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LA CORDE DU TYMPAN.
Bernard's researches in physiology date from his appointment 

as preparateur to Magenlie. His wov'k was conducted for the most 
part in the laboratories of his friends, no room being found for 
him in the laboratory of the College de Prance.

In May 184S appeared "Recherohes anatomiques et physiologiques 
sur la corde du tympan pour servir a 1*histoire de 1' hemipl/gie 
faciale." This was shortly followed by a thesis "Du sue gastrique 

et de son r&le dans la nutrition."
The earlier work on the Chorda tympani, showed as might have 

been expected the influence of Magendie's labours on nerves and 
their functions.

He considers the relation of the nerve to taste and hearing, 
but made a false assumption by contending that the Chorda timpani 
exercised no influence on the secretory activity of the submaxillary 

gland, or the contractility of its duct.
It is interesting to note that his reference to facial 

paralysis in this paper suggests that he had realised the fact that 
physiology as experimental medicine could with reasonable care, be 
directly available for clinical purposes.

The value of his suggestion has not been fully put to the 
proof. We have seen within recent years that while unquestionably 
almost every branch of medicine is to a certain degree dependant 
on physiological investigation, the only direct contribution of 
physiology to clinical medicine has been furnished by the discovery 
of insulin in its relation to Diabetes.

His work on the Chorda tynpani in relation to taste confirmed 
the view that the sense of taste in the anterior two-thirds of the 
tongue was in part mediated by the lingual nerve through fibres 
brought to it from the Chorda tympani, which arises from the 7th 
cranial and joins the lingual soon after emerging from the tympanic
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cavity of the ear.
The chorda timpani has engaged the attention of many research

workers within recent years, and many interesting results have been 

secured.
Extirpation of the semilunar ganglion according to some surgeons 

is followed by complete loss of taste in the anterior two-thirds of 
the tongue on the same side. This has led some scientists to 
assume that taste fibres end in the sensory nucleus of the 5th nerve 
or that the fibres running in the chorda tympani at least have their 
origin in th 5th nerve. It is supposed by those authors that the 
fibres reach the semilunar ganglion by a circuitous route. Those 
running in the lingual and chorda tympani are assumed to pass to the 
ganglion by way of the great superficial petrosal and Vidian nerves, 
and the spheno-palatine ganglion.

The investigations of Professor Harvey Gushing however throw 
grave doubt on those views. He made careful examinations of the 
sense of taste, not merely immediately after extirpation of the 
ganglion, but for a long period subsequently, and found that there 
was no effect on the sense of taste in the posterior one-third of 
the tongue.

Regarding the effect on the anterior two-thirds he found in 
some cases at first a loss of acuity of taste, or even entire 
disappearance of that special sense, but subsequently it returned.

Cushing attributes the result to postoperative degeneration
and swelling in the fibres of the lingual nerve, which affect the

"• T
conductivity of the intermingled fibres of the chorda tympani.

But since there is no permanent loss of taste the fibres cannot 
pass through the Gasserion ganglion. Bernard’s investigations 
certainly paved the way for this result.

The thesis on the gastric juice was most emphatically the first 
step in an inquiry which led him to the discovery of the glycogenic
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function of the liver.
The main result embodied in the thesis was that sucrose inject

ed directly into the veins appeared in the urine. This did not 
however occur when the cane sugar, previous oo injection, had been 
subjected to the influence of gastric juice.

He conjectured therefore that sucrose as such in the blood 

could not be utilised by the tissues as nutritive fuel, and was 

therefore eliminated in the urine.
Obviously therefore the gastric juice had modified or altered 

its molecular constitution to enable it to be retained and used by 

the organism.
It is now Known that this is in reality what taKes place. A 

ferment in the gastric juice Invertase, inverts cane sugar into 
glucose and fructose, both of which can be used at once by the 

tissues.
Bernard here also made an experiment(which has since become 

classical^of the simultaneous injection of Potassium ferrocyanide, 
and ferrous sulphate, by which he showed that the acid of gastric 
juice appears on the surface and not in the depth of the gastric 
glands.

The influence of the nervous system on the chemical changes 
in nutrition was a problem always before his mind. The researches 
which occupied his attention for the next year or two i.e. until 
1846, were conducted on much the same lines as the first two.
He investigated the spinal accessory nerve, and continued his 
studies in digestion, and chemical physiology, and sent in at the
ItConcours pour 1’agrégation" a memoir on pigmentation in the human 
subject. In 1846, when associated with Barreswil, he made an 
observation which was to prove the starting point of a great 
discovery.
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In "Leçons de Physiologie Expérimentale" (P.178) "We observed" 
he said "that fat in a rabbit’s stomach passing along the alinent-

 ̂uNnoDintt
ary tract from the stomach was|ttnnodified until it reached a point 
much lower than that at which a similar change takes place in the 
dog. The same thing was true for the absorption of fat by the 
lacteals. These in the rabbit became white and opaque through the 
presence of fat at a considerable distance from the pylorus. In 
dogs the change was visible at the very commencement of the duodenum. 
The cause was apparently in some special disposition of the intestine. 
The difference was found to coincide with a difference in the en
trance of the pancreatic duct into the intestine. In the dog this 
is quite close to the pylorus, and in the rabbit some Z5 cms. below 
the biliary duct. At this point the change in the fat began to 
take place, and lacteal activity was manifested."

His observation however was not wholly accurate. It has since 
been recognised, that the disposition of fat and lacteal contents 
in the rabbit is not invariable, and the appearances described are 
only seen when the abdomen is opened at a particular time after the 
taking of the fat.

It is rather strange that the very methodical and exact nature 
of his experimental work should have been the means of leading him 
into an erroneous assumption, but surely that is a minor consider
ation, since it was really the genesis of a very fruitful inquiry 
into the action of pancreatic juice.

The results obtained were communicated to the Société7 
Philomathique in April 1848, and a more detailed account to the 
Biological Society in 1849.

In 1856, he published the complete "Mémoire sur le pancreas et 
sur le role du suc pancréatique."

Previous to his work, knowledge of the pancreatic juice and its
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action, and even of intestinal digestion was of the scantiest.
Johannes Müller, though he deals at length with gastric di

gestion and bile is exceedingly reticent about the pancreas.
The researches of Tiedemann and Graelin are referred to as 

embodying "all that was known with certainty relative to the changes 

undergone by the chyme in the intestine."
It is somewhat disconcerting to find that those authors can 

only suggest that "the casein of pancreatic secretion containing a 

large proportion of nitrogen yields a portion of this element to 
different ingredients of the alimentary substances which contain 
less nitrogen, so as to reduce itself to their standard in this 
respect, and to convert them into albumen."

To whom then are we indebted for our present daw knowledge of 

the several distinct actions of the pancreatic juice, and its 
paramount importance in digestion?

Even though we give due credit to Valentin, who in 1844 con
clusively proved that pancreatic juice acted on starch, and Eberle 
who suggested it had some action on fat,the highest honours must 
unquestionably go to Bernard who demonstrated its threefold action.

He showed that on the one hand it emulsified, and on the other
1 split up into fatty acids and glycerine the neutral fats discharged 

into the duodenum.
2 He proved that the pancreatic juice exercised a strong

amylolytic action, converting starch into sugar. Its action is
thus similar to Ptyalin. It hydrolyses the starch with the 
production finally of maltose and achroodextrin. He further dis
covered that it will act even on unboiled starch.

3 Lastly he demonstrated the remarkable action of the juice on 
proteid matter. Pointing out that the bile precipitates the pro
ducts of the gastric digestion of proteid matters, and puts an end
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to peptic changes, he further showed that the pancreatic juice 
acted subsequently as wen on these precipitated matters as on 
those proteid constituents of a meal which had escaped solution in 

the stomach.
"It is in fact the pancreatic juice which has the special 

property of completely dissolving there two kinds of material since 
the digestion of nitrogenous substances is far from being completed 
in the stomach. Two acts perfectly distinct take place in the 
stomach the one duly following the other.

Gastric digestion is only a preparatory act."
What further knowledge we have of this particular stage of the 

digestive act is simply an elaboration of Bernard's views supple
mented by a few more discoveries relatively of much less importance 
than his initial triumph. The agency bringing about those chemi

cal changes has been called Trypsin.
Evidently the proteolytic enzyme of the juice is secreted in a 

zymogen or pro-enzyme form (Trypsinogen)which is activated or con
verted to trypsin in the alimentary canal by the activity of Entero- 
kinase, presumably an enzyme contained in the mucous membrane of the 
small intestine.

The action of this "ferment of ferments" is not specific since 
a number of salts e.g. Calcium and Magnesium have a similar effect 
on inactive pancreatic secretion.

Trypsin causes hydrolysis cleavage of the protein molecule in 
a manner analogous to pepsin. But its action differs from that of 
pepsin in several respects. It attacks the protein in neutral as 
well as in slightly acid or strongly alkaline solutions. There is 
also a difference of degree, trypsin being a more powerful and 
rapid catalyst. Moreover trypsin acts further than the pepsin of 
the gastric juice, as Claude Bernard suggested, by splitting



proteoses and peptones into polypeptides.
The polypeptides are further resolved into their constituent 

anino acids— leucine, tyrosine, alanine, glutamic acid, tryptophane 

and others.
Bernard suggested that pepsin and trypsin represented two 

successive steps in protein digestion. This is most essentially 
true, since the preliminary action of pepsin not only hastens that 
of trypsin, but to some extent alters it. A protein submitted to 
pepsin and then to trypsin has its molecular structure more com
pletely broken down, than if trypsin alone had acted.

Thus it will readily be seen that beyond an increase in the 
number of amino acids known to him, little has been added to the 
completeness of Bernard’s original discovery of the action of 
pancreatic juice on proteid matter.

Reference has already been made to his discovery of the fat- 
splitting capability of pancreatic secretion. We now know this 
is due to the activity of an enzyme called Lipase or Steapsin.
It causes hydrolysis or saponification of the neutral fats.
These latter bodies are chemically esters of the trihydric 
alcohol glycerin. When hydrolysed they break up into glycerol 
and the constituent fatty acid.

In the case of palmitin the action of lipase may be repres
ented thus

Palmitin Glycerin Palmitic acid.
4  SHjjO = CjHg(OH)rj I  £(C^5Hg»fC004) .

When pancreatic juice was mixed with oils or liquid fats, 
Bernard observed two phenomena. First, the splitting of the fat, 
and secondly its émulsification. An oil is emulsified when it is 
broKen up into minute globules that do not coalesce, owing to the



fact that pancreatic juice being alkaline is able to liberate 
these fatty acids which unite with the alkali present to form 
soaps. The soaps form a film on the outer surface of each glob
ule and prevent them running together. The emulsification pro
duced under these conditions is very fine and quite permanent in 
the presence of colloids, such as gum or protein. Pancreatic 
juice therefore is specially suitable for the purpose of emul
sif ication owing to the presence of protein.

Bernard as a result, came to the conclusion that the forma
tion of this emulsion is the chief function of the pancreatic juice 
as far as fats are concerned, and it seemed reasonable to conjecture 
that in the form of fine droplets the fat may be taken up directly 
by the epithelial cells of the villi, particularly since this view 
was supported by the histological evidence, that during fat diges
tion, these epithelial cells can be shown to contain fine oil drop
lets in their interior.

Anent this point, however the tendency of recent work has been 
to indicate that the fats are completely split into fatty acids and 
glycerin before absorption, and that the emulsification may be 
regarded from a physiological stand-point, as a mechanical prepar
ation for the further action of the lipase rather than as a direct 
preparation for the act of absorption. The two products of lipo- 
clastic action, the glycerin and fatty acid, are absorbed by the 
epithelium and recombined to form neutral fat. Probably, moreover, 
during this synthesis, the fatty acids are combined with glycerin 
in such proportions as to form the fat most characteristic of the 
animal, fat of a high melting point in the sheep for example ,and a 
lower melting point for the dog.
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GLYCOGEN.

At a time when the influence exercised by Dumas’ brilliantly
A  /  „expounded "Essai sur la Statique Chiraique des Etres Organises was 

still potent in the scientific world, Bernard took up a research 
ora the physiology of sugar. A thesis, already referred to on the 
action of gastric juice, was the initial step towards this. The 
main result embodied in the thesis was that cane sugar under the 
influence of the gastric secretion, was transformed first of all 
into dextrose (glucose), a condition suitable for the use of the 
tissues. The task he now laid out for himself was to trace the 
successive steps in the metabolism of Carbohydrate, fat, and proteid.

The subject was so vast that he never got beyond the first of 

these three.
He began with sugars, partly because they were simple, partly 

because he was fascinated by the problems suggested by a deranged 
carbohydrate metabolism i.e. diabetes.

Ticdemann and Gmelin had already shown that starch in the 
alimentary canal is converted into dextrose before absorption.
Cane sugar, as he himself had proved suffers a similar hydrolysis. 
All carbohydrates then may be considered as passing into the blood 
as glucose. What then becomes of it? Bernard proposed to track 
out the dextrose(glucose) along the portal vein to the liver, from 
the liver through the right side of the heart to the lungs.

"At one or other of these stations I shall find" he tells us 
in *Nouvelle fonction du foie’, "that the dextrose disappears, is 
destroyed, or in some way modified. If having found the station 
of destruction I am able to suppress its activity, sugar will ac
cumulate in the blood, and a condition of diabetes will be brought 
about. Thus experimental diabetes will open up the way for cura
tive means."
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Diabetes had been known from very early times. An extract 
from his work "Sur le diabète" states "Il est incontestable que le 
diabète a e t e très anciennement connu. S*il n’en est fait mention 
dans Hippocrate, si l'on n'en trouve que des traces douteuses dans

/ /s'Galien, on sait que leurs successeurs l’ont signale et qu'Aretee en
/ „ particulier 1*a décrit.

In this pathological condition the fundamental observation 
which one makes is that the blood and also the urine contain an 
abnormal quantity of glucose. Willis, a London physician of the 
17th century had been the first to recognise the presence in the 
urine of an excess of sugar as a specific symptom of the disease. 
Previous to the work of Claude Bernard, Sauvage had unquestionably 
differentiated Diabetes incipitis characterised by the secretion in 
abnormal quantities of urine minus glucose, and Diabetes mellitus, 
where an excess of glucose was present.

An attempt at the classification of the known varieties of 
diabetes was also made by Sauvage.

Hitherto symptomatology was fairly accurate, but the cause and 
cure were a matter for speculation and provisional hypothesis, un
til the work of Claude Bernard furnished the key to the solution of 
a baffling problem. He could say previous to his researches "Nous 
ne pouvons donc aujourd'hui définir et caractériser le diabète par 
aucun lesion anatomique indiquant d'une manière certaine l'organe 
atteint dans cette affection."

He knew moreover that "La glycosurie peut se rencontrer en 
dehors de 1'état diabétique mais que l'état diabétique ne peut 
cependant pas exister sans glycosurie."

The symptomatology of the diabetic condition consisted in
(I) Exaggerated nutrition e.g. increased hunger and thirst.
(ii) Rapid emaciation.
(iii) Polyuria.
(iv) Glycosuria.



Beyond the facts enumerated here, little more was definitely 
known of Diabetes until Bernard working on this slight basis, by a 
careful process of premeditated investigation, succeeded in build- 
in» up, most of the information we now possess on the subject.

An attempt will be made to trace his investigations through 
their successive stages, with a critical analysis of the main 
points raised in reference to modern thought.

He fed a dog on a diet rich in sugar and sugar furnishing 
material, killed it at the height of digestion, and examined the 
blood leaving the liver by the hepatic veins, to see if any 
destruction of sugar had taken place in the liver. In the search 
for sugar in the tissues he made use of Barreswils' cupric sul
phate test for dextrose. Abundant sugar was found in the blood 
of the hepatic veins. The first complication now arose. Was 
this the same sugar as was introduced into the portal vein through 

the food?
Another dog was fed on meat only, so that no glucose should 

be present in the alimentary canal or blood of the portal vein.
In this case also, the blood of the hepatic vein was loaded with 
glucose.

Bernard now realised that he had proved the production of 
sugar by the liver.

This obviated a search for the seat of destruction of dextrose 
at once.

"If the result which I have got is confirmed on repetition of 
the experiment, the liver is conclusively demonstrated as a sugar 
producing organ. It manufactures sugar out of something which is 
not sugar and within it lies the secret of diabetes. Dumas is
wrong when he suggests the animal does not construct. It does.
It constructs dextrose."
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He now tested his result in every possible way.
Dogs which had been starved, and others fed on meat diet 

exclusively were subjected to a rigorous analysis, and in all cases 
it was found that whilst sugar was absent from the alimentary canal 
and the chyle it was present in the blood of the right heart, and 

in the portal vein close to the liver.
Opening the body of a dog killed in full digestion he placed 

ligatures on the mesenteric veins at some little distance from the 
intestine, on the veins from the pancreas, on the splenic vein, and 
on the venae portae near the liver. He found as a result no sugar 
in the blood of the mesenteric veins between the intestine and the 
ligature, none in the blood of the pancreatic or splenic veins, but 
there was sugar in the portal blood between the ligature and the 
liver. The sugar in the latter case had regurgitated from the
liver. A decoction of liver substance invariably contained sugar,
which investigation proved to be dextrose.

In 1849 he communicated his discoveries to the Société de 
Biologie. In his "Leçons sur le diabète" he refers to this briefly 
by stating—

En 1249 j'avais annoncé^

(i) que le tissu du foie était constamment imprégné"de sucre.
Cii) que le sang sortant du foie par les veines hépatiques était 
plus riche en sucre que celui qui y entrait par la veine porte.
(iii) Je conclusis que le foie devait etre considere^comme une 
source normale du sucre du sang, source indépendant de l'alimen
tation. J'avais en outre prouvé"que le système nerveux exerce une 
influence directe sur la quantité^du sucre versée dans le sang.
Je produisais a volonté le diabete artificiel. En piquant un ani- 

mal dans le quatrième ventricule, on surchargeait son sang de ma
tière sucrée qui passait dans les uriijs.'j L'animal était diabétique."

Ü*INEÎ . /
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Purther experiments fully confirmed the view that the sugar of 
the liver is not directly supplied from the food but is furnished 
by the liver itself through a mechanism analogous to that of secre
tion, at the expense of the elements of the blood which traverses

the hepatic tissue.
He further observed that this hepatic sugar was influenced as 

regards its quantity by the nature of the food taken. Diminished 
by starvation, questionably increased by fatty foods, there was a 
pronounced augmentation produced by carbohydrates. Age incidence 
also influenced it, becoming less as age advanced. The influence 
of the nervous system referred to in his paper to the Biological 
Society next claims our attention.

In the course of his researches he came upon the remarkable 
fact that puncture of the fourth ventricle causes temporary dia
betes. At first sight it has the appearance of being an acci
dental result: but according to Bernard himself, he was led to it
by a process of reasoning. He had always been attracted by the 
study of the influence of nerves on chemical phenomena, and regard
ing the appearance of the sugar as a secretion he conjectured that 
like other secretions it would be Tinder the influence of an appro
priate nerve.

Anatomical considerations, and earlier observations on the 
vagus and its relation to digestion led him to the conclusion that 
the vagus was in all probability the appropriate nerve. He al
ready knew that section of the vagus did away with the formation of 
sugar. Stimulation of the vagus trunks gave a negative result. 
Previous experiments on secretion, however, in which he punctured 
the fifth nerve at its origin in the brain had given remarkably 
good results. So he conceived the idea of stimulating the nucleus 
of the vagus in the floor of the fourth ventricle of the brain, and
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In his own words we get a detailed account of the experiment.
X"v /"Si l'on pique dans un espace très limite le plancher du qua

trième ventricule, la production du sucre s'exagère et l'animal 
devient diabétique. L’espace dont nous parlons est compris entre 
l’origine des nerfs vagues et celle des nerfs acoustiques.

"Je croyais augmenter la sécrétion du foie et la production du 
sucre en excitant les origines du pneumogastrique, comme j’avais, 
dans d'autres circonstances, augmente la secretion salivaire en 
excitant les origines de la cinquième paire.

"En piquant les origines du pneumogastrique j'obtins, comme m'y 
attendais, le phénomène de la glycosurie. Je coupai alors les 
pneumogastriques, pour contrôler mon explication, et savoir si le 
diabète cesserait. Il n’en fut rien le diabète persista malgré la 

section des vagues au cou.
"L’action ne consistait donc point, comme je l'avais cru, en 

une excitation des pneumogastriques transmise par ces cordons 
nerveux jusqu' au tissu hépatique. En galvanisant leur bout central, 
je constatai une production exagérée du sucre. L’excitation ner
veuse se faisait donc par action réflexe sur la moelle." (further

• >experiment showed that the reflex centre was "jusqu' a la hauteur de
la première paire rachidienne et, à partir de ce point, elle suit la 
seule qui conduise au foie, le grand et le petit splanchniques, 
branches du sympathique.")

There is a raarhed activation of the circulation of the abdom
inal viscera in diabetic puncture. The nervous influence seems to 
be realised through the medium of the circulation. The immediate 
proximity of the blood sinuses to the hepatic cells seamed to 
Bernard adapted for this peculiar correlation, since the contact of 
the blood with the cellular matter being thus better assured, the

-14—
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action on glycogen is more energetic, the transformation more 
abundant, and the sugar produced immediately taken away.

The augmentation in rapidity of the circulation in the liver

provokes glycaemia.
When glycaemia gets past a certain stage, so as to become 

excessive, glycosuria makes its appearance. Diabetes is establish
ed, and a condition obtained, similar to that produced by the direct 
injection into the veins of too great a »quantity of glucose. Work
ing out the physiology of the effect he found it was due to a con
dition of hyperglycaemia. Reference will soon be made to the con
dition called Alimentary glycosuria in association with this but at 
this juncture it is perhaps essential to make a few preliminary 
observations on the behaviour of the kidney towards the sugar in 
the blood, in order to better understand the significance of Hyper
glycaemia.

The normal concentration of glucose in the blood is a few 
tenths per cent. When only this amount of sugar is present in the 
circulation, practically no glucose appears in the urine. When
ever the percentage of sugar in the blood exceeds a definite limit, 
when a certain concentration is reached, the sugar leaks over into 
the urine.

Thus the concentration has to reach a "threshold" value before 
it begins to pass the kidney. Drea as opposed to Glucose has a 
non-threshold value always appearing in the urine, no matter how 
small its concentration.

There are two possible ways in which this mechanism can be 
upset. Either the kidney itself may be damaged, or the sugar con
centration may far exceed the threshold value.

As regards damage to the kidney, a drug Phloridsin has the 
power of disturbing the normal permeability relationships of the
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kidney for sugar, and allows the latter to escape even when below

its threshold value.
The second condition may be satisfied by eating a large excess 

of sugar. Starch and other sugar producing carbohydrates are of 
little use in this connection, because the hydrolysis and absorp
tion of these substances is sufficiently slow to allow of the sugar 

being dealt with by the liver, but if considerable quantities of 
glucose are eaten, it swamps the liver, and cannot be dealt with 
sufficiently quickly to prevent an abnormal concentration of sugar 
in the blood, which leads to the appearance of sugar in the urine. 
This condition is called Alimentary Glycosuria, and win be briefly 
discussed hereafter. Realising the relationship of the kidney to 
sugar, we can now proceed to consider Bernard's conelusions con
cerning hyperglycaemia— a condition in which there is such an in
crease of sugar in the blood that the kidney cannot keep it back.

Bernard, almost immediately after his discovery realised that 
his result was founded on error. He soon saw that the vagus is not 
the channel by which the influences, started at the puncture of the 
fourth ventricle, whatever be their nature, reach and affect the 
liver; that the vagus is not the secretory nerve governing the 
secretion of hepatic sugar. The marked increase of blood sugar is 
due to the rapid hydrolysis of the glycogen of the liver, initiated 
not by impulses passing along the vagi, but by Impulses which pass 
down the spinal cord from the point of puncture of the medulla, and 
pass out by the splanchnis nerves, for if the splanchnics are cut, 
the effect is not observed.

It is found, however, that the adrenal bodies must also be 
intact. If they are removed, then diabetic puncture fails. This 
is probably because the splanchnics are secretory nerves to the 
adrenal bodies causing the liberation of adrenalin into the blood.
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This nay act directly as a stimulus to the other splanchnic endings 
in the liver, or at least, may render them more sensitive to the 
nervous impulses passing to that organ, and so lead to a consider
able output of glycogen. Research work has shown indeed, that a 
large injection of adrenalin is found to stimulate the splanchnic 
endings in the liver and so to produce an effect which is very 
similar in fundamental respects to that of diabetic puncture. This 
is perhaps the most interesting result secured from Bernard's orig
inal experiment.
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ALIMENTARY GLYCOSURIA.

This was a condition described fu7.lv by Bernard in which the 

essential principle was the eating of large quantities of sugar.
As has been before observed it is of little use eating starch and 
sugar producing materials, but if considerable amounts of glucose 
are eatem then it swamps the liver, and cannot be dealt with speedi
ly enough to prevent an abnormal concentration of sugar in the 
blood, which leads to the appearance of sugar in the urine.



Nous sommes en possession de divers moyens d’augmenter la 
glycémie et par suite de produire la glycosurie. Si comme on l'a 
dit, on ne connaît rien que ce que l'on sait faire, c'est avoir 
accompli un progrès notable dans la connaissance du diabète que 
d'être parvenu a en reproduire les symptômes.

Nous savons deja que lorsqu'on injecte dans le sang, dans le 
tissu cellulaire, dans le péritoine, ou dans la plèvre d'un animal 
un excès de glycose, on produit une glycosurie. En effet, la 
capacité de destruction du sang pour le glycose est limitée, et dès 
qu'on dépasse cette mesure, la substance en excès passe dans 
l'urine. Nous pouvons dire alors qu'il y a glycosure par excès 
d'injection artificille de glycose dans le sang. Nous savons en 
outre que le même résultat peut être atteint en exagérant l’absorp
tion de la matière sucrée par le canal intestinal, en ingérant de 
très-fortes proportions de sucre de canne ou de glycose dans 
l'estomac. Seulement nous n'avons plus ici une glycosurie ordin
aire; on pourrait l'appeler une lévulosurie, car par suite de 
l’interversion du sucre de canne dans l’intestine, l'urine renferme
x  ^  y '  /a la fois de la glycose et de la levulose. L’experience précédem
ment exposée de la ligature de la veine porte nous offrirait aussi 
un moyen de produire plus facilement la glycosurie alimentaire.
Par l’obstruction de ce vaisseau, l’animal devient glycosurique
lorsqu’il se nourrit abondamment de substances amylacées. C'est 
une glycosurie alimentaire. Nous avons soumis une jeune chienne, 
qui avait la veine porte liée, à une alimentation composée exclu
sivement de pomme de terre avec un peu de graisse. Nous avons

y  ,  A  \place 1' animal dans une boite a fond de glace pour recueillir ses
urines et nous les avons trouvées alcalines, chargées d'une quan
tité notable de glycose, tandis quç,,chez le même animal, avant 
la ligature de la veine porte, la même alimentation n'avait pas

-19-



déteminé d'une manière sensible l'excrétion du sucre, quoique 
celle-ci eut cependant contracté une reaction alcaline.

L'expérience de la ligature de la veine porte, que nous avons 
pratiquéesur les animaux vivants, se trouve réalisée naturellement, 
ainsi que nous l’avons dit, dans quelques circonstances, chez 
l'homme. M. Andral a signalé le cas d'un diabétique chez lequel 
il a trouvé"à l’autopsie une oblitération de la veine porte. Nous
avons déjà fait allusion aux observations analogues faites par M. M.

«

Colrat et Couturier, et montrant l’existence d'une glycosurie 
alimentaire produite par 1’oblitération de la veine porte. Ces 
recherches ont été faites sur quatre malades atteints de cirrhose 
(le diagnostic a été confirmé a 1*autopsie). Les analysis étaient 
toujours faites sur les urines recueillies d'une part pendant que 
les malades étaient a jeun, d’autre part sur celles qui avaient été 
excrétees pendant une period digestive; or ces dernieres seules 
ont toujours contenu une quantité plus ou moins grande de glycose. 
Pour contrôler ces faits, ces auteurs ont recherché si cette 
glycosurie alimentaire ne se produirait pas également chez un sujet 
sain place dans les mêmes conditions d'alimentation. Ils se sont 
alors soumis eux-mêmes au régime de leurs malades, et ont recueilli 
leurs propres urines aux mènes moments. Dans ces circonstances 
l'analyse donna toujours un résultat négatif, alors même qu'ils 
ingéraient des quantités de matières sucrées doubles et quadruples 
de celles prises par les malades.

Il est donc logique de conclure que l'obstruction pathologique
a .de la veine porte entraine chez l'homme une glycosurie analogue a

ccHè obtenu expérimentalement sur les chiens. Sur les trois
jnimaux que nous avons opérés, deux sont entièrement gueres; la
plaie est complètement cicatrisse: le troisième est en voie de
guérison. Ces chiens présentent un caractère qui dépend peut-être
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de 1'opération; ils sont devenus voraces, ils ont une véritable 
faim canine. On pourrait peut-être l’expliques, en disant que 
l’absorption ayant des voies plus restreintes est elle-même 
diminuée, et qu’une plus grande quantité d’aliments doit passer dans 
l’intestin pour satisfaire aux besoins de l’organisme. ün de ces 
chiens qui était tout jeune a présente une ascite qui sans doute 
provenait de l’oblitération de la veine porte. D'ailleurs la 
croissance de l’animal n'a pas semblé jusqu’à présent dérangée par 
suite de cette opération. L’oblitération de la veine porte est 
manifestée par 1' augmentation de volume des veines epigastriques.

Quoi qu'il en soit, il est clair que la glycosurie cree par
/ /  tous les moyens cités plus haut, n'est que passagère: sa durée

est réglée par la duree du régime sucre ou feculent auquel 1' animal
est soumis. De la le nom de glycosurie alimentaire que nous lui
avons impose.
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He also showed that the excitation of nerves could bring 
about excessive activity of the circulatory mechanism in the liver.
It is a recognised fact that the functional hyperactivity of any 
gland coincides with an increased circulatory activity. Moreover 
there is a resting period, when fucntional activity is either at a 
very low ebb, or more usually entirely absent, and this is corre
lated with a diminished blood supply to the gland.

Bernard concluded that the two distinct phases of rest and 
activity were mediated by two different kinds of nerves. On the 
one hand, the vaso-motor from the sympathetic trunk, controlled the 
period of rest and recovery. On the other, the vaso-dilators 
associated with gland activity, which were cerebre-spinal in origin.

The vaso-motor nerves diminish the quantity of blood entering 

the organ, reduce the rapidity of the circulation and restrain 

tissue nutrition.
The vaso-dilators have an entirely antagonistic action.
He had already demonstrated a similar nervous mechanism in the 

case of the submaxillary gland. There the excitatory nerve was 
the chorda tympani. The corresponding nerve which acts on the 
liver to activate its function and circulation and to augment the 
production of sugar, has its origin in the floor of the fourth 
ventricle: passes down to the level of the first Thoracic vertebra,
whence it emerges from the spinal medulla, and makes its way to the 
liver. Through it stimulation of the hulbar centre causes a re
action on the part of the gland. Momentary excitation of this 
nerve provokes temporary artificial diabetes.

This explained the action of curare and morphine. These drugs 
paralyse the vaso-motor nerves by diminishing their tonicity. The 
initial action of curare and morphine is to produce irritability at 
the peripheral or central extremities. The nerves of glands prove
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similar stimulation. Salivary glands secrete in abundance under 
the influence of curare. The liver showed like activity. This 
fact was apparently uppermost in the mind of Bernard when he stated 
that artificial diabetes is produced by a stimulation, and not a 
paralysis of nerves, though he stated that this interpretation 
seemed to him most in accordance with the accepted facts of physio

logy and pathology.
But the cause of real or "pancreatic" diabetes as it is now 

called was still obscure. Claude Bernard did not deceive himself 
on this point. He tells us in the concluding chapters of his book 

"Sur le diabète"
"La physiologie nous fait voir dès aujourd’hui que nous avions 

une idée fausse sur la cause du diabete: elle nous montre que ce
n’est pas au symptôme physiologique, glycémie et glycosurie, dont 
le mécanisme nous est d’ailleurs parfaitement connu, qu'il faut 
s'attaquer; c’ est "a une cause plus profonde que nous nous effor
cerons de poursuivre, toujours a 1*aide des investigations de la 
physiologie expérimentale. Car, il faut bien le reconnaître, ce

/ % Vque scientifiquement nous savons deja sur le diabete, c’est par la 
physiologie que nous l’avons appris, et c’est encore par la physio
logie que nous accomplirons tous les progrès qui nous restent a 
faire."

A period of well nigh half a century elapsed, before lack of 
the internal secretion from the islets of Longer- haus in the pan
creas proved to be "la cause plus profonde" of diabetes. If that 
internal secretion be not present the tissues have no longer the 
power to use glucose as a fuel. The result is that it accumulates 
in the blood and escapes into the urine.

Meanwhile the stored glycogen of the body is drawn upon; but 
this is of no avail since the glucose coming from the glycogen can
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no more be utilised than that from the alimentary canal, and the 
typical diabetic conditions recognised by Claude Bernard are estab

lished.
His investigations furnished neither cause nor cure, but they 

did something equally important. They revealed the whole history 
of the diabetic condition with a completeness which made a treat
ment based on the results he obtained, immediately possible. Thus 
the patient may be given a considerable amount of sodium bicarbon
ate to neutralise the acids, and kept thin by starvation so that he 
possesses a smaller amount of tissues between which to share his 
diminished supplies of pancreatic hormone. It is possible also in 
many cases to slowly increase the tolerance for carbohydrates by 
giving gradually increased quantities, and ensuring that the toler
ance limit is never exceeded.

The last chapter of the history of the glycogenic function of 
the liver may suitably close with a reference to Glycogen itself.

Bernard soon came to the conclusion that sugar was not formed 
at one step out of the elements which the blood brought to the 
liver, but that the sugar came from some substance existing in the 
hepatic tissue, some "glycogenic substance".

An experiment he had carried out, seemed to point this way.
Taking a liver fresh from the body, he sent a stream of water 

through it until the wash water issuing by the hepatic veins con
tained neither albumin nor sugar. He then washed out of the liver 
all the sugar previously present in it, and an extract of liver 
treated thus contained no sugar.

But if this sugarless liver were allowed to remain in a warm 
place for preference for a few hours, a subsequent stream sent 
tarougn the vessels was once more loaded with sugar, as was also a 
decoction of the liver substance. The glycogenic substance had



not been washed out by the first washing, and had subsequently gi/em

rise to fresh sugar.
When the hepatic tissue was subjected to the temperature of

boiling water the conversion of this glycogenic substance into su
gar was arrested. This fact led him at first to conclude that his 
glycogenic substance was of a proteid nature, since he was fully 
aware of the profound changes of proteid matter at that temperature. 
Possibly therefore, he conjectured, its conversion into sugar was 
prevented by changes of composition induced by the high temperature.

A subsequent experiment, however, proved that while a decoction 
of boiled liver produced no sugar, an infusion of fresh, unboiled 

liver, caused it to produce sugar readily.
Thus a process akin to fermentation had taken place, and his 

glycogenic substance was of the nature of starch.
He was soon able to prepare it in the form of a dry powder 

which gave the tests for dextrose, and was readily converted by 
fermentation into dextrose.

By the year 1857 he had described a method for the complete 
isolation of the substance which he now called "glycogen" by the 
Potash alcohol process.

(y Peloifze, as a result of an elementary analysis, was able( Pmuou-z-e
chemically to assert its carbohydrate nature.

Bernard in a memoir to the "Societe de Biologie" called attent
ion to the fact that the blood must contain a ferment capable of 
converting glycogen into glucose, and suggests that the nervous 
system in giving rise to an increase of sugar, as in diabetic punc
ture, probably acts in an indirect manner by modifying the circula
tion.

Soon physiologists replaced the search for sugar in the tissues 
by that for glycogen. Bernard himself played a leading part in this.



He found that sugar is formed in the liver after a stage of 
intra-uterinc life, and that sugar is also present in the amniotic 
and allantoic fluids. Now he was armed with two nodes of inquiry. 
In the first place he could quantitatively determine the amount of 
glycogen present in this or that tissue under these or those cir
cumstances; this gave a precision to his results which could never 
be gained by a mere estimation of the production of sugar. Second
ly he had an invaluable guide in the port-wine colour which glycogen 
showed when treated with iodine under favourable condition. Hist
ological investigation could now confirm or check the hypothesis of 

chemical physiology.
In some latter papers he spoke of the relatively enormous a- 

mounts of glycogen present in developing striated muscle. The 
presence of this carbohydrate in tissues striving to assume their 
appropriate structure seemed to him to throw great light on the 
nature of the processes of nutrition.

He was quite convinced that the glycogen in muscle was not con
verted into sugar.

II "V /Or a 1' etat normal il ne se fait jamais de sucre dans les 
muscles. Toutes nos experiences sont on ne peut plus décisives "a 
ce sujet. La matière glycogène du muscle subit incessament une 
fermentation lactique."

This latter fact has been the basis of many interesting obser
vations on muscle contraction.

The most important chemical change is the splitting of glyco
gen into lactic acid with the production of heat and free energy. 
According to Embden*s view the glycogen is first converted to hexose 
phosphate, lactacidogen, before this reaction takes place. This 
view is generally accepted to—day though it does not detract in any 
way from the merit of the original discovery. Indeed in the phrase
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"lactic fermentation^ intermediate stages are suggestively possible.
The discovery of the glycogenic function of the liver was to 

have far reaching results. Michael Foster suggests, "that every 
discovery in Fhysiology of any magnitude has a double bearing. On 
the one hand, it is a link in a chain, or rather, a network, of 
special problems; it serves as a starting point of new inquiries, 
and fills up gaps in, or it may be supplies corrections to, old ones. 
On the other hand, it influences more or less deeply, according to 
its nature general physiological conceptions.

Beyond all question Bernard’s greatest discovery had a powerful 
influence both ways. As a contribution to the history of sugar in 
the animal body, as a link in the chain of special problems comraected 
with digestion and nutrition its value was very great. It gave us 
a much clearer insight into the pathology of Carbohydrate metabolism 
through its connection with one of the commonest conditions in which 
it is deranged namely diabetes.

Even greater, perhaps, was its effect as a contribution to gen

eral views.
Dumas in the van of biological inquiry, had shortly before writ

ten his "Essai sur la Statique Chimique des Etres Organises". His 
views were the dominant theme of contemporary biology. Briefly, 
they insisted upon the essential antagonistic chemical relationship 
of plant and animals. The principle of plant metabolism was the 
construction from inorganic elements, of those complex organic com
pounds, carbohydrates, fats and proteids, etc. which formed the 
chemical basis of its life. The animal was, on the other hand, 
purely receptive, taking those ready-made compounds into its body, 
where they were disintegrated and resolved into inorganic constit
uents, utilising that resolution for its physiological needs.

Thus the animal might modify the vegetable compounds and give
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them an animal character, but it never made anything anew, never 
manufactured either fat, or carbohydrate, or proteid. Liebeg had 
already raised the voice of heresy against views, when he
quoted Gundlochs’ experiments that bees fed on sugar alone formed 
wax and disproving the criticism that the bees had furnished the 
wax out of the previous store of fat in their own bodies. Yet 
evidence of this nature, however strong, offered in the form of 
statistical calculations, and of numerous comparisons between in
come and output, failed to produce anything like the conviction 
brought home to everyone by the demonstration that a substance wa3 

actually formed in the animal body, and by the exhibition of the 

substance so formed.
Another important result attained was the proof that the liver 

had other functions besides that of secreting bile.
Thus the prevalent conception of "one organ; one function", 

which did much to narrow investigation was shattered entirely. 
Previously when a suitable function had been assigned to an organ, 
there seemed no need for further inquiry. The discovery of the 
glycogenic theory of the liver dealt a tremendous blow at the whole 
theory of functions.

Most important of all was the vast field of research opened up 
by the suggestive idea, happily formulated by Bernard of "internal 
secretions". The conspicuous results obtained in Endocrinology,

P n f
consummated by the great work of^Sch&fer and other modern workers

A  *

were on a path of investigation to which the suggestion of Claude 
Bernard pointed the way.
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VASO—MOTOR NERVES.
During the first half of the 19th Century the physical and 

mechanical conditions of the circulation were carefully studied 
and great emphasis was laid upon such properties as the elastic

ity of the coats of the vessels.
Johannes Müller discusses at great length the question 

whether arteries possess muscular contractility and decides iirm
ly in the negative. They possess physical elasticity but not 
muscular contractility. Obviously he was wholly unprepared for 
vaso-motor nerves even in 1843. The physical adaptability con
ferred on the vascular tubes was deemed sufficient for the pur
poses of the circulation. We know now that many of the blood 
vessels are supplied with motor and inhibitory nerve fibres 
through whose activity the sise of the vascular bed and the dis
tribution of blood to the various organs is regulated. It is 
now a fundamental fact that without this nervous control the 
vascular system fails entirely to meet the most important condi
tion of a normal circulation, namely the maintenance of a high 
arterial pressure.

Although a number of physiologists had assumed the exis
tence of nerve fibres capable of acting on the muscular coats of 
the blood vessels, the experimental proof of the existence of 
such nerves, and the beginning of the modern theory of vascular 
regulation were a part of the brilliant contributions to physi
ology of Claude Bernard.

In 184C HettLejwho had observed that sympathetic nerves often 
sent twigs to blood vessels, was led to conclude that the middle 
coat of the arteries is muscular, though differing from skeletal 
or intestinal muscles.

Stilling, in the same year, postulated on theoretical grounds
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the existence of motor nerves not subject to the will susceptible 
of activation by.sensory impulses, which he called "vaso-motor

nerves"•
The way was now open for the proof of the existence and action

of vaso-motor nerves.
At this time Bernard had begun a study of the influence of the 

nervous system on animal heat. He chose the sympathetic as a 
starting point, since the fibres of the sympathetic so often accom
pany the blood vessels, and might therefore he believed be connect
ed with the chemical changes between blood and tissue which deter

mine the temperature of that part.
As a preliminary experiment he divided the cervical sympathet

ic in the neck. He expected that section of the nerve would lead
to a lowering of temperature. He obtained a contrary result.
Unilateral section of the cervical sympathetic, caused an appreci
able rise of temperature, sometimes amounting to several degrees 
Centrigrade on that side.

A similar or even more pronounced result was obtained by uni
lateral extirpation of the superior cervical ganglion.

A marked increase of sensibility on that side was also secured.
A short paper on "L* influence du systeme nerveux grand sympa-

thique sur la chaleur animal". In this latter he says, "All the 
part of the head which becomes hot after section of the nerve be
comes also the seat of a more active circulation. The arteries 
were dilated and seemed to pulsate more forcibly".

Brown-Séquard in 1852 confirmed Bernard's observations by an 
article in the "Philadelphia Medical Examiner" of August of that 
year.

"I have found that the remarkable phenomena which follow the 
section of the cervical sympathetic are mere consequences of the



paralysis and therefore of the dilation of the blood vessels.
"The sensibility is increased because the vital properties of 

the nerves are augmented when their nutrition is augmented, because, 
if galvanism is applied to the superior portion of the sectioned 
sympathetic the vessels after a time contract. Eventually they 
resume their normal condition if they are no^ even smaller.

"Temperature and sensibility then diminish in the face and ear, 

and they become on the palsied side the same as in the sound side.
"When galvanism is stopped the vessems dilate and all the 

phenomena discovered by Dr. Bernard reappear."
Curiously enough, Claude Bernard arrived independently at the 

same result the next year, and Waller in London ignorant of those 
previous experiments, made a similar discovery.

In a communication to the Socie'tê  de Biologie, Bernard insist
ed that the vascular phenomenon which followed section of the sym
pathetic is active not passive. It is of the same nature as the 
vascular turgescence which occurs in a secreting organ on its pas
sage from a condition of rest to activity.

He was confident that the importance of his experiments on the 
aympathetic lay in the proof which they afforded that the nervous 
system did act directly on the chemical changes in the tissues, and 
so intervened in the development of heat. The vascular phenomena 
were of secondary importance.

He believed that the warmth of the blood is supplied to it by 
the development of heat in the tissues through which it passes 
rather than by any generation of heat in itself, and was thus in
clined to think that the tissue changes formed the primary object 
of the nerve supply, and that the vascular changes were rather the 
effect than the cause of the rise of temperature.

In a short time his views were to be overthrown, and he him-
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Claude Bernard laid the foundations of our Knowledge of the

vaso-motor system.
He not merely proved the existence of vaso-motor nerves, but

also that they were of two Kinds

There is one more interesting point to quote in connection

with the effect on animal heat.
"One must say, that apart from its vaso-motor action, the 

sympathetic exerts a thermic influence. Stimulation of it produces 
a frigorific effect. Section of it or paralysis, produces a calor
ific effect. The phenomena of combustion are more specially gov
erned by the vaso-dilator or calorific nerves, which belong proper

ly to the cerebro-spinal system."
Fever he quotes as being essentially an exaggeration of the 

action of the calorific nerves, and not merely a paralysis of the 
vaso-constrictor nerves.

The results of Bernard* s observations of the vaso-motor systera 
have had even more outstanding results than in tlic case of glycogen, 
from the human stand-point.

The influence which this Knowledge has exerted on Knotty physi
ological problems cannot be exaggerated. Pathological conceptions 
have been modified by its application: medical practice and the 
conduct of human life have benefited.

In the realm of physiology there is hardly a discussion
of any width into which vaso-motor nerves do not enter.

Observations of the work done by muscles, the new study of

work of the heart, insurance of the proper functioning of the brain 
in the midst of hydrostatic vicissitudes, or regulation of body 
temperature, owe their immediate and transcending importance from

(i) Vaso-constrictor (ii) Vaso-dilator.

plethysmography^ pressor and depressor effects, regulation of the
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the stand-point of everyday life to the vaso-notor system.
The more perfect our knowledge of this becomes, the better 

equipped we will be to tackle many difficult physiological, patho

logical and clinical problems.
INHIBITION.

The brothers Weber in 184G gave the first clear proof that a 
nervous impulse instead of giving rise to an expenditure of energy, 
may on the other hand check expenditure and bank up energy as a

potential store.
Stimulating the vagus they found caused a frog's heart to stop

beating.
In the same year Bernard ausculted a dog while the vagus was 

being stimulated and
"observed with the greatest ease that at every galvanisation 

the heart stopped and the sound ceased, recurring at the end of 
galvanisation."

Strangely enough, he was never tempted on to speculations as 
to the methods of inhibition, speaking of the stoppage of the 
heart as "a singular experiment of which several interpretations 
have been offered".

CURART AND CARBON MONOXIDE.
The study of poisons engaged the attention of Bernard at an 

early period in his investigations. He recognised in these 
"vital reagents" physiological instruments of supreme delicacy. 
Viewing them from the stand-point of potent accessories of general 
physiology, he made no attempt to compile a toxicological history 
of any one of them, but at the sane time he enriched his science 
with valuable new methods of inquiry.

Curari is the arrow poison of the South American Indians. 
Bernard’s initial analysis of its physiological action yielded
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the result that the poison kills rapidly without convulsions and 
renders the nerves inexcitable, though he made no distinction be
tween different kinds of nerves. The poison does not diffuse in
to the blood from the alimentary canal, and hence is quite 
innocuous when swallowed, but minute traces introduced into a 

wound is fatal.
Continuing his researches he further discovered that the 

poison abolishes reflex actions. Yet though it renders the nerves 
inexcitable it leaves the muscles fully excitable, an action 
directly antagonistic to that which is obtained in the case of nic
otine, where muscular irritability is destroyed and convulsions 

bring about death.
This view of Bernard’s, that irritability of muscular tissue 

is an inherent independent property of its own, was vigorously con
tested by some of his contemporaries, with the result that Profess
or Langley, of Cambridge, has recently investigated the problem, 
and has added his convincing testimony to the truth of Bernard’s 
theory.

Thé French physiologist observed that the muscles of a frog 
poisoned with curari were more irritable than normal, so he made 
some comparative experiments on the muscles of one animal.

He ligatured the blood vessels of one leg, before the intro
duction of curari into the circulation, and found the muscles in 
the leg supplied with blood, and so with poison more irritable to 
direct stimulation, and remaining so for a longer time than the 
muscles which had been excluded from blood and curari by the lig
ature.

His attention was now directed to another phenomenon during 
this same experiment. The leg protected from curari, not only 
remained sensitive, (movement following stimulation), but movement



in it took place on stimulating the skin in curarised parts of the 
body. Hence cutaneous stimulation, which was followed by no re
flex action in the poisoned part of the body, could evoke reflex 
action movements in the muscles of the unpoisoned leg.

Obviously then, he assumed, motor nerves are inactivated by 
curari, whilst the sensory nerves and central nervous system re

mained intact.
"L'excitation, portée" sur la peau, est transmise par les

y  >racines postérieures sensible a la moelle; elle en revient par les 
racines antérieures motrices: le curare agit exclusivement sur le
mouvement, et les nerfs du sentiment ne se paralysent pas."
// ;;(Substances toxiques et médicamenteuses.)

Subsequent experiment brought forth conclusive evidence that 
curari acts on the motor nerves, the abolition of their function 
being peripheral not central. Even other efferent nerves such as 
the vagus fibres to the heart, are similarly paralysed by an ade
quate dose of the poison.

But Bernard gradually came to realise that the exact limits of 
the action of curari were determined for the most part by the 
quantity administered.

A small dose in the blood affects only the motor nerves of the 
skeletal muscles; a larger dose being required to interfere with 
the vaso-motor nerves.

Some interesting figures from his "Substances Toxiques" make 
this clear.

A rabbit of one Kilogram in weight was used.

"L'animal n'éprouva rien après l'injection de ^ c.c. curare
solution. Ce n'est qu' arrivé" à la dose de — :.c. ou de - c.c.8 °m O ^

qu'il perdit le mouvement. C’est a dire aprVs avoir reçu dans le
S

sang environ 2 milligrammes de curare.



"Mais pour influencer les nerfs vaso-moteurs on a besoin de 

6'7 mgrs. de curare."
Since then curari has become an instrument in the hands of the 

physiologist comparable in efficacy in many respects to anaesthetics. 
It enables him to abolish temporarily the movements of the skeletal 
muscles, with the result that many observations associated with 
nervous and other phenomena have been made with its help.

Bernard had insisted that curari leaves intact the sensory 
elements of the nervous system. An interesting result has recently 

been deduced in support of this theory.
"There is every reason to believe that with a suitable dose of 

curari, an animal may be killed without its sensations being affect
ed until the nervous system is poisoned not by the drug, but by the 
blood ceasing to be oxygenated owing to paralysis of the respirat
ory pump." (Michael Poster).

His work on Carbon monoxide poisoning was made easier by the 
previous discoveries of Lavoisier, Magnus, and L. Meyer.

Yet the fact remains that the explanation of many phenomena 
related to blood gas analysis and respiration had a questionable 
authenticity.

He observed blood taken from the right side of the heart, in 
carbon monoxide poisoning, on exposure to an atmosphere containing 
a known volume of oxygen, did not, like normal blood absorb oxygen.

On the other hand normal blood in an atmosphere of Carbon 
monoxide, gave up its oxygen to absorb Carbon monoxide. The vol
ume of oxygen given up, and Carbon monoxide absorbed, he further 
found to be equal.

The different colours of arterial and venous blood must there
fore be due to the behaviour of the red corpuscles in relation to 
the gases of the two kinds of blood.
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Hence the red corpuscles must be associated with the retention 
of oxygen and Carbon monoxide in the blood.

This conclusion was confirmed when it w>as found that the bene
ficial effects of transfusion of blood, (due to red corpuscles 
since serum free from them has no such effect) were absent when the 
blood used was saturated with Carbon monoxide. He at once real
ised that Carbon monoxide had a much greater affinity for the 
Haemoglobin of the red corpuscles than has oxygen. This very fact 
is of course the basis of coal gas poisoning.

"I was thus led to find that this gas rapidly poisons animals, 
because it instantly displaces the oxygen of the red corpuscles, 
and cannot itself be subsequently displaced by oxygen."

Thus he explained the node of action of Carbonic oxide, and so 
opened the way for rational remedial measures.

He introduced an easy method of measuring the quantity of avai
lable respiratory oxygen in any given quantity of blood, which has 
proved of great service.

Lastly, he reached a correct view of the nature of the respir
atory process.

In his later years, he was drawn more and more to ponder over 
the fundamental phenomena of biological science, and in particular 
he was fascinated by enzyme action.

This had attracted his attention even in his earliest resear
ches, but the activity associated with his work on glycogen and 
the other discoveries with which he had been adding laurels to the 
scientific fame of Prance left him little time to study the prob
lem of ferments.

At this time Pasteur had been adding like increments to that 
fame by his researches on Alcoholic fermentation.

He believed that while some changes e.g. fermentation; such
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as the conversion of starch into sugar is the result of enzyme 
action, the change of sugar into Alcohol and Carbon Dioxide is the 
direct act of the living yeast cell requiring the immediate inter
vention of a vital factor. This "Deus ex machina" hypothesis of 
Pasteur was flagrantly incompatible with the principles of bio
logical inquiry on which Bernard had repeatedly insisted. But 
while some hasty notes of his on the subject were ultimately pub
lished, the problem was not solved as far as he was concerned when 
death claimed him.

CONCLUSION.
Progress has been made by trial and error. Progress in Sci

ence has been effected by the correlation of slowly accumulated 

facts.
When theory leads to observation, when observation provokes 

confirmation, the latter becomes the experience of a reality. A 
scientific reality is unquestionable fact. Each new fact is an
other milestone in its evolution.

More than any other physiologist of his era Claude Bernard was 
slow to publish the results of his experiments. But his was the 
reticence of a broad-minded genius. He preferred confirmation to 
haste, realising that the very precipitancy of the older school of 
scientists, in their desire to make kno?:n a new discovery often led 
them to commit strange errors of judgment. Thus the theory of 
respiration held in each century was formulated to explain as far 
as possible the facts that were known. Each generation must do 
the best it can with the knowledge of its time, and as we look 
back from our vantage-point it is most impressive to realise how 
well-knowm phenomena imperfectly understood were apparently ex
plained by theories which we now know to be incorrect. Without 
doubt many of the explanations accepted to-day will later be found

-39—



to rest upon a similar incomplete knowledge. A realisation of this 
fact makes it extremely difficult to assess the exact value of an 
individual contribution to science.

In the realm of experimental investigation Claude Bernard has 
no rival. Perhaps it has been granted to no man to make more 
transcending discoveries in his subject, which should become so 
essentially an intrinsic part of it.

He recognised himself how much of his success in this respect 
had been due to his manual dexterity. No accidental condition 
this; rather he realised "that the exact and rigorous analysis of 

physiological phenomena was in the highest degree dependant on 
operative skill."

"You cannot separate these two," he said; "the head and the 
hand. A dexterous hand without a head to guide it is a blind tool.
A head without a hand to realise its wishes is an impotent "nothing".

A characteristic feature of his genius was the attention he 
paid to detail. Nothing he felt was too small, too insignificant, 
too humble to leave unnoticed. He had found in the experience of a 
lifetime that the success of an experiment might turn on what seemed 
to be the merest trifle; and he laid out for himself the task of 
embodying his vast experience in the fullest and minutest exposition 
of the details of physiological experimentation as it ought to be 
carried out to ensure the greatest result.

A characteristic example of this is found in "Leçons de physio- 
logie opératoire".

Two dogs are being used for the experiment.
”L*un des chiens est de petite taille, adulte, maigre. Il est

de la race griffon. L'autre chien est jeune, n*a pas encore at
teint son complet développement, mais il est très gras. Il est 
d'une race de chiens de berger."
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The next part of the account is very interesting.
X / / /Au moment ou ces chiens ont ete mis en experience, ils

étaient tous deux bien portants mais après les vingt et un jours
/ / / d’abstinence le petit chien était reelleraent malade. Il était

/ Sdevenu excessivement maigre, les deux cornees étaient opaques et 

merne ulcérées, les jeux enfoncés. L’animal se soutient avec peine.
Tandis que le gros chien est reste vif très peu amaigri, 

présente des yeux parfaitement sains, eD un mot, ne parait nulle
ment malade.

Si ce dernier chien ne s'est pas échappé n'a pas pris quelque 
aliment sans qu'on le sache, et si l'abstinence a été pour lui 
aussi complete que pour le premier chien, place dans les mêmes 
conditions, cette expérience prouverait que les conditions d'âge 
moins avance ne sont pas toujours une raison pour que 1*animal 
supporte moins bien l'abstinence, car ici ce serait le contraire.

Cela montrerait qu’indépendamment de la condition d*age, il 
faudrait encore tenir coupte de la taille, de l'état antérieur, et 
même de 7a race, conditions qui exercent aussi une influence sur 
le pouvoir de resistance à l’abstinence.'

Is there here, any point of historical, anatomical or physi
ological interest which has escaped the acuity of his observation?

He anticipated the modern truism that heredity and its rela
tion to environment clearly shows that the evaluation of individ
ual adaptability is a fundamental problem, of interest to the ex
perimental physiologist from the stand-point of results, as well as 
to the student of social science. It may be thought that too much 
emphasis is being laid on what seems after all a point or minor 
importance; and yet when it is remembered that Claude Bernard 
lived at a time when the processes of life as seen through the eyes 
of the scientist were a series of knotty problems in physics and
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chemistry, or vitalistic reactions, much credit is due to the 
method which called for cold reason, and produced facts.

When we recollect that the few, though great, discoveries of 
Bernard were pioneer triumphs, based on his own methods of inquiry, 
where detail mattered so much, and that these have enriched physio
logical science more than all the blind experiments of Magendie, an 
increasing respect is claimed for the detailed experimental method.

experimental method and all connected with it, as leading to erro

neous conceptions.
Even Magendie, who scoffed at theory and ridiculed reasoned 

discussion, and who while he would not apply the test of experiment 
to some things, exalted it where he did apply .it to the almost com
plete exclusion of other means of inquiry, had not realised the va
lue that must be attached to detail.

Bichat, it is true, had a glimmering of the truth. His theory 
that the life of the body is the outcome of the combined and adjust
ed lives of the constituent tissues seemed to go far in opening up 
new ways of exact experimental analysis of physiological phenomena. 
Yet he still toyed with the theory of the essential antagonistic 
relationship of vital and physico-chemical forces.

None of those three great sons of France had been able to free 
themselves altogether from the prejudices of their own teaching or 
experience, and to apportion to each method of investigation a place 
in the domain of science, intrinsically correlated with its import
ance.

Repelled for the most part by the sterile discussions, and 

fruitless doctrines of his day which led nowhere, it was left to the 
peculiar genius of Claude Bernard to co-ordinate provisional hypoth
eses, and premeditated theories with the results obtained by accurate

In Zoology, the illustrious Cuvier



physiological investigation.
Michael Foster tells us that Bernard did something more.
"He deposed experiment from its false throne making it the 

servant and not the master of reasoned speculations."
And in this respect he lit a torch of rigorous analysis which 

played no small part in revealing in their true colours many of the 
misconceptions and false deductions of the experimental method in 
his and previous generations, and has been the basis and inspira
tion of more recent work.


