 
if in fact the authors had m easured grow th -prom oting  factors fo r  an 
organism  and not vitam in B 12 there should be  revision o f  the headings in 
the tables in the papers.

D r . K . B u l l o c k  (M anchester) asked about the effects o f  autoclaving on  
the glucose. M r. Shaw had said that the lactobacillus was very sensitive 
to the concentration  o f  carbon  d iox id e  and then later that autoclaving 
altered the redox  potential. W ere those tw o factors standardised in the 
m edium  w hich  he recom m ended and stabilised during the m ethod o f 
preparation?

M r . T .  D .  W h i t t e t  (L on d on ) com m ented  that alm ost every physician 
had his favourite extract and pharm acists therefore had to  stock  a great 
variety o f  liver extracts. H e inquired whether it had now  been proved  
that both  crude and refined liver extracts w ere necessary.

D r . G . E . F o s t e r  (D artford) asked whether the culture cou ld  be  kept 
in the dried state.

D r . L u m b  (N ottingham ) enquired whether there had been any attempt 
to rem ove the thym idine before  carrying out the assays. I f  not, to  what 
extent was the thym idine responsible fo r  the grow th o f  the lactobacillus?

M r . G . E . Sh a w , in  reply, said that the histogram  o f  his standard was 
identical with the histogram  o f  the extracts, there was n o  m arked separa
tion  o f  the slow  m oving  band. H e had tried a norm al dow nw ard 
developm ent and had obtained exactly  the sam e kind o f  histogram . It 
was ow in g  to  that slow  m ovin g  band  that he was beginning to  w onder 
whether in an ordinary liver extract there was m uch free crystalline
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vitam in B 12. In  the course o f  w ork  not yet published he had exam ined 
liver extracts from  anim als treated in certain ways. T w o  extracts, on e 
from  a treated and one from  a n orm al anim al, w ere adjusted to the same 
nom inal vitam in B i2 concentration . T h e norm al on e show ed a norm al 
crude liver extract histogram , but the other had m ultiple peaks. T h e 
norm al on e gave the expected  clin ical response, bu t the second  on e gave 
n o  response whatever. T he m athem atical form ula used in the paper read 
b y  M r. L ees was n ot an assay but a stipulation that a case w hich had 
been satisfactorily treated w ou ld  on  average give that response. There 
w as n o  evidence w hatever that the same d ose  o f  liver extract w ou ld  give 
the same response in tw o patients, even  if they had the same initial r.b .c. 
level. A p a rt from  indicating that a w eak liver extract w as less likely to 
give the response than a strong on e, he did  not think that any reliance 
cou ld  be p laced  on  the form ula.

L. leichm annii, w hich  was m ore subject to  oxygen  tension than L . lactis, 
D orner was difficult to maintain under aerobic  conditions. It m ust be 
grow n  on  a m ed ium  in w hich  the glucose had been  autoclaved. H e 
exposed  the m edium  to air fo r  3 or m ore days after m anufacture in order 
to  enable it to  reach equilibrium . H e  had also used a series o f  tubes w hich 
had been autoclaved six m onths before , or earlier, and had obtained a 
grow th response curve identical with that w hich he had obtained six 
m onths before .

M r . K . A . L e e s , also in reply, said that as the U .S.P. authorities had 
stated that they w ere n ot prepared to  accept standardisation in terms o f  
vitam in B 12, but on ly  to  accept the U .S.P. unit, it was necessary at this 
stage to  incorporate the U .S.P. unit fo r  purposes o f  com parison  in any 
paper. H e  w ou ld  like to  thank D r. H artley fo r  his suggestion with regard 
to  L . lactis D orn er, A T C C  10, 697. W ith reference to  redox  potential, 
contrary to  w hat M r. Shaw stated, they had fou n d  that with L . leich 
mannii they cou ld  obtain  satisfactory grow th whether o r  n ot the m edium  
was autoclaved contain ing glucose. T h ey  m ight get better grow th when 
the g lucose w as autoclaved  with the m edium , but even if it w as added 
as a sterile solution  they still obta in ed  the sam e result. T he solution  to 
the problem  w ou ld  be to  determ ine the optim um  E H fo r  initiation o f  
grow th, and to find a  m eans o f stabilising the m edium  at that particular 
Eh. V arious m ethods had been  suggested in the literature and they were 
exam ining them at the m om ent, particularly the effect o f  adding th iogly- 
co llic  or ascorb ic  acid  to  the m edium . A u toclavin g  th iog lycollic  acid 
and vitam in B 12 together in the basal m edium  m ight result in a similar 
grow th response to  that obta in ed  with aseptic addition  o f  vitam in B 12 
to a sterile m edium  n ot containing th iog lycollic  acid, due to  the grow th 
response o f  th iog lycollic  acid  com pensating fo r  any destruction  o f  
vitam in B 12. H e  did  n ot think that it w as possib le to  say at the present 
tim e w hether there was any advantage in using a crude extract, except 
that T ab le  I  sh ow ed that in the m ore  refined extracts the vitam in B 12 
activity tended to  be  higher than in the other extracts, though it cou ld  
also be  just as low .
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B oth  D orner and the L. leichm anm i cultures cou ld  be dried, but when 
resuscitating the culture it was 7 to  14 days before  a satisfactory grow th 
response cou ld  be  obtained.

T h ey  had not attem pted to rem ove thym idine. T h ey  did  a differential 
assay, determ ining vitam in B i2 plus thym idine and then thym idine alone, 
after alkaline hydrolysis o f  the vitam in B 12. The D ella V id a  and D yke 
form u la  was com p iled  from  a large num ber o f  clin ical tests, and so  far 
had been the on ly  scientific ap proach  to clinical testing. A s  such, they 
had considered it to b e  the m ost suitable standard for  their present w ork. 
H e, personally, agreed with D r. H artley  that 18 days was a lon g  time fo r  
develop ing  the chrom atogram ; they fou n d  that 24 hours was quite 
adequate. It was difficult to say whether the vitamin B 12 content reflected 
the clin ical activity. M ed ica l op in ion  accepted vitamin B 12 activity as the 
total anti-anasmia activity, but the scientific m ind did not.
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It  is well know n that variations in co lo u r  are fou n d  betw een batches o f  
liquid extract o f  liqu orice  B .P. prepared from  different sam ples o f  
liqu orice  root.

C o lou r  differences in liquid liqu orice  extracts are usually n oticed  in 
the dispensing o f  m ixtures having the extracts as a constituent; the 
dilution obta in ed  in such m ixtures is often  such as to  bring it within w hat 
m ight be called  the “  critical ”  c o lo u r  range. V ariations in co lo u r  are 
not readily apparent until a dilution  o f  1 in 10 is reached, but differences 
can  be detected in dispensing a num ber o f  co m m o n  N ation al F orm u lary  
mixtures. T hus M istura A m m on ii C h lorid i contains a 15 m inim  dose  
and M istura A m m on iae  et Ipecacaunhae C om posita  a 10 m inim  dose  
o f  liqu id extract o f  liq u orice ; these am ounts represent d ilutions o f  1 in 
16, and 1 in 24 respectively, and variations in the co lo u r  o f  the liqu id  
extract o f  liqu orice  used w ill result in a different co lo u r  fo r  the final 
dispensed m ixtures, w h ich  m ay cause com m en t. In  an en deavour to 
trace the reasons fo r  these variations, details o f  the m ethod  o f  prepara
tion  have been  exam ined, together w ith differences inherent in the drug 
and in the final product.

T he British Pharm acopoeia 1948 directs that unpeeled liq u orice  root, 
G lycyrrh iza  glabra  and other species o f  G lycyrrh iza  shall b e  used in the 
preparation  o f  liqu id  extract o f  liquorice. T here are con siderab le  
differences in com m ercia l sam ples o f  liqu orice  roo t and W a llis1 gives 
figures o f  15 to 27 per cent, fo r  aqueou s extractive, dried at 10 0°C .; the
B .P . excludes sam ples o f  ro o t with a w ater-solub le  extractive be low  
20 per cent. L iq u orice  roo t o f  com m erce  is at present im ported  m ainly 
from  A n ato lia , Syria or  Iraq as ordinary or  “  natural ”  ro o t ; another type 
available is k n ow n  as “  cuttings ”  w hich  are selected p ieces o f  un iform

THE VARIATIONS IN COLOUR OF LIQUID EXTRACT
OF LIQUORICE B.P.

TABLE I
A n a l y s is  o f  c o m m e r c ia l  s a m p l e s  o f  l iq u o r ic e  r o o t

Description o f  material Moisture Ash

'

Acid-insoluble
ash

Water-soluble
extractive

(on
material as 

received)

Natural, unpeeled ...............
per cent. 

8-3
per cent. 

4-4
per cent. 

0-4
per cent. 

20-5Cuttings, unpeeled 8-6 5 1 0-6 31-6
Powdered decorticated* 7 0 3-9 0 1 41-2Cuttings, unpeeled 9 1 6-9 0-6 35-3Natural, unpeeled 10 7 5-4 0-6 25-1Cuttings, unpeeled 8-5 5-2 0-2 33-1Natural, unpeeled 8-4 7-6 0-9 25-9Natural, unpeeled ............................ 7 0 5 1 0-3 21-0

* Described as “  pulv. decort. elect.”
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size and diam eter, the length o f  each piece being approxim ately  2 to 4 
inches- A  selection o f  sam ples o f  liqu orice  ro o t obtained from  different 
sources during recent years gave the analytical results show n in T ab le  I 
and indicate the variations to be  expected.

T h e figures are chiefly  o f  interest in show ing the wide variations in 
w ater-soluble extractive encountered in different samples o f  the crude 
drug; the rem arkably high extractive in the single sample o f  com m ercia l 
p ow dered  decorticated root is also notew orthy. T he m ethod  used fo r  
the determ ination o f  w ater-soluble extractive was similar to  that 
described in the B .P. 1948.
Examination o f the colouring matter

R epresentative samples o f  each o f  6 lots o f  liquorice root, w hich  c o m 
plied  with the requirem ents o f  the B .P. 1948, were reduced to a coarse 
p ow d er and m acerated with ch loro form  water (5 g. ro o t to  100 m l.) 
fo r  24 hours, shaking frequently. T he resulting product was filtered and 
aliquot portions o f  the filtrate were taken fo r  determ ination o f  the water- 
soluble extractive and also fo r  record ing  the co lo u r  in L o v ib o n d  units 
in a L o v ib o n d  T intom eter using a 1 cm . cell. T h e results obtained are 
given in T ab le  IT

TABLE II
C o l o u r  v a l u e s  o f  sa m p l e s  o f  l iq u o r ic e  r o o t

VARIATIONS IN COLOUR OF LIQUID EXTRACT OF LIQUORICE B.P.

Sample Source and description o f  root
Water-

Lovibond Units using a 1 cm. ceil

soluble
extractive Yellow Red Blue Neutral

A. Anatolian, natural
per cent. 

35-9 9-6 5-1
B. Iraq, n a tu ra l........................... 26-9 10-1 6-2 —. 0-1
C. Syrian, natural 20-5 11-0 5-7 — 0-2
D. Anatolian, cuttings ... 32-3 11-5 4-5 .—. 0-2
E. Anatolian, cuttings ............... 33-7 11-0 4-2 — —
F. Anatolian, cuttings ... 34-5 1 1 6 5-2 — 0-2

It can  be seen from  T able  II  that although the w ater-soluble extrac
tive varied from  20-5 per cent, in sam ple C  to  35-9 per cent, in sam ple A ,  
the co lo u r  o f  the extracts d id  n ot vary appreciably ; the com position  and 
intensity o f  co lo u r  expressed as ab ove  were in fact relatively constant, 
despite the differences in origin and characteristics o f  the samples. Thus, 
under the cond ition s o f  experim ent used, it can  be con clu ded  that the 
“  depth ”  (com position  and intensity) o f  co lo u r  extracted per unit weight 
o f  roo t appears to  bear n o  relation to  the percentage o f  w ater-soluble 
extractive obtainable from  the material.

U sually m ost samples o f  extract o f  liqu orice  throw  out a precipitate 
when added  to  acid  solutions. F or  the preparation  o f  liquorice extracts 
a dilute am m onia solution  m ay be  used in the process as, fo r  exam ple, 
in the preparation  o f  liquorice roo t fluid extract, U.S.P. X I I I ,  and Berg2 
used a menstruum contain ing am m onia fo r  the extraction  o f liquorice 
by  percolation. T o  study the effects on  the resultant co lou r, further 
5 g. quantities o f  the materials reported in T ab le  II  w ere m acerated 
using a dilute (1 per cent, w /w )  solution  o f am m onia in place o f  ch loro 
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form  water. T h e p roportion  o f  extractive obtained was determ ined and 
the c o lo u r  exam ined as before . T h e results obtained are given in 
T ab le  III

TABLE III
E x t r a c t iv e s  a n d  c o l o u r  o f  e x t r a c t s  o b t a in e d  w it h  a  d il u t e

SOLUTION OF AMMONIA

Lovibond Units using a 0-25 cm. cell
Sample o f  Liquorice Ammonia-
R oot (see Table II) soluble

extractive Yellow Red Blue Neutral

A ...................................
per cent. 

34-5 12-3 3-8 0-1
B.................................... 29-5 1 00 3-5 — —
C ................................... 21-8 13-4 5-5 — —
D ................................... 33-5 13-2 5 0 — —
E ................................... 36-4 1 90 3-3 — 0-2
F .................................... 34-5 18-2 4-4 ■ 0-2

T he use o f  dilute solution  o f  am m onia d id  not increase significantly 
the total percentage o f  extractive, as can  be seen b y  com parison  o f  the 
extractive figures fo r  the respective sam ples given in T ab le  II  and 
T ab le  III.

It should be noted, how ever, having regard to the sm aller ce ll w idth 
used, that the intensity o f  co lou r  o f  the extract as expressed had been 
very appreciably increased. T he question  arises, therefore, whether the 
increased intensity o f  co lou r  results from  the extraction  o f  additional 
co lou red  materials b y  the alkaline solution  or  is sim ply due to  a darken
ing or  “  indicator ”  effect at alkaline p H  values.

A  sam ple o f  aqueous extract (5 g. o f  liqu orice  root, 100 ml. o f  water) 
was therefore adjusted to various p H  values b y  the addition  o f  small 
am ounts o f  either sod ium  h ydroxide solution  or h ydroch loric  acid  and 
the co lo u r  exam ined (see T a b le  IV ). T he p H  value o f  the extracts 
before  addition  o f  acid or  alkali was approxim ately  6-5.

TABLE IV
E ffe c t  o f  p H  o n  t h e  c o l o u r  o f  a n  a q u e o u s  e x t r a c t  o f  l iq u o r ic e  r o o t

Lovibond Units using a 0-25 cm. cell
pH Value o f  extract

after addition o f  acid or alkali
Yellow Red | Blue Neutral

2 0  ....................................................1
4 0  ....................................................1

i !
Cloudy isolutions

6-5 .................................................... 2-3 0-7 — __
7 0  ................................................... 4 0 1 0 —

7-5 .................................................... 4-9 1 0  1 — 0-1
8-5 .................................................... 6 0 1-6 i — 0-1
9 0  .................................................... 9 0 1-9 ' — 0-2
9 5  .................................................... 13-9 2-4 — 0-3

1 0 0  .................................................... 16-0 3-0 — 0 1

In  acid  solutions (low  p H  values) precipitation  occurred w hich  inter
fered with the exam ination  o f  the co lou r  o f  the liquid. It can  be  seen, 
how ever, that as the p H  increased and especially on  the alkaline side the 
extracts becam e considerably  darker, both  yellow  and red com ponents 
increasing in intensity. T he co lou r  obtained at each p H  value was stable,
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how ever, and show ed no significant change over a p eriod  o f tw o days. 
It w as noted incidentally that on  the addition  o f  alkali a buffering effect 
occu rred  betw een p H  8-5 and 9-0 and the addition  o f a relatively large 
quantity o f  sod ium  hydroxide  solution  was required to increase the pH  
ab ove  8-5.

B ecause o f  the difficulty o f  m easuring directly the co lou r  o f  the extracts 
at low  p H  values, the effect o f  acid  and alkali on  the co lou r  isolated 
chrom atographica lly  was exam ined. A  sam ple o f  aqueous extract o f  
liqu orice  roo t was passed through a colum n  o f  alum ina w hen the co lo u r  
w as adsorbed. W ashing d ow n  the colum n  with quantities o f  water then 
prod u ced  a dilute aqueous solution  o f  the co lou red  materials o f  the 
extract substantially free from  other w ater-soluble matter. A liqu ot 
quantities o f  this solution  were then adjusted to various p H  values and 
the c o lo u r  exam ined- T h e results obtained are given in T ab le  V .

It can  be  seen that there is a definite “  indicator effect ”  obtainable 
with the co lou rin g  m atter from  extract o f  liquorice, the co lo u r  being m uch 
lighter in acid  and darker in alkaline solution. T h is effect w as fou n d  
to  b e  reversible. A d d ition  o f  alkali to  an acidified solution  quantitatively 
restored the co lou r , and addition  o f acid  to  an alkaline solution  
dim inished the co lou r , w hich cou ld  be restored on  m aking alkaline once 
m ore.

TABLE V
E ffec t  o f  p u  o n  t h e  c o l o u r  o f  a n  a q u e o u s  s o l u t io n  o f  t h e  

_________ c o l o u r in g  m a t t e r  is o l a t e d  f r o m  a n  e x t r a c t  of  l iq u o r ic e  r o o t _________

Lovibond Units using a 0-25 cm. cell

¿>H
Yellow

20
4 0
6-5
8-0
9-0

10-0
10-5

0- 4
0-8

... 1 1-0
1- 1 
2-4 
2-7

... i 2-8

Red Blue Neutral

!

M
il

0 -2
0-1 — 0-1

— — —

It w ill be  realised from  the results reported that, accord ing  to  the 
cond ition s o f  preparation  and use o f  liquid extract o f  liqu orice  B .P. 
so there can  result variations in the co lou r  o f  the products.

A fter  evaporation  accord ing  to the official instructions a p H  slightly 
on  the acid  side is usually obtained, but the variation o f  acidity en cou n 
tered is not such as to  result in appreciable variations in co lo u r  due to  the 
indicator effect referred to  above. Since, how ever, the B .P. instructs 
“ evaporate until the weight per ml. o f  the liqu id at 20 °C . is 1T98 ”  it 
fo llow s that the standardisation o f  the liqu id  extract on  total water- 
soluble extractive, though entirely logical fo r  such a product, m ay cause 
relatively appreciable differences in co lou r  betw een extracts prepared 
from  samples o f  roo t show ing a relatively high, and from  those showing 
a relatively low , w ater-soluble extractive. Thus, fo r  exam ple, a sam ple 
o f  liquorice roo t giving a high w ater-soluble extractive w ill give a c o m 
paratively large volum e o f  final product and since, as was show n in
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T ab le  II, the am ount o f  co lou red  materials extracted is independent o f  the 
w ater-soluble extractive o f  the root, the resulting preparation w ill be 
relatively light in  co lou r . U sing w ater-soluble extractive as a  criterion 
o f  quality o f  liqu orice  ro o t  it fo llow s that a g o o d  quality ro o t  m ay, in fact, 
result in an official extract relatively light in co lou r. T h e yields and final 
co lou rs o f  a num ber o f  prepared samples o f  liqu id  extract o f  liquorice
B .P. were therefore noted  and these are given in T ab le  V I ;  the recorded  
yields w ere obtained using B .P . quantities and the L o v ib o n d  Tintom eter 
readings are fo r  1 in 100 aqueous dilutions o f  the liqu id  extract. These 
results show  that a high y ield  was associated in these exam ples with a 
relatively low  co lou r  intensity. H aving regard, how ever, to  the variations 
encountered betw een  laboratory  and industrial m ethods o f  evaporation  
and to  lack  o f  know ledge o f  the influence o f  heat on  the constituents 
o f  the extract responsible fo r  its co lou r , it w ou ld  n ot be justifiable to  
expect such a relationship to  be  applicable generally.

TABLE VI
C o r r e l a t io n  b e t w e e n  y ie l d  a n d  c o l o u r  f o r  s a m p l e s  o f  l iq u id

EXTRACT OF LIQUORICE B.P.

Example Yield

Lovibond Units using a 1 cm. cell

Yellow Red
i

Blue Neutral

1

ml. per 
1000 g. o f  root 

481 14-1 1-7
2 678 7-0 0-9 — —
3 566 10-5 1-3 - —
4 655 7-0 0-9 __
5 368 14-2 1-8 — ___
6 671 7-5 0-9 __ __
7 716 5-4 0-7 __
8 569 6-5 0-8 —. —

It is interesting to note that, w hile the British Pharm acopoeia 1948 
adopts the m ore  log ica l procedure o f  standardisation on  solid  content, thus 
leading to  the possibility  o f  variations in co lo u r  accord ing  to  quality o f  
root used, the m ethod  o f  the U nited States Pharmacopoeia X I I I  w ill lead 
to  the production  o f  extracts varying in solid content accord in g  to the 
w ater-soluble extractive o f  ro o t used, but the extracts obtained are likely 
to be relatively constant in colour.

T h e co lo u r  m easurem ents given in T ab le  V I  are, as m entioned, those 
obtained in aqueous dilutions only. T h e co lou r  in dispensed m ixtures 
will, o f  course, differ accord ing  to  a num ber o f  factors as w ell as the pH  
o f  the solution ; fo r  exam ple, the nature and concentration  o f  the e lectro
lytes present m ay also cause alterations in colour.

Certain A sp ects  arising during M anufacture. In  the preparation o f 
the liquid extract the B .P. directs that unpeeled liquorice root, in coarse 
pow der, shall be  exhausted by  percolation  with ch loro form  water, the 
percolate bo iled  and set aside fo r  n ot less than 12 hours, the clear liquid 
decanted and the rem ainder filtered from  the relatively light-coloured 
sludge present in the latter being rejected. This sludge is not sufficiently 
coloured , how ever, to  affect the co lo u r  o f  the final preparation. It is n ot
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advisable to set aside the preparation fo r  any length o f  time at this stage, 
ow ing to the likelih ood  o f  ferm entation. In  practice on  the m anu fac
turing scale, evaporation  m ay be  don e under reduced pressure so that 
changes in the co lou r  o f  the product due to overheating are less likely 
to occur.

A s  it was thought possib le that differences in  the time fo r  w hich  the 
preparation  is allow ed to stand before  filtration (the B .P. states “  n ot less 
than forty-eight hours ” ) m ight cause slight differences in the co lou r  
o f  the final preparation, the effect o f  tim e o f  standing was exam ined. 
A fter standing fo r  three w eeks a sm all heavier layer collected , g iving the 
fo llow in g  com parative results (1 in 100 dilution, L o v ib o n d  U nits):

Extract im m ediately after preparation : Y e llow  8-0 ; R e d  1-0
E xtract (low er layer) after standing for

three w eeks Y e llo w  10 6 ; R e d  1-3

A lth ough , as can  be seen, the low er layer w as relatively m ore  intensely 
co lou red , the actual volum e o f  this layer was sm all in com parison  with 
the bu lk  o f  the preparation  and the am ount, later rejected, d id  not 
appreciably affect the co lou r  o f  the bulk o f  the extract.

Su m m a r y

1. A  study has been m ade o f  the co lourin g  matter extracted from  
liqu orice  roo t and o f  som e o f  the possible causes o f  variation in co lou r  
o f  liqu id  extract o f  liquorice B.P.

2. It has been  show n that the co lo u r  variation occurring in sam ples o f  
extract prepared accord ing  to  the official instructions m ay result from  
the standardisation o f  the preparation on  its content o f  total w ater-soluble 
extractive.

T h e effect o f  changes in p H  value on  the co lou r  o f  liqu id extract o f  
liqu orice  has also been  investigated.

T h e authors wish to  thank M iss S. M . Stokes fo r  assistance in carrying 
ou t the practical w ork , and the D irectors o f  T he British D rug H ouses, 
L td ., fo r  perm ission  to  publish this paper.
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D ISC U SS IO N

T h e paper was read by  M r . J. H . O a k l e y .
T he  C h airm an  said that it was interesting to  note the increasing use 

o f  chrom atography, w hich  was com in g  into a large num ber o f  Conference 
papers.

D r . J. M . R o w s o n  (L on d on ) rem arked that nothing seem ed to be 
know n about the nature o f  the colourin g  matter present in liquorice root 
and the standard textbooks m ade virtually n o  reference to  it. H e 
w ondered whether the authors had any idea o f  the chem ical nature o f

VARIATIONS IN COLOUR OF LIQUID EXTRACT OF LIQUORICE B.P.
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the colourin g  matter present. D id  they consider that there w as any 
possibility  o f  caram élisation  o f the fairly large am ount o f  sugar present? 
T hat in itself w ou ld  tend to accoun t fo r  the darker co lo u r  o f  the extracts 
w hich had been prepared.

D r . W . M itc h ell  (L on d on ) said that, although he had n ot m ade any 
co lou r  m easurem ents him self he assum ed, by  analogy with other cases 
that the red com p on en t was the dom inant on e in controlling the co lou r, 
and that the yellow  was o f  relatively sm all im portance. H e  w ondered, 
therefore, whether the figures given in T ab le  V  w ere o f  any value, 
because, in exposing  the m aterial to  chrom atographic separation all the 
red com p on en t had been lost and one was m erely measuring the yellow . 
A lso , there was a buffer effect on  the p H  values corresponding  to  the 
very large change in the co lo u r  values at just about the same point. H is 
experience d id  not confirm  the w ide variations in co lou r  fou n d  by  the 
authors. It was also necessary to consider the effect o f  contact with 
metals in large m anufacture. Experim ents with glass apparatus w ere 
not entirely realistic. A  g o o d  deal m ight depend on  the m etal used in 
the plant, and even  m ore on  the heat treatment w hich  the m aterial had 
undergone. Caram élisation m ight play a very significant part in deter
m ining the final co lou r  o f  the product, and it was m ost im portant to 
avoid  the risk o f  overheating at any stage.

M r . J. H . O a k l e y , in reply, said that the authors had no inform ation  
about the nature o f  the co lourin g  matter present. In  m anufacturing prac
tice caram élisation  w as n ot likely to be considerable, as it w as custom ary 
to d o  the evaporation  under reduced pressure. T h ey  had deliberately 
tried to produce a certain am ount o f  caram élisation, and a sm all sample 
o f  extract was grossly overheated until actual charring occurred . T hey 
w ere surprised to  find that very little increase in co lou r  resulted.

T h ey  considered  that the yellow  w as the m ore dom inant factor and not 
the red. T he buffer effect referred to was interesting. It was possib le that 
som e change to o k  place at that stage, as it w as coinciden t with a m arked 
change in co lo u r  accurring there. D r. M itchell’ s som ew hat different 
experience regarding the m agnitude o f  the variation in co lo u r  m ight be 
because, to  get a relatively constant co lou r , it was necessary to  use the 
same type o f  root. If, how ever, roots o f  low  and high w ater-soluble 
extractive were used a considerable variation in co lou r  occurred . T hough 
m uch o f  the w ork  described had been don e on  a sm all scale in  glass 
apparatus, it had also been com pared  with large-scale experim ents don e 
in large apparatus o f  various metals, and they had fou nd  no significant 
change in the colour.

J. H. OAKLEY AN D R. E. STUCKEY
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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  IN  

O T H E R  J O U R N A L S

C H E M I S T R Y

A N A L Y T I C A L

Aldehydes, Determination of, with Hydrazine. L. F u c h s  and
O. M a t z k e .  (Scientia pharm., 1949, 17, 1.) Hydrazine sulphate may be 
used for the acidimetric determination o f aldehydes, details being similar to 
that of the hydroxylamine method, with methyl red as indicator. Examples 
are given of the application to benzaldehyde, piperonal, and vanillin.

G . M .

Atropine, Determination of Small Concentrations of. M . T o n n e  sen.  
(Acta Pharmacol. Toxicol., 1948, 4, 186.) The colorimetric reaction of 
V ita li as modified by A llport and Wilson is recommended for the chemical 
determination of small concentrations (50 ¡.ig. or more) of atropine, although 
the substance must be fairly pure. The conditions and precautions necessary 
to make the reaction quantitative are discussed and standard curves of 
extinction and time are given. Details of a biological assay depending on the 
dilatation of the mouse’s eye are described, the technique being based on the 
method worked out by Pulewka (Arch exp. Path. Pharmak., 1935, 178, 439). 
The alkaloid is injected subcutaneously into each of 10 male white mice 
in an amount that in mydriatis effect corresponds to 0-75 ¡rg. of /-hyoscyamine 
and the pupil diameter is measured microscopically after 1 hour. Dose 
response curves are given for atropine sulphate, hyoscyamine sulphate and 
scopolamine hydrobromide. A  statistical analysis of results obtained using 
less than 10 mice has been made. A fte r a large number of determinations 
it was found, that a pupil diameter of 2 mm. corresponded to a minimum  
of T75 (ig. and a maximum of 2-0 ug. of atropine sulphate. In  forensic 
analysis an ether extract from an alkaline solution of the urine should be 
made evaporated to dryness, the residue dissolved in 0-00IN  hydrochloric 
acid and injected. A n  extraction of the contents of stomach and intestines 
with 0-001N hydrochloric acid should also be made, this procedure being 
more reliable than the “ Stas-Otto ” process. The untreated urine can also 
be injected. Amounts as small as 0-5 jig. can be determined by this method.

R . E .S .

Digitoxin and Digitoxigenin; Baljet Reaction. F. K . B e l l  and J. C.
K  r a n t z, J r . ( / .  Amer. pharm. Ass., Sci. Ed., 1949, 38, 107.) The Baljet test 
was applied using the original method, in which sodium hydroxide is the 
alkali, and the modified method, in which tetraethylammonium hydroxide 
is the alkali. The results indicate that under the conditions described there 
is no difference on a molar basis in the sensitivities o f digitoxin and digi
toxigenin towards the reagent, particularly i f  allowance is made for the 
digitoxose portion of digitoxin. If ,  therefore, digitoxin contaminated with 
digitoxigenin, which is physiologically less active, is assayed by the method 
described, erroneously high results w ill be obtained. Comparison of the 
results of the two methods supported the previous conclusions that the 
use of tetraethylammonium hydroxide as the alkali resulted in an increase 
of about 100 per cent, in the colour intensity. G . R. K .



ABSTRACTS

Histamine, M icrochem ical Identification o f  Small Quantities of.
G . D  e n i g e s. {Bull. Soc. Pharm. Bordeaux, 1949, 1, 87, 3.) A  solution o f 
histamine dihydrochloride was used to study the microcrystalline reactions 
o f  histamine. A  small drop o f a solution (concentration, OT m g./m l.) con 
taining 0-0003 mg. o f  histamine was allowed to crystallise spontaneously in 
air, when a number o f  octahedral crystals and aggregates were obtained. 
These were examined m icroscopically and a diagram at a magnification o f 
130 diameters is given. T o  the crystals was added a small drop o f a 1 per cent, 
aqueous solution o f  picric acid; at, the edge o f  this drop bundles o f  fine yellow 
needles o f  histamine picrate form ed, not to be confused with the picric acid 
crystals, larger and more squat, due to excess o f  picric acid which crystallised 
out on standing. The presence o f  chloride in the evaporated crystalline 
histamine dihydrochloride can be confirmed by the addition o f  a small drop 
o f  silver nitrate solution; the precipitated silver chloride was dissolved in 
ammonia solution and allowed to evaporate, when characteristic crystals 
o f  silver chloride were form ed. r . e . s .

Pamaquin, Colorim etric Detection and Determination o f. J. A. 
S a n c h e z .  {Ann. pharm. franc., 1949, 6, 495.) Three reactions are 
described. Ouinone reaction. On warming a few  mg. with 2 drops o f  33 per 
cent, sulphuric acid in a glycerin bath at 155° to 160°C. for 5 minutes, a 
carmine-red colour appears on the walls and bottom  o f  the tube. This is 
soluble in alcohol (70 per cent.) and becom es violet with ammonia. Tablets 
should be extracted with alcohol before the reaction is applied. Niirous 
acid reaction: A  few  mg. is dissolved in 2 ml. o f  alcohol (70 per cent.) and 
treated with 2 drops o f  acetic acid and 1 drop o f 10 per cent, sodium nitrite 
solution. A  red colour is produced. On diluting and extracting with ch loro
form  the colour is extracted by the chloroform . D iazo reaction. A  red 
colour is produced by coupling with diazotised p-nitraniline. This reaction 
may be used quantitatively as fo llow s: Dissolve 0-01 g. with 10 drops o f  
acetic acid in alcohol (95 per cent.) to 100 ml. T o  1 ml. o f  this solution 
0-5 ml. o f  diazotised p-nitraniline solution (0-5 g. o f  p-nitraniline and 0-5 ml. 
o f  sulphuric acid in 50 ml. o f  water) is added; to 7 ml. o f  this solution 1 drop 
o f  10 per cent, sodium nitrite solution is added, and the mixture is shaken until 
decolorised. The volum e is finally made up to 5 ml. with alcohol (95 per 
cent.). F or tablets, the reaction should be applied to the alcoholic extract.

G. M.

E S S E N T IA L  O IL S
Ascaridol in Oil o f  Chenopodium . A . H a l p e r n .  (J. A m er pharm. 

Ass., Sci., Ed., 1948, 37, 161.) Ascaridol is the only anthelmintic com 
ponent o f  oil o f  chenopodium , but the U.S.P. X , gave no standard for  
ascaridol content, other than physical constants. A  method o f  determina
tion based on the oxidation o f  ascorbic acid in the presence o f  ascaridol 
and o f  oil o f  chenopodium , and subsequent back titration o f  the ascorbic 
acid with 2 : 6-dichlorophenolindophenol has been investigated. U niform  
results were not obtained, indicating that some other substance in the oil 
also caused oxidation. l . h . p .

F IX E D  O IL S , F A T S  A N D  W A X E S
Shark Liver Oil, Deodorisation o f, P. K . M  a t h e w, P. V . N  a i r, T . A .

R a m a k r i s h n a n  and H.  S r e e m u l a n a t h a n .  {Nature, 1948, 162, 
494.) Methods o f  deodorisation o f  shark liver oil are examined. Steam 
treatment o f  the oil yields a product free from  odour when freshly pre
pared but which reverts to its original character in a few days. Oils
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deodorised by agitation with fermenting milk or toddy, were found to 
remain bland for  several months. Tables giving data with regard to the 
chemical constants, potency, and stability o f  oils deodorised with fermenting 
milk and toddy, as com pared with those o f  the original oil, showed that these 
characteristics were little changed in the process. Hydrogenation o f  the oil 
was carried out with OT, 0-25 and 0-4 per cent, o f  a nickel catalyst with 
promising results: OT per cent, o f  catalyst was not sufficient to effect complete 
deodorisation within a temperature range o f  100° to 180° C., but 0-25 per 
cent, o f  the catalyst effected fairly complete deodorisation o f the oil at 120° C. 
within 30 to 45 minutes. A  loss o f  vitamin A  o f about 7 per cent, was found 
although the keeping quality o f  the oil im proved considerably. Increase o f  
the concentration o f  the catalyst to 0-4 per cent, caused increased destruc
tion o f  vitamin A . Hydrogenation results are given in a table which shows 
that with 0-25 per cent, o f  nickel catalyst at temperatures between 100° and 
180°C. and reaction periods from  30 to 180 minutes, the loss o f  vitamin A  
increased progressively with rise in temperature and time o f  exposure.

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

Biocerin. C. W. J o h n s o n ,  H.  D.  W e s t ,  H.  L.  J o n e s  and
C. J. L  o ng. ( / .  Bact., 1949, 57, 63.) The antibiotic material was
obtained from  a culture o f  Bacillus cereus isolated from  soil and grown in 
a medium containing glucose, mineral salts, methionine and agar, by extract
ing the metabolism solution with ether and evaporating the ethereal liquid. 
The residue was insoluble in water but soluble in various organic solvents. 
The growth o f  all the follow ing bacteria was inhibited by a concentration 
o f  1 m g./m l. o f  the crude material, and all except the first three by 0-5 
m g ./m l.:— Salmonella paratyphi A  and B, Sarcina lutea, Salmonella typhosa, 
Corynebacterium diphtherias, Bacillus anthracis, B. subtitts, Staphylococcus 
albus, Escherichia coli, Brucella suis, A erobacter aerogenes and Neisseria 
catarrhalis. Rabbit serum caused a lowering o f  activity. A  dose o f  20 mg. 
in liquid paraffin suspension given intraperitoneally to mice did not produce 
any toxic effects. Further investigation is considered to be warranted.

H . T . B.

Circulin, A  New Antibiotic. F. J. M u r r a y ,  P. A.  T  e t r a u 11,
O.  W.  K a u f m a n  n, H.  K o f f l e r ,  D.  H.  P e t e r s o n  and D. R. 
C  o 1 i n g s w o r t h. (J. Bad., 1949, 57, 305.) The antibiotic was isolated 
from  an aerated broth culture o f  a soil organism resembling Bacillus 
circulans, but differing from  almost all known strains o f  the latter by giving 
a positive Voges-Proskauer reaction. The unit o f  activity is defined as that 
amount per ml. that completely inhibits the growth o f  Salmonella typhosa 
for  18 hours at 37° C. in a broth containing 0-75 per cent, o f  peptone and 
0-25 per cent, o f  yeast extract at pH  7-2. Material o f  the highest potency con 
tained about 5000 units/mg. Circulin sulphate is exceedingly soluble in water, 
less soluble in the lower alcohols and insoluble in hydrocarbons or ether. It is 
not affected by autoclaving for 15 minutes. It is more active against G ram 
negative than against Gram-positive organisms, thus differing from  all other
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antibiotics except aerosporin and polymyxin. In general, circulin is more 
active than streptomycin against Gram-negative bacteria. Doses of 27,000 
units/kg. subcutaneously, protected m-ice against 1000 minimum lethal doses 
of S. typhosa; 43,200 uits per kg. intraperitoneally gave protection against 
100 minimum lethal doses of Klebsiella pneumonias. It is less toxic than 
aerosporin but more so than polymyxin. The LD50 in mice for a prepara
tion about 50 per cent, pure given subcutaneously is about 150 mg./kg.

H. T. B.

Penicillin, Antibacterial Activity of Synthetic Compounds of, G.
B r o w n l e e  and M. W o o d b i n e .  (Brit. J. Pharmacol., 1948,3, 305.) 
The compounds examined consisted of the following groups based on (1) 
penicillamines, (2) thiazolidine-4-carboxylic acid, (3) oxazolones, (4) deriva
tives of glycine, and a miscellaneous group of intermediate and associated 
products. All the compounds were found to possess poor antibacterial 
activity in vitro when compared with penicillin. Those penicillamine esters 
which were found to possess antibacterial activity were inactivated by the 
presence of 10 per cent, of blood or serum, and their mode of action is not 
related to that of penicillin. All the active compounds, when given intraperi
toneally, were acutely toxic in small doses to mice, and none possessed 
chemotherapeutic value. s. L. w.

Penicillin, Cyiochemical Action of. J. D u f r e n o y  and R. P r a t t .  
(J. Bad., 1948, 55, 525.) Agar plates seeded with Staphylococcus aureus, 
Bacillus subtilis or Proteus vulgaris were incubated until the organisms 
reached the logarithmic phase of growth. Aqueous solutions of penicillin in 
the usual assay cylinders were then allowed to diffuse through the medium 
for a period too short to permit the development of clear zones. On 
flooding the plates with appropriate reagents inhibition zones were immedi
ately visible. Application of Pappenheim’s stain, which differentiates 
between ribo- and desoxyribo-nucleic acid derivatives, showed that the 
inhibition zones were free from ribo-nucleic acid. Application of redox 
indicators showed that the inhibition zones had low dehydrogenase activity. 
Cobra venom behaved similarly to penicillin, and since it is known to inter
fere with sulphydryl groups on which dehydrogenase activity depends it is 
possible that the same mechanism is involved in the action of penicillin.

H. T. B.

Penicillin Effectiveness, Enhancement by Traces of Cobait. L A. S t r a i t ,  
J. D u f r e n o y  and R. P r a t t ,  with V. L a m b .  (J. Amer. pharm. 
Ass., Sci. Ed., 1948, 37, 133.) The addition of traces of hydrated cobalt 
chloride to the agar medium used in the assay of penicillin by the cylinder- 
plate method caused a pronounced increase in the effectiveness of relatively 
dilute penicillin solutions in producing inhibition zones on the plates infected 
with certain bacteria. Concentrations ranging from 0T to 10 p.p.m. were used 
and the effectiveness of the pencillin solution in producing inhibition zones 
was increased 4 to 8 times using Staphylococcus aureus. Similar increases 
in the bacteriostatic properties of penicillin on Escherichia coli, Bacillus 
subtilis and Proteus vulgaris were observed, P. vulgaris being especially 
sensitive to traces of cobalt. The presence of traces of cobalt also reduced 
the threshold concentration of penicillin detectable by the cylinder-plate 
method to one-third or less. L. h . p .
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Vitamins, Antagonistic Action of, Towards Histamine. R. L e c o q,
P. C h a u c h a r d ,  and H. M a z o u e .  (C. R. Acad. Sci., Paris, 1948, 227, 
1264.) Repeated administration of histamine produces a chronic state of 
nervous chronaxia which may be relieved by the subcutaneous administration 
of normal doses of vitamins A, B, C, nicotinamide or rutin. Of these, only 
vitamins C and D, and rutin, all o f which have an antagonistic action towards 
acetylcholine, can suppress completely the chronaxic effects of anaphylactic 
shock. While vitamin A and nicotinamide neutralise the effects of histamine 
but not of acetylcholine, on the other hand vitamin H and inositol have a 
neutralising effect only towards acetylcholine. g . m .

B IO C H E M IC A L  A N A L Y S IS

Amino-acids, Ninhydrin Reagent in Determination of, by Paper Chroma
tography. A. J. L a n d u a  and J. A w a p a r a .  (Science, 1949, 109, 
385.) The modified ninhydrin reagent of Awapara (J. biol. Chem., 1949, in 
the press) consisting of a 2 per cent, ninhydrin solution in methyl cellosolve 
water at pH 5 (citrate buffer) and containing stannous chloride, was used to 
develop amino-acid spots on a paper chromatogram. The spots were cut 
from the chromatogram and the colour intensity was measured using a 
Beckman spectrophotometer at 570 mp. A table is given showing density 
readings obtained at various concentrations for solutions of glutamic acid, 
aspartic acid, glycine and alanine; in all cases the colour density was a straight 
line function of the concentration. The greatest source of error in this 
procedure was the filter paper which gave blank readings ranging from 
0-070 to 0-100; this range of 0-030 units indicated an error of about 7 per 
cent, on a determination o f 10 (ug. of amino nitrogen. Analyses carried out on 
the same sheet of paper could, however, be reproduced with variations of 
about 1 to 2 per cent. In this connection the best results were obtained 
when an aliquot of the coloured solution was removed from the tube and 
made up to a convenient volume, thus avoiding the difficult removal.of all the 
colour on the filter paper remaining in the tube. The amount of colour 
adsorbed on the filter paper was constant. r . e . s .

Insulin, Determination of Protein in. H. C o r d e b a r d  and J. 
S c h n e i d e r .  {Ann. Pharm. franc., 1949, 6, 542.) To 10 ml. of a solution, 
corresponding to 100 I.U., 1 ml. of 5 per cent, solution of sodium tungstate 
is added, then 1 ml. of N sulphuric acid containing 20 per cent, of sodium 
sulphate. The mixture is centrifuged, and the residue, after washing, is 
heated for 15 minutes on the water bath with 2 ml. of N potassium dichromate 
and 5 ml. of concentrated sulphuric acid. After cooling and dilution to 
150 ml., potassium iodide is added and the mixture is titrated with 0TN 
sodium thiosulphate. In calculating the precentage of insulin protein, 1 ml. 
of 0-1N solution is taken as equivalent to 0-75 mg. of insulin. g . m .

Subfilin: Microbiological Assay. R. D. H o u s e w r i g h t, R. J.
H e n r y  and S. B e r k  man.  {J.Bact., 1948,55,545.) Details are given 
of a filter-paper disc method for the assay of subtilin using Bacillus cereus 
as the test organism. The medium used consisted of Difco peptone, beef 
extract, yeast extract and agar, and it was found necessary to add 2 per cent, 
of sodium chloride and to adjust the pH to 6-4 with hydrochloric acid. The 
method can also be used for the assay of subtilin in certain body fluids, 
consistent results being obtained in the presence of more than 10 per cent.
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of blood and more than 12 per cent, of serum. With the procedure described 
the error of assay is approximately ± 5 to 10 per cent., depending on the 
number of dilutions of the unknown falling within the range of the standard 
curve. h . t . b .

C H E M O T H E R A P Y
(Estrogens related to Triphenylethylene. W. T a d r o s ,  K. F a r a h a t  

and J. M. R o b s o n .  (J. chern. Soc., 1949, 439.) A number of new 
triphenylethylene derivatives have been prepared and their oestrogenic activity 
has been studied by the method of Robson {Quart. J. exp. Physiol., 1938, 28, 
195). The compounds were prepared by addition of different pp'-disubsti- 
tuted benzophenones to an ethereal solution of p-chlorobenzylmagnesium 
chloride and decomposition of the product with aqueous ammonium chloride, 
when the corresponding carbinols were obtained. Dehydration of the 
carbinols gave the triphenylethylenes. The compounds were dissolved in 
olive oil and the oestrogenic activity was examined on injection subcutaneously 
and on administration orally by a stomach tube into groups of 5 ovariecto- 
mised mice.

T i m e  r e q u i r e d  f o r  (e s t r o g e n ic  a c t i v i t y  t o  f a l l  t o  h a l f

N o . Substance Dose 
(m -g)

T im e
(days)

1 1 : l-D iphenyl-2 -p -b rom ophenyle thy lene 1000 2
2 2 -B ro m o -l : l-d ip h e n y l-2 -p -b ro m o p h e n y le th y le n e .............................. 1000 56
3 2 -B ro m o -l : ì-d ip h e n y l-2 -p -ch lo ro p h e n y le th y le n e .............................. 100 11
4 Brom otri-p -ch lo rophenyle thy lene 5000 5
5 2-B rom o-2 -p -ch lo ropheny l-1 : 1 -d i-p-brom ophenylethylene 5000 10
6 2-B rom o-2 -p -ch lo rophenyl-1 : 1 -d i-/? -iodoph eny le thy lene ................. 5000 10
7 2-/7 -chlorophenyl-l : 1 -d i-p-m ethoxyphenylethylene ................. 1000 3
8 2-B rom o-2 -p -ch lo ro pheny l-l : l-di-£>-m ethoxyphenylethylene 100 5„ ,, ,, „ 10* slight

2 -p -C h lo ro pheny l-1 : 1 -di-/>-ethoxyphenylethy lene ...
100* 12

9 1000 s ligh t
10 2-B rom o-2 -p -ch Io ropheny l-l : l-d i-/?-ethoxyphenylethylene 100 3

10* 3
100* 16

11 2-B rom o-2 -ph eny l-l : 1 -d i-p-e thoxyphenyle thy lene.............................. 10* 7
,, ,, ,, . . . . . . . . . 50* 21
”  » ”  .............................. 500* 38

* C om pounds in  so lu tion  in  o live  o il adm in istered o ra lly  by  a stom ach tube in to  groups o f  5 o va rie c tom - 
ised mice. In  a l l o the r cases com pounds in  so lu tion  in  o live  o i l were in jected subcutaneously in to  groups, 
o f  5 ovariectom ised mice.

The time required for the oestrogenic activity of compounds 8 and 10 to 
fall to half was shorter than that of the corresponding compounds with a 
phenyl group only on the ethylene 2-carbon atom. At the dose level 
employed the compounds 4, 5, and 6 were active in contrast to the corre
sponding compounds with no halogen in the phenyl group, which were 
inactive. r . e . s .

(Estrogens, Synthetic, related to Triphenylethylene. W. T a d r o s .  
{J. chem. Soc., 1949, 442.) Heating di-p-benzyloxyphenylbenzyl-
carbinol and 2-phenyl-1 :1-di-p-Aopropoxyphenylethylene in vacuo in the 
presence of a trace of sulphuric acid, or refluxing the solution in acetic acid 
in the presence of sulphuric or hydrobromic acids yielded 2-phenyl-1 :1-di- 
p-hydroxyphenylethylene, 2-Bromo-2-phenyl-l: 1-di-p-hydroxyphenylethylene 
and its diacetate (which can be obtained by bromination o f 2-phenyl-l: 1-di- 
p-acetoxyphenylethylene) were found to be highly active oestrogenic com
pounds when injected subcutaneously into ovariectomised mice. A  number
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of new triphenylchloroethylenes were prepared by chlorination of the 
corresponding ethylenes; di-p-ei/rylthiophenylbenzylcarbinol and di-p-n- 
propylthiophenylbenzylmagnesium chloride were obtained by adding the 
appropriate ketone to the ethereal solution of benzylmagnesium chloride.

r . e . s .

P H A R M A C O G N O S Y
Aloes, Preparation of Powdered. I. W. S p o o n  and W. M. S e s s e l e r .  

(Pharm. Weekbl. 1949, 84, 241.) The authors give a description of the 
method used in the Dutch Antilles (including Curasao) for the preparation of 
aloes. The boiling of the juice is carried out in copper kettles, but it is not 
possible to control the process properly, so that some decomposition probably 
occurs. A  sample of the sap, preserved with chloroform, and transported in 
cold storage, was obtained. The liquid showed a considerable amount of 
sediment, which redissolved on warming; the density was 1-0911, and the 
solid content 25-5 per cent. The liquid was spray dried at a temperature 
of 71° to 74°C. The powder obtained contained 2-4 per cent, of water, was 
lighter in colour, and more soluble than the ordinary block aloes, while it 
satisfied all official requirements. It was hygroscopic, but did not cake unless 
the humidity of the atmosphere exceeded 70 per cent. g . m .

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
Curare, Antagonism of by Congo Red and Related Compounds. C. J.

K e n s 1 e r. (/. Pharmacol., 1949, 95, 28.) The anticurare activity of congo 
red has been examined by using pure d-tubocurarine chloride and two pure 
erythrina alkaloids, /3-erythroidine hydrochloride and dihydro-/3-erythroidine 
hydrochloride. Congo red and the related dyes, Evans blue and chlorazol 
fast pink prevented paralysis in the frog when d-tubocurarine chloride in 
doses up to 10 mg./kg. is used as the curarising agent, but no protective 
action was observed when the erythrina alkaloids were used. Congo red 
also shortened the recovery time of frogs paralysed with d-tubocurarine 
chloride; it also prevented the inhibition by d-tubocurarine of the response 
of the isolated frcg rectus abdominus muscle to acetylcholine and incubation 
with congo red potentiated the response of this muscle to acetylcholine. In 
contrast to the protection afforded by congo red when the erythrina alkaloids 
were used complete inhibition of the acetylcholine response was obtained, 
even though congo red was present throughout the exposure to the alkaloid. 
Congo red was found to be a moderately potent inhibitor of frog brain 
cholinesterase activity in vitro but in vivo it did not measurably inhibit activity. 
Related compounds varied in their anticholinesterase activity, some being 
moderately active inhibitors in vitro, but lack of any obvious correlation 
between this property and anti-curare activity, the lack of effect in vivo, and 
failure to exert any anti-curare activity with the erythrina alkaloids indicated 
that the anti-curare activity of the azo dyes is not due chiefly to their anti
cholinesterase activity. Evidence is presented which indicates that 
d-tubocurarine and congo red form a complex which is soluble or insoluble 
depending on the ratio of the two substances. The evidence which supports 
the hypothesis that Congo red and related compounds are effective against 
d-tubocurarine because of a reaction with d-tubocurarine rather than an 
action on a functional component of the myoneural junction is discussed.

s. l. w.
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Diparcol in Parkinsonism. R. S. D u f f .  (Brit. med. . 1 1949, 1, 613.) 
Diparcol, a proprietary brand of diethylaminoethyl-N-thio-diphenylamine 
hydrochloride, was employed in the treatment of 8 cases of post-encephalitic 
chronic Parkinsonism of varying degrees of severity. Starting with small 
doses the amount was gradually increased up to 1 g. daily by mouth, and this 
dose continued for a period of 10 weeks until significant benefit was obtained, 
after which the dose was varied by small amounts to suit the requirements of 
the patient. It was found that treatment with two 0-25 g. tablets on awaken
ing, followed by one tablet at noon, and one at about 5 p.m., brought the 
greatest reduction of rigidity. Diparcol seemed to offer some advantages 
over the tropine series of alkaloids (exemplified by stramonium), and all 
the patients derived a little benefit as compared with previous treatment, 
improvement in the feeling of well-being was noteworthy in several of the 
patients. Oculogyric crises were not significantly reduced. Hypersalivation 
was not well controlled in 4 of the cases, in which the addition o f small 
doses of belladonna became necessary. Undesirable effects in some patients 
included faintness, paraesthesiae, transient blurring of vision, undue drowsi
ness. There was a tendency for the white cell count to fall to 4000 per c.mm. 
during the initial weeks with a subsequent rise to former levels. A  method 
of recording and evaluating the results of treatment of patients with chronic 
disorders of locomotion is described. s. L. W.

Di-isopropyl Fiuorophosphonate (D.F.P.) in Surgery. J. P. Q u i 11 i a m
and T. A. Q u i l l i a m .  (Lancet, 1949, 256, 603.) The use in post
operative paralytic ileus is illustrated in 12 successfully treated cases. It 
should be used as a supplement to other measures, 2 to 4 mg. being given 
by intramuscular injection, and the dose repeated after 12 to 24 hours if 
defecation has not occurred. If the case is very urgent a maximum of 2 mg. 
may be given 4 hours after the first dose. It is more certain in its action on 
paralytic ileus than neostigmine and does not give rise to the unpleasant and 
sometimes dangerous side-effects which may attend the use of posterior 
pituitary extract, while the beneficial effects seem to last longer than those 
of either of these drugs. It was also used successfully in 5 cases of post
operative abdominal distension and 4 cases of intestinal obstruction and in 
post-operative retention of urine. As a simple biological test to assess potency 
a small measured volume is instilled into the right conjunctival sac of a rabbit, 
and a similar volume of a standard solution into the left sac. A  comparison 
of the mean pupil diameters under constant conditions of illumination made 
at 10 minute intervals during the hour following administration will indicate 
the potency of the sample against the standard. There was little, if any, loss 
in potency of an arachis oil solution after storage for up to 2 years at room 
temperature. s. L. w.

Hexa-ethyltetraphosphate, Toxicology and Pharmacology of. S
F o r s s l i n g .  (Acta Pharmacol. Toxicol., 1948; 4, 143.) Comparative 
toxicity tests on hexa-ethyltetraphosphate with and without atropine 
prophylaxis were carried out on the mouse, rat, guinea-pig, rabbit, and cat. 
The administration was subcutaneous, also percutaneous for the rat and 
guinea-pig, and oral for the rat. The inhibitive action of hexa-ethyltetra
phosphate on acetylcholinesterase was demonstrated by recording the blood 
pressure. The LD50 by subcutaneous administration was: for mouse 0-9, 
rat 0-7, guinea-pig 2-2, rabbit 2-0-2-5 and cat 2-5-3-0 mg./kg. In the rat the re
lation between LD50 by subcutaneous, oral and percutaneous administration
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was 1:2-5:35. Certain animals, particularly mice are more protected than 
others with atropine prophylaxis. The mortality is hardly reduced in the rab
bit although the survival time is considerably prolonged. The guinea-pig and 
rat, after atropine, tolerate a 3-fold increase in the dose of hexa-ethyltetra- 
phosphate. With di-isopropylfluorophosphate and hexa-ethlytetraphosphate 
the animals investigated seemed to be better protected by magnesium sulphate 
and atropine than by tropine alone; physostigmine in large doses after a small 
dose of atropine gave the best protection. The inhibition of acetylcholine- 
esterase is essential for the toxicity; in the cat this inhibition can be demon
strated in vivo by recording the momentary decrease in blood pressure after 
an intravenous injection of acetylcholineesterase before and after the adminis
tration of hexa-ethyltetraphosphate. The nicotine but not the muscarine 
activity in hexa-ethyltetraphosphate poisoning is eliminated in the cat by 
urethane narcosis, resulting in a considerable increase in tolerance.

r . e . s.

Paludrine, Some Pharmacological Actions of. J. R. V a n e .  (Brit. J. 
Pharmacol, 1949, 4, 14.) The LD50 for acute intravenous toxicity in mice was 
22 mg./kg., this figure being calculated after observing the mice for 72 hours 
after the injection; the simultaneous injection of neostigmine increased the 
immediate toxic effect. Paludrine antagonised the action of acetylcholine or 
of vagal stimulation; it inhibited the contractions of the isolated frog rectus 
muscle and guinea-pig ileum and abolished the action of acetylcholine on 
isolated rabbit auricles; it decreased the response of the cat’s intestine to vagal 
stimulation, and caused depression of respiration in the rabbit. It 
lengthened the refractory period o f auricular tissue and had a curariform 
action on the cat sciatic-gastrocnemius, the rat phrenic nerve-diaphragm, 
and the perfused superior cervical ganglion preparations. Paludrine caused 
vasodilatation of the perfused dog hind leg, and in the cat, this dilation was 
reduced by antihistamine agents, suggesting that paludrine might release 
histamine from the tissues. If this is so it presents a difficulty in assessing 
the relationship between paludrine and histamine: whereas paludrine in
hibits gastric secretion evoked by histamine, and reduces the response of 
isolated guinea-pig ileum to histamine, it potentiates the action of histamine 
on guinea-pig lungs. On the other hand, antihistamine agents, which abolish 
the effect of histamine in most hormones but potentiate the gastric secretion 
caused by histamine, reduced the action of paludrine on the systemic vessels.

s. l . w .

Penicillin, Radioactive, Investigations with. P. D. C o o p e r  and
D. R o w l e y .  (Nature, 1949, 163, 480.) A penicillin uptake was detected 
by counting thin films of bacteria. Bacteria were suspended under various 
conditions in radioactive penicillin solutions, centrifuged, washed and the 
radioactivity on the bacteria measured directly by Geiger counter, the uptake 
being expressed as units of penicillin per g. o f dry weight of the cells. The 
penicillin uptake was small, from a maximum of 40 units /g. of dry weight 
to the smallest detectable amount o f 0-5 units / g. depending on the strain 
of the organism and on the conditions o f experiment. It was found that 
in the range of 0-0 to 0-5 units/ml. much more penicillin was fixed by sensi
tive than by resistant bacteria, there being a direct correlation between the 
sensitivity of an organism and the amount o f penicillin attached to it. The 
uptake increased when growth occurred in the presence o f penicillin although 
if growth were halted by cooling, or with dead cells, there was still a rapid
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but smaller uptake. The penicillin was strongly and irreversibly attached 
to the cells and could not be removed by washing or by incubation for 
30 minutes with 0T per cent, of cetyltrimethylammonium bromide or 
“ Aerosol OT,” 5 per cent, of phenol, 1 per cent, of cysteine, 1 per cent, of 
sodium hydroxide, N hydrochloric acid, 1 per cent, or glucose or with ordinary 
penicillin (200 u./ml.), although it was removed by heating for 5 days at 
60 °C. in water. The uptake of penicillin was not prevented by pre-treat
ment with 3 per cent, of formalin, OT per cent, o f cetyltrimethylammonium 
bromide, OT per cent, of eufiavine, N hydrochloric acid, or by autoclaving, 
but heating for 5 days at 60 °C. in water or pre-treatment with penicillin 
or acetic anhydride completely prevented any uptake. It is clear that 
rapid growth exposes more centres in the bacteria with which the penicillin 
can react. r . E .  s.

Penicillin: Single Daily Dose in Treatment of Pneumonia. W. W e i s s
and I. S t e i n b e r g .  (Amer. J. med. Sci., 1949, 217, 86.) Thirty consecu
tive pneumonia cases were treated by a single daily injection of 300,000 
units of penicillin G in aqueous solution. Treatment was continued for 
from 4 to 13 days, usually from 5 to 7 days. In 18 cases, the temperature 
dropped to normal by crisis within 12 to 36 hours. In 9 patients the tem
perature fell by lysis, and longer treatment, up to 13 doses, was necessary. 
Of the remaining 3 patients, in one the condition was due to Streptococcus viridans and failed to respond; the other 2 terminated fatally, although in 
both cases the lobe involved was sterile. The results are considered to be at 
least as good as reported by others using smaller doses at more frequent 
intervals. H .  T .  B .

Stramonium Powders, Investigations into the Alkaloidal Content of 
Smoke from. P. Terp. (Acta Pharmacol. Toxicol., 1949, 4, 135.) The 
amount of tropa-alkaloid present in the smoke from burned stramonium 
powder has been investigated. The smoke was absorbed in a series of 
absorption bottles containing dilute hydrochloric acid and the final estimation 
of tropa-alkaloids was made on a biological basis, using Pulewka’s method, {Arch. exp. Path. Pharmak., 1932, 168, 307) by measuring the pupil dilation 
of the mouse’s eye. This gave an indication of how much biological activity 
present in the starting material had been recovered in the smoke, but not how 
much was due to atropine and hyoscyamine respectively; nor did it give 
information as to whether the burning caused racemisation. It was found 
that 8 to 11 per cent, of the amount of alkaloid in the starting material (as 
atropine sulphate) was present in the smoke. Less than 1 per cent, remained 
in the ash. Experiments on mice showed that the greater part of the alkaloid 
entering the respiratory organs with the smoke, was absorbed. r . e . s .

Streptomycin in Non-tuberculous Infections. P. H. B u x t o n ,  R. D. 
S i m o n  and F. R. S e l b i e .  {Lancet, 1949, 256, 729.) This is a report 
on the treatment of 67 cases of infection by organisms insensitive to the 
sulphonamides and penicillin but sensitive to streptomycin. These included 
44 cases of urinary infection, chiefly by Pseudomonas pyocyanea and Bacterium coli, 14 cases of wound infection, mainly by Stapylococcus pyogenes, and 9 miscellaneous infections. A  dosage o f 3 g. of streptomycin 
daily for 4 days in urinary infections due to a susceptible organism is likely 
to cure about one-third of the cases, provided there is no' mechanical ob
struction to drainage; all patients in whom the infecting organisms were 
eliminated had sterile urine within 72 hours, and usually within 24 hours,
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of starting treatment, any organisms still present after 72 hours showing 
greatly reduced sensitivity to streptomycin. In the wound infections due 
to staphylococci the results were promising, of 14 patients treated 10 were 
cured and 2 improved. The usual dosage was 4 g. daily for 2 days, followed 
by 2 g. daily. In superficial infections a powder consisting of streptomycin 
1 g., penicillin 45,000 units, and suphathiazole 9 g. was also given locally 
by insufflation every 3 or 4 hours to give a total daily dosage equivalent to 
1 g. of streptomycin. If no improvement occurs in these cases within a 
week of starting streptomycin, further treatment by surgery to eliminate 
inaccessible foci of infection and provide adequate drainage should be con
sidered. Side-reactions occurred in less than one-third of the cases, and in 
only 3, where there was severe vestibular disturbance, were they of serious 
significance. s. L. w.

Strychnos lucida, Alkaloids of. F. H. S h a w  and I. S. d e 1 a L a n d e. {Austral. J. exp. Biol., 1948, 26, 199.) Strychnos lucida is an Australian Strychnos species closely related to Strychnos nux vomica. In the present 
investigation the presence of strychnine (approximately 0-3 per cent.) and 
brucine (1-5 to 2-4 per cent.) in the seed has been confirmed by their 
isolation, and their probable presence in the leaf and bark indicated by assay 
data. In addition, non-strychnine-brucine alkaloid fractions have been 
isolated from the seed and leaf. These have been tentatively called lucid ine- 
S and lucidine-L respectively. These alkaloid fractions are both amorphous 
and have similar solubilities to brucine. Both were isolated in small quan
tities from the plant by a method which is described, and both appear to 
be identical, though owing to the inability to isolate the bases or their salts 
in a crystalline condition it is not known whether they are homogeneous or 
not. The pharmacological investigation of lucidine-S was restricted to 
toxicity tests on mice and rabbits, which indicate that the intravenous LD50 
is greater than 250 mg./kg. and 60 mg./kg. for these animals respec
tively. Toxic doses in mice produced strychnine-like convulsions. The 
tixicity of lucidine-L is o f the same order as that of lucidine-S and 
toxic doses produced similar strychnine-like convulsions; it does not show 
any marked physiological activity. In anaesthetised cats and dogs (10 
mg./kg.) it produces a fall in blood pressure similar to that produced by 
brucine. s. l . w .

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

2:4-DichIorophenyoxyacetic Acid, Differential Effects of, on Aerobic, 
Anaerobic and Facultative Anaerobic Micro-organisms. A. W o r t h ,  Jnr., 
and A. M. M c C a b e. {Science, 1948, 108, 16.) This substance is biologically 
recognised as an auxin or growth-regulating substance. It is known to have 
bacteriostatic and bactericidal properties, and to inhibit growth of typically 
aerobic seeds, such as barley seeds, but not the growth of seeds like those of 
rice, which are able to germinate in the absence of oxygen. To demonstrate 
the effects of varying concentrations of 2 : 4-dichlorophenoxyacetic acid on 
the growth of micro-organisms which differ in their utilisation of oxygen, 
10 organisms were chosen. The aerobes were Rhizobium trifolii, R. phaseoli, R. japonicum and Azotobacter chrodcoccus; the anaerobes were Clostridium welchii, Cl. botulinum and Cl. tetani; and the facultative anaerobes were

[Continued on page 733
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M A T E R IA  M ED 1CA. P H A R M A C Y , P H A R M A C O L O G Y  A N D  
TH ERAPEU TICS, by W. Hale-W hite, 28th Edition, revised by A . H. D outh- 
waite. Pp. 507 with Appendix and Index. J. & A . Churchill, Ltd., London,
1949. 16s. Od.

There are many books which attempt to present the subjects o f  materia 
medica, pharm acology and therapeutics in a form  acceptable to the student 
and to the medical practitioner. The most frequent criticism o f  such 
publications is that they either provide too much or too  little 
information. Probably the chief fault o f  a book  such as Hale-
W hite’s “  Materia M edica ”  is that the concise nature o f  the text does 
not afford a fuller presentation o f  the available evidence on the pharm aco
logical action o f  drugs. This does not permit discussion o f  some aspects 
o f  the subject where it is perhaps desirable to distinguish between opinions 
arising from  conjecture and statements based on fact. In conform ity with the 
traditional nature o f  the book  there is a comprehensive list o f  the drugs and 
preparations described in the British Pharmacopoeia. F or the student o f  
pharmacy this may be a desirable feature, but it is doubtful whether the 
medical student can derive much benefit from  such an array o f  names, 
except as a dictionary o f  reference. H e might well be puzzled regarding the 
necessity for  a strong tincture and a weak tincture o f  ginger; a strong and a 
weak solution o f  ammonium acetate; a liquid extract, two infusions and a 
tincture o f  senega, especially when in the latter instance the text indicates 
that they are only occasionally used as expectorants. A  text-book which in 
the course o f  over half a century has provided on the average a revised 
edition every second year, requires no further com m ent on its popularity. 
The 28th edition o f  this book  incorporates all the numerous changes in the 
drugs and preparations resulting from  the appearance o f  the British 
Pharmacopoeia o f  1948. A n d r e w  W il s o n .

G R U N D L A G E N  D E R  P H A R M A K O L O G IE , by K . W. M erz. Pp. 274 
and Index. Wissenschaftliche Verlagsgesellschaft M .B .H . Stuttgart, 1948.

Professor M erz, w ho was formerly D irector o f  the Institute o f  Pharma
ceutical Chemistry in the University o f  Königsberg, has completed the fourth 
edition o f  his text-book o f Pharmacology. It is primarily intended for 
pharmacists, chemists and biologists, and if  chemical formulae might be 
regarded as an inducement to the reader, there is much to attract his atten
tion. The book  is divided into 18 chapters which permits a systematic and 
quite comprehensive treatment o f  the subject. The first three chapters consist 
o f  a general discussion o f  definitions, types o f  pharmacological action and 
the mechanism o f  drug action. In the remaining sections the action and uses 
o f  drugs are discussed in relation to the systems o f  the body, in much the 
same fashion as in Clark’s “  Applied Pharm acology.”  There is a concise 
description o f the anatomy, and physiology, and where appropriate, o f  the 
pathology relevant to each such system. A  very useful chapter deals with 
the toxicology o f  the com m on organic solvents and gases. On the whole 
the account o f  the pharmacological actions is sound though in some instances 
the author appears content to concern himself only with what happens in the 
frog  and not in the higher species, particularly in man. It is desirable also 
to indicate m ore clearly that the parasympathomimetic drugs do not stimulate 
nerve endings, though their action resembles this effect. The book  is well 
illustrated with chemical formulas, line drawings and photographs o f original
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tracings. It is unfortunate that the quality o f  the paper is poor and does not 
permit a reasonable reproduction o f  those photographs which are intended 
to display characteristic clinical features. In some instances the effect is 
spoiled by lack o f  definition in which important detail is not clearly visible. 
For those to whom  the German language presents no difficulties the book  
is well worth reading; others may prefer to await a suitable English translation.

A n d r e w  W il s o n .

B E N T L E Y ’S T E X T B O O K  O F P H A R M A C E U T IC S , by Harold Davis. 
Pp. xiv -f 1100 and Index. Fifth Edition. Bailliere, Tindall & C ox , London,
1949. 30s. net.

W hile welcom ing the fifth edition o f Bentley and recommending it to all 
students o f  pharmacy as an essential text-book, one wonders whether it is in 
fact possible to produce successfully in one volume, a satisfying account o f  
the very numerous pharmaceutical phenomena, together with their explana
tions, descriptions o f  machinery and their uses, dispensing o f  medicines, 
surgical dressings, bacteriology, im m unology, and pharmaceuticals even in 
1100 pages. The numerous references to the original literature without which 
no modern text-book is o f  value, help in some measure to ease the path o f 
the earnest student, but many o f the less critical students will neglect the im
plied advice o f  the authors to read widely and the curriculum does not allow 
much time for  work in the library. Having said this, in the hope that D r. Davis 
and his collaborators will feel only partially satisfied with their efforts and 
from  their wide experience and knowledge will be inspired in the near future 
to produce a series o f  volumes consisting o f the sections o f  the present 
volum e each expanded to a volum e o f  its own, congratulations are extended 
to the authors for  the accomplishment o f  a really form idable task and 
encouragement is offered to go even further. Such a work would help to meet 
■the needs o f  critical students o f  w hom  there is an ever-increasing number.

The volume is well printed by modern British standards and is freely- 
illustrated. M any o f  the illustrations are excellent but some o f  the photo
graphs have not reproduced well and as sources o f  inform ation the sketches 
on  pages 489 and 490 would convey little to one not already familiar with the 
equipment concerned. The p roo f reading has been well done although the 
reference to chapter L X X V I on page 47 should read L X X V II. J. P. T o d d .

A B S T R A C T S  ( Continued from  Page  7 3 1 )

Escherichia coli, Staphylococcus albus and Candida albicans. Different 
media were used for different organisms, but the reaction was adjusted 
in all cases to pH  7-4. The concentrations tested were 2, 1, 0-2, 0-02, 0-002 
and 0-0002 per cent, in 5 ml. o f  medium; this was poured into Petri dishes 
containing about 10 to 15 ml. o f  the corresponding medium. Each m icro
organism was grown on these six concentrations, and on a control plate, the 
aerobes were cultivated at room-temperature, the anaerobes and facultative 
anaerobes were incubated at 37-5°C., the anaerobes in Brewster anaerobic jars. 
The amount o f  growth was compared with the control at intervals o f  24, 48 
and 72 hours. G row th o f  R. phaseoli and R . japonicmn  appeared to be 
inhibited after 48 hours, but som e growth appeared in the lower concentra
tions after 72 hours; whereas R. trifolii and A . chrodcoccus were inhibited 
only temporarily by the higher concentrations, lower concentrations increased 
the am ount o f  growth. N o  inhibitory effects were observed with the 
facultative anaerobic organisms or with the anaerobes. L. H. P.
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The Inactivation o f  Penicillin by Oil o f  Theobrom a

S ir ,— During the development o f  penicillin formulations for human and 
veterinary use we have had occasion to investigate the effect o f  incorporating 
various penicillin salts in bases containing oil o f  theobroma. The rapid fall 
o f  potency in these preparations led us to suspect that the latter was exerting 
a definite inactivating effect. A  series o f  dispersions o f  penicillin in oil o f  
theobrom a was accordingly prepared, using separately calcium penicillin 
and crystalline potassium penicillin at concentrations o f  approximately
10,000 I .U ./g . These were assayed at time intervals after storage at room  
temperature and a progressive potency fall was observed. For calcium 
penicillin a fall o f  27 per cent, was recorded after 3 months and for crystalline 
potassium penicillin a fall o f  90 per cent, after 12 months. Further work is 
in progress to investigate this change in more detail but meanwhile we think 
it advisable to draw attention to what may be a serious incompatibility.

J. C. F l o y d .

Pharmaceutical Research and Service Laboratory, 
Imperial Chemical Industries,

Blackley, Manchester, 9.
August 16th, 1949.

Vitamin B12 as a 5:6-Dimethylbenziminazole Derivative

S ir ,— A  paper chromatogram o f  an acid hydrolysate o f  vitamin B12 
(«-butyl alcohol-acetic acid being employed as the irrigation solvent) was 
exposed to the light o f  a low-pressure mercury resonance lamp fitted with a 
Corning 9863 glass filter, when three blue fluorescent spots were revealed. 
Spectroscopic examination o f  eluates from  these areas indicated their close 
chemical similarity. The com pounds responsible for the fluorescent zones 
have accordingly been termed by us com ponents a-, /S-, and y. Comparison 
o f  their ultra-violet absorption spectra with those o f  known heterocyclic ring 
systems led to their identification as derivatives o f  benziminazole. Spectro
scopic comparison with 22 methylated benziminazoles synthesised for  this 
purpose led to the identification o f  com ponent y with 5 : 6-dimethyl- 
benziminazole, and o f  components a- and ft- with 1-substituted 5 : 6-dimethyl- 
benziminazoles. M oreover, both spectroscopic and chemical work has led us 
to the conclusion that vitamin B12 itself contains one preform ed benzimina
zole residue in the molecule. It may therefore be inferred that com ponents 
a-, ft-, and y represent different stages o f  degradation o f  a com m on precursor. 
It is interesting to note that vitamin B,, and riboflavine may thus both be 
regarded as derived chemically from  4 : 5-dimethyl-o-phenylenediamine, and 
speculation on the biogenesis o f  vitamin B12 thus becomes possible.

Both Dr. K. Folkers and one o f  us (V.P.) have to-day simultaneously 
reported at the 1st International Congress o f  Biochemistry held at Cambridge 
the identification o f  hydrolytic fragments o f  vitamin B12 with 5 :6  dimethyl- 
benziminazoles. It therefore seems desirable to place these observations on
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record at this stage. Our detailed results will be submitted shortly for publi
cation in your Journal.*

It is a pleasure to acknowledge the encouragement o f  the Directors o f  
The British Drug Houses, Ltd., in this work.

M edical Research, Spectrographic Unit, E. R. H o l l id a y ,
London Hospital, E .l. V . Pe t r o w .

Research Department,
The British Drug Houses, Ltd., London, N .l.

August 22, 1949.

*Received August 30, 1949.— E d it o r .

The “  Ninhydrin-Reacting ”  H ydrolytic Fragment o f  Vitamin B 12

S ir ,— W e have previously reported1 that hydrolysis o f  vitamin B12 with 20  
per cent, hydrochloric acid at 100°C. for 6 hours follow ed by examination o f  
the hydrolysate by unidimensional paper-strip chromatography, reveals the 
presence o f  one  “  ninhydrin-reacting ”  substance which could not be identified 
with any o f  the known amino-acids. Our studies have hitherto been handi
capped by incomplete separation on paper chromatograms o f the “ ninhydrin- 
reacting ”  fragment from  other products o f  vitamin BI2 hydrolysis. By using 
n-butyl alcohol-acetic acid as the irrigation solvent, however, complete separa
tion has now been obtained. The “  ninhydrin-reacting ”  area occupies a 
position well removed from  zones which fluoresce under the light o f  a low - 
pressure mercury resonance lamp fitted with a Corning 9863 glass filter2, 
and which form  the subject o f  a separate communication (vide infra). Elution 
o f  the “  ninhydrin-reacting ”  area with dilute hydrochloric acid gives a 
solution transparent to ultra-violet light. From  this and other observations 
we concluded that the “  ninhydrin-reacting ”  substance was probably an 
aliphatic base.

W e now find that the “  ninhydrin-reacting ”  substance and 2-aminopropanol 
show identical behaviour on paper chromatograms irrigated with four 
different solvent systems. The two substances thus have the same partition 
coefficients in each o f  these solvent systems, and it is therefore reasonable 
to conclude that they are identical. A  final decision, however, must rest on a 
direct chemical comparison. Full details o f  this work have already been 
submitted for publication3.

The authors thank the Directors o f  The British Drug Houses, Ltd., for 
permission to publish these results.

Research Department, B. E l l is ,
The British Drug Houses, Ltd., V . Pe t r o w ,

London, N .l. G. F. Sn o o k .
August 22, 1949.

R eferences

1. Ellis, Petrow and Snook, J. Pharm., Pharmacol., 1949, 1, 60.
2. Holiday and Johnson, Nature, 1949, 163, 216.
3. Ellis, Petrow and Snook, J. Pharm. Pharmacol., in the press.
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The asterisk (*) after the name of an article indicates that the information 
given is derived from the makers’ publications. Further information regarding 
these articles may be obtained by application to the Editor.

Kina-Medoxon* tablets contain quinine and vitamin C  and are indicated 
for the prophylaxis and treatment o f  influenzal conditions, the com m on cold, 
coryza, etc. Sugar-coated tablets are supplied in bottles o f  50 and 100.

s. l . w.

U po-A drenal Cortex. (New  and Nonofficial Remedies. J. Am er. med. 
Ass., 1949, 139, 849.) Lipo-adrenal cortex is an oil-soluble extract o f  hog 
suprarenal glands containing crystalline, biologically active constituents o f 
what are considered to be 17-hydroxycorticosterone, 11-de hydro-17- 
hydroxycorticosterone and corticosterone, and a non-crystallisable amount o f
11-dehydrocorticosterone. It is almost free from  adrenaline and is assayed 
biologically. It has about 10 times the suprarenal cortical activity o f  adrenal 
cortex extract N .N .R . and is used for the same purposes when a m ore 
prolonged action is required. It is supplied as a sterile solution in cotton
seed oil and is administered intramuscularly in doses up to 3 ml., depending 
on  the degree o f  cortical insufficiency and clinical response. It should be 
supplemented by the administration o f  sodium salts. The method o f 
preparation is described. g . r . k .

Parvestin* is a concentrated desiccated extract made from  the small intes
tine o f  the pig, one heaped teaspoonful corresponding to about 4 ounces o f  
the fresh intestine. It is indicated in the treatment o f  chronic ulcerative 
colitis. The dose is 1 or 2 teaspoonfuls daily, reduced to 1 teaspoonful daily 
as improvement occurs. I f  preferred, the powder may be stirred into warm 
beverages or mixed with food . Treatment usually requires to be continued 
for 4 to 8 weeks. Parvestin is supplied in 4-oz. bottles. s. L. w .

Tyroderm* is an antibiotic cream containing 0-5 mg. o f  tyrothricin per g. 
in a water-soluble base. It is indicated in the treatment o f  pyodermatoses, 
including acne vulgaris, dermatitis and other dermatoses due to Gram-positive 
organisms. It may also be o f  value in varicose, decubital and ischaemic 
ulcers infected with Gram-positive organisms, and in the treatment o f  access
ible post-surgical wounds and potentially contaminated m inor burns. The 
cream should be applied at least once daily and may be covered with a 
dressing if  necessary. It is supplied in 2 oz. tubes. s. l . w .

Unden* is a brand o f oestrone, available either in pellets, ointment or 
aqueous solution, 1 mg. o f  which is equivalent to 10,000 international 
oestrone units, or (as oestrone benzoate) in oily solution, 1 mg. o f  which 
is equivalent to approximately 10,000 oestradiol benzoate units. The oint
ment is rubbed thoroughly into the affected areas o f  skin several times a 
day. The packings are as fo llo w s :— pellets containing 0-01, 0-05 or 0T mg. 
in bottles o f  15 or 100; ampoules (aqueous) in boxes o f  5 x 1 ml., each 
ampoule containing 0T mg.; ampoules (oily) 1 ml., each containing 5 mg. 
o f  oestrone benzoate solution (oily); bottles o f  10 ml., each ml. containing 
1 mg. o f  oestrone benzoate; ointment in pots o f  20 g., containing 0-5 m g./g .

s. l . w.
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A l l  t h e  r e a g e n t  s o l u t i o n s  

c o m m o n l y  u s e d  i n  t h e  a n a l y s i s  

o f  b l o o d ,  u r i n e  a n d  g a s t r i c  

f l u i d s  a r e  s u p p l i e d  

______b y  B . D . H ______________________________ ___________ _

These reagents are prepared with great care 
by  experienced workers from  ‘ AnalaR ’ and
B .D .H . reagents, and scrupulously checked and 
standardised.

T h e  scale o f  production enables them to 
be supplied at econom ical prices. T h ey  can 
be used for clinical laboratory work with com 
plete confidence and with substantial saving in 
time and convenience. T h e  current B .D .H . 
catalogue gives prices o f  most o f  the better 
known solutions in standard packages ; special 
rates for regular bulk deliveries o f  these and 
other solutions will be quoted or, request.

THE BRITISH DRUG HOUSES LTD.
B .D .H . L A B O R A T O R Y  C H E M IC A L S  G RO UP

Téléphoné : Poole 962 POOLE DORSET Telegrams : Tetradome Poole
R e a / l c /4
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D a v i s  S t a n d a r d

N E W  Z E A L A N D  A G A R

f i r —

•  E x c e p t i o n a l  g e l  s tr e n g th

•  U n i f o r m i t y

•  P u r i t y

•  C o lo u r

Branded 16-oz. jars through the principal 
Wholesale Druggists and Laboratory Suppliers

Also bulk 20-lb. canisters 

Representative sample and literature from—

DAVIS GELATINE LTD., 29-31 Mitre Street, London, E.C.3

T h e  p r o b l e m  W A S  to  neutralise aspirin

and to  make it  soluble. The problem has now been solved

Aspirin is acidic, sparingly soluble, and for 
many subjects a gastric irritant. By contrast, 
its calcium salt is neutral, soluble and bland.

Unfortunately, however, 
calcium aspirin as ordin
arily presented is unstable, 
and thus, sooner or later 
becomes contaminated with 
the breakdown products, 
acetic and salicylic acids. 
In Disprin the problem

of providing pure calcium 
aspirin in stable and palat
able form has been solved. 
Extensive clinical trials 
show that patients can take 
Disprin in large dosage 
and over prolonged periods 
without suffering the distur
bances, gastric and systemic, 
that so commonly attend 
intensive aspirin therapy.

D I S P R I N N e u t r a l ,  s ta b le , s o lu b le ,  

p a l a t a b l e  c a lc iu m  a sp ir in

O n  p r e s c r ip t i o n  D i s p r i n  is  f r e e  o f  P u r c h a s e  T a x  

C l i n i c a l  s a m p le  a n d  l i t e r a t u r e  s u p p l ie d  o n  a p p l i c a t i o n

R E C K I T T  &  C O L M A N  L T D . ,  H U L L  A N D  L O N D O N .  ( P H A R M A C E U T I C A L  D E P T . ,  H U L L )
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K E R O C A I N
(PROCAINE HYDROCHLORIDE KERFOOT)

LOCAL ANAESTHESIA AT ITS BEST

Procaine H ydrochloride in an exceptionally pure 
and reliable form, conforming to  standards con 
siderably more stringent than those o f  the B .P .

Prepared under ideal conditions 
and the strictest analytical control. 
Always specify KERFOOT./ KERFOOT

T H O M A S  K E R F O O T  &  C O .  L T D .

V A L E  O F  B A R D S L E Y  • L A N C A S H I R E

P »

E X T R A C T I O N

U N I T S

Patents applied for

★
The most up-to-date electric 
appliance for Soxhlet extrac
tions and other tests. Standard 
units for 3 or 6 flasks 100/150 
ml or 200/350 ml with built-in 
individual or unit control. 
This apparatus and the well- 
known Electrothermal Heating 
Mantle are guaranteed for 12 
months and are available 
from all laboratory suppliers.

S a fe , e f fic ien t  and econ om ica l in use 

P lease req u est D .SJ.R. R ep o r t  N o . SO
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THE ADELPHI OINTMENT MILL
For refin ing  small batches 

o f  o in tm e n t w ith  ease and 

sp eed , p lace th e  rough 

m ixed  in gred ien ts on  th e  

to p  roll and th e  mill d oes 

th e  rest.

Sole Makers also of the Adelphi Powder Blender,
Autofiller, Bottle Washer and Agitator

A D E L P H I  M A N U F A C T U R I N G  C O .  L T D .
(Dept. A.6.)

3 9 3 a ,  C I T Y  R O A D ,  L O N D O N ,  E . C . I
Telephone : TERm inus 2959

PRODUCT

P O L Y C H O L

W a t e r - s o l u b l e  w o o l  w a x  a l c o h o l s

These are new water-soluble 
non-ionic surface active agents 
prepared from wool-wax alcohols 
and consisting of mixed poly
oxyethylene glycol ethers of 
c h o le s te ro l, la n o ste ro l and

straight chain alcohols. O f uni
versal application; they repre
sent an entirely new departure in 
detergents, wetting, dispersing, 
emulsifying, penetrating and 
spreading agents.

C R O D A  L I M I T E D
A dm in istrative  Offices : C R O D A  H O U S E  • S N A I T H  • G O O L E  • Y O R K S

Telephone • S N A I T H  77 (th ree  lines) also at London- Manchester Bradford



S E X  H O R M O N E S
Ciba research  has p la y e d  a lead in g  p a rt in the 
d ev e lop m en t o f  th e  sex  h orm ones. T h is d e v e lo p 
m en t can  read ily  b e  tra ced  th rou gh

th e stan dard isation  o f  th e  orig ina l extracts 
th e  synthesis o f  th e  pure h orm ones 
th e  in tram uscu lar use o f  esters o f  the 

h orm ones to  p ro lon g  effects 
th e  p ro d u ctio n  o f  ora lly  a ctive  derivatives 
sublin gu al th erap y  w ith  ‘ L in gu ets ’ 
d ep o t th era p y  b y  im p lan ta tion  
m od ified  d e p o t th erap y  w ith  ‘ C rystu les’ 

T o d a y  C iba presents a range o f  sex  h orm on e p r o 
du cts w h ich  satisfies th e  requ irem ents o f  m od ern  
th erap y . M an y  o f  th em  are in clu d ed  in th e  B .P . 
and th eir clin ica l a p p lica tion  has ex ten d ed  far b e 
y o n d  their im m ed ia te  in fluence on  sex fu n ction s.

Ciba Handbook No. 4,  44 The Sex Hormones ” ,

(3rd Ed.) is available to pharmacists and 
pharmacologists

Linguet * is a registered trade mark)

CIBA LABORATORIES LIM ITED
Horsham, Sussex

Telephone :  Horsham  1234 Telegrams :  Cibalabs, Horsham

13/4?

St Clements Press, Ltd., Portugal Street, Kingsway, W. C.2



P E N I C I L L I N

ONE BUSHEL

A  b u s h e l  o f  p e n i c i l l i n  w o u l d  c o s t  s o m e  
b u d g e t a r y  f ig u r e  in  s t e r l in g .
T h e  b u s h e l  u n d e r  w h i c h ,  b e c a u s e  o f  o u r  
r a t i o n a l i s e d  m e t h o d  o f  d i s t r ib u t i o n ,  w e  a t  
S p e k e  h i d e  s o m e  o f  o u r  l ig h t ,  c o s t s  u s  s o m e  
l o s s  o f  p e r s o n a l  c o n t a c t .
N o w ,  m o r e  t h a n  e v e r ,  l i a i s o n  is  n e c e s s a r y  f o r  
t h e  s m o o t h  d a y - t o - d a y  c o - o p e r a t i o n  o f  d r u g  
b u y e r  a n d  d r u g  m a n u f a c t u r e r .
W e  w a n t  y o u  t o  k n o w  t h a t  w e  a r e  k e p t  
i n f o r m e d  t h r o u g h  o u r  d i s t r i b u t o r s *  o f  y o u r  
r e q u ir e m e n t s  a n d  o f  y o u r  c o m m e n t s  o n  o u r  
p r o d u c t s .
Y o u ,  t h e  c u s t o m e r ,  a r e  t h e  m o s t  im p o r t a n t  
m e m b e r  o f  o u r  o r g a n i s a t i o n .

P E N I C I L L I N
Manufactured by :

THE DISTILLERS COMPANY (Biochemicals) LIMITED

Distributed b y :

*  ALLEN & HANBURYS LTD.
*  BOOTS PURE DRUG CO. LTD.
*  BURROUGHS WELLCOME & CO.
*  BRITISH DRUG HOUSES LTD.
*  EVANS MEDICAL SUPPLIES LTD.
*  IMPERIAL CHEMICAL (PHARMACEUTICALS) LTD.
*  PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD.

THE DISTILLERS COMPANY (BIOCHEMICALS) LTD.
F L E M IN G  RO AD SPEKE LIVERPOOL
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