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RESEARCHES
ON THE NATURE OF

THE NORMAL DESTRUCTION OF SUGAR

IN THE

ANIMAL SYSTEM.

e —

By FREDERICK WILLIAM PAVY, M.D., Loxpin.

In the last number of the late series of the ¢ Guy's Hospital
Reports,” (October, 1853), we published a paper on the
‘ Physiological Relations of Saccharine Matter in the Animal
Economy.’ The experiments that had been made up to that
time, enabled us to say but little concerning the destruction of
sugar in the animal system. Indeed, the following passage
(pp- 843, 844) will show the state of uncertai nty under which
we wrote af that period. “There seems, therefore, something
besides the mere chemical action of aeration required to effect
the destruction of saccharine matter in the animal economy ;
but what this something is, remains yet to be determined by
further experimental investigation.” Since then, our re-
searches have been continued, and have led, we think, to the
discovery of some important conclusions, which are advanced

in the following communication, that may hence be regarded

as the sequel of our previous publication on this subject.
Saccharine and amylaceous substances form an exceedingly
large constituent of the alimentary materials that are derived
from the vegetable kingdom. When these are ingested or
received into the alimentary tract, the former, is directly ab-
sorbed by the venous radicles of the portal system, and con-
veyed to the capillaries of the liver, whence it is poured
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through the hepatic veins into the general circulatory system ;
whilst the latter, has previously to undergo a metamorphosis
that seems effected by the aid of the salivary and pancreatic
secretions, whereby it is converted into sugar, which, is then
absorbed into the portal system, and similarly conveyed
through the capillaries of the liver into the general circulation.
Besides the supply of saccharine matter that is thus afforded
by the ingested materials, M. Clande Bernard has shown,
(‘ Nouvelle Fonction du Foie,” Paris, 1853), that the liver of all
animals in a state of health is constantly manufacturing or
producing a considerable quantity of this substance, which is
also poured into the general circulation through the hepatic
veins. The experiments conducted in M. Bernard’s laboratory
have also shown, that, not only does the liver of animals
possess the power of forming sugar, but that, it exerts some
modifying influence on that which is traversing its capillaries,
and which has been absorbed from the food, by which, it is
transformed from vegetable into animal sugar or glucose, and
thus rendered more apt for being subsequently destroyed by
the processes of animal life.

From the fact that animals are endowed with the capacity
of abundantly forming this substance, whereby they are ren-
dered, as it were, independent of its supply with the food
from without, and from the consideration that it is present to
a large extent in milk—the sole nutriment of young mam-
malia—it may, I think, be justly inferred, that saccharine
matter should be looked upon as an exceedingly important
if not an essential element of nutrition; and with these pre-
liminary observations, we will at once direct our attention to
the nature of the change or the metamorphosis that it under-
goes, subsequently to its introduction into the circulatory
system. :

It having been stated, as the result of Bernard’s experi-
ments, that saccharine matter, whether derived from the food
or formed by the hepatic organ, is constantly being poured
into the general circulation through the hepatic veins; the
first point that naturally suggests itself, is, to trace the blood
onwards and determine if the sugar make its disappearance,
and if so, in what part of the system this change is e.ﬂ"ected.
From a great number of experiments conducted especially on
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dogs and rabbits, T am able to affirm, what _has E:‘peen _alsu. ob-
served in Paris, that whilst the blood contained in the right
cavities of the heart is largely impregnated with sugar, that
which is circulating in the arterial system or derived from the
left ventricle, is almost destitute of this principle. From this it
is evident, that a great portion of the sugar has undergone
destruction during the transit of the blood through the pul-.

monary organs.
The difference of reaction communicated by the blood

removed from the right and left side of the heart is always
exceedingly striking and well marked; the one, after its
colouring and albuminous constituents have been separated,
giving an exceedingly abundant orange-yellow precipitate on
ebullition with the copper test,' (Barreswil’s solution); the
other, similarly treated, merely a very small amount of yellowish
precipitate, just sufficient to create a turbidity, which will vary
slightly in intensity according to the period that has elapsed
since the ingestion of food. S
Although the sugar disappears to such an extent during the .
circulation of the blood through the capillaries of the res-, *
piratory organs, yet, after very numerous analyses, I may state,

! T may here briefly slate the method that has been employed in searching for
the presence of sugar in the animal solids and fluids. [If it be a fluid, as for instance
blood, that is to be examined, it is simply mixed with nearly an equal bulk of the
pounded crystals of sulphate of soda, and exposed to the temperature of ebullition.
The whole of the colouring and albuminous constituents are by these means precipi-
tated, and a perfectly clear fluid runs through the filter, in which the slightest trace
of sugar is easily recognised, by the aid of Barreswil's copper solution. With a solid,
it is requisite that it should be cut into small pieces, and intimately pounded in a
mortar with the sulphate of soda; the application of heat separates a limpid and
transparent fluid, which may be obtained by filtration. The sulphate of soda, with
which this clear fluid is saturated, does not at all interfere with the action of the
test, that is subsequently employed. For the composition of the blue liguid of
Barreswil (vide ‘Guy's Hospital Reports,” Oct., 1853, p. 322). It is the test now
always employed by Bernard in his experiments; and I may say, with regard to
its action for the detection of the presence of sugar in blood and the animal solids,
that I have now made several hundred analyses of these substances, and the uni-
form results that I have obtained induce me to speak in the strongest terms of
confidence, respecting the accuracy and delicacy of this reagent. In the exami-
nation of specimens of urine, where there are only traces of sugar present, I am well
aware that it does not react with the same facility ; but in this case, there wonld
seem to be certain saline ingredients also present, which have the effect of impeding
its operation.
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that T have never found it make an entire disappearance ;
arterial blood of the healthy animal, always remaining slightly
impregnated, so as to communicate a sparing reaction to the
test that is employed. And if the circulation of the blood be
traced onwards through the general or systemic capillaries, the
sugar will be found still to be undergoing a process of des-
truction ; for, whilst arterial blood gives a more or less sparing
reaction, that returned by the veins gives a still smaller one.
But what appears to me exceedingly interesting (as having a
bearing with reference to the nafure of the destruetion of
sugar that I shall presently point out), is, that the blood
returning from different parts of the system does not behave
precisely alike as regards its saccharine qualities.  For 1
instance, having observed that the blood returning from
such parts of the body as the head and neck or the ‘.
extremities, always communicated, in my experiments, a trace-
able indication of the presence of sugar; whilst in other
experiments, 1 had frequently found the blood in the portal
vein perfectly free from saccharine impregnation ; I was led to
examine specimens of blood procured from the different veins
of the same animal, and to discover, that, although the small
quantity of sugar which escapes destruction in the lungs, and
which remains to impregnate arterial blood, does not afterwards
become entirely decomposed as it traverses the capillaries of
the system at large, yet, that it makes a total disappearance in
the blood circulating through the capillaries of the chylo- {
poietic viscera, so as to leave that which is conlained in the portal !
vein completely free from sugar, provided none have been intro- |
duced into the alimentary canal with the food ; and provided, '
also, the animal be not at a period of full intestinal digestion, 1
when, as Bernard has pointed out, from the increased functional !
activity of the liver in forming sugar, the blood in every part
of the system is more or less impregnated with this auhatm]_ce.
The details of the following experiment, which I have just
performed at the period of writing this cnmmunic_atiun, is a
repetition of others I have several times made, and will serve to
show ; not only, that the pulmonary organs form the chief seat
of destruction of saccharine matter in the animal economy, but,
that this process of destruction is also carried on in the gen_erfll
or s}rgtemi{: Eﬂpil]ﬂl‘iﬂﬂ, ESPEGiH]]}" those of the ﬂll]’iﬂ-!]ﬂiﬂtlﬂ
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viscera, where, indeed, the sugar that escapes in the lungs may
subsequently undergo a total or complete destruction:

Eaperiment.—In a good-sized dog, that had been living for
three weeks past under my own observation, on animal food, I
exposed the jugular and femoral veins, and removed a small
quantity of blood from each. I next opened the femoral
artery, likewise abstracting a small quantity of its contents ; and,
after sacrificing the animal by section of the medulla oblongata,
I immediately made an incision through the abdominal
parietes, placed a lizature on the portal vein just below its
entrance into the liver, and collected a portion of the blood
that was returning from the chylo-poietic viscera, The chest
being opened and blood removed from the right ventricle of
the heart, thus far completed the operating part of the experi-
ment. The different specimens of blood that were thus pro-
cured were next carefully submitted to analysis, equal guan-
tities of each being taken and exposed to precisely similar
conditions. That, from the right side of the heart gave an
abundant reaction with Barreswil’s copper solution——a copions
precipitate of the orange-yellow reduced oxide. That, from
the femoral artery a slight reaction only; fkaf, from the
femoral and jugular veins still less, whilst the specimen of
blood removed from the vena porfe communicated no reaction
whatever. Upon the day of the experiment the animal had
been fed as usual, about two hours and a half previous to the
abstraction of the blood,

The principal seat of destruction of saccharine matter in the
animal system, being thus experimentally shown to be located
in the capillaries of the pulmonary organs, seems, at first sight,
admirably to support the theoretical view propagated by Liebig,
and entertained by most chemico-physiologists up to the pre-
sent time, that sugar is one of those substances, which, undergoes
a process of combustion in the animal economy, and which is
resolved by the direct action of the oxygen absorbed during
respiration into water and carbonic acid. It was to this view,
that I, myself, inclined at the commencement of my inquiries,
fmt'l my first experiments were directed in search of evidence to
1ts support. It, indeed, occurred to me, that if the destruction
of sugar in the lungs were owing to the direct chemical action
of oxygen, on interfering with the respiratory process and
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examining the effect produced on arterial blood, we onght to
obtain a demonstrative proof of such a phenomenon. I
therefore, in a healthy dog, cut down upon and exposed the
carotid artery, and after abstracting a small quantity of its
contents, which gave the nsual slight saccharine reaction of
arterial blood, I firmly ligatured a silver canula in the trachea,
and partially plugged its orifice, so that the animal could only
obfain an amount of air that was barely sufficient for the sup-
port of life. This soon induced a comatose condition, and in
twenty miuutes, or half an hour’s time, I removed from the
same vessel a second portion of blood, which was now almost
black, and, therefore, of a perfectly venous character. On
analysing this second portion of blood, it gave, it is true, a
stronger reaction than the first, but the difference was nothing
nearly what I had anticipated. For, on cutting off the
supply of oxygen to such an extent, as that the blood should
traverse the pulmonary ecapillaries without even becoming
altered as regards its physical appearance, I certainly had ex-
pected, if the destruction of the sugar were owing to the
cause attributed, to find the second specimen examined present
scarcely any appreciable difference in reaction from the blood
which is contained in the cavities of the right side of the heart.
T have now repeated this experiment several times, and always
with a similar result, I have also modified it, by causing the
animal to respire hydrogen until death was nearly produced, and
I still remained dissatisfied with the evidence that was afforded
me. I, therefore, determined to push my investigations further,
as T began to question, whether, there might not be some other
cause in operation, in the living animal, to effect the normal
destruction of sugar, besides the direct chemical action of the
oxygen absorbed in respiration.

These investigations, which were first directed towards
noticing the changes that were produced in blood containing
sugar, injected through the capillaries of lungs removed from the
animal, and artificially inflated with atmospheric air or oxygen
gas,—I say, the results of these investigations led me, now
some time since, to arrive at other conclusions relative to this
subject. The views, which I have been induced to entertain
entively from my experiments on animals, refer the metamor-
phosis or destruction of sugar in the animal economy, as I

[ —
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shall now proceed to show, to a process perfectly consistent
and analogous with the well-known chemical bearings of this
substance apart from the animal system.

In the following experiment, which I have now repeatedly
performed, I have injected blood, removed from the right side
of the heart of an animal-—and therefore normally containing
sugar—through the capillaries of the artificially inflated lungs
of another ; and it shows, in a most striking manner, the
remarkable difference that is observable, in the action of
oxygen on its saccharine constituent, before and affer its spon-
taneous coagulation has taken place ; or, in other words, before
and affer its vitality has been removed.

Experiment. Having sacrificed a middle-sized dog, by the
destruction of its medulla oblongata, (a most ready means of
occasioning instantaneous death,) I opened the chest, removed
the contained viscera, and carefully washed away the blood
from the interior of the heart and larger vessels. 1 next
placed a canula, belonging to the syringe I intended to use in
the experiment, in the right division of the pulmonary artery ;
and also arranged a small piece of glass tubing in the left
auricle, so as to be enabled to collect the blood that should
traverse the capillaries of the lung and issue through the right
pulmonary veins: A tube, provided with a stop-cock, and com-
municating with a large bladder filled with atmospheric air,
being firmly ligatured in the right bronchus, the corresponding
lung was thus prepared for inflation and the injection of blood
through its vessels, so as to imitate, as nearly as possible, the
natural process of respiration. A much larger sized dog was
now taken and sacrificed, in a similar manner, by pithing the
medulla oblongata.  The chest being quickly opened, and the
heart exposed, a free incision was made into the right ventricle,
-:nmd tlu? blood cn]lected_in a vessel, from which a portion was
mmmediately removed with the syringe, and slowly injeeted into
the pulmonary artery of the lung that had previously heen
prepared and fully inflated with air. The blood traversed the
puln:!nnnry capill:}.ries with but little resistance, and, issning of
a bright arterial hue through the tube placed in the left
auricle, afterwards underwent the usual spontaneous coagu-
lation.

On submitting equal quantities of the two specimens of
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h%““d to analysis, and exposing them to precisely similar con-
ditions ; that, which remained in the syringe and had not
traversed the pulmonary capillaries, gave the ordinary strong
saccharine reaction of right ventricular blood; whilst that,
which had been artificially subjected to the respiratory process,
gave no more reaction than is usually observed in arterial blood
removed from the living animal. Indeed, in one instance, in
which the blood had been thus artificially avterialized, it com-
municated even a less reaction than is frequently met with in
specimens of ordinary arterial blood.

From the details of this experiment, thus far conducted, we
learn, that on injecting right ventricular blood—immediately
after its removal from the animal, and before spontaneous
coagulation has taken place—through the capillaries of a lung
artificially inflated with atmospheric air, its saccharine consti-
tuent is as much metamorphosed or destroyed as if it had been
circulating in the living animal. But, if we now continue the
experiment, and operate on the blood that has separated from
its fibrine, we shall find that a far different result is obtained.

The remaining portion of the blood collected from the in-
cised right ventricle, having been placed in a vessel surrounded
with warm water, so as to maintain its temperature equal to
that in the living animal, was stirred with a glass rod, in order
to separate its fibrin and leave the corpuscles mixed with the
serum. The left lung of the first dog, having also been pre-
pared in the same way as the right, and similarly inflated with
air, the defibrinated blood, about half an hour after its removal
from the animal, was injected, as previously, into the pulmonary
artery, and readily issued through the pulmonary veins, pre-
senting a highly arterialized colour,

The agrated and non-agrated portions of defibrinated blood
that were thus obtained, were treated in a corresponding
manner to the other specimens of blood procured in the first
part of the experiment, and were eac/ of them found to give
the same strong saccharine reaction that was noticed in the
right-ventricular blood examined immediately on removal frnmi
the animal. ;

Although, therefore, the saccharine element of the blood
underwent such a marked decomposition, on being exposed to
the influence of the air, before coagulation had taken place,
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yet, subsequently to this process, not the slightest destruection
was observed.

In the above experiment the lungs were inflated with atmos-
pheric air, similar as employed in the normal process of respira-
tion ; but in others, I have substituted for air, oxygen gas
and carbonic acid, and have also allowed the lungs to remain
in a collapsed or non-inflated condition; and from the results
of these modifications have found, that cxygen is a necessary
agent concerned in the process of transformation that the
sugar undergoes during the arterialization of blood that retains
its living properties, or that has not as yet undergone sponta-
neous coagulation. It is, indeed, with great care that I have now,
upon numerous occasions, repeated these experiments, and the
uniform results that I have obtained, enable me confidently to
advance the following conclusion. “ If right ventricular blood,
or blood containing animal sugar, be made lo traverse the capil-
laries of dead lungs inflated with air, immediately on its removal
Sfrom the animal, and before coagulation has taken place, the
sugar is as much destroyed as if it had passed through the pul-
monary capillaries of the living animal ; whilst if, on the con-
trary, the fibrine have separated by spontaneous coagulation, and
the serum and corpuscles alone be employed, not the slightest
disappearance of sugar is in this case to be observed.”” So that
it is only, as it were, in living blood—blood before its spontaneous
coagulation has taken place—that oxygen is capable of effecting
the metamorphosis or destruction of sugar; for immediately
that the last act of vitality has been performed, or that its
. fibrine has undergone spontaneous separation, the sugar ceases
to be subjected to the influence of oxvgen, until, as T shall pre-
sently point out, incipient decomposition of the blood has set in.

Frr:mm the rapidity with which blood undergoes coagulation
gftf:r its removal from the animal, it has necessarily happened,
in some of my experiments on this subject, that the fibrine
has undergone a partial separation before the injection through
the pulmonary capillaries could be effected. As the result of
;;]};zai:;pcriment?, and likewise others +in which the injection

purposely delayed, I have noticed, also, what might
have been antecedently expected, that the nearer the blood
ﬂppruac}}ea the living condition, on exposure to contact with
oxygen 1n the capillaries of the artificially inflated lungs, the
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more ct{mplete i1s the destruction of its saccharine constituent ;
thllst, 1 other words, the longer the period that elapses from
1ts removal, the less the influence that exposure to oxXygen
is capable of producing.

Now, if the metamorphosis or destruction of sugar in the
blood had been owing to the direct chemical action of oxygen, it
certainly does not appear clear why it should not have made its
disappearance after as well as before coagulation had taken
place, especially as the temperature was maintained at an equal
degree in each. We are, therefore, naturally led to infer that
the presence of fibrine plays an essential and intermediate part.
Indeed, during the existence of the fibrine in a soluble state,
the blood still retains its vital characteristic, and is susceptible
of undergoing molecular changes on contact with oxygen ;
which molecular changes, 1 think I shall be able to show, are
instrumental in secondarily inducing the destruction of sugar.

If we first look to the ordinary chemical bearings of saccharine
matter out of the animal economy, we find that when alone orin
a state of purity it may be preserved for an indefinite period, with-
out undergoing appreciable alteration, and that it is not suscep-
tible of oxidation, except under the influence of strong chemical
reagents; but that if placed in contact with a body in a state of
molecular change, it is with extreme facility metamorphosed,
or resolved into other compounds, by a process which falls
under the popular designation of fermentation. When in
contact with the growing vegetable cells of the Torula cerevisie,
it is the aleoholic fermentation that is excited ; whilst, in con-
tact with a decomposing azotized substance, one atom of sugar
(C,H,0,) is with a simple alteration of its elements resolved
into two atoms of lactic acid (C,H,0,).

As, then, sugar is a substance that manifests so little sus-
ceptibility of direct oxidation in its ordinary chemical bearings;
and as 1t is with such extreme facility metamorphosed when in
contact with an azotized principle whose elementary particles
are in a state of change; chemical analogy alone would cer-
tainly induce us to look upon the latter as being‘the more
probable process of physiological destruction, especially when
we take into consideration that no where do we meet with
such a constant series of molecular changes taking place as
amongst the azotized constituents of the living animal, =
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It may be said, however, that the molecular ch&ngﬂs. oceur-
ring in the capillaries of the pulmonary organs—the chief seat
of destruction of sugar in the animal economy-—are not those .
of decomposition ; but, if the changes of destruction or decom-
position are capable of exciting this process of fermentation,
why may not the changes necessarily incident on the elabo-
ration or building up of these nitrogenized compounds effect
the same? We, indeed, I think, are compelled to admit that
they do, in order to interpret aright the foregoing experiments
that I have referred to, upon the artificial arterialization of
Jibrinated and defibrinated blood. In these experiments it was
found, that during the aération of blood which still retained
its fibrine, and might be regarded as in a living condition, the
sugar largely disappeared; whilst in blood that had sepa-
rated from its fibrine, and had lost its vitality, no such de-
struction of its saccharine constituent was observed. In the
first instance, the nitrogenized elements of the blood were
capable of undergoing the normal processes of elaboration or
assimilation, on contact with oxygen, as in the living animal :
in the latter, they had lost their capacity for these organizing
changes, and there merely remained the ordinary chemical or
physical action of oxygen on the colouring contents of the
corpuscles.

1£ is not, moreover, only during the process of respiration, or
in the pulmonary organs, that the metamorphosis of sugar is
effected in the animal system; for I have already adduced
experimental evidence to show, that the small amount of sac-
charine matter which escapes destruction in the lungs and
impregnates arterial blood, continues to disappear (although at
a far diminished rate), during the transit of this fluid through
the general or systemic capillaries ; so that the blood refurning
JSrom them gives a still less reaction than that which was going
to mﬂmi a_nd In some of them—for instance, those of the
chylo-poietic vmcgra-——the sugar usually undergoes a total op
complete destruction,

The facl:' that Fhe metamorphosis of sugar is carried on in
the s}rstemm+ capillavies, and with greater activity in those of
thf’ chylo-poietic ‘F'isflﬁl‘ﬂ than in the others, T look upon as a
f:]:utmt;f extreme interest and mportance ; and, I would
45K, may we not reasonably attribute this metamorphosis
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to a process analugm_:@ to fermentation induced by the mole-
culat: changes of nutrition ’r‘_ No one, I think, will hesitate to
admit, tha:t much more rapid and active changes are going on
in the capillaries of the abdominal viscera than in other parts
of the system at large ; and this would at onee account for the
more complete transformation of sugar that is there observed.

These 1n:ir.a'.-rs,,, then, which have been derived from observation
a.mi_ experiment on the living and dead animal, give an expla-
nation of the nature of the physiological destruction of sugar
which is perfectly consistent, and even analogouns with whaij:
has !JEEI]. known for years past concerning the bearings of sac-
charine matter out of the animal economy. It is, indeed, only
applying one of the principles of organic chemistry to the
explanation of phenomena that belong to physiology.  Out
of the living system, it is well known that if glucose or
grape sugar be placed in contact with caseine in a state of
decomposition, (which implies molecular change,) it is resolved,
by a process of fermentation, into lactic acid. In the living
system, it would appear that a precisely similar transformation
is induced by the molecular changes of assimilation and
nutrition. In the one case the process is excited by the de-
struction or dissolution, in the other by the elaboration or
building up of nitrogenized compounds.

If the saccharine matter of the animal economy really
undergo this process of lactic acid fermentation, induced by
the molecular changes of life, it next follows that we ought to
meet with lactic acid as a constituent of the animal system ;
and, as the transformation chiefly takes place during the act of
arterialization, we should especially look for its presence in
arterial blood. I have carefully examined five specimens of
arterial blood with this view; and although in the first, I
obtained (on adopting the ordinary process recommended for
this analysis) microscopic crystals closely resembling those of
lactate of lime, figured in the plates accompanying Lehman’s
“ Physiological Chemistry,” yet I have not since been able to
meet with them again. But the detection of lactic acid, when
present in small quantity, is a process attended with consider-
able difficulty ; and, I think, we have sufficient proof that it
exists in arterial blood, in the fact that it is separated from it
by the secreting follicles of the stomach, and by the muscular
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tissne or flesh (}f animais. Uhemistﬁ arec now sa.tisfactc-ril:,r Df
accord in admitting the presence of lactic acid as a pretly
abundant constituent of gastric juice and the juice of flesh.
Sugar, therefore, which is normally a constant ingredient of
right ventricular blood, principally disappears during the act
of arterialization ; and the lactic acid, into which it would
appear converted, in the manner I have pointed out, is sepa-
rated from this arterialized blood in the stomach and in the
muscular tissue of animals.

It is well known, as regards the lactic acid fermentation,
that the presence of an alkali favours or accelerates, whilst
that of an acid retards or checks this process. Now, in col-
lecting all the experimental evidence that suggested itself to
me concerning the nature of the destruction of saccharine
matter in the animal economy, I have injected carbonate of
soda and phosphoric acid into the circulation, and, as the fol-
lowing details will show, the results I obtained were perfectly
in accordance with the views that have been entertained on
this subject. In the one case, I removed a small quantity of
blood from the carotid artery of a black and tan ferrier dog,
and after observing that it communicated the usual small re-
action of saccharine matter, I exposed the jugular vein, and
injected into it about an ounce of the dilute phosphoric acid of
the London Pharmacopeia. A second quantity of blood was
removed from the same carotid artery, and this was now so
largely impregnated with sugar that it communicated nearly
as strong a reaction as right ventricular blood. Tt is worthy
of remark, that the injection produced a faintly perceptible
acid reaction of the blood. The animal manifested a con-
siderable amount of disturbance, vomiting the contents of its
stomach, voiding its faeces, and breathing in a hurried and
laborious manner. It was afterwards affected with complete
paralysis, first of the hind extremities, then of the fore, and
subsequently died during the night. In the other case,
100 grains of the crystallized carbonate of soda, dissolved in
11. drachms of water, were similarly injected into the Jugular
vein of a dog, blood being removed for examination from the
carotid artery before and after the operation. The two speci-
mens _Df hlfmd yielded, on amalysis, a similar reaction, corre-
sponding with that of ordinary arterial blood. The injection
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produced some amount of disturbance, but the animal perfectly
recovered in the course of a few days.

These two experiments, therefore, fully accord with the
results that might have been anticipated upon the views that
have been entertained. The blood is normally alkaline, and
thus already in a condition favorable for the metamorphosis of
sugar. The introduection of an alkali did not alter the rapidity
of the process of saccharine destruction, TImmediately, how-
ever, that the normal alkalinity was overcome by the injection
of phosphoric acid, the metamorphosis ceased to be accomplished
to its previous extent.

If we now direct our attention to the examination of the
changes that occur in blood normally impregnated with sac-
charine matter, during spontaneous coagulation and whilst
decomposition is taking place, we shall meet with some ex-
ceedingly interesting facts, which, I am not at all aware, have
been by any one hitherto adverted to, and some of which con-
siderably perplexed me in my analyses,until I became acquainted
with them as the results of repeated observation. I have
alveady shown, that whilst right-ventricular blood is susceptible
of undergoing the molecular changes of life, exposure to the
influence of oxygen effects a more or less complete metamor-
phosis or destruction of its contained sugar ; and we have now
to notice the results that the molecular changes of decompo-
sition, and even of spontaneous coagulation, are capable of
producing, i

On collecting blood from the right ventricle of a healthy
animal, placing it aside, so as to allow it to separate into
clot and serum, and examining these on the following day ; we
find, that whilst the serum gives indications of being 'largel_f,r
impregnated with saccharine matter, the clot communicates a
scarcely traceable reaction. The details of the ﬁ.-_ﬂnwmg obh-
servation, which I have repeatedly confirmed, will serve to
show more explicitly what has just been stated.

About two ounces of blood having been collected from the
right ventricle of a dog that had just been s:acriﬁeed for another
purpose, it was placed aside until t!le following day, and allowed
to undergo spontaneous coagulation. 'Twn drachms c-ti I;h_e
serum were then taken, and found to yield an abundant indi-
cation of the presence of sugar. The whole of the clot that
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had separated from the two ounces of blood was a]sc-,_ af:tEl‘ being
wiped with bibulous paper, carefully analysed in a.mmllar Tan:
ner, and gave only just a perceptible trace of saccharine reaction.

Now, as the clot is moist, and remains to a certain extent
infiltrated with the serum from which it has separated, it cer-
tainly would appear from the above observation, that even the
molecular changes arising from the spontaneous coagulation of
the blood are sufficient to effect the metamorphosis or de-
struction of normal animal sugar. And this conclusion is
strengthened by the fact, that in diabetic blood the saccharine
matter does not seem to disappear in a similar manner. For
instance, blood that has been removed from one of the veins
of the arm of a diabetic patient has been allowed to undergo
spontaneous coagulation, and although the serum has given
about the same reaction as that of right-ventricular blood
obtained from the healthy animal, yet the clot has also com-
municated a pretty abundant saccharine reaction :—a pheno-
menon which fully coincides with other facts to be presently
adverted to," and which appears to show that the sugar impreg-
nating the blood of a diabetic patient does not enjoy the same
susceptibility or facility of metamorphosis as the healthy variety.
Whatever, however, the explanation, the fact remains unaltered :
in the one case, the sugar completely or almost completely
disappears in the clot; in the other, it is present to a con-
siderable extent,.

Under the changes attending the decomposition of the blood,
normal animal glucose is very readily and rapidly metamor-
phosed or destroyed. On exposing, for example, healthy right-
ventricular blood in contact with air, its azotised constituents,
more or less rapidly, according to the temperature, undergo
decomposition ; and precisely in proportion to the activity of
this decomposition, is the rapidity of the transformation of the
glucose that is present. During the warm weather of the
summer months T have found that usually in three of four
days the sugar has entirely disappeared ; and when this disap-
pearance is complete, the blood has assumed an acid reaction,

The fact that right-ventricular blood becomes acid under
decomposition, T observed nearly two years since ; and I looked

' These facts T first noticed on examining the blood of a diabetic patient, under

Dr., Barlow's care, in Guy's Hospital, during the summer of 1854,
1X, 3
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. ning this fact to
M. Bernard, of Paris, I discovered that he also had recently
nnt-i'ned tly.a same phenomenon, without, as far as T am informed,
hmzmg hitherto published. any statement of it. The acidity
Whlﬂ!ﬁl blood impregnated with saccharine matter thus
acquires on decomposition, I attribute to the formation of
lactic acid under the influence of the molecular changes that
have been taking place subsequently to its death. Certain it
is, that it cannot be due to carbonie acid, for the reaction re-
mains after exposure to a boiling temperature.

The disappearance of sugar in right-ventricular blood during
decomposition does not depend on the amount of surface exposed
to the oxygen of the air (except in so far as this agent is concerned
in exciting the putrefaction of the animal matters it contains),
for the saccharine matter of blood, placed in an open test-tube,
disappears just as rapidly as in that which has been exposed
m an open saucer, All that is requisite, is slight exposure to
the contact of oxygen, so as to excite a process of decomposition
in the azotised elements of the blood ; and through this, the
destruction of sugar is, as it were, secondarily effected. If the
air be carefully excluded, as by placing the blood immediately
on removal in a closely stoppered bottle, and accurately filling it,
no signs of decomposition are, for a long time, to be observed, and
under these circumstances the sugar also remains. The following
details of an ohservation, which may be by anyone repeated, will
serve to substantiate the statements that have been made.

June 21st, 1854,—Some blood having been collected from
the right ventricle of a healthy dog that had just been sacri-
ficed, one portion was placed in an open vessel, and another in
a bottle that was filled and afterwards securely stoppered. At
this period it presented its usual alkaline character, and yielded
a strong saccharine reaction with the appropriate tests.

June 22d.—Blood in the open vessel examined ; reaction
similar to yesterday.

June 23d.—The blood in the open vessel now smelt strongly
from putrefaction ; and before and after coagulation by heat
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gave an acid reaction to test-paper. Examined at}al?rticn]l:tr for
sugar, it was found to have lost all trace of this mgreduer.lt.
The stopper was now removed from the other vessel, and its
contents were found in precisely the same condition as when
first removed from the animal, as regards its saccharine and
other qualities.

June 24th.—The blood in the stoppered bottle having been
exposed to the air since yesterday, it now began to smell from
decomposition, and gave no indication of the presence of sugar.

It is worthy of remark, that at the period this observation
was made, the weather was exceedingly warm, and the blood
underwent more than ordinarily rapid decomposition, Usnally
the sugar does not disappear under three or four days after the
removal of the blood from the animal, T have moreover found
that the sugar in the fluid parts of the blood disappears quicker
when the fibrine and corpuscles are present, than when the serum
alone is exposed ; and in accordance with this, the blood in the
one case presents signs of decomposition much sooner than in
the other ;—a fact that is easily intelligible from the greater
amount of azotised elements present. I have even observed,
in the same specimen of arterial blood—where there is on re-
moval but a small amount of sugar present—that when the
fibrine has been separated, and the serum and corpuscles left,
on allowing these to repose in a large test-tube, so that the
globules may subside to the lower stratum of the liquid, and the
serum be left clear above, the latter has given traces of the pre-
sence of sugar, whilst it has entirely disappeared from the former.

It has already been shown, that notwithstanding the oxygen
of the atmosphere is capable of effecting the metamorphosis of
sugar, when the blood is in a living condition, and its nitro-
genized elements susceptible of undergoing the molecular
changes coincident with life ; yet, that immediately this vitality
is withdrawn, contact with oxygen is no longer capable of
inducing a similar destruction of sugar. If, however, blood
normally impregnated with saccharine matter be allowed to
remain until signs of incipient decomposition are observed, and
the sugar is beginning to disappear, exposure to a current of
oxyen gas rapidly completes the total disappearance of all
saccharine constituent., To show this, it is only necessary to
take some right-ventricular blood from a healthy animal, to
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place it aside until it has begun to decompose and a portion of
the sugar to disappear, and it will be found, that although
oxygen exerted no influence upon it when in a fresh condition
:'a.fr.er death, yet that now a current of this gas passed through
it for some minutes, effects (apparently by accelerating the
molecular changes of decomposition in the nitrogenized prin-
ciples present) the rapid destruction of the whole of the saccha-
rine ingredient that remains. So that, in this fact we have
a further illustration of the analogy that appears to exist in
the nature of the metamorphosis of sugar as avital process,
and that which takes place chemically under the influence of
an azotised compound whose particles are in a state of mole-
cular transition, During life, the higher organic constituents
of the blood are capable of undergoing the changes of assimi-
lation on exposure to contact with oxygen, and there is a con-
siderable destruction of sugar effected : for a short period after
death the constitution of these azotised materials remains
stationary and uninfluenced by oxygen; and with this there is
a corresponding suspension of the transformation of sugar ; but,
finally, the animal matter of the blood on contact with oxygen
—especially under the influence of a warm temperature—assumes
a state of decomposition, the molecular changes of which again
excite the destruction or metamorphosis of saccharine matter.
Upon reflecting on this transformation of saccharine matter
into lactie acid in the animal economy, by a process analogous
to that of fermeutation, we cannot fail to appreciate the im-
portance of the saccharine secretive function of the liver, which
was some few years since discovered by the able and truly
philosophic researches of M. Bernard, of Paris. Lactic acid
is a normal ingredient, not only of the gastric secretion but
also of the fluid which infiltrates the muscular tissue, or as it
is called the juice of flesh. Now, it is only a certain class of
animals—the vegetable feeders—which derive a supply of
saccharine matter from their food; and, were it not that the
others, the animal feeders, possessed an independent power of
forming this substance, the normal source nf lactic acid—an
agent playing an important part in the animal processes—
would be thus cut off. .
When speaking of the effects of the spontaneous coagulation
of fibrine on the saccharine constituent of healthy blood, 1
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stated that the sugar impregnating the blood of a diabetic
patient did not seem to enjoy the same susceptibility of
destruction as that which was met with in the right-ventricular
blood of a healthy animal. And, if we refer to the effects
produced by the decomposition of the azotised constituents of
the blood, we are also led to a precisely similar conclusion. In
normal right-ventricular blood exposed to the air and a warm
temperature, I have shown that the sugar disappears in the
course of a few days, whereas in diabetic blood exposed to
similar conditions, I have found that the sugar does not
disappear by two or three days so quickly. During August,
1854, I placed specimens of right-ventricular and diabetic blood
side by side, and examined them carefully at daily intervals.
In three days the sugar had completely disappeared from the
right ventricular blood, whilst on the fifth day the diabetic
blood still remained impregnated to a considerable extent with
saccharine matter,

Hence, if T dared to hazard an opinion on the nature of
that obscure disease, diabetes mellitus—the few observations
that I have yet made on the blood of these patients would
lead me to say, that there is a modification of sugar produced
by the liver, which is not susceptible of undergoing the normal
process of destruction or metamorphosis in the animal system,
and which is eliminated on its arrival in the capillaries of the
renal organs. The experiments of Bernard have shown, that
if vegetab_le glucose (grape sugar) be injected into the general
venous circulation, it is not destroyed in the system tbut is
eliminated by the kidneys; whilst if it be injected into one of
the veins of the portal system, and thus made to traverse the
capillaries of the liver (so as to be converted into animal
glucose), before enterin'fg the general circulation, it subse-
quently undergoes destruction in the system and does not
appear in the urine. Diabetic sugar would, therefore, seem
to bear a resemblance in its physiological relations to vegetable
rat!ler than to animal glucose. But I am now engaged in a
series of experiments on this subject, which, with the informa.
tlon we possess at the present time, I would venture to hope
may some day lead to some definite conclusions concerning l;hi;
long vexed pathological question. 5







