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ROYAL SOCIETY 

ANNIVERSARY ADDRESS BY SIR ROBERT ROBINSON, O.M., F.R.S. 

AWARD OF MEDALS, 1949 

T HE Copley Medal is a rded to Prof. George 
Charles de Hevesy, for is distinguished work on 

the chemistry of radioac ve elements and esprnially 
for his use of isotope as tracers in the study of 
biochemical problem . 

Hevesy was one the last to join the distinguished 
company of disc erers of elements in the classical 
tradition. In 23, in collaboration with Coster, he 
established th occurrence of the element with atomic 
number 72 i zirconia minerals, and called it hafnium. 
This was own to be a close analogue and constant 
compani of zirconium ; but a method of separation 
by chemical means was devised. The atomic weight 
was found to be 178·6 and the X-ray and optical 
spectra were fully described. Here he wrote the last 
chapter of a volume and now we turn to the beginning 
of a new book. 

When working under Rutherford in Manchester, 
Hevesy turned his failure to separate radium-D from 
lead to good advantage. He recognized that the 
identity in chemical properties of radium-D, and 
other radioactive isotopes of lead, with ordinary lead, 
made it possible to use these radioactive isotopes as 
indicators to follow the behaviour of lead in chemical 
processes, and in great detail owing to the extreme 
sensitivity of the methods of detection ofradioactivity. 
The first application of the idea was made with Paneth 
in 1913 at the Radium Institute of Vienna, and it was 
followed by a large number of interesting researches 
of a physico-chemical nature. 

The use of radioactive isotopes as indicators or 
'tracers' in biological processes was initiated in 1923 
by Hevesy's studies on the uptake and distribution 
of lead in bean plants, using radioactive lead, 
radium-D or thorium-B, as indicators. After placing 
bean plants in solutions of ordinary lead nitrate 
containing small amounts of radium-D nitrate, the 
distribution of the lead was followed by determining 
the radioactivity of the ash from the different parts 
of the plants. This work may truly be said to have 
marked the opening of a new chapter in biochemistry. 
Furthermore, it established a pattern for the numerous 
subsequent researches by himself and by others which 
were to follow the discovery of artificial radioactive 
elements and the development of methods for the 
separation of certain stable isotopes. 

Hevesy was one of the first to appreciate the poten
tial biochemical importance of Urey's discovery of 
deuterium in 1932. In the following year, by experi
ments with fish placed in water containing added 
heavy water (D20), he and Hofer showed that there 
is a rapid exchange between environmental water 
and that in the body, and also that there is an exchange 
between the hydrogen of the environmental water 
and labile hydrogen atoms in the tissue constituents. 
In 1934 by experiments on human subjects in which 
the density of the urinary water was compared with 
that of water ingested, they established the very 
important fact that at the low concentrations of 
heavy water present in ordinary water the body does 

not discriminate between D 20 and H 20. It was 
found in the course of this work that the average time 
during which a water molecule remains in the body is 
13 ± l ·5 days. 

In 1937 Hevesy and his co-workers again broke 
fresh ground by their use of the radioactive isotope of 
phosphorus (P32) as a tracer in studies of the meta
bolism of phosphorus compounds. For example, 
phosphate labelled with phosphorus-32 was admin
istered to rabbits, and its uptake by various tissues 
and its rate of excretion were determined. It was 
found that the average time during which a phos
phorus atom remains in the body is thirty days. 
Having established by in vitro experiments that there 
is no direct exchange between organic ester phosphate 
and inorganic phosphate, Hevesy and bis co-workers 
were able to determine the 'turnover' rates for certain 
organic phosphorus compounds in the body by 
isolating these compounds at intervals after the 
administration of labelled phosphate and estimating 
their content of phosphorus-32. 

Work on the uptake of labelled phosphate by bone 
did much to establish that the whole of the skeleton 
is in a state of dynamic equilibrium with the consti
tuents of the body fluids. By studies on lactating 
animals Hevesy and his collaborators were able to 
show that phosphorus-32 is incorporated into the 
caseinogen of milk within a few hours. They obtained 
P 32-labelled adenosine triphosphate enzymatically 
from labelled inorganic phosphate, and clarified the 
role of this compound as a phosphate donor in 
carbohydrate metabolism. Further, their studies on 
the phosphatides in the liver and blood plasma 
supported the view that the plasma phosphatides 
are synthesized in the liver. 

The spark of the Manchester days has kindled a 
flame that can illumine all that is dynamic in 
biochemistry. 

Royal Medals 

A ROYAL MEDAL is awarded to Sir George Paget 
Thomson, for his distinguished contributions to 
atomic physics and especially for his investigation of 
the wave properties of the electron. 

During a period of more than thirty years, Thomson 
has made many notable contributions to experimental 
and theoretical physics over a wide range of subjects. 
During 1914-18 he developed important aspects of 
the science of aeronautics and took part in experi
mental flights in order to investigate problems of 
interest to the Air Services. His results were com
municated in Government reports, and at the end of 
the War he wrote a book "Applied Aeronautics". 

Early work in the laboratory was, with filial piety, 
connected in some way or another with positive rays, 
and in this field he disclosed a number of important 
results. But Thomson's most distinguished contri
bution to knowledge is his demonstration of the wave 
nature of the electron. Shortly after, but inde
pendently of Davisson's discovery of the diffraction 
of electrons by single crystals, Thomson found that 
a narrow pencil of swift electrons, after transmission 
through a thin film of polycrystalline matter, pro-
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duced, on a photographic plate or fluorescent screen, 
a pattern of rings analogous to optical halos or to the 
De bye-Scherrer rings well known in the corresponding 
experiment with X-rays. By simple and beautiful 
experiments he was able to show that the patterns 
oould only be explained on de Broglie's revolutionary 
theory of the wave nature of matter, and he proved, 
within the experimental accuracy of I per cent, that 
the wave-length associated with the electron must be 
h/mv, as required by the theory. 

In addition to bringing conclusive proof of this 
remarkable duality in the behaviour of matter, these 
experiments opened out a new and fruitful field of 
research which has important practical applications. 
Thomson showed that electron diffraction provided 
an eminently suitable method for the study of the 
structure of surfaces. As a result it is now possible 
to investigate how the structure of the surfaces of 
metals is changed by mechanical, thermal or chemical 
treatment, and thus to extend by a powerful method 
the information about the structure of matter which 
can be obtained by the complementary method of 
X-ray diffraction. 

In later years Thomson's interests have extended 
to nuclear physics, and important contributions on 
some aspects of this subject, including the effects of 
oosmic rays and the properties of mesons, have come 
from his laboratory. 

Thomson's work has been in the direct line of 
progress ; it has given us a new conception and a 
new tool for research. In both respects it has notably 
widened our horizons. 

A ROYAL MEDAL is awarded to Prof. Rudolph 
Albert Peters for his distinguished researches in 
biochemistry and in particular his discovery of the 
role of vitamin B 1 in tissue metabolism. 

The dramatic recovery of an animal suffering from 
some particular vitamin deficiency when given a 
minute amount of that vitamin, coupled with the 
observation that the curative dose must be repeated 
at intervals to prevent a relapse to avitaminosis, had 
directed attention to the possibility that vitamins 
were either catalysts or took an important role in 
essential enzyme system. But it was the work of 
Peters on the brain tissue of vitamin-B 1-deficient 
pigeons, begun in 1929, which showed for the first 
time that the latter suggestion was indeed correct. 
In 1931 he found that polyneuritic symptoms in such 
pigeons could be correlated with a general deficit in 
lactic acid metabolism, and that this was most 
marked in the lower regions of the brain. Comparing 
normal and avitaminous brain tissue, he concluded 
that B 1 must play some essential part in tissue 
respiration, :p.amely, in the glucose-lactic acid system. 
Following the elucidation by R. R. Williams and 
others of the chemical structure of B 1 (aneurin), he 
was able to show that the vitamin, in its phosphory
lated form as co-carboxylase, is part of the pyruvic 
oxidase system and is thus an essential factor in 
carbohydrate metabolism. 

In 1937 Peters found that pyruvic oxidase, on 
which he was working in connexion with vitamin Bu 
is poisoned by small amounts of arsenite; later, with 
Sinclair and Thompson, he showed that it is sensitive 
also to certain organic arsenicals. This led him to 
suggest that the toxicity of such substances is due to 
their action on the functional thiol groups of this 
enzyme. 

It transpired that the more potent vesicants, 
containing the group AsO12, combined with two thiol 

groups of kerateine (Stocken and Thompson), and this 
suggested the use of a synthetic dithiol such that an 
arsenic atom, two sulphur atoms, and two or three 
carbon atoms might be locked together in a stable 
ring system. The object would be to protect the 
enzyme by exhibiting, in effective mass, an alternative 
anchor for trivalent arsenic. A new dithiol, now 
known as B.A.L., was selected as the most promising 
representative of its type, and this was found to 
shield the pyruvic-oxidase system from arsenicals 
and even to be capable of reversing a toxic action 
when introduced at a later stage. B.A.L. has been 
found to be effective against arsenical vesicants in 
man and to show a beneficial action against arsenical 
dermatitis in a substantial number of cases. It has 
recently been found to be useful also in acute mer
curial poisoning and in the dermatitis that may 
follow administration of compounds of gold. There 
can be little doubt that the discovery of B.A.L. by 
Peters and his associates represents an advance of 
considerable importance in nractical therapeutics. It 
was clearly no chance observation but the result of a 
logical development conforming to the valid principles 
of scientific method. 

We can make for Peters the proud claim that he 
was the first to elucidate the role of a vitamin in 
animal metabolism. 

Davy Medal 
The DAVY MEDAL is awarded to Prof. Alexander 

Robertus Todd for his analytic and synthetic studies 
in organic chemistry and biochemistry with special 
reference to vitamins and nucleosides. 

In early collaborative work on the bile acids with 
Borsche, the Wieland-Windaus constitutions current 
at that time were shown to be inadequate. Later, at 
Oxford, Todd made a very substantial contribution 
to the synthesis of diglycosidic anthocyanins, and he 
also helped to determine the structure and to effect 
the syntheses of mould products of the anthraquinone 
series, such as helminthosporin and cynodontin. He 
also established the main lines of the constitutions of 
flavoglaucin and auroglaucin. 

His work on aneurin was of great value ; he took 
a part in the determination of the structure of vitamin 
B 1 and developed synthPses, one of which is now 
employed for its manufacture. In the course of this 
in"estigation he established the structure of thio
chrome and proved it by synthesis. He determined, 
in parallel with Fernholz and Karrer, the structure 
of vitamin E and effected its synthesis. His studies 
of cannabinol, the active principle of hashish, were 
also crowned by synthesis. 

From this stage on, Todd's work has been charac
terized by increasing and individually characteristic 
originality. He has provided the last details of the 
structure of all the natural purine and pyrimidine 
nucleosides, and has synthesized them. A resounding 
success was the synthesis of adenosine diphosphate 
and adenosine triphosphate, and the artificial pre
paration of cozymase has been brought near to its 
final stages. This work involved much attention to 
pyrimidine chemistry, to some aspects of the carbo
hydrates, to the processes of phosphorylation, and to 
the properties of phosphoric esters and anhydrides. 
It is of quite outstanding merit, a milestone in the 
progress of biochemistry. 

Other problems which Todd )las illuminated, and 
often solved, concern the nature of the specific 
germinating factor for Striga hermonthica (this turned 
out to be d-xyloketose); the nature of the factor 
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produced by solanaceous plants and which is required 
for the hatching of eel worms ; the mechanism of 
the hardening process of insect cuticle. He ha.s 
recently cleared up the chemistry of a series of 
bis-isoquinoline alkaloids and started an intensive 
study of insect pigments, especially the remarkable 
colouring matters of Aphididoo, which exhibit such 
interesting colour changes. 

Todd has proved himself a master of the strategy 
a.nd tactics of research, and the great school which 
he directs at Cambridge has enhanced the prestige 
of British chemistry throughout the world. His 
achievements have already added greatly to our 
knowledge of organic chemistry and biochemistry, 
and still more they have indicated sure pathways for 
further advance towards the solution of some of the 
central problems of biology. Can it be an exaggera
tion to describe in this way work which is essential 
for a better understanding of at least one aspect of 
the fundamental chemistry of nucleoproteins ? 

Sylvester Medal 
The SYLVESTER MEDAL is awarded to Prof. Louis 

Joel Mordell, for his distinguished researches in pure 
mathematics, especially for discoveries in the theory 
of numbers. 

Although he is also a powerful analyst, Mordell has 
always been primaray an arithmetician. Indeed, he 
was for long almost the only British mathematician 
of whom this could be said, and, if this is no longer 
true, it is mainly the result of his own teaching and 
example. His most enduring interest has been in the 
theory of indeterminate equations. This is a subject 
which has attracted many great mathematicians ; but 
it is one of supreme difficulty, and new ideas emerge 
only at rare intervals. One of Mordell's greatest 
achievements was his proof in 1921 of the 'finite ha.sis' 
theorem for the rational solutions of a cubic equation 
f(x, y) = 0 in two variables. This asserts, roughly 
speaking, that all the rational solutions can be 
derived, by a systematic process, from a finite 
number of them. The theorem represented a great 
advance in the theory of indeterminate equations, 
and has inspired a great deal of work by other 
mathematicians all over the world. In other papers, 
from his earliest to his most recent, Mordell has 
developed a variety of methods which throw new 
light on many different types of indeterminate 
equations. 

Another field in which Mordell has made great 
advances is that of the geometry of numbers. One 
general problem here is that of finding the beet 
possible inequality for the minimum of an algebraic 
form of a given type, when the variables take integral 
values. The results for a binary quadratic form are 
classical. The binary cubic form was considered by 
several mathematicians of the last century; but the 
final result was found by Mordell as late as 1940. 
The geometrical interpretation of the problem involves 
a particular non-convex region in the plane, and the 
methods which Mordell devised for its solution proved 
to be applicable to other non-convex regions. They 
enabled problems to be solved which would formerly 
have been considered unapproachable. 

A third region in which Mordell has shown his 
mastery is the theory of the elliptic modular functions 
and their applications to the theory of numbers. In 
particular, he used the theory to give a new treatment 
of the representation of numbers as sums of squares, 
and to prove the validity of some of Ramanujan's 
conjectures. 

Mordell's output relating to these topics and to 
numerous individual problems is characterized by 
the subtlety and fertility of the methods he ha.s 
discovered. He has had a profound influence on the 
development of the theory of numbers, and has been 
widely recognized as one of the most eminent 
mathematicians of our times, both for the importance 
of his own researches and for his inspiration of the 
work of others. 

Hughes Medal 
The HUGHES MEDAL is awarded to Prof. Cecil Frank 

Powell for his distinguished work in experimental 
physics and especially for the discovery of mesons 
and their transformations. 

Powell's early researches were concerned with the 
properties of ions. These led to the investigations 
concerning fundamental particles and atomic nuclei 
using the photographic plate technique, for which he 
and his school of experimental physics at Bristol have 
a world-wide reputation. He was instrumental in 
bringing about a marked improvement in the quality 
of the sensitive material especially developed for 
research in nuclear physics, and using these improved 
plates has discovered a new fundamental particle, 
the rr-meson, of which the mass is 280 times that of 
the electron. The negative rr-mesons are captured 
by atomic nuclei, causing the nuclei to disintegrate. 
The positive rr-mesons decay spontaneously, when at 
rest, into -mesons of 205 electron masses, the 
existence of which had been established by other 
means, and these in turn into a positive electron and 
presumably a neutrino. These discoveries relating to 
mesons have proved to be of profound importance in 
unravelling the complicated phenomena of cosmic 
radiation in the earth's atmosphere and have thrown 
new light on the theory of nuclear forces. 

High-energy nuclear disintegration can so far only 
be studied by means of cosmic rays, and Powell has 
also been responsible for several remarkable discoveries 
in tbis field. 

All these and other nuclear transformations have 
been recorded in a most striking and beautiful way 
in the photographs of Powell and his school. In him 
we salute a master of advanced technique which has 
made possible discoveries that are certainly of 
transcendent natural philosophical importance. They 
may well prove to be also of great practical signifi
cance in unsuspected directions in relation to the 
physical system as a whole. 

SIGNIFICANCE OF THE STERINOIDS 

There are certain sections of organic chemistry of 
such a specialized nature that only a few persons have 
a real mastery of their intricacies. Examples are the 
chemistry and technology of azo-dyes, or of anthra
quinone derivatives and related polycyclics. 
Certainly the chemistry, biochemistry and physiology 
of the sterinoids cannot be comprehended fully except 
by those who devote undivided attention to these 
subjects. It would clearly be impossible to describe 
any part of this vast field at all adequately here, and 
I propose to do no more than glance at a few of the 
headings of developments in the last twenty years. 
My object is to justify a plea for an even greater 
effort in research and for international co-operation 
such as was achieved during the War in the field of 
penicillin research. 

Although cholesterol is a constituent of all animal 
cells, there was no inkling of its physiological 
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importance when Windaus began his investigations 
in 1903, and this was also true in 1912, the approxi
mate date of commencement of Wieland's work on 
the related bile acids. 

The molecular structures were studied as interest
ing organic chemical problems, curiosities attractive 
because of their difficulty and the unique character 
of the group. Nevertheless, the impressive accumu
lation of facts in this period established many of the 
fundamental relations and laid the foundation for 
further progress. 

The formulre that were regarded as correct for 
several years were : 

Me 

/;J/ '; CHMe(CH
2

)
3
CHMe

2 

(Jv }c2H, 

OH 
Cholest;,rol (1928) 

Me 

/;l~ICHMe(CH2).CO,H 

Ho~\ OH} C2H . 

Desoxycholic acid ( 1 928) 

Various attempts to accommodate the group C2H 4 
in these structures were unsuccessful, so that it may 
be said that no full and satisfactory constitution was 
advanced. It was gradually realized that the problem 
was quite unsolved in regard to the precise nature of 
the polycyclic portion of the molecule, though the 
evidence for the side-chains, including the relation of 
cholic acid to cholesterol, was conclusive. As 
mentioned below, the connexion between ergosterol 
and vitamin-D was appreciated in 1926, and the 
increase of interest in this aspect of the subject 
probably led to the next step in advance. 

In 1932 Bernal examined ergosterol crystals by 
means of X-rays and pointed out that the molecular 
dimensions could not be reconciled with the Wieland
Windaus structures. He found that the molecule was 
longer and thinner than those theories suggested, and 
this recalled similar conclusions of Adam and Rosen
heim, drawn in 1929 from the study of surface films. 
In some cases these authors assumed a tilt in the 
molecules ; but they were in general disposed to state 
that their results could not be explained on the basis 
of the accepted formulre. 

The nettle was grasped by Rosenheim and King, 
who recalled the work of Diels (1927) on the dehydro
genation of certain sterol derivatives, whereby the 
hydrocarbon chrysene was formed along with other 
products. They decided to see what would happen 
if the formation of chrysene (I) was regarded as signi
ficant and not, as heretofore, the result of deep-seated 
decomposition. This led them in May 1932 to advance 
the formula (II) for desoxycholic acid. 

I II 

A structure of this type, applied to ergosterol, was 
found by Bernal to harmonize with his view of the 
overall dimensions of the molecules. 

A few months later in the same year, Wieland and 
Dane, and also Rosenheim and King, made the final 
modification to (III) for desoxycholic acid ; the 
corresponding cholesterol structure is IV [cholic acid 
is (III) with a third hydroxyl in position-7]. 
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Then followed a busy period in which the assump
tions made were tested and found in every case to be 
valid. 

Wieland had shown how to degrade the long side
chain step by step, and Tschesche applied a similar 
process to an acid (V) obtained by opening ring A. 

Me 

VI 

His results followed the scheme R.CH2.CH2.CO2H 
(V) ..... R.CH2.CO2H --,. R.CO2H, and the properties 
of this last acid showed it to be of the form 

°"- h . . f C-C-CO,H, and thus disclosed t e pos1t10n o the 
C/ 
side-methyl or angle-methyl group. 

In addition to chrysene, Diels obtained a hydro
carbon, C18Hu, for example, by the dehydrogenation 
of cholesteryl chloride. This was considered to be VI, 
the methyl having wandered into the cyclopentane 
ring from the angle-position (Cook and Hewitt). This 
formulation was proved to be correct by synthesis due 
to Kon, Harper and F. C. J. Ruzicka. An earlier and 
doubtless successful synthesis by Bergmann and 
Hillemann was unfortunately not crowned by con
clusive comparison with the Diels hydrocarbon 
Several other hydrocarbons obtained by dehydro
genation processes have been investigated and 
synthesized; but by far the most interesting is that 
known as methylcholanthrene (VIII), because its 
formation confirms the position of the side-chain and 
of one of the hydroxyls of cholic acid as well as of the 
main skeleton. 

Wieland and Dane (1933) degraded desoxycholic 
acid to 12-ketocholanic acid (VII) and thence through 
dehydronorcholene to (VIII). 
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The last process was independently effected by 
Cook and Haslewood, whose interest was already 
aroused in 1932, when Kennaway and Cook discussed 
the possibility of obtaining, from the bile acids, 
carcinogens analogous to others which they had 
discovered in the benzanthracene series. Cook and 
Haslewood demonstrated the constitution of methyl
cholanthrene by degradation to a tetracyclic com
pound which they synthesized, and Fieser and 
Seligman (1935-36) synthesized methylcholanthrene 
itself in unambiguous fashion. 

In passing, it may be remarked that there is no 
positive evidence to connect methylcholanthrene with 
the etiology of cancer ; it has been looked for, and 
not found, as a constituent of normal and of cancerous 
tissues. 

Thus the long-known facts and newly acquired 
knowledge fell neatly into place in the light of the new 
structures, and further confirmatory evidence was 
derived from the total synthesis of restrogens, namely, 
equilenin by Bachmann, Cole and Wilds (1939) and 
restrone by Anner and Miescher (1948). The close 
relation of these substances to cholesterol was always 
thought to be highly probable, but was not proved 
until 1940, when Inhoffen forged the last links in the 
chain of transformations connecting the two series. 

The synthesis of cholesterol itself might well be 
thought a hopeless quest when it is considered that 
the formula contains seven asymmetric carbon atoms, 
implying 2 7 stereoisomerides. But one of the doub
lings is accounted for by resolution into enantio
morphs, and at the worst the problem resolves into 
six bifurcations in the synthetic route, at each of 
which some progress must be possible along the right 
path. We have set ourselves this task and have 
adopted two methods symbolized as ABC -,. D and 
A -,. BCD, indicating the ring to be added last. 
Both routes have been developed, but we have gone 
farther along the former path. Following it, J. W. 
Cornforth has provided the first synthetical proof of 
the correctness of the carbon skeleton in rings A, 
Band 0. 

The tricyclic diketone (IX) was obtained by Reich 
(1945) as a degradation product of desoxycholic acid 
by way of several intermediates. The Reich diketone 
can also be obtained from a keto-acetate (X) which 
was isolated by Koster and Logemann from the 
debrominated products of the oxidation of cholesterol 
acetate dibromide. 

Naphthalene has been transformed into IX through 
nineteen stages, and the diketone was obtained in 
optically active form stereochemically identical with 
Reich's product. 

JX 

/V 
/" ,(_O)o 

AcO I A j/ BI vv 
X 

Although IX is obtainable from X, the reverse 
operation has not yet been effected. Nevertheless, 
Xis much the more readily accessible as a relay, and 
we are therefore studying the addition of ring D to it. 
The first possible bifurcation has given two substances 
to H. Holtermann, and one of them must possess the 
correct orientation. This leaves only one more fork 
to be negotiated so as to reach the full tetracyclic 
system in correct stereoisomeric form. We shall be 
unlucky if the right road is barred here, or if it proves 
impossible to convert IX into X. The long ascent is 
all but finished at the tetracyclic stage. This con
stitutes a veritable platform; we can walk round to it, 
and tackle the few remaining pitches whenever we 
feel disposed to do so. We are confident that the 
total synthesis of cholesterol can be realized along 
these lines. 

A host of other sterinoids have fallen, or are 
gradually falling, into line. The constitution of 
ergosterol, for example, has been demonstrated by 
the masterly researches of Winda.us and of Heilbron. 
It is impossible to do more than mention the existence 
of the phytosterols, such as sitosterol and stigma
sterol, the very complex saponins, sapogenins, and 
heart poisons, the sterinoid alkaloids, and so on. All 
these groups present highly interesting and difficult 
problems and already have a most extensive literature. 

Many of the plant poisons are glycosides, and even 
the sugars derived from them are unique. One of the 
simplest, obtained from the purple foxglove, is 
digitoxin, which yields, on hydrolysis, digitoxigenin 
(XI) and three molecules of digitose (XII) which has 
a d-ribose type of configuration (d-desoxy-altrose): 

CH-CO 

c,f I 
I " cH,--0 

AIN~ CH.(CH . OH).. CH,. CHO 

HoVv OH 

XI xn 
Another peculiarity of some of these sugars is that 

they include 0-methyl groups of true ether function. 
Throughout the chemical work on sterols and their 

derivatives, the problem of stereochemical con
figuration has been prominent. Much has been done 
by consideration of transformations, relations and 
analogies, and this was greatly supplemented and 
extended by X-ray study of crystals. The most exact 
work in this field has been carried out by Mrs. 
Hodgkin (nee Crowfoot) and her collaborators. Their 
complete study of cholesteryl iodide (Carlisle and 
Crowfoot, 1945) confirmed conclusions drawn from 
earlier work and clarified all the stereochemical 
relations of the molecule. In cholesterol the hydroxyl 
group and the two angle-methyls lie on the same side 
of the general plane of the structure. That there is 
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no Walden inversion in the conversiu,1 of cholesterol 
to its iodide may be inferred from the crystal analyses 
of the iodo-nitrobenzoates of calciferol and lumisterol. 

To-day, we have all but a full knowledge of sterol 
configuration, and the results are correlated with 
rotatory powers as well as with physiological activity. 

Vitawin D. Following up the knowledge that 
rickets could be benefited by sunlight or by addition 
of certain fish oils to the diet, the active constituent 
in the oils was concentrated and recognized as a 
vitamin. Hess, and also Steenbock, found in 1924 
that exposure of inactive oils to sunlight or to ultra.
violet radiation enhanced their antirachitic properties. 
Furthermore, the pro-vitamin was located in the 
sterol fraction of the oils. It was found that chole
sterol was not this pro-vitamin, but that irradiation 
of ergosterol under suitable conditions produced an 
antirachitic substance which was termed vitamin D. 
Intensive study of the transformation products of 
ergosterol by groups of workers at the National 
Institute for Medical Research and at Gottingen led 
to the isolation of the pure vitamin, called calciferol. 
Then as a result of structural investigations by 
Heilbron, and by Windaus, and their respective 
collaborators, the remarkable transformation of 
ergosterol (XIII) into calciferol (XIV) was established : 

XIII 

In addition, detailed information about inter
mediate stages and subsequent changes was garnered; 
and it must be emphasized that this development was 
possible only as a superstructure on the firm found
ations of the constitutional studies of cholesterol and 
ergostErol. Apart from the side-chain, the character
istic feature of the latter is the extra double-bond 
(fl') in ring B , and Windaus prepared a cholesterol 
analogue, namely, 7-dehydrocholesterol, and found 
that it also gave an antirachitic substance on 
irradiation. This was later recognized as the true 
naturally occurring vitamin, now designated as D 8• 

It has been isolated from tunny liver oil by Brock
mann and identified, as the 3 : 5-dinitrobenzoate, 
with the product from irradiated 7-dehydrocholesterol 
(XIII with side-chain C8H 17). The method of 
preparation of the pro-vitamin has been greatly 
improved and it has been found in Nature, for 
example, in the skin of pigs. 

CEstrogenic, Androgenic, and Progestational Hor
mones. No attempt to cover this field even by way 
of summary can be made. It will suffice to notice 
certain features that connect with the general sterol 
narrative. The isolation of the first restrogen, namely, 
restrone (XV), by Doisy (August) and Butenandt 
(October), occurred in 1929, and it will therefore be 
appreciated that the constitutional study was largely 
independent of that of the sterols. The problem was 
solved by the work of Marrian, of Butenandt, and of 
Cook from about 1932 to 1934, and the outcome 
was one of give-and-take with sterol chemistry. The 
discovery of cestrone was quickly followed by 
that of other cestrogens ; restriol by Marrian in 
1930, equilenin (XVI) by Gira.rd in 1932. Reference 
has already been made to the synthesis of XV 
and XVI. 
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These hormones were at first obtained from the 
urine of pregnant women and later from that of 
pregnant ma.res. In 1934 Zondek found that the 
urine of stallions was a still richer source, but this 
surprising result is peculiar to equines. These .hor
mones have also been found in plant material ; 
restrone in palm kernels and cestriol in female willow 
flowers. The subterranean clover, so important to 
Australian agriculture, contains restrogens which 
have apparently not yet been identified. The restro
genio property is, however, not very specific and is 
exhibited by a considerable range of synthetic com
pounds of which stilbcestrol (XVII), hexrestrol, its 
dihydro-derivative, and dienerestrol, a dehydro
derivative, are the best known (Dodds and col
laborators). 
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The natural and also the synthetic restrogens find 
many applications in therapeutics, and both types are 
manufactured on a considerable scale. 

Androsterone (XVIII) was isolated by Butenandt 
in 1931 from urine of normal males, and he almost 
guessed the correct constitution in 1932. Two years 
~ater Ruzicka entered the field with the highly 
1~po~t discovery that h~ could oxidize away the 
s1de-cham of sterol and bile acid derivatives and 
leave a carbonyl group in its place : 

: CH,CaH11 _...,: CO. 
The oxidation of cholestanyl acetate gave a weak 
androgen, similar to, but not identical with, andro
sterone. Use of a stereo-isomeride, epi-cholestanyl 
acetate, afforded androsterone itself in very ,;imall 
yield. 

In 1935 Laqueur isolated a very active hormone, 
namely, testosterone (XIX), from testes of steers 
and this has become the standard androgen i~ 

OH 

f'lffi 
0 v0 

r:::x 

medical practice. It is manufactured by a develop
ment of Ruzicka's method in which the starting 
point is the dibromide of cholesteryl acetate, which 
is oxidized by chromic acid. This was reported in 
1935 from four different laboratories. 

The final stage is the reduction of a carbonyl group 
in position 17 which is best carried out by a method 
due to Mamoli, namely, treatment with a sugar
yeast fermenting solution. 
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Until quite recently, no simple synthetic androgenic 
substance was known, although Birch and Mukherji 
have described the preparation of XX from hex
restrol by an ingenious method, and this substance is 
under examination for its biological properties. 
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Wilds, Shunk and Hoffman (September 1949) have 
prepared the diketone (XXI), which is stated to 
possess approximately a two-hundredth of the 
androgenic activity of testosterone in the comb test 
in day-old chicks. This discovery is of great interest 
because it gives new encouragement to the search for 
synthetic analogues of hormones of therapeutic 
importance. 

Progesterone (XXII) is a hormone of the corpus 
luteum which controls pregnancy. Following indi
cations by W . M. Allen (1932), it was independently 
isolated in pure form in four laboratories in 1934. 
The best partial syntheses are from stigmasterol, 
from various sapogenins, or from a by-product of the 
oxidation of cholesteryl acetate dibromide. 
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Hormones of the Adrenal Cortex. Following the 
indications (1929) that extracts of the gland could 
prolong the life of adrenalectomized animals, Kendall, 
Wintersteiner and Pfiffner, and Reichstein have (since 
1935) described the isolation of some twenty-eight 
crystalline substances from the adrenal cortex. This 
magnificent effort cannot be summarized ; but the 
constitutions of all the more important of these 
substances have been demonstrated by transform
ations or partial syntheses. Corticosterone (XXIII) 
was the first active substance to be isolated, first by 
Reichstein and a little later by Kendall. Like some 
of its congeners, it is concerned with regulation of 
carbohydrate metabolism and electrolyte balance, 
but to discuss these relations in a few words would 
be impossible. Indeed, it is not surprising that some 
doubt still exists in regard to the precise function of 
individual hormones in this complex group. The 
adreno-cortical hormones have been used in the 
treatment of Addison's disease and smgical or wound 
shock. 

At the moment the centre of the stage is occupied 
by Kendall 's substance E (Reichstein's substance F) 
(XXIV) which is now called cortisone. 

Five years ago, Selye concluded from his experi
ments that the adrenal cortex may take an important 
role in the pathogenesis of rheumatic and rheumatoid 
conditions in man, and Bassi and Bassi (1946) 
obtained beneficial effects in chronic rheumatoid 
arthritis by the administration of adrenal-cortical 
extracts. Cortisone has now been found by Hench, 
Kendall, Slocumb and Polley (1949) to alleviate the 
symptoms of rheumatoid arthritis in a quite dramatic 
fashion. However, the effect is only temporary and 
further administration of the hormone is necef!sa.ry 
after a certain period. We cannot yet know the
length of time during which the improvement can 
be sustained, and undesirable side-reactions have
appeared in some cases. There are said to be six 
million rheumatoid arthritics in the United States 
alone, and the provision of cortisone or some effective 
substitute is therefore a matter of great urgency. 
But very large quantities will be required, and it is 
doubtful whether the amount needed could con
ceivably be made by partial synthesis from sterinoid 
material of natural origin. 

At the present time the starting point for successful 
syntheses is desoxycholic acid, which is carried 
through some thirty-five stages in accordance with 
brilliant work of Reichstein, and of Sarett, to which 
many others have contributed by way of modification 
and improvement of yield. By a remarkable tour de 
force the chemists of Merck and Co., Rahway, N.J., 
have made some hundreds of grams of cortisone; but 
considerable effort was involved. It is claimed that the 
number of stages would be halved if sarmentogenin 
could be used as the starting point ; this aglycone of 
a cardiac glycoside from a species of Strophanthus 
already bears an oxygen atom in position 11. But 
this material is not available in quantity and, even 
if it were, the partial synthesis is still too long for 
the purpose in view. The m ore promising lines would 
appear to be (a) total synthesis, (b) synthesis of an 
effective analogue, or (c) synthesis of a substitute. 

The feasibility of finding analogues cannot be 
assessed in advance. Undoubtedly this idea will be 
pursued in more than one quarter. Total synthesis 
is attractive in this case but demands new ideas and 
new methods; there is a great field for investiga
tion. 

The substitute may be found along lines indicated 
by Dr. C.H. Li (First Congress of Biochemistry, Cam
bridge, 1949). It is first necessary to realize that the 
hormones already mentioned are released on the 
arrival of messengers from a higher centre. Thus the 
anterior pituitary discharges gonadotropic hormones 
into the blood. These stimulate the gonads to the 
production of hormones of sterinoid nature. The 
gonadotropic hormone, studied in Great Britain by 
Rimington, among others, has protein character. 
Similarly the anterior pituitary produces adreno
corticotropic hormone, which stimulates the adrenal 
cortex and which Hench et al. found equivalent to 
cortisone in the treatment of rheumatoid arthritis 
The essence of Li's discovery is that a partial hydro
lysate of this protein contams a peptide with a small 
number of amino-acids (variously sta.ted as six to 
twelve) and that this substance active in the same 
sense as adrenocorticotropic horm0ne. Clearly the 
synthesis of such a substance might be pra.<'ticable
on a really large scale. 

Work on the mode of action of cortisone and 
adrenocorticotropic hormone is of the greatest 
interest. A recent paper of Selye directs attention to 
the fact that adrenal cortical hormones are of two 
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main types, mineralo-corticoid and gluco-corticoid, 
and that cortisone and adrenocorticotropic hormone 
are in the latter category. The idea of a balance 
between these types may explain some apparent 
anomalies, such as the fact that arthritic symptoms 
do not necessarily appear at a low level of activity 
of the adrenals. 

Finally, mention must be made of some very 
interesting work by Rittenberg and Bloch on the 
biogenesis of cholesterol. The sterol is synthesized 
by surviving rat-liver slices in vitro from labelled 
acetate and afterwards degraded in various ways. 
The results indicate that all the carbon atoms can be 
derived from acetate. It will soon be possible to 
attribute to each of the carbon a.toms its origin from 
a methyl or carboxyl of acetic acid. 

In spite of, or better, because of, all these brilliant 
achievements, it cannot be supposed that more than 
a small part of the wonder of the sterols and their 
derivatives has thus far been brought to light. 

Reverting to the tropic hormones of the anterior 
pituitary, it should be noted that these are by no 
means the only examples. There seems to be a fairly 
general and adaptable mechanism whereby the 
appearance of a protein stimulates the formation or 
release of various steroid hormones at different sites 
in the body. There must be some common factor in 
these processes, and it may not be so far from our 
reach as we imagine. There is a widespread belief 
that steroid hormones are intimately connected in 
some way with malignancy, and for this reason alone 
research in this field must be vigorously pursued. 
All the topics we have touched reach out into the 
unknown and all are of profound significance for the 
progress of biological science and hence for the health 
and happiness of mankind. There is a good case for 
the international organisation of a supreme effort, 
which could conveniently be directed in the first 
instance towards following up the cortisone-adreno
corticotropic hormone clues. 

Those who control the United Nations Educational, 
Scientific and Cultural Organisation have wisely 
decided to initiate certain international laboratories, 
but it is doubtful whether any of the subjects so far 
advanced, important as they undoubtedly are, should 
be preferred to a concerted investigation of the 
chemistry, biochemistry and endocrinology of the 
sterinoids. This is not the place or the time to con
sider the details, which can be adjusted to suit the 
different circumstances of the participants, but it is 
already clear that centralization in terms of bricks 
and mortar would prove difficult. An organisation, 
with ample funds to be used for the promotion of 
research in existing centres, and capable of effecting 
full liaison between them, is the first objective. 

MICROBIAL DIGESTION IN THE 
ALIMENTARY TRACT 

ON SepJ(lmber a symposium on microbial 
digest~ in e alimentary tract was held 

jointly b~ween iow_;<Physiology) and Section M 
(Agr~~~e) e B~~h Association at the recent 
meeCi~at N c~'upon Tyne. Dr. D. P. Cuth
bertson (Rowett ~rch Institute) introduced the 
subject by referring to the comparative anatomy and 
physiology of the alimentary tracts of various classes 
of mammals, with particular reference to sites of 

microbial activity. So far, all mammals examined 
have a microbial population in the large intestine, 
and so this form of digestion is general and normal. 
In carnivorous animals, fermentation on any large 
scale does not take place in the large intestine ; but 
in most other mammals the crecum and colon have 
the size, and provide the environment, necessary for 
bacterial growth on food residues. Only substances 
produced outside the living microbial cell or made 
soluble by the break-up of the dead cell in the large 
intestine are potentially available to the host. The 
presumptive evidence is that some of these are 
absorbed directly from the alimentary tract or after 
coprophagy. 

The ruminant stomach is in four compartments of 
which the first two, the rumen and reticulum, 
together form a large fermentation vat where coarse 
fodder materials which resist the enzymes secreted 
by the glands of the alimentary tract are digested, 
and new compounds, such as microbial protein and 
starch, are formed which later become available to 
the animal by the normal digestive processes. Other 
compounds such as the short-chain fatty acids and 
ammonia are formed and absorbed through the 
stratified squamous epithelium of the wall of the 
rumen. Dr. Cuthbertson briefly referred to the recent 
work of Marston in Australia and Becker and his 
co-workers in the United States, which has shown 
that cobalt pine in sheep is not susceptible to vitamin 
Bu (which contains cobalt) by vein or by mouth, at 
least in the amount administered which is presumed 
more than sufficient. 

Dr. A. T. Phillipson (Rowett Research Institute) 
pointed out that short-chain fatty acids are present 
in most parts of the alimentary tract in which 
fermentation occurs. The concentrations found in 
the rumen and in the large intestine of other species 
are of the same order, and the mixture of acids con
sists principally of acetic, propionic and butyric. In 
order that fermentation can proceed, the acid products 
must be removed or neutralized. In the sheep the 
saliva contains bicarbonate, and in twenty-four hours 
sufficient is secreted to neutralize from one-half to 
two-thirds of the acids present in the rumen of 
animals taken from pasture. As fermentation is 
continuous, it is clear that saliva alone is not sufficient 
to maintain a pH between 6 and 7. The amount of 
acid passing to the abomasum is less than I gm. per 
hr. The principal means whereby the pH is 
maintained close to neutrality is by the passage of 
ions from the rumen to the blood. This is shown by 
the fact that acid or alkaline solutions, when intro
duced into the empty rumen from which the entrance 
and exit are closed, rapidly move towards a pH of 
approximately 7·4. Fatty acids, in both free and 
ionized states, are absorbed from the rumen into the 
blood stream. 

The conditions in the rumen are anaerobic, and 
this limits the nature of the organisms which are 
active. The food eaten is mixed with the residues of 
previous meals so that the rate at which any one 
meal leaves the rumen is extended over a consider
able period, and traces of residues of one meal have 
been found in the rumen seven days later. The rate 
of passage of food through the whole alimentary 
tract of the ruminant is slower than it is through the 
horse or pig. As digestible cellulose is present in the 
freces of sheep fed on hay or straw, time appears to 
be one of the factors limiting the degree of ferment
ation that can occur when partially lignified plant 
foods are given. 
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