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PREFACE

In this Thesis I propose to treat of the form of
diabetes mellitus which has been found associated with
disease of the pancreasi it being one not only of mueh
elinieal importance to the practitioner of medieins,
but likewise of very considerable intersst to the
sxpsrimental pathologist.

Although I have gons, as will be seen, very fully
into the elinieal literature of the subjeet, and ecited
some interesting cases of ths disease hitherto un

published, the main value of the essay will, I think,

be found in the new echemiecal, physiologieal, and patho
logical data I have been able to adduce explanatory
of the naturs and cause of the particular form of dia-
betes under consideration. And here, at the outset I
desire not only to return my best thanks, but also to
aeknowledge my very great indebtedness to the several
gentlemen in whose laboratories the experimental know-
ledge about to be put forth was obtained. TFor had it
not been for the kind counsel and assistance I receiv-
ad from Professors Pasteur and Roux, at the Pasteur
Institut; from Professor Dastre in the Physiologieal
lLaboratory of the Sorbonne; from Professor Hoppe-Seyler
at the chemiéo-physiological Laboratory of Strasburg,
and lastly and more especially to Professor Sophus
Torup at the Fysiologiske Institut of Kristiania,where-
in by far the greater part of the experimental work

about to be narrated was earried on, and who, as will



be seen in the text, rendered me invaluable aid in

all of the more intricate parts of ths research,] should
never have been able either to have aécomplishad the
work or collscted the materials the Thesis embodies.

I have still further to acknowledge the obliga-
tion I am under to Professor Heiberg of Kristiania, for
not only having furnishsd me with the medieal history
of, but the Pathologiéal specimens from the exceedingly
characteristice, I might almost say typieal, fatal case
of pancreatie diabetes whieh occurred in a Medieal
student dueing the time I wa® experimenting on the
subjeet in Professor Torup's laboratory.

While, lastly, I am indebted to the artistie skill
of my friend, Dr Julius Nieolaysen, for the four water
colour drawings of the morbid appearanees met with in
the case of the medieal student.

It may, perhaps, be well for me hsre to state
that no single experiment has been recorded in the
following pages about the exactitude of which I enter-
tained the slightest doubt; so that, as can easily be
imagined, those narrated -~ numerous though they be -
bear but a very small proportion to the aetual num-

bers performed.

Vaughan Harley.

April, 1891.



SYMPTOMATOLOGY OF PANCREATIC DIABETES

With eases illustrative of its Cliniecal History

CHAPTER I.

The signs and symptoms met with in cases of dia.
betes, either depending upon or associated with pan-
ereatic diseass, present in several respescts a well
marked differencee from thoss usually manifested in
the other forms of diabetes, entirely unconneeted
with any derangsment of the pancreatiﬁ funetions.

This may be said to be partieularly noticeable in
those that have been deseribed as typieal examplss

of the disease. For in them the onset of the signs
and symptoms of the diabetes is marked by the sudden-
ness with which the characteristie thirst, voracious
appetite and polyuria manifest themselves, in associa-
tion with the presence of sugar in the urine in per-
sons (usuzally) under the middls period of life, and
generally at a time too ﬁhen they are apparently in
the enjoyment of the best of health. Moreover pancre-,
atiec. diabetes differs still further from the ordinary
forms of sacecharine urine in the uninterrupted speed
with whieh it marches on to a fatal termination.
Marked nervous prostration and great muscular débility
accompanied with a rgpid emaciation, being quieckly
followed by a comatose condition, preeipitately ending
in a lethal collapse. |

In addition to these differsentiating signs there



is yet another, which ought, I think, to bs regarded
as more important than any of them. If it be true, as
has been asssrted, that in order to induce diabetes it
is necesgsary that the panereatiec functions are com-
pletely in abeyances, In that case (as was pointed out
by my father @n theJreport of a ease in his book on
Diseases of the Liver and Panereas (+).) from no pan-
ereatic sseretion finding its way into the intestines,
the oily and fatty parts of the food appear in the
stools not mixed with, but separate from and upon the
excrements after cooling. The unemulsioned olesaginous
matter in the form of a dirty whitish-yellow grease,
the unemulsioned fatty substance as a hardened lard:
not at all unlike in appearanee to what is known as
old brown Windsor soap. 1 consider that we ought to
regard the appearance df olecaginous and fatty sub-
stanees in the stools, in the manner above described,
as an essential factor in the diagnosis of pancreﬁtic
diabetes. At least, until we have discovered some yet
more cruéial test for, or pathogmomoniec sign of the
disease.

Thére is yet another point in the symptomatology
of panereatice diabetes whieh it is necessary for me
to direet attention to. Namely, it not unfrequently
happens that shortly béfore the death of the patient,

the sugar which has hitherto been in the urine in

(+) Jaundice: its pathology and treatment; with the
application of Physiological Chemistry to the

5@&7 Mction and Treatment of Diseases of the Liver .

: I and ‘Panereas by Dr.George Harley. Walton and .
Maberley, London, 1863.



abundance disappears. The cause of this is probably
not far to seek. For seeing that the foods partaken
of, not having undergone ths necessary chemiecal trans-
formation by the papcreatic juice, are unfitted for
the purposes of assimilation, the disappearance of
the sugar from the urine may possibly be due to there
being an absence of the necessary materials in the
organism for its formation. The rapidity‘and extent
of the emaciation at least favours such a view.

The above being, as far as I have been able to
ascertain, the salient signs and symptoms of what have
been looked upon as typical cases of Pancreatic Dia-
betes, I shall now proceed to cite illustrative exam=-
ples of the dieasse. Befors doing so, however, it may
be well to mention that notwithstanding that I have
gone through all the available French, German and
- English literature on the subjeet, and it is exceceed-
ingly eopious, I have been somewhat surprised to find
so few casss recorded which, in my opinion, have any
right to the title of "typieal®. Consequently I con-
clude that true typieal examples of the disease must
be exeeedingly rare. This is perhaps fortunate, see=-
ing that the few I Have come aeross have not alone all
ended fatally; but rapidly so. I may further remark
that not only have the autopsies of many of the ecases
that have been recorded as examples of panereatic dia-
betes, revealed important structural lesions in other
organs, but even although c¢allsed by the oompilerslof

cases of pancreatic diabetes examples of sueh, some



of them had no such title bestowed upon them by their
original reporters.

Ths most typiéal cage of Pancreatic Disease with
whieh I am acquainted is that of a Medieal Student,
who died last September (1890) at Kristiania while I
was working experimentall} on the subjeet with Profes-
sor Torup in.the Physiological Institute there. The
case has never besen published, and for the following
noges of it, as well as for the pathological specimens
of the pancreas, from whiech the aceompanying coloured
drawings were kindly made for me by Dr Julius Niecolay-
sen, I am indebted to the kindness of Professor Hei-
berg; undar.whose care the cease was. I have further
to acknowledge my obligations to Professor Gulbérg,
the Profsessor of Anatomy in the University, who took
the trouble- to prepare the mieroscopiecal sections
from ?@§9h the drawings were made.

E:E;, aged 23. As a child he had enjoyed good
health, although pals and of a somewhat secrofulous ap-
psarance. He was a diligent boy at school, and always
held a good place in his elass. As he grew up he was
mentally less bright, his eyes had a dull appearance,
and that, with his large hanging lips, gave him a some-
what stupid look. On entering the University to study
medicine, he was not well developed bodily, and seemed
mentally languid; aithough he hever complained of be-
ing ill, and was considered sufficiently strong to be
accepted as a soldier for service in the summer of
1890. 1In June he entered upon his duties as a recruit

which he found very trying, the drill tiring him so



much that, after only serving 14 days, he was dischar-
ged. In the middle of August he suffered from a
catarrhal tonsilitis which weakened him very much,
and on the 26th of that month, he complained of being
very languid, sleeplsss and having headaches. About
this time his great thirst and constant hunger led to
his urine being tested, and to the discovery of sugar.
He soon became drowsy and restless, constantly wanting
to get out of bsd, but when out of it, he was unable
on account of his weak condition, to sit up for long.
His thirst was very marked but not his appetite. The
gquantity of urine passed was from 4 to six litres a
day, and it contained 2 per cent.of sugar. His tongue
was very dry, and his breath had a distinét aromatiec
apple=1like odour. His weakness ndw rapidly increased
and during the last few days of his 1ife he was almost
comzetose, but up to the last day he could always be
roused from his state of stupor.

He diesd guietly on the 68th September: that is to
say, 11 days_af;er'the diabetic state was discovered.

At the autopsy, the heart and lungs were found
perfeetly normal., The liver was also normal in size
and appearance. The same may be said of the Spleen.
The kidneys were normal in size and their capsules
gasily stripped off. The surfacee was smooth and of a
reddish grey colour; but marked with yellowish striae.
On section the ceortex had the same colour and the .

pyramids were of a bright red. A mieroscopic section
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Figo I.
The panereas converted into an irregularly round mass,
the size of duek's egg, closely adherent to the

duodenum

- R |
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of the fresh kidney showed the epithelizl cells of
the ceonvoluted and straight tubules to be finely grami-
lar, and on the addition of Lig: Potas: showed fatty
degeneration. Section after hardening showed some of
~ the tubuli free from cells.

The panceeas alone shewed marked pathological al-
terations. Its head was entirely converted into a
round mass about the size of a duck's egg: which ad-
hered closely to the duodenum Fig. I. All that re-
mained of the body and tail was merely a thin flat
fibrous band. Within the head of the organ was found
a cavity the size of a dherry, filled with semi-puru-
lent fluid. The surrounding substance being of a
greyish colour and filled with numerous small abs-
cesses, from the size of a pea down to what was scarce-
ly reccognisable to the naked eye. All of these con-
teined the same yelldwish.gmeﬂn looking semi-purulent

fluid. (PFig. II)
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Fig. IIO
Seetion with remains of pancreas, showing various

abscesses, filled with yellowish green pus.
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Fig. III,
Pus from abscess in Pancreas, showing leucocytes and
mierococci. Stained by L8Fffler's methyl blue (1/35

homog. immers. Zeiss)

The pus examined microsceopically showed numerous
leueccytes and mierococel arrznged: in-grpups or short
chains. (Pige ITII) Some fresh pus incculated in
rabbité cauaed local abscesses, Cultivations were
made from the fresh pus. Gelaiine tubes were rapidly
ligquified, depositing a yellow sediment. Agar agar
tubes showed a yellowish gold band ay the striae of

inoculation. (Pig. IV)
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- Pigs IV.

Cultivation in agar agar from pus of pancreatic abscess

Staphylocoeccus pyogenes aurens.

In hopes of finding some tubsercular bacilli some
tubes to whieh glyeerine was added, were inoculated
whiech only yielded coeci, no baeilli being found on
eareful searech.

From the above ceharacteristies, evidentiy we had
to deal with the staphylococeus pyogenes aurens. The
common bile duet could be traced behind the head of
the pancreas and unaffected by it. The duct of Wirsung
could bé traeed into the substanee of the gland, where
however, it became lost, no calculi were to be found
in it.

Mieroscopical examination of a ssetion of thé

head of the Pancreas yielded the following (Fig. V).
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The lobules are seen to be atrophied (A) and the gland
cells were fatty. The_interlobular connective tissue
was greatly inéreaéed (C) and pressing on the atrophi-

ed lobules. Scattered throughout the seeticn wers

‘-Fig. Ve

Seetion through head of Pancreas. A. Atrophied pan-
ereatic lobules. B, Abacesses-of different sizes.

Ce. Hypsrtrophied ceonnective tissue.



Fig. VI.

A Section from another pari;_of pdn‘sreaa, in which fat
glcb\ntﬁ,.remov'a‘d,; showing remnants.of glandular and

connective tissue.

152
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seen small abscesses of various sizes containing leu-
cocytes (B) The walls were formed by the interlobular
connective tissue.

In another eut the glandular iobules were found
to consist of a mass of fat globules, in whicech no
strueture could be recognised. After dissolving out
the fat, remnants of glandular‘an& connective tissue
were seen, as shown in Fig. VI.

Other sections showed merély abscesses and no

gland tissue could be recognised. The remmnants of
glandular and coﬁnective tié;ue ére seen with gaps out
of which the fat drops havezbéeh dissolved. A fresh
specimen of this showed merely'a mess of fet drops in
which no structure could be reoognised.
.The next case is one-reeordéd by Dr George F. Duffey
in a paper "On the connection of acute diabetes with
disease of the panereas" in the Trans: Academy Medi-
cine - Ireland, Vol. II, 1884. p. 405.

A Farm labourer, aged 24 but looking older, 8
feet in height and well mads stated he had always en=
joyed the best of health until asbout 5 weeks before
his admission to City of Dublin Hospital, on 18th
October, 1883. His parents were dead; he had 2 bro-
thers and 2 sisters alive and healthy. The first
symptoms he noticed were polyphagia, polydypsisa, poly-
uria and emaciation. :

After about a fortnight he began to feel languid
and weak, did not sleep well and found he had lost a
stone in weight. He could not assign any cause fof

his illness except having had to work-very hard dur-



ing harvest,.

on admission he presgntad the usuval symptoms of
an advanced case of DiabetesIMellitus. He seemed re-
markably apathetie and rarely spoke unless in answer
to & question. He preferred staying in bed to getting
up, stating he did so bécause he got so easily tired.
During his stay in Hoépital, the amount of highly sac-
c¢harine urine he passed in 24 hours varied from 215 to
1'?0‘0?. and its specific gravity from 1045 to 1040.
It had'a sweetish odour and gave the reddish brown
¢olour on the addition of Ferric-chlorides, due to
Ethyl diacetic acid. For 10 days he continued much
the same, when, without evident cause his bowels,which
had been constipated, became exceedingly loose and
vomitting occurred. He complained of pain in the epi-
gastrium and the abdomen was tender on pressure. The
diarrhoea persisted for a week. The stools were some-
what of a dysenteric character, being very frequent,
but small in quantityy;, of a jelly-like consistence
and extremely fostid. For the first 2 or 3 days they
contained white masses resembling lumps of undigested
caseine, but these disappeared on giving him peptoni-
sed milk. He had now completely lost his voraeious
appetite, but was even more thirsty than upon admis-
gsion. The debility and emaciation inereased, and he
bacama extremely low and desponding. On the svening
of 3rd November, his temperature, whieh had been pre-
viously normal, rose to 1000, but subsequently hiﬁ OX=

tremities became very cold, his pulse quiek and so

X7




weak as to be almost imperceptible. He then sank into
a state of coma, or more correctly.apeaking collapse,
and died on the morning of 8th November. During this
latter period his fzce was flushed. He lay on his
baek with his mouth open, and exhaled a sweet smell
from his ¥Yredth, but I cannot say it was a character-
istic one of acetone. His respiration was rapid, but
no physiecal signs of.pulmonary disease were elicited
on examing?iopfh

The autopéy was mede the day after death, when
although to the naked eye all the orgaens were normal
with the exception of the pancreas, the mieroscopical
examination showed that the liver and brain were not
perfectly healthy. Mr Abraham (+4) found a marked
turgeseence of the vessels of the Pons and Cerebellums
They are engorged with blood and the lymph spaces
around them are, without doubt, considerably widened.
A faw blood-stained, irregular masses are to be seen
pe?ipherally in the pons in eontiguity to the blood
vessels. None are observed in the cerebellum.

5&335. The liver cells are comparativel? small
and the inter-cellular spaces large. In places there

Pancreas. The proper substance of the gland ié
quite gone, aﬁd no where aré‘to be flound either ducts

or alveoli. The mass is mede up of loose connective

" (+) ' On some mieroscopieal sections, from two cases of
Diabetes Mellitus, Trans: acad: Med: of Ireland,
Vol. 11, 1884, p. 415.
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tissue, trabeculae, with large tracts intervening.
These meshes contain groups of large, irregular, nu-
cleated cells, interspersed with smaller cells and nu=
elei. The latter are often erowded togethsr, appear=-
ing 1ike lymphoid tissue among the fibres of the tra-
beculae. There can be little doubt as to the careino-
matousuggtur? qf"the growth.

Mesenterie Glands. Seattered among the lymphoid

tissue are the same largse, irregular, nucleated cells,
singly_o? @n MESSES.

Kidney. There is a great hypertrophy of the in-
terfubular connective tissue, with dense inflammatory
infiltration and some fatty degeneration in parts.
The tubular epithelium appears for the most part un-
healthy - sometimes broken up and often with the nu-
¢lei ?qp_taking the staine.

Lung. Portions of the hepatised patches of lung

were examined, showing the usual appearanees of pneu-
monisa, ?g? no evidence of fatty embolism. |

.EEEEE' Musele. The fibres are rather granular
but without fatty degeneration.

Té these two cases with Autopsies, I will add two
other even still more remarkable cases of Acute Dia=-
betes, which were reported by Dr Daniel Noble in the
Brit: Med: Jour: of the 17th January, 1883. Although
frbm there having been no autopsy made in either of
them they cannot be positively said to be examples of
Pancoreatic Diabetes, nevertheless, the rapidity of

their course, as well as the mode of their termination




led to the conelusion that they were most probably
examples of such. But even if they were not, as such
acute forms of diabetes are exceedingly rare, it will
be well for me to refer to them. The first was a boy,
aged 17, who, without any assignable eause, while at
a boarding scehool "beecame graduslly listless and weak,
incompetent alike for physiecal exertion and mental ap-
plication." When Dr Noble first saw him he "had
‘thirst, voracious appetite, dry skin and large dis-
charge of urine.* On the following day he was much
weaker. The urine was of high specifiec gravity and
contained a large proportion of sugar. On the sue-
ceeding morning, the debility and exhaﬁstion had very
glarmingly progressed. xxx BEarly the following morn-
ing the patient died "in a state of ceollapse" that is
to say, within four days after the diabetes was diag-
nosed, and only a few weeks from the first signs éf

debility showing themselves.

The next cease is equally remarkable. It is that

of a young lady of about 13 years of age, who had been
treated homaeopathically for some weeks on aceount of
*losing flesh and strength" although she had an un-
usually good appetite. . When Dr Noble was called in
she complained of excessive thirst, abundant urine,
dry skin and voracious appetite. These symptoms were
followed by a rapid debility, and after three days'
bonfinement to the house, and only ten after being
first seen by Dr Noble, she'expired.

I will now call attention to a set of ecases,

20
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which have been recorded as examples of pancreatic
disbetess, although they differ very materially from
what I consider the typical form of the disease. Not
only have they run 2 mueh longer, as well as a more
erratic course, but their autopsies have revealed
other organs quite as much, or in some cases even more
diseased than the panereas itself. In these it being
impossible to affirm héw great or how small a rble
the #iseases in the other organs, besides that in the
pancreas, may have played in the producetion of the
diabetic state and led to the fatal termination I de-
gignate as "ﬁixed Pamrereatic Diabetes.?

The first I will refer to is one that was pub-
lished as long back as a hundred and three years sgo;
that is to say, at a time about equidistant from now
and the date of the diseovery, in 1874, of the pre-
sence of sugar as an abnormal product in human urine,

by our countryman Dre. Thomas Willis.

-

Med:_Jour: Vol. 1X, p. 2868, 1788, as "a singular case

of Diabetes".

A. He aged 34, atrdng, healthy and corpulent, ac-
customed to free iiving and country exercise. In
Décember, 1787, suffered from gradusl emaciation and
debility. On March 20th. 1788, the urine was found
to be sweet, and to ferment with yeast. Two pounds of
urine yielded on evaporation five or six ounces of a
sweet black extract, resembiing molasses. - Up to this

period the quantity of urins was not noticed to be



above the normal., Various mediecines were tried and
at first he somaﬁhat improved under tonic treatment,
but soon afterwards every medicine disagreed and the
patient gradually sank and died on the 18th of June.

The disease was at first aj)tended with severe pain
in the rectum, c¢aused by piles. He suffered from con-
stipation. Some time before his death he had slight
hectiec symptoms and intolerable thirst. His mouth and
fauces were very clammy and the tongue deeply fissured.
The skin dry and scaly. His appetite which was at
first good, gradually diminished, and ehanged into
aversion even at the sight of solid food. His only
support being liquid nourishment. At this time he had
on passing his urine, a sensation of sinking in the hyw
poshondria, as if the urine c¢ame from those parts. -

During the last three days of his life the quan-
tity of urine was greatly inereased, and the power of
retention mueh diminished.

His right arm had frequently convulgive movements
lasting a few minutes. Delirium and econvulsions c¢los-
ed the scene.

In spité of the progressive fatal symptoms, the quan-
tity of sugar daily decreased and the, urine, from being of
& pale straw, became of a deeper and more natural
colour..__

Autopsy. Kidneys of usual gize, but seemed paiar
and softer than normal.

Liver was much waéted and externally of an ashy

or nearly pipe-clay colour. It had a plastic consis-

22



tence, and could -be moulded like dough, into any Bhapé.
On section it exhibited the usual ecoloure. |

The gall=bladdsr, centaining the noﬁmal quantify
of bile, was adherent to the mesocolon.

The pancreas was full of ealeuli, which were firm-
ly impaeted in its substance. They were of various
sizes, none larger than a pea; white in colour and
made up of a number of smaller ones, like mulberry
stones, and in this respeet resembled those sometimes -
found in the salivary duets. The right extremity of
the pancreas was very hard and appeared to be scirrhous.

No other signs of diséase were found in the abdo—
men, and the contents of the thorax were perfectly
normale.

Thé next case I widl give fully, as it is not only
one narrated by Dr Richapd Bright, whose name is so
justly celebrated 1n'qqnnection with kidney disease,
but it furnishes us with an admirable example of how
carefully the distinguished Physicians of sixty years
ago both studied and reported their eases.

It is recorded in the Medé Ghirﬁ Traﬁsﬁ London,
Vol. XVIIY, p. 3, 1883, under the title ofé - 'Diabeu.
tes - with supervening icterus from obliteration of
the common bile duet, eaused by disease of the pan=-
ereas - malignant ulseration of the duodenum -~ copious
dischérge of fatty matter with the dejections.®

T. B.,, aged 49, a elerk, of sober and regular
Babits. Tn March, 1827, oomplained of Gumderate
thirst-and appetits, with a constant pain in his loins.

Passed urine frequently. These symptoms, together with

»
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inersasing emaciation, made him seek the adviee of
several medical men."it was not until August, howev&r,
that the case was pfonounced to be diabetes medlitus.
In the beginning_of Septembar he besame jaundiesed., It
was unpreseeded by any painful sensations. .

When seen by Dr Bright on 4th of Dadember, he was
redueed to a state of great debility,alihough still by no
mean$ a thin man. He cdmpiained_of-constant thirst
and hunger. Pulse 80 and soft; skin deeply jaundiced.
Urine 9 pints in 24 hours. It was bils-stained, sweat
.and had a speeific gravity of 1039. Evacuﬁtiona by
the bowels copious and light coloufed. ‘Put on animal
diet and as little bread as possible. A bitter, aro-
metie mixture, contaiﬁing bicarbonaté.of soda being
given. Between the 5th and 8th of Decembsr, the urine
gradu;lly diminished in specific gravity and quantity.
On the latter date the diabetes was considersd so im-
proved that attention was more particularly diragted
to the obstruction of the bile, and he was given mere
cury and taraxicum.

On Decsmber Bith, 8kin still of bright yellow
colour, bowels regular - urine somewhat less highly
¢oloured, had entirely lost its swest taste,'apecifie
gravity 1015, quantity only 4 pints, he having drunk
8 pints. DLiver was hard and solid, projecting three
or four iﬁqhe§ heneath the ribs; edge made out to bs
rounded. The distended gall-bladder could be plainly
felt.

'On 28th, without any notable change of symptoms,

the patient began to pass by stool a quantity of yel=



lowish fatty matter resembling butter that had been
melted and again become solid. This matter followed
the fasces, and as it was evacuated in a fluid state

it appeared on the surface of the dejections. The pre-
sence of this fatty matter eould not be explained by
diet, as he had taken no fats. He had now biearbonate
instead of liguor Potassas gifen to him in the tonie
mixture.

On Deeember 31lst, the alteration made in the mix-
ture had done away entirely with the oily e¢haractsr
of the motions. Three copious motions were passed
in the 24 houré. The urine had atill a spsecific gra-
vity of 1015, but in spite of this the patient was
growing weaker and more emaciated from the obstinate
obstrucetion of bile and consequent defeetive assimila=-
tion of the nourishment. The stools,which consisted
of half digested food, ﬁare pasty, deficient in colour,
and of a2 feculent odour, and sesmed more copious than
if the usual proportion of nutritive matters had been
abstracted. In consequence of hepatie pain, a large
blister was applied over that part.

On January 8th, 1828, he was more debilitated,
passsd four or five stools in the 24 hours, somewhat
loose, and now and again containing some of the fatty
matter befors described, as well as undigested meat.
Appetite good but not voracious. Slsep disturbed,sél—
dom lasting more than an hour aﬁd a half, Tongue some=
whnat brownish in centre. Pulse 84, soft; Urine high
colohred, speeifie gratity 1020. TFor the_ralaxad bow=

els chalk and opium were given.‘ The engorged liver
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was treated with a mercurial blister. On 13th,number
of dejeetions reduced to three in 24 hours, only two
on previous day, whieh eontinued of a pasty, stringy
consistenee, but were not of a very light colour. The
patient was more emaciated and duller. The edge of the
liver and large, rounded extremity of the gall-bladder
were still plainly felt. The rest of the abdomen was
flaceid. Had severe pain on the right passing through
to the ieft side, which almost wholly preventsd sleep.
Tongue clsan and of a heaithy ecolour, pulss 87, weak.
Ordered to be cupped on the right side to eight ouncah
and to take four grains of hlue pill. The following
day the pain in ths side was ralieved; The quantity
of urine was 4 pints in 24 hours, while 5% pints had
been drunk, the speeific gravity was 1020 and that of
the bloody serum collected from the e¢upping, 1030.

On the 18th the bowels again beceame relaxed; were
of a dark Bolour and still ceontained a littls oilymn
matter. The pills diseontinued, and an astringent
mixturé, econtaining haematoxylum, eatschu and opium,
was given. 2l1st much weaker, but still able to move
slowly ab&ut the house. The bowsels continued relaxed
8ix motions a day. The feet, for the first time, were
noticed to be somewhat oedematous, and the skin re-
mained of a deep yellﬁw. The emaciation was progres-
sive and the rest céntiﬁued mueh disturbed.

Prom the beginning of February he was evidently
a dying man. On the 10th had a left pleurisy. On the
26th, the qﬁant;ty of urine amounted to 2% pints. The

appetite now failed. The bowels which had been re-



laxed, were confined. He disd without pain or strug-
glse, on the 1lst March, worn out with emaciation and
want of rest, but he retzined his senses and a per-
feetly cg;}gcted state of mind till the laste.

Autopsy. The limbs were remarkably flaeeid, the
whole skin of a dark yellow colour; there was general
emaciation and the legs slightly oedematous.

The two pleura were c¢oloured by bile. The lungs
healthy, except the lower left lobe,where the recent
pleurisy had formed a thick coating of gelatinous fi=-
brine, whiech readily broke down on drawiﬁg the lungs
forward. This was partly deposited on the lower sur-
faee of the diaphragm, and partly on the posterior
part of the ribs near their angle, and it was highly
tinged with bile. The lung itself contained a small
abscess the Bize of an olive near the edge, whers it
rests upon the diaphragm. The pericardium was bile-
stained, and the largs vessels near the heart had a
vellow colour throughout. Heart small and contracted,
valves normzl. -

The abdoﬁen contained rather more than a gallon
of dark olive-coloured fluid. The gall-bladder dis-
tended with very dark bile, ﬁas seen projecting when
the paristes were first rsesmoved.

The liver of a dark olive dolour, ducts greatly
enlarged. The common bile duct was large enough to
admit the little finger, and terminated in a eul-de-~
sac in the diseased substance of the pancreas; at its
extremity was a rough white deposit 6f fibrin or cho-

lesterine,
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The head of the pancreas formed,with some of the
surrounding glands, a hard, globular mass, round which
the duwodenum turned, and to which both it and the py-
lorus were firmly joined. At two points - where the
panereas and duodenum were welded together - uleeration
had taken place, penetrating the whole thieckness of
the intestine; one of them the size of a shilling, the
other not larger than a silver penny. The pancreas
was hard and eartilaginous to the toﬁch, and of a
bright yellow ecolour.

Stomach was slightly vasculars.

The splssn normal structurs, ﬁut its external
surface mottled,with eartilaginous deposit.

The intestines tolerably normal, but éomewhat
opaque, and the internal lining rather pale.

The kidneys looked healthy, but when torn open,
the tubular parts were more plain than usual, and in
some of the tubes were white specks, either fibrinous
or ecaleareous. The pelves of the kidney were bile-
stained. ; .

The lining membrans of the bladder healthy and
free from all vascularity; but its net-like appearance
bespoke more than usual action in the muscular coat.
The aorta and common iliaes were in many points cover-
ed with bony deposits surrounded by dark spots, where
the internal surface.had been destroyed by uleeration
or absorption.

Among thé cases of obstructed pancreatic ducts
that have been e¢laimed by Dr Lapierre as examples of

Panereatic diabetes - in his book on Wasting Diabetés



in eonneetion with changes in the condition of the
panereas (+) - is one entitled "Complete obstruection
of the pile and pancreatie ducts®, published in Vol.
XITI (1862) of the London Pathological Socisty's Trans-
actions by my father, and again in 1883 in his work
Diseases of the Liver and Panereas. He did not, how-
gver, on either occasion speak of the case as being
in any way an example of pancreatie diabetes, but only
as a case in which a saccharine condition of the urine.
®as associated with liver and pancreatie disease. The
case may be given in abstract as follows: - |

The patient was a gentleman, aged 50, who died
from the eombined effects of ocelusion of the bile
and pancereatie duets. The diagnosis of the pancreatiec
oeclusion, as well as of the biliary ons, had‘been
early made in consequsenes of the frequent passage by
stool of fatty matters - not mixed with the motions,
but quite separate, though upon them. The fatty mat-
tars on cooling, solidified into a firm, brown mattef
elosely resembling in appearance Windsor soap. And as
it was in some respscts not at all unlike somé of the
biliary produets, it was, before it was analysed, sup-
posed to consist in part of the fatty aecids of the
bile; but when subjected to ‘ghemical analysis it prov-
ed to be strangely modified fish o0il = the olein of

which had entirely disappeared. In fact, it turned

(+) Sur le Diabéte Maigre dans ses rapports avee
les Altérations du Panereas." Delahaye et Cie.
Paris, 1879.
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out to be nothing else than the but sparingly soluble
fatty aeilds of cod=liver oil which the patient had
been taking medicinally, from whieh all the liquid
principles had been absorbed during its passage along
the digestive canal. This, of course, at onee nega-
tived the idea of bile having reached the duodenum,and
yielded its fatty aeids to the fagees, and at once
pointed to a stoppage of the pancreatic secretion. As
soon as the absence of the panereaticec secretion from
the intestines was discovered, one and a half grain
doses of pure panereatine -~ some of the first, it may
be mentioned, that was ever prepared - was administer
ed (+) to the patient, and it was thought to diminish
the amount of fatty matters voided'by the stools. The
urine was frequently tested for sugar, bﬁt none ﬁas
deteetsd in it until after the pat ient had lost con-
siderable flesh, after whieh its quantity slowly and
gradually inereased during a week or two, and then
steadily continued in varying amounts until the pa=-
tient's death. The urine found in his bladder at the
post mortem Wéa found to be highly saccharine.

Dr H.F.Goodman = "Case of diabetes with fatty diar=

rhoea", Philadel: Med: Times 22nd June, 1878, p. 452.

Col. S.Z., aged 55. Entered the army in 1861, in
excellent héaith, weight about 190 pounds. Had, in

the summer of 1882, an attaek of jZundiee, diarrhoesa,

(+)Sée, Paper by Professor George Harley entitled "Ex—
periments on Digestion" in the Brit: Assoe¢! Re-
ports for 1858, also Brit: and Foreign Med: Chir:

Trans: 1860.



cough, with fever, known as typho-malaria. A return
of the diarrhoea in 1883 and again in 1885. In July
1883 his horse fell on him and he received an injury
of the spine, causing severe pain in the baqk and
limbs. After this he was subjeet to pain in the baek
and.nﬁmbness in the 1limbs. He had had a so very severe
attack of jaundice and diarrhoea geme yvears before

this that he was not expected to live. ’ :

From 1867 or 1868 he noticed his health gradusl-
ly failing. I was first ealled to see him on the 1gth
of October, 1873. Found him emzeiated; weight 125 to
130 pounds, diarfhoea 8o ineessant a8 to confine him
to bed; stools passed involunmarily end of the consis=-
tence of sweet oil, leaving greasy spots on bed clothés.
He passed 2 gallons of water daily. Had no fever nor
pain, only prostration. |

October 1l6th. Urine had specific gravity 1044,
an aeid reaction,’devoid of sediment. Urates and uriec
acid diminished; chlorides normal; phosphates and sul-
phates apparently diminished. Glucose very abundant;
no albumen.

Faeceé contained mucous and epithelial eells in
various stages of disintegration and foreign matter;
but the great bulk fat, in the form of spherical masses
composed of dense aggregations of minute erystals,like
margarine. Examined, together with Dr Da Costa: no L.
tumour was felt in the abdomen. Put on diet exelud-
igg stareh and fatty matters, with quinine and opium
in small quantities. Under this treatment he gained

flesh, the diarrhoea ceased, no fat was noticed in -

31



faeces and the quantity of sugar diminished in the
urine.Whenever he trandgressed in his diet, the diar-
rhoea-and fatty diseharges would return, and urine in-
erease in gquantity. I looked after him for a year,
during whieh time he attended to his business. He
then went under the care of Dr MeClintoek, whé treated
him until_his death, in June 1878,

Autopsy. Emaciated. Abdomeﬁ econtained a small
amount of serum. The periecardium ceontained 2 ouneces
of serum. Heart covered with a small amount of fat.
Left venﬁriela hypertrophied. Aortic¢ semi-lunar valves
showed no marked changes. The orifice was rigid from
atheroma tous changes (one place was caleareous) just
above the valves. The hydrostatie test showed slight
incompetence at fhis orifice. Mitral valve was athere-
matous in places. ‘

Right pleurﬁ. One sac was obliterated by firm
adhésions of the uppeér lobe, in whieh were found nu-
merous ecchymotie patches; the 1oﬁer part contained
a collection of serum and a mass of recent flocuulent
lymph.

ieft pleura, There were a few old adhesions of
the left lung toitha chest wall, a small collection
of serum, but no recent lymph.

Lungs. Left was crepitaﬂt throughout, mueh con-
gesged posferiorly; its uppsr lobe normzl; lowef lobe
on section exudes abundanee of bloody, slightly frothy
serum; its tissue unaltered in consistence. The right
upper lobe showed a number of cheesy masseé, and one
cavity the size of a pullet's sgg, containing thiek

yellowish~-white matter; lower lobe was, to a great ex-
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tent, carnified (compressed by inflammatory exudation)
no cheesy masses,

Spleen was énveloped in a complete fibrous (in-
flammatory) capsule, was large (68 inches), pretty firm,
regular in outline; on section, its tissue was found
normal in appearancs.

Kidneys. The left was much congested,; the sur-
face uneven énd mottled, the capsule adhersnt. On sec-
tion, the vessels were very conspicuous; the relation
of cortex to mesdulla was normzl. The whole organ was
very considerébly enlarged, Thé right preserted about
the same appearance. It wés less congested, and its
capsule was léss adherant.

Supra-renal capsules wers normzl in size and con-
sistence. The medullary portion was perhaps rather
increased in amounte.

Panereas. On ﬁhe left side of the vertebral col-
unn, behind and below the stomach, was found & round-
ed, firm mass, about the size of a large orange. It
wag tightly adherent posteriorly, especially to the
connective tissue above the left kidney. The maaé
was carefully dissected out and found to'be an enlarge-
ment of the tail of the panereas. It was a eyst,with
firm, rigid walls, so rigid that it did not collapse,
nor could even be mueh indented, although its contents
had esecaped during the rémoval, at a point where the
wall was thinned and adherent. Unfortunately, the
fluid contents suddsnly escapéd, and none could be

collected for examination. It was of a yellowish-green
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colour, more fluid in eonsistence than white of egg.
The tumour, together with the rest of panereas, and
ebout six inches of the ducdenum were removed togethsr,
ligatures being placed on the intestine before its di-
“ision. '

Sﬁbsequently, disseetion showed the eavity of the
eyst had no communication with the panereatic duct.
The interior wes lined with a dirty brownish material,
thickly gelatinous in consistence, which could be réah"
dily scraped off, but had no tendency to separate of
itself, Parts of this material were deeply eoloured
blaek. Within the eyst, attached to the right wall,
was found a rounded mass the size of z large plum;hav-
ing & short fibrous pediele. The panereatic duct was
traced from the intestine tﬁrough the length of the
organ as far as the ecyst wall, at whieh point it ended
abruftly. The lumen of the duet was very large
throughout the whole length of the body of the pan-
éreas, and suffered but little diminution as it ap~-
proached the eyst. The portion of the duct passing in
or behind the head of the organ to reach the intestine
wesg narrow, perhaps narrower than normel; the probe |
found difficulty in passing this portion of the duct
as it approached the wall of the intestine. The duct
was opened at the point wherg it passed frém the head
to the body of the pancreas, and here were seen two
small saes or pouches in which some calculous matter
rested. The glandular tissue of the organ appeared to
be entirely atrophied; the head of the pancreas was

represented by a lump of fibrous tissuse, whieh was



continuous with a mass of connective tissue (new
growth) between the stomach, panereas, duodenum and
transverse ¢olon. This éonnective tissue surrounded
the blood vesselé in this region, and received numer-
cus small branches from them, and was evidently con-
strieting and pressing upon the duct.

The common bile duet, which waa‘also involved in
the mass, was somewhat dilated; its entranee into the
intestine, whilst somewhat narrowed, was less inter-
fered with than the panereatiec duct.

The splenic artery was found péssing along the
border of the atrophied panereas and then on the pos=—
terior wall of the cyst, to which it ﬁas adherent.

The vena porta and the termination of its prin-
¢ipal branches were lying in looser parts of the con-
neetive tissue, and seemed not to be interfered with.
The liver was large; its outline pretty regular; its'
capsule marked by oecasional white patehes or spots.
On section its tissue appeared normel. ‘

The zall-bladder contained golden-ecloured bile.
In it were found two small biliary eoncretions. .

The stomaech was contracted. Its mucous naﬁmrane
showed very eonsiderable Post-mﬁrtem change, but no-
thing abnormale. |

Seeing thﬁt there is so much to be learned and
S0 many douhfful points to be eleared up regarding the
nature of pancreatio'diabetes, I think it will be as
well for me to quote a few more cases which I have

come aeross in my search through the literature of

the subject. From the faet that it is still uneertain
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how mueh or how little the derangement in the fune-
tions of the other internal organs than the pancreés
may contribute to produce not only the saccharine con-
_dition of the urine, but several of the other more pro-
minent signs and symptoms accompanying it. This ap-
pears to be all the more desirable, from recent re-
searches having shown that a saecharine urine is asso-
eiated with such a great variety of widély differing
forms of pancreatic disease.

The first case that I shall quote as showing how
widely differing may be the pathological conditions

of the panereas associated with diabetes, is onerheads

ed: - "General fatty degeneration of the pancreas(path- -

ogence und Therapie des diabetes m?llitua" recorded
by Dr Harnack in the Deutsch: Arcﬁt fur Kliniseh Medi-
cine, Band XII1I, 1874 - p. 593, u. diss. inaug. Dor-
bat 1873) | :

A pesasant, aged 33, who had been in éxcellent
health $till within thé last year, was admitted to ths
Hospital, 14th October, 1872. The clinical examina-
tion showed advaneed diabetes; the quantity of urine
14,000 to 18,000 c.c. containing 600 to 800 grms of
sugar. General wasting with econstipation and meteorism.
Slighf anlargemant of the liver with displaceement
above. Lungs suspicious. Later on he developed neur-
algia and daily fever wiﬁh evéning exacerbations.
The appetite became bad, and diarrhoea supervened.
iemperatura rose, dyspnoea occurred and the patieﬁt-
died 22nd December, 1872.

From 18th October to commencement of December the
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quantity of urine fell from 16,000 to 4,000 c¢.c. The l
sugar from 671 to 92.4 grms, the urea from 124 to
51 grms. the density'oscillated about 1030. The
weight diminishad from 82.3 kilo. to 56.3 kilo: - to-
wards_th?_gnd there was scarcel& a tracé of sugar.

Autopsy. Both lungs had pleuritie adherenceé gnd
general hepafisation. Enlargement of liver and spleen
Catarrh of stomach and of the mucosa of ths intestins.
On microscopieal examination of the pancrsas it show-
ed a gangra1 fg;ty_infiltration.

Dr Recklinghzausen records é case of diabetes as-~

sceiated with a"Larges dilated sacceciformed tumour of
the pancreatie duet - Drei F#lle von Diabetes melli-
tus® Arch: fur path! Anat: und Phys: Band 30, 1884,

Peo 360. (+)

:  §., hatter, aged 40 suffered from diabetes sinece
1859; was admitted into the Charity Hospital for ser-
piginous ulceration of the uﬁbilicus and of the nose,
without ever having had syphilis. His urine contain-
ed 4 to 5 per cent sugar, its spécific gravity was
1030. Died 15th August, 1863.

JAutopsy. The pylorus waﬁ compressed by a large
tumour whichdpassed above the transverse mesccolon.
The stomach was slightly adherent to the tumour, mere-
1y presenting a slight thickening and a few haemor-
rhagic erosions of its mucosa.- The duodenum was equal-

ly healthy, the bile duet free. The vena porta con-

(+) The two cases biIDr Recklinghamsen I have trans-
.~ lated from Dr Lapierre's admirably written little
book "Sur le Diabetes Maigre", already referred

toe.



tained blaek blood, little coagulatsd, was contiguous
to the right border of the tumour, and was somswhat
flattened at the point where it quitted the tumour;

its branchses wers healthy. Betwsen the right border
of the tumour and the duodenum ons could sse the head
of the pancreas of which the lobulss were soft. The
panereatie @Quet had its opening into ths duodenum free,
entering normally the head of the pancereas, but irre-
gularly into the tumour, and in sueh a mammer that it
no longsr penetrated the glandular tissue, but the
white hard tissue which went from the hsad of ths pan-
ereas to the tumour. The panereatic duect whiech pene-
trated into the extfemity of the tumour was obstructed
by a concretion the size of a bean. The tumour itself
was the size of a baby's head, almost spherieal and
was formed of a ciosed sa¢, containing a turbid yellow-
ish liquid in which one could see crystals with the
naked eye, (cholesterine and fatty needles) Micros-
copically it was composed of a granular mass with round
tells and débris, The walls of the sae in almost its
entire circumfersnce were 3 mm. thieck. At the poster-
ior extremity of this sac 6ne found a hard body about

8 mm. thiek, whieh on section showed no lobules but
had a glandular aspect. It seemed to be the rggains
of the tail of the pancreas.

In the lungs wers largé'cavities of caseous pneu-
monia. The right superior vocal cord showed an ul-
caration. :

In ﬁhe large and small intestines were tubsreular

uleerations. Slight seclerosis of the larger arteries.
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Dr Recklinghausen also relates a case of panecrea-

tiec concretions with dilatation of duet and destrue-
tion gf glandular parenchyma.

‘B., chimney-sweep, aged 26, died 68th July, 1863,
after -having suffered from dizbetes for some time. |

Autopsy. Left lung showed a recent pleurisy énd
ecasoous pneéumonia, with large eavity. The bronchi had
small uleerations, the same were found in lower part
of the ileum.

Brain ndrmal.

In the place of the panereas was a body which
only resembled it in size and form; it was formed of
lobules of ordinary fat and only contained healthy lo-
bules in the head. In esntre of this body the pan=-
¢reatie duct, largely dilated, containing viscid white
liquid holding in suspension bodies whiceh on analysis
were found to be earbonate and phosphate of lime.
There existed in the middie of the duet a large fusi-
form ecaleculus of 1 ineh long by ;/é ineh broad, at the
side another 1 ineh by 5/% broad. Both had a rough
surface and wers whitish in eolour. The wall of the
dilated duet was very thick and its internal surface
resembled that of thes common bile duct.

I now give some cases by Dr L. Baumal, who be-

‘ lieves all ecases of diabetes are associated either

with maeroscopie or miercseopic changes in the pancreas.

The first I will eite is one headed "Calcul Pan-
créatique dans le Diabéte." (Montpellier Medical, Feb-

ruary 1881, p. 108)
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M.J., a negro, aged 55, was admitted into Hospi-
tal on the 24th July 1880.

He had considerahle gastric "embarrassmentr was
vary feeble and thin. The only thing in his former
history of any note was drunkenness, especially abuse
of absinthe. On the 27th he was noticed to have poly-
phagia, poljdipsia and polwyurea. On the following day
he passed 6,500 gram. of urine gontaining 400 grms. of
sugar, no albumen. ﬁe coughed, and examination of his
chest revealed bronchial r2les and pleuritiec frietion
at base of right thorax posteriorly. Epigastrie pain
on pressurs.

29th July urine 5,500 grms, containing 4092 grm.glucose

30th " » 4,225 " " g8 v e

SISt . " 2,200 " . 150 oY .
On this day he had diarrhoea which stopped on the fol-
low;ng daye.
1st August.Urine 5,200 grms.containing 422 grms.of sugar
3rd " " 4,000 " . 201 " . ¥
4th Diarrhoea returned, the motions being fatty.
7th Some oedema of lower limbs noticed. On the 9th
had selampsia, during which he.pasaed his urine. He
died at”p§§fday.

Autopsy. Erain nomszl. Lungs adhsrent on both
- 8ides, prineipally left. véseating tubercles at left
.apex. Right apex in aaﬁe econdition but not so far
advaﬁced. Right base congested pomteriorly.

Haafﬁ smzall, with conesntriec hypartropﬂy of left

ventriele. Aorta atheromatous and fatty.



Liver of a deép brown colour, normal size. The
microscope showed an inerease of connsetive tiésue in
the portal spaces.

Spleen very small and sclerosed, vesssl walls thieck-
ened.

'Kidneys. Right congested and left pale and de-
colourised throughout. Both had a good deal of selero-
sis and the glomeruli étrophied.

Panereas to naked eye normal, on seetion found
to be filled with ealculi from head to tail. Caleuli
together weighed 1.2 grammes and were almost pure car-
bonate of lime. Tﬁe largest of the size of a pea.

The miceroscopical secetion of the panereas revealed
great hypertrophy of its connective tissue, starting
from the blood vessels and duets. extending to the
finest glandular ramifications. The gland substance
by this inerease of the connecfive tissue was markedly
atrophied.

In the same journal (November 1881, Vol 7,p.406)
Dr Banmallgives another case of diabetss with pancrea~-
tic disease.

M.X., male, aged 50. Entered Hospital July 1880.
The patient was of a 1ymﬁho-sanguine g!mperameﬁt and
"embonpoint considérable."

What was especially remarked was the excessive
redness of his face, with intense fever, 40° G.(104°
Fahr.) Owing to delirium his history could not be.ob-
tained. The left arm and leg painful. The leg, on
examination, showed a swelling the size of a hen's egg

abdve the patella, which was hot. Fluetuation not dis-
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tinet. Pressure or movement increased the pain. In
the afm, situated about the middls of the biuepﬁ, there
was an exactly similar swelling. When or how those
swellings arose could not be found out. In consequence
of the pain the patient always lay on fhé opprosite
side. He coughed a little and left base posteriorly
had fhe physical signs of pneuménia.

The urine, high coloured, had the characters of
a febrile one. The execessive thirst, which tormented
the patisnt was at first thought dus to the fever; as
it persisted the urine was tested and 60 grammes of
sugar were found in the 24 hours' urine.

As fluctuation was recognised in tﬁe swelling of
the knee, it was punctured and a 2 glass of pus drawn
off, whicsh contained no sugar.

The symptoms inereased, fhe delirium and dyspnoea
beeoming more marked, and he died 4 days after his en-

Autopsy. Effusion dn left side, both lungs ad-
Berent and cﬁngested, left having dn addition a pateh
of hepatisation in inferior lobe posteriorly.

The heart, covered with fat, was large énd flae-
e¢id and fatty degenerated. ZEndocardium pale and con-
trasted greatly with the intense reddening whieh ex-
isted on mitral valve and its neighbourhood. The in-
terior of ths aorta was throuéhout its 1engtﬁ markedly
and uniformly red.

Liver very mﬁch enlarged and fatty.

Kidneys surrounded with an extanai?a eellulo-~

adipose covering and were slightly congested.



Splesen of normal size, soft and difflusent.

Pancreas. The vessel walls thickened witﬁ an in-
erease of the'connective tissus. The zglandular eells
fatty. In some of the aeiri the cells were almost ern-
tlrely fatty,while.others contained very few fdt cells.

Dr Baumzl relatea another case in the same Jour-
nal f??'January, 1882, Vol. 48, p. 31.

0.R., a domestie servant, aged 52. Stated that to-

wards end of July, 1880, she noticed féeblaness in lower
limbs, which soon after became painful. At the same
time oedema, limited to the ankles, and most markedlin
the evsnings, disappearing after a2 night's rest.

In youth she had severe ¢olie, about once é month
8 days after ths menstrual period, It lasted about
12 hours. When 15, she began to ﬁave fits after an
attack of typhoid. They occurred frequently during
the year, but ceaéed on the reappsaranee of menstrua-
tion, which had been suspended since the typbhoid fever

At the ags of 16 she had a soft, and at 18, an
indurated chanere and at the same time sciatica. At
25 she suffered from articular pains and a syphilitic
gunms of left tibia.

Hzad had four children, the first at the age of
18, born dead at 82 months. The sscond at 18, an abor-
tion at the 4th month. Third at 20, also an abortion
at the 7th month. The fourth at 23, at term, still
living. -

Wﬁen 40 she passed two urinary caleuli.

For the first tims, she came into Hospital in
1869. She vomited after eating and suffered great ab-



dominal pain.

When adﬁitted & second time - for peritonitis -
she was strong and fat.

In 1879, admitted for a third time, suffering
from haematemssis and polydipsia. Since her peritoni-
tis she had had, at intervals, diarrhoea. ShHe com-
plained of severe pains in fthe epigastrium; frequently
migcturated and passed a large gquantity of urine in the
24 hours. Had a good appstitse.

She.came again into hospital with oedemz of the
fzee and hands. Had a soft ecatarzet in the right eye
for the last 15 days.

On the 10th Oetobsr, while in Hospital, she pass-
ed 3% litres of urine, containing 321.8 grammes of
glu&oss. :

18£h, 1080 ce. of urine. containing 77.7 grms.
of sugzar. - .

29th, 825 ee¢. of urine, with 18.7 grammes of sugar.

On the 8th Nﬁvenber, the suger disappeared from
the urine, reappearing on the 13th February, and on
the 14th it contained 20.8 grms. of sugar.

3rd March. Emacization bescams more aﬁd more mani-
fest,ﬁntil almost a skeleton; and she died in April
fronlnarasmua.

Autopsy._ Skin of a yellow colour, especially
marksd on face.

Lﬁngs. Right,adherent; superior lobe emphysema-
tous; inferior, marked oedsma. Left, voluminous and

congested.

Hearf. General fatty degeneration and valvular
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lesion. A moderately sized caleulus was found in gall-
bladdef. Abundance of fluid in peritoneal eavity and
remainsrof chronic peritonitis.

Paner=as, stomach and spléen matted together in
the adherences.

Liver of é considerable size and fatty degenerated
The capsule adherent to environs; with milky patches.

Dr Baumal thinks although the pancreas was not ‘
microscopically examined it was diseased.

fhis is evidently a very mixed case; for there
was in it pulmonary, cardiac, hepatic disease zlong
with rheumatie and urie aeid, diathesis, plus syphilis.

I now give a fourth ease by the same author in the
same :]:oui*'nal (Mai, 1882, p. 442)

.2., an agricultufist,laged 35. Admitted inté hos-
pital 11lth August, 1881, complainihg of considerable
feeblsness and progressive wasting, dating baek about
two years. He had-polydipsia and polyufea. A thick
white diaéharge from urethra. Had no alcoholie or
venerial history. Had had numerous boils,and on ad-
mittance a commeﬁeing cataract with feebleness of sight.

Liver slightly enlarged. Always fed on vegetables
and smoked hard. : -

On the 13tﬁ, he passed 5 litres of urine, speci-
fie grawity 1035, with 193.5 grms. of sugar. On the
14th, was put ﬁn a nitrogénoﬁs diet. The following
day had-diarrhoea, which was stopped by opium on the
18th. :

éOth urine 3% litres, speeific gravity 1038 with

179.5 grms. sugar. As on the 23rd he had sweated pro-



fusely, he was given atropine. Ths respiration on
right side posteriorly was loud and harsh, with pro-

longed expiration, on the left crepitant riles.

LY
e

3lst August 23 litres of urine, specifiec Qravi-
ty 1030, contained 139.9 grms. of sugar. He now quit=
ted the Hospital for é‘ﬁpnth. On his re-admittance
the 1lst October, he was much more emaciated, Had a
large boil in the nec¢k, pus from which contéined no
sugar. Died on 12th October.

Autopsy. Left Lung smail, ecarnified, did not
crepitate between the fingers. Right lung-apex with
tuberculous infiltration.

Heart - concentriec ﬂypertrophy of left ventricle.

Liver large and hyperaemic. |

Pancreas. Head grated on éection and was colour-
ed yellow by Bile. Throughout the whole head wsre
many very small c&ncreaions. The tail of the organ
was of & wine-red colour. The mieroscope showed the
acini to be completely atrophied; in their place were
a few fatty cells. Connective tissue increased and
the walls of the fessbls hypertrophied.

Kidneys. Left 1argé and coﬁgasted, especially
the cortiezl ?art. Right diseoloured in superior and
inferior part, in c¢entre markedly coloured.

Brain, pons and medulla had nothing abnormal.
There was some oedema of the sﬁbaraehnoid.

The next case I will eite is one of afrophy of the
pancreas,published by Dr Lancereaux, in the Bull:ide 1'Aca-
demie de Medé 1877 (2nd series,Vol.VI.p.1l215) under the

title of"Coliquas-at vomissements;polyphagie et poly-
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dipsie, glucosurie; amdigrissement rapide et excessive;
1ésions pulmonaires;muquet de la bouche et des grandes

lévres; mort. Destruction complete du tiers moyen.du
pancreéas, atr&phie des deux autres tiers. Hypertro-
phie des glandes de 1'estomac et du duodénum."

.5;2;5., female, aged 6l. Family history good,

no gout, nf rheumatism. During 30 years she acted as
conciérge, living morelor less in demp apartments. In

spite of this her health was good till September 1875,

at which time she was seiged with vertigo, vomiting

and colie whiceh lasted, with intermissions, for 36
hours. On ths 18th November, 1875, she was admitted

into iaribcisiére, under Dr Guyot, who found sugar in

urine and put her on diet with gluten bread. During
her stay in Hospital she first suffered frmﬁ polypha-

gia and the presence of an epigastrie swelling was

found. Returning home, she drank 3 to 4 litres, her
appetite was insatiable. Now and fhen she suffered

from diarrhoea, progressive weakness and wasting, work
becoming more and more irksome. In Marech 1877, she
was admitted into Hosfital St.‘Antoina, under Dr Anger.

She was pale, wasted, with very little adipose tissue.J
She 108k her hair,and her teeth were bad, skin thin
and dry, the tongue furred. Appetite and thirst ex-
. cessive. Liver enlarged. Spleen normal., The sight
slighxlf feeble, intelligence and sensibility normal;
but lethargie, and walked with difficulty; osseous
pains. On 12th March, urine 8} litres, aeid, pals,
slightly turbid, specifie gravity 1035, containing 373

grms. sugar and 2.5 grms. of albumen.



Cont inued mueh in same state till 6th April, when
pneumonia appeared, followed later by furuncles:. 1In
September she suffered from diesrrhoea for 3 weeks and
for some days, without any cause, almost cohtinuoua
sommolence.

7th Oétober urine 3 litres, conteaining 150 grms.
sugar and traces of albumen. Auscultation revealed
implication of the laft apex. Temperature 37° in
morning, 38° C. (100.4° Fahr;) in evening. | Thrush
on the lips. - ; ' .

18th Oﬁtober there was a fresh eruption of fur-
uncles (8 to 10)

18th October the urine (about 4 litres) contzined
only 35 grms. of sugar per litre. Specific gravity
1029.‘ Anthréx of the sacrum occurred.

The following day the @eﬁpefatura re8¢ to 40° C.
(104° Fahr.) in the evening and coma set in. Died
25th October.

Autopsy; Slight oedema of legs. The anthrax 4 .
centimetres large, showed alblack centre. Nothing
special in brain or spinal cord. | '

Lungs. The left showed a caseous infiltration
of the upper lobe with adherencea.' Thé right inferior
lobe, three centres of lobular pnéumonia. No tuber-

. eular grahulatioha; . .

Heart muscles-fﬁiable and greyish. The aortic
vaelve small, papilliforﬁ vegitationse. -

The stomach contained thick vis&id mucus.

The pancréas was remarkably altered. beiﬁg divid~

ed into three distinet parts. The first part econsist-
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ing of the tail, was firm, hard and manifestly atro-
phied. 1In the second part, whiech consisted of rather
more than middle part of organ, the pancreatiec tissuse
had entirvely disappeared, and only with difficulty
could the duet be found. The third part, consisting
of thelhead, was small amd atrophied, nsvertheless it
retained its form and showed glandular tissues. A
probe could not traverse the duet in the middle part.
Mieroseopically the tail showed atrophy and fatty de-
genefation of the epithelium. The head,'increase of
the inter-lobular fibrous tissue with atrophy and fat-
ty degeneration of the epithelium. The solar plexus
nornel. Liver weighed 1350 grms.- Spleen 254 grmé.
firme Two kidneys 3860 gfma. normal coloﬁr, consis-
tenee firm.

To this case Dr Lancereaux adds another interest-
ing one, entitled:; - *Diabete sucré,'polyphagie et
polydipsiaﬁ glucosurie, amaigrissement rapide;lpneuy
monie lobulaire avec large excavation pulmonaire. Mort.
Obstruetion des deux eanaux pancréatiques rar les cal-
culs de carbonate de chaux; dilatation de ees eanaux
et atrophie du tissu glandulaire; hypertrophie des
glandes de 1l'estomac et du duodénum, "

J+B., Cabinet-maker, aged 42, Had 4 children.
His mother died insane, his father still living. Had
syphilis at 20, afterwards he was in good heslth till
spring of 1874, when he had anthrax of the back,about
the same time he noticed increase of appetite and
thirst. Soon afterwards he suffered from weakness

which étoppad his work. He had intense headaches in
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1876; and caries of the teeth. In the summer insati-
able appetite and great thirsf; he stated that he
passed 14 litres of urine during the day. In August
he had oedema of the lower limbs, which lasted for a
weeke. 28th November he was pale, very thin, and grow-
ing weaker day by day. He had inexhaustible thirst
and hunger and polnuria. Examination of urine showed
diabetes. All the organs seemed healthy, liver slight-
ly enlarged, no vomiting, mo diarrhoea.

During December he passed 8 to 8 iitres of urine
per day, acid and very pale. Specific gravity 1030
to 1039; 500 to 580 grms. of sugar; urea medium 20
grms.. The 8th December he commeneced coughing and show-
ed tﬁe characteristiec symptoms of acute pneumonis,
which later developed into phthisis. In January his
appetite diminished, gums became spongy, bleeding, and
separated from the teeth. Quantity of urine and su-
gar diminished. _

15th February had diarrhoea for first time, fol-
lowed by constipation. He fell into a state of ex-
treme marasmus and could not retain either fasces or
urine. He became. somnolent, ceasing to eat, and died
on 8th March.

Autopsy; Brain normzl. Both lungs showed case~
ous masses aﬁd cavities, with incrwased pigmentation
and fibrous tissue. Liver weighing 1430 grms. hyper-
aemie. Spleen enlarged. Kidneyg someﬁhat eniarged,
the left containing a ejst the size of & chestnut,
otherwise normal. Stomaeh dilated and its coats hy-

pertrophied.



Pancreas considerably diminished in size, soft
and flattened. The parenchymatous substance being
transformed into a greyish or fztty granular mess. The
duet, a little zbove Vazter's ampulla, was dilated,.con-
taining numerous ecalculi; ezleili z2lso in the smaller
ducts.Semi~-Iiunar ganglia zppsared hypertrophied.

While referring to these cases published by Lan-
ceresux, I mey 28 well mention that in L'Union Médiesl
(7th Pebruary, 1880) he gives the following graphie
description of what he regards as the characteristies
of Pancreatic Diabetes.

®In the midst of apparent health the patient is
surprised by frequent desire to micturate, an inor-
dinzte appetite, and an-insatiable thirst, associated
with 2 rapid loss of flesh. Polyuria, polydipsia and
polyphagia are the esarliest phenomena of the di sease,
though the prineipal sign is the saccharine condition
of the wrine., The gquantity of sugzzr passed varying
from 40 to 66 granmes, Or even amotmting to as much
as from 8 te €0 per litre {= two pints) While the
amount of watsr passed in the 24 hours may vary from
5 to 10 litres.

Along with these signs =né symptoms there is at
the same time & marked &nd z rapid diminution of the
intellectual feeculties ss well as of the physieal pow
ers. The duration of the ﬁi#aase is short. Death is
the econstant tsrmination. It mey be due to 2 compli-
eztion - as, for example, to phthisis, to inflammation,

to anthrax, or to gangrene; but in any ezse it oceurs
within two yesars of ths onset of the illness - and
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the autopsy reveals atrophy with more or less compkete
destructive degeneration of the pancreatic tissues."

The next two cases in which an atrophied pancreas
ccecurred with diabetes were found in the pathologiecal
note-book of Professor Worm M#ller by Professor Sophus
Torup. The e¢linieal history was kindly translated for
me byIDr Julius Niecolaysen from the case book of the
Rigoho§pital Kristiania.

I.E., a female, aged 21. admitted on the 10th
September, 1877. She had always been in good health
until the spring of 1875 when she became thin and
very weak; always felt eold, had increased hunger and
thirst, with frequent and profuse micturition. Men-
struation ceased, having been previously regular.

In May, 1877, she had amblyopia, due to soft
cataraet of both eyes.

The only thing 1ﬁ her family history was her mo-
ther died from consumption and a brother had epilepsy.

The patient was very thin, weight 35 kilos. Eat
and dfank a good deal. PFelt cold. TemparatureISS.loc.
(97° Fahr.) Pulse 100. Respirations 20. Tongue"
clean and teeth good.

The left apex -‘want of resonance, with rales on
inspiration. Right apex - expiration prolonged and
_inspiration harsh. Urine from 5 to 6 litres daily,
pale colour, specific gravity 1030, containing 5 to 68
per cent of sugar and a trace of albumen. Chlorides
normal, ﬁhosphates abundant. Mieroscopically a few
lsucoeytes but no tube-casts.

12th September put on diet containing 2 rusks,30
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grms. butter, 750 c¢e. of coffee, 500 ce. bouillon, 4
rissoles, 2 eggs, and 250 ec. of claret; the quantity -
of urine fell as did also ths sugar.

20th September the appetite failed and Bag |
fish instead of meat.

26th September,honly took water and a litre of
bouillon for one day. Then continued with diet. 23rd
Novembher abdominal pain and vomiting, which recurred
on 27th.

On the 28th November, had a feeling of oppression
over the cehest. Respirations 28. Pulse 136, small and
hard. Died in the night.

Analysis of the urine.

Date Quantity 1n'cc. S8p. gr. Sugar per cent
11th September 5000 1030 5.7
20th " 2500 1035 5.3
27¢h " 1540 1022 2.0
30th " 1335 1029 3.2
1st October 1345 1031 3.7
8th " 2750 1032 4.7
15th " 3000 1025 3.1
Soth 2250 1020 3.2
24th v 2750 1020 2.7
31st " T 1022 2.9
7th November 3125 1024 3.4
12th " 1750 1028 3.8
Slst " 2500 1028 3.3
28th = 1750 1020 1.8

28th . 1500 1018 i e
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"1t' 18 seen the quantity of sugar greatly de-
qreasedftowarda the fatal termination, as so often
happens in pancreatiec cases.

Autopsy. Very emaciated, rigor only in upper
limbs.

dranium - Dura normzl. Pia mater hyperaemiec and
some oedema posteriorly. donvolutions normal, the
white substanee sontained some small haemorrhages.

Ventrivlsas somewhat dilated; riéht cornua the
size of little fingsr; the left obliterated by adhe-
sions. Pons normel.

Thorax - Heart's substance anaemic and fragile,
Pleural cavify contained a small quantity of fiunid.
Left Lung - Superior lobe pale. Inferior lobe of a
brown red colour, due to hypostasis. In centre an
infiltration the size of a nut, which on sec¢tion show
ed a cassous centre surrounded by fresh foei yielding
a whitish fluid; but no distinet tuberele. Right lung
- 8lightly adherent, of normel appearance, except infer-
ior lobe which was oedsmatous. Bronchi somewhat hyper-
aemic amd eontaining a sero-mucoid fluid.

Abdomen. Spleen of normal size but'anaemic.
Kidneys - lsft of normal size, capsule easily removed,
on section cortieal parts somewhat yellow. The epi-
thelium was fatty degenerated, especially the convolut-
ed tuhes. Right slightly enlarged. Capsule not ad-
herent. Secattered over its surface were a few yellow
nodules, which were found to be composed of an infil-
tration of leucocytes. Pelvis contained a few small

erosions.



Bladder dilated, mucous membrane injeeted and
in parts sroded.

Liver normal. Stomach - mucous membrane thiek-
ened and yellowish grey. Intestimes normal.

Pancreas very small and flattened.

The next case, from the same source, is that of:-
A.T., a youth, aged 17. Admitted 22nd January 1878.

The patient stated that when 4 years old he was
confined to bed for a ecardial pain. Otherwise always
in the bsst of health, until two years ago. The cause
he beslisved to be extra hard work, getting frequently
wet and sleeping in & c¢old room.. He then noticed that
he was sontinually drinking and had to rise two or
three times in the night to mieturate. Soon became
weak and was unable to work. Had had furuncles on
neck and cheek, some as large as aprles. In spite of
the gréat appetite he grew very thin. On consulting
a doctor_he was told he had diabetes and was giyen a
mixture and ordered a diet.

In the summer, 18 months ago, his abdomen swelled,
apparently without ceause, and in the same manner went
down again in thes autumn. A year ago his sight became
dim. Shortly before Christmas, he had two attacks of
violent pain in the upper part of his abdomen, lasting
some hours. They were so severe that he believes he
lost his reason during the seizure. There was no diar-
riioea or obstruetion to account for them. The patient
on his admission was very weak and thin, could not sit
up without support. The tseth carious, tongus moist,

and furred. Appetite bad, and did not like meat.
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Bowels regular,.

He was ﬂafrow chested. The supra~-c¢lavicular re-
gions hollowed, jugular veins prominent. Pereussion
gave dulness and auecultation rflss over right apex.
Abdomen large, ralaxed and veins dilated. Oedema of'
right foot. Pulse 104, very small. Resﬁirations 32.
Temperaturé 37° C. (98.6° Fahr.) | .

He passed indthe day 4.7 litres of elsar, light
coloured urine. Acid, speeific gravity 1020, con-
taining 5.7 per cent of sugar, no albumen. Chlorides
normzl, phosphates abundant,

23rd Januvary. Had not-slept owing to cough.
Sputum muco-purulent. He was put on a diet.

On 9th Pebruary his breath had a peculiar odour
liks onions.

On the 20th thirst diminished. Cough increased.
Headache and oedema of eyelids and.scrotum.

Oon Mareh 1lst, Slept well during the night, but
at 5 a.m. taken suddenly ill. Breathing heavy; face
congested, moist and red. Mduth firmly e¢losed but he
was quite conseious. Pulse 132 only just.able to be
counted. At 8 a.m..his faee became pale, pupils di-
lated. .Reapiratioﬁ very slow, pulss could not be
countéd, and he died at 6.45 a.m.

Urine analygis gave aq_ﬁ?llowa: =

Date Quantity in litres Spe. gr. Sugar per cent
23rd January 4,750 1020 5.7
28th " - 1.750 1020 1.8
20th 1.250 1018 0.2

lst February 1;500 1012 traces
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" 9th Pebruary 1.000 1022 1.3
13th " 1,750 1024 1.7
19th " 1.500 = 1.2
23rd K 1.500 5 0.5
25th " 1.750 - 1.2
27th " 1.000 " 1.8

The urine eollected after death, containsd neih
ther sugar nor albumen. |

Aut opsy. Extrame.emaciation, weight pnly 25 kilos.

Pericardium adherent (4 - 1 millimetre thick)
easily separated, showing some haemorrhagic points.

The museular substanece of heart pale and trahsiucent,
but not fatty. Valves normzl. Microscdpically, fine-
1y granular and in parts the transverse striation
wanting.

Both pleura contained a limpid red fluid.

Lungs. Left, superior lobe anaemie, inferior lobe
in 1owerlpart airless and of a blue-black colour; reat
hyperaemie and osdematous. Right, upper lobg adhsrent,
containing a eavity size of a hen's ‘egg, half full of
purulent pus; walls in part smooth and in part formed
by >débris of lung tissue, covered with a fibrinous
membrane in which the ends of numerous small brpnchi
could be seen. Deeper in same lobe some small cavities
filled with pus, the walls formed of degenerated lung tis-
sue. No tubsrecles. Surrounding parts airless. Middle lobe
anaemie and oedemﬁtous. Inferior lobe, lower part of
a bluish colour and eollapsed. Bronehl contain puru-
lent matter. Bronghial glands enlarged, pigmented

but not caseous: In the region of the bifureation of
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the trachea was situated an abscess, ths size of a
pigeon's egg; containing yellow pus, and surrounded
by & grey wall of neerotie tissuse.

Peritoneal cavity contained } litre of limpid
fluid. Spleen, enlarged, of a brownish-grey colour,
125 grms. Liver weighed 1,380 grms. On section 104
budes not.well defined. Very little fatty tissue rownd
kidneys.

Kidneys. Left, weight 178 grms. Capsule slight-
ly adherent, surface smooth. On secfion somewhat hy-
peraemiec. Right, weight 135 grms. otherwise as left.
In both pelvises some of the papilla®e covered with
urie aeid.

Bladder, prostate and testicles normal.’

The pancreas only weighed 85 grammes (about 24
ounces) Stomach and duodenum mormal.

The examination of the cranium éhowed nothing
abnormel.

Seggen in his work on diabetes at p. 116 gives
the fo}}qw;ng case. -

Herr W., a native of Vienna, aged 58. Two sis~-
ters died of melancholia. He had always besn of sound
" mind, and had good health,although very stout. For
some years was in France and whilst there noticed
great thirst, wﬂich he attributed to change in the
manner of living, and he now remembered that he had
eaten a quantity of sweet: things there. During the
war of 1866 he was very exeited, and in the autumn
noticed that he was much thimer. In October, 1866,

while in Paris, he again suffered from great thirst.



In the night of October 25th, he voided a large quan-
| tity of urine and on rising in the morning had great
vertigo so that only with assistance could he keep up-
right. He returned to Vienna. His urine on 28th 0Oe-
tober contained 6 per c¢ent suger. During winter and
spring of 1867, urine analysis was! -

24 hours' urine. Sp.gr. Sugar Urea

- 'p.cent per diem p.gent per diem
14.Peb. 3200 cc. 1031 2.95 94,4 2.78 88.9
15.4pr. 2880 cc. 1035 4.58 132.0 2.30 66.2

‘ Iﬁ May, 1867, he wenﬁ to Carisbad. ﬁis condition ;

was as follows: - Face pale, anxious expression, eyes
somewhat staring. Body not emaciated, weighing 132
pounds. Skin dry. Great appetits, dryness of mouth.
Tongue on both sides fissured. Thoracic and abdominal
organs normel. Some museular.weakness.
-Urins ; 24 hours sSp.gre éugar

per cant per diem,

1lth May 2500 cec. 1035 4.5 113.0
19th * 2880 2 3.1 90.4
24th " 3520 - S egos
3lst " 3200 e N 80.0
7th June 2800 1015 0.7 19.6

Weight at thse end of course 130 pounds. In the
winter of 1867-8 he got continually weaker and thinner.
Appetite remained good, but he had a very bitter taste

in mouth and sometimes so much so that he could not eat.

: Sugar
Urine Daily quantity ‘per cent per diem
3rd February 3540 ce. 4,55 166.2

3rd Mareh 34380 4,00 139.0
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3rd April 3700 3+26 124.3
On his return to Carlsbad, in May 1888, he waé
markedly thinner; weight only 103 pounds.

19th May Urine 4500 cee 3¢5 PeCe 157.5 grms. sugar

2nd June 5250 3.5 183.7
14th 5850 3.8 213.7
o5th " 4875 3.8 185.2

In 1869, his weight on arrival at carlsbad, was

103 pounds.
11lth May Wrine 4420 cc. Sugar 4.0 per cent.
19th 5100 4.2
25th - 4080 2.2
1st June 4040 (12 hrs night)2.4
3080 (12 hrs day) 4.2
8th June 2040 (12 hrs.night)3.8

3060 (12 hrs.day) 4.l.

Weight increésad to 106 ﬁounds. 'Patiant found
himself better. 1In October, 18692, he died suddenly
in the night, after having spent the ewening as usual
in his Club:

Autopsy Caseous infiltration in both lungs.
Liver small and withered. |

Pancreas shrunk to half its size and soft. Ganglia

of solar plexus small and withersd. Cranium not opened.

The following pancreatic cases complicated with
disease in dather .orgens have been recorded by Dr Fr.
von Frerichs in his work on "Diabetes."

The first is entitled a case of iDiabstes with
digease of the Pancreas."

C.W., workwoman, aéed 27. In the spring of 1880
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suffered from pain in the gastric region, with great
thirst and weakness. The patight eame into Hospital

in June. She then passed 8 litres of urine daily, econ-
taining 6 per cent of sugar. Had bleeding from swollen
gums, the epigastrium was both painful on pressure and
distended. Temperature 368° C. (96.8° Fahr.) She was
put on a 6arefu11y regulated diat and given opium.
Later_appatita failed, there was increased swelling in
region of stomach, sleeplessness, sweet smell of
breath, the urine cecontaining acetone. Chloral hy-
drate given for the sleeplessness; urine inersased to
8700 ee. with 7 per eent of sugar. Oedema of fest su-
pervenad. Painful cough, bronechial rfiles at both api-
ces, and.profusa expsctoration. Thrush of mouth. Acs-
tone disappeared from the urine before death on Sth
Noveklpers

Autépsy. Both lungs contained cavities with
cassous infiitration.

Heart very pignented, no fat.

Panecreas. Above transverse colon and bound to
the stomaeh was éituated a sharply defined tumour, the
size of a goose's egg. It was firmly connected to
the posterior wall of stomach, in the position of the
panereas, of which only the head remained. This eyst
.gontained 300 grms. of turbid, elayish fluid. Behind
it, and sufioundad by a false mambfana, was situated
an atrophied bit of pancreas, containing haematoidin
erystals and granular cells.

The gastrie mucosa thiékened, folded‘qnd dry. ILi=-

ver of a brown colour and atrophied. Splsen anaemie,
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Vault of eranium thin, brain substance anaemie, oedema
of pia mater.

A furthér case of diabotes equally associated
with panecreatie disease is the following: -

E;E., needlewoman, aged 3l. Was suddenly taken
ill in July, 1875, after an over-indulgence in haricot
beens. Three days later she had jaundiee, whieh last-
ed 14 days, accompanied by eardiac weakness and vomit-
ing. This was followed by diarrhoea and wasting, great
hunger and thirst. The urine 11300 cec., specific
gravity 1030, eontained 596 grms; of sﬁgar. Weight
35.5 kilos. Was put on a diet of meat and eggs, the
quantity of urine fell in 6 days to 3600 cc., specifie
gravity 1015 and contained 1.3 per cent (46.8 grms.)
of sugar. The weight decreased to 33.5 kilos.

On é mixed diet for the hext 6 déya, the urine
rose to 5600 ce., specific gravity 1032, eontaining
4648 grms. of sugar. The weight increased to 34.5
kilos. . |

The patient was again put on an animal diet, the
urine5falling to 3000 ce., speeifie gravity 1015, con-
taining 43.2 grms. of sugar. Weight fell to 33.9 kilos.
The diet could not be continued, owing to lung mis-
chief and fever. The phthisis lasted 4 months, the
weight falling to 28.5 kilos. A The urine during the
last week for severai‘days cdntained no sugar. Before
death the sugar was le.2 per cent, and at last 0.3
per cent. The urine df cadaver free from sugar;'

Autdpsy. Lungs contained cavities. Heart'soft

and small. Liver, spleen and kidneys normzl. Mucosa



of stomaech and intestine loosened, the intestine con-
tained small yellow nodules.

Pancreas. The head coﬁverted into an abscess the
size of an apple, containing a thiek yellow pus. This
abscess was not connseted with the duet. A small por-
tion of the tail remained.

Dura mater posterioriy and on left side pachymen-
ingitis. 1In the substance of the cerebellum a small
calcareous tumcur the size of a hazel nut.

Dr Frerichs refers to another case, Belonging
to the same class, It is entitled: - Carcinoma of
head of Pancreas.. Closure of bile and pancreatie
duects. Jaundiee; Haemorrhage from intestine. Dia-
betes Mellitus. Dysentery. Dsath from marasmus,.
0ld capillary blood extravasations in Pons Varolii.

W.V., brick-layer, aged 50, admitted into Gliﬁio
13th February 1854, died 9th April. He had had tran-
sient pain in the region of liver during the previcus
year. To these pains he did not pay speeial atténtion,
as they did not materially affeet his health. Since
the beginning of December, i.e., three months, he be-
came gradually jaundiced, the pains were more marked
and radiated from the hepatie region towards the right
shoulder, During this time his stools were somet imes
tarsy, Wﬁich could not be attributed to his food.

On examination the skin was of a yellow broﬁn
colour, the abdomen soft, slightly distemded, without
pain on pressure. Liver somewhat enlarged. ‘A round
tense tumour was'aituated in the region othhe head

of the pancreas, which was painful on pressure, above
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and to the left of this, another tumour was foﬁnd on
deep pressure, nodular and movable, but its bomndaries
could not be distinetly defined. His appetite continu=
ed good, there was no vomiting. Pulse small and 80.
Hesrt mormai. At the apices of both lungs were rales
and dulness on percussion. The urine 3400 to 5000 ce.
Specific gravity 1009 to 1018, contained 1.08 to 3.8
rer eent of sugar. No albumen. ‘ F

In spite of farious treatﬁenta, he gradually
lost flesh. The stools contained blood without admix-
ture of biie. From the 7th April his urine was acid,
econtaining biliary pigments, without a trace of sugar
and on 9th at 1 o'cloek in the morning, he died from
mrasmus: i

Autépsy 8kin jaundieed, no oedema.

Cerebral meninges yelldw and mediuﬁly rich iﬁ
blood, the cerebral substance ths same. In the Pons
were brownish red aglomerations of pigment due to
old eapillary haemorrhages.

Tubercular infiltrati&n of lunge. Heart normal,

Peritoneal eavity contained 1} pounds of bilse .
stained fluid.

‘Spleen adherent to colon, of normal size, eapsule
thickened, its parenohyma_soft.

Liver, situated lower thaﬁ normzl. Not enlarged,
sharp border and smooth surface. Gallleadder enor-
mously distended, contained 11 o0z. of black-~brown bile,
in whieh floated largs crystals of cholesterine. The
bile duets were so greatly dilated as to give the sur-

face of the liver a feeling of fluetuation. Their
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mucous membrane had lost its eylindrical epithelium
and in its place were squamous cells in a state of
fatty degeneration. Thé iiver substance moist and
soaked in bile. Thé liver cells for the most part

not fattye.

= PFho, VI

Careinoma of head of Panereas. Closure of bile and

Panereatie duects

Panecreas connected with pylorus and duodenum.

Its head converted into a medullary ecancer. Inside
the cancerous mass the duct of-Wirsung dilated into a
cyst, contained a colourless mucoid fluid. The rest
of gland mérked;y atrophied. fSee Figure VII)

Kidneys jaundiced, ofhérwise nermale

I will eite yet anﬁther case from Fferich'g work
as it is equally interesting: - entitled - Diabetes;
phthisis; choroidal plexus adherent to calamus sqrip—
torius; slight nephritis; complets atrophy of panereas

with marked dilatation of the duct of Wirsung, which
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was f%llsd with ehalky_boncretions.

B., chimney-aweep, aged 286. ﬁaa first séen Septem~
_ber, 1882, complaining of thirst and emaeiation. Under
treatment with opium, somewhat improved. In 3une,1863,
great emaciation and museular weakness.. Dulness of
both apieces; right with bronchial breathing and con-
sonating rédles, the left prolonged vesicular expira-
tion..

.Saliva aeid. Mouth and pharynx red and swollen.
Painful sensatioﬁ in epigastrium and loss of appetite.
Bowels regular. Liver unaltered. Spleen enlarged.

Had hectie fever.

Uriine 8 to 7 litres, speeifie gravity 1031 and
rieh in sugar. Treated with Carlsbad water and opium
At first remained mueh the same, only suffering from
night sweats and intercostal neuralgia.

On July 3rd lost his appetite, marked diarrhoea,
The urine, which had beeﬁ pale, became dark red and
fell to 1700 ce., specifie gravity 1027,

On 6th July urine only 400 ce. speéific gravity
1027. Sugar had disappeared and albumen and c¢asts oo~
¢urred. At this £ime both apiees had physical signs
of eavities. Dyspnoea set in, and the patieﬁt died
from exhaustion on the 7th Julye.

Autopsy. Both lungs containsd cévitias. Heart
normal. ,Duré mater thiekened. Pia oedematous. Brain
.subgtance pale. Spleen enlarged. Kidneys both en- .
larged, cortex.and medulla reddened. Epithelial cells
fatty, ecapsule of glomeruli thickened, interstitial

tissue inereased, but loose.
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Liver enlarged, brownish-red; cells small,

Small uleeration of ileum, follieles Bwolien. Me-
senterie glands enlargsd.

Panereas. The whole gland converted into lobules
of fat, only at the head some lobules of gland tissue
remzined. The panereatie duet greatly dilsted and
varicose, eontained a ceolourlsss fluid, in which was
suspended small particles of earbonate and phésphate
of limes In the middle of the duect, a spindle-shaped
concretion 1 ineh long by 3/g ineh thick, and nearer
the duodenum another 1i inches long by %/é ineh thick
were found. The walls of the duet were thickened; its
branches eﬁdsd in blind proeesses in the connective
tissue separating the lobules of fat. The whole se-
ereting substance of the gland being'destroyad.

The next two cases are from the work of Edward
Ktily "Reitrfige zur Pathologie und Therapie des Dia=
betes_@gllitua' (Marburg, 1874)

E.D., aged 26, servant girl. Only remembered’
having.meaalea a8 a ehild. Had menstruated regularly
ginee she was 18. Four wéeks before Christmas, 1890,
she menstruated, the day after, when washing the house
she got her feet and elothes wgt, which was followed
by sudden c¢essation of menses. She continued working
. although feeling ill. Had great thirst and had to
rise 2 or 3 times during the night to micturate. She
had some derangement of vision and said she could not
collect her thoughts. On 7th January she stayed in
bed, and as she daily got worse she entered the Hos-

pital on 12th January. Her appearance was as that of
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one suffering from-typhoid. Temperature 36.8° C,
(98.40 Fahr.) Muscles flabby. Skin rough and dry.
Exa@ination of her ayea'reveaied nothing. Her voiée
was whiney. No physical signs of diseasé. She was
melancholy’and somewhat inclined to ery. She sexereted
sugar even when taking no carbo—hydrates.- The menses
which had so suddenly ceased, never returned. She
died suddenly, 12th February, 1872, the disease having
1asted_ope year and pwo months.

Autopsy. Lungs pignented; indurated, and dry on
section, somé'emphysema.' The kidneys seemed macro-
scopieally fatty. The .1iver normael in size. Panereas
small. Brain blocodless, the zonvolulions somewhat flat-
tened, the ventricles almost free from fluid. In the
plexug_gmall cysts. :

J.U., aged 55,. miller. Had suﬁbre_d from typhus
in 1848 and pneumonia in 1860, otherwise he had al=~
ways had good health. He was nbt able to give any
cause or time of commeneement of present illness, but
found he was not able to work as well as formerly.

He had never noticed any furuncles. In 1863 he found
he could not see as well aé formeriy, and since 1865
Be had been completely blind. Soon after entrance
into Hospital he besame samewhat deaf. On examination
. ' he was found to be very emaciated. Skin withered and
desquamating. Subcutaneous fat diminished. He never
had swollen glands. Musceles flabby. Both eyes had
marked opaeity of ienaes. He was déaf in both ears,
only hesaring when loudly'spoken to. Examination of

ears showed no ceause for deafness. Thorax very rigid



and flattened in front.on left side.The percussion nots
more dull on right sids anteriorly than on left. Ausculta-
tion throughout harsh vesicular breathing'with ﬁrn-
longed expiration, but no rédles. Cireculatory system
normal. Tongue elean. Great thirst and appetite. The
liver was normal in size, and the bowels sluggish. The
patient had taken very little notice of his illness,
only being discontented. when not able to get a§ ﬁuoh
food as usual. He only passed sugar when he took ear-
be-hydrates iﬁ his food. The patient died from mar-

Autopsy Lungs aitered as so often found in dia-
betes. Mieroseopical examination of liver, kidneys
and médulla showed no alteration. The middle part of
the Panecreas was small and narroﬁ.

If the diabetes is to be taken from the time of
the changes in the eye, it had 8 years'-duration.

This case, although one that I attaeh comparative-
ly little importanee to, I think it right to quote, as

Lécorché - De la cataracte diabétique. Areh? Gan:.
de Med: 1861, Vol. XVIII, p, 70. Amblyopie diabétique
gravé, due 2 1'atrophie des rétiines; eataraocte dia-
bétique strife survenue deux ans aprés le debut du
diabéte, chez un sujet de 45 ans; etec.

X., aged 45, piano-maker, was achiitted into 1'Ho-
pital de la Charite, under M. Rayer, 8th June. Died
28th August, 1858. The patiént never suffered from

any serious disease. At the age of 20 he suffered from

2 gonorrhoea, which'oecurrsd three or four times. La-
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ter he had a ehanere and mucous plagques. In 1858 he
had sore throat whieh recovered without‘trsatmant; the
same year he had intestinal troubls whieh he could
not definitely speeify. It had marked effeet on his
health and laft him wiﬁh intense thirst. His general
health became worse, emaciation became pronounced in
spite of excellent appetite, and he became graduzlly
weak and lost sexual powers.

In September, 1887, X. was taken with severe head-
ache, lost his sleep and noticed that his aight_was
defective; at the distance of 4 or 5 metres he could
only see objeets indistinetly. This amblyopia per=-
sisted some time when, without known cause, it gradu-
ally improved. A Doctor whom he consulted found him
to be diabétié and advised him to go to the Hospital.

In the commeneement of 1888 he entered the Lari;
boisidre, but he was unable to eontinue the Gluten
dist because of frequent diarrhoea. The urinse con-
tainsd mueh sugar, but no albunen. In‘May, 1858 the
emaciation was more marked; he had profuse sweats and
eough, without haemoptysis, although auscultation re-
vealed tubereulosis of both sides. The appetite had
almost entirely disappeared, the éhirst always intemse
Mieturition frequent and abundamt deprived him of
sleep. The gums wers soft, the teeth brittls, d;ar-
rhoea‘continunua.'

The defeet df vision was more pronouneed than
ever, He shpwed signs of atrophy of retina as well
as céﬁmsncing cataraet in the left eye.

In Juns he was admitted into"L& Charitsd", but he



had so severs a diarrhosa he was unable to be subject-
ed to any treatment.

The tuberculosiéawhich hitherto had besn latent,
hastsned its progress and he was soon unable to leave
his bed. His urine, which was frequently examined,
containéd large quantities of sugar; towards the end
of June it contained only tracees and at this time it
ebecame albuminous and his legs oedematous. This ceon-
dition continued without any material change till his
death frcg_phthisia.

Autopsy. The abdominal veins sseemed abnormally
large and thé sub-peritoneal tissue very injeetsed.
Liver- showed marked injection of its large capilldries;
colour normal; consistence somewhat hardened. The sec~-
tion was a dark reddish brown and the branches of the
vena porta were a ceonsiderable size. Spleen showed
nothing abnormal. The Pancrsas was.small, as if atro-
phied; The left kidney large, weighed 210 grammes.
Gapsuia not adhersent, on section showed tha sacond‘
stage of Bright's disease.

The right kidney very small, weighing 35 grammes;
part of this organ was atrophied and fibrouﬁ, and themwse
only remained 5 or 6 pyramids of Malpighi intaet, the
others having disappeared. The ureters and the blad-
dsr wake unaltered. .

The lungs conéainad numerous tubercles. In the
left, a little above the root of the lung there ex=
isted a large cavity containing foetid pus, but not‘
ehtirely gangrenous. The right, the tubercles the

most advanced were situated in the middle lobe.

-
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Central nervous system contained no special le-
sions. 1In the lens was a soft cataract. Ths retinas
showad varicosity of the arteries and augmentation in
the volume of the veins; the texture of this membrane
was not altered; the reeent amblyopia was not accom-
panied by the characteristics of advanced atrophy.

The follewing case‘is of great interest, as in it
not grape-sugar but maltosz was found in the urine.

It is, in faet, the only case in which maltose was
found in diabetes accompanying pancreatic disease
that T have come across. It was described by Dr
Friedr. van Ackergn, anﬁitl@d "Ueber Zuckerausse-
heiduné duret den Harn bei Pankreaserkrankensgen."
(Berl%ygr Klin. Wochenschrift 8th April, 1889, p.293)
¥.S., a male, aged 48. 1In his youth suffered
from méaéles and scarlet féver, otherwise enjoyed good
health until the spring, 1885, when he suffered for 8
days from gastrie pain, Which had.no relation to the
taking of food. Followed by vomiting and constipation.
In June, 1888,'the gastrie pain recurred, which was
eontinuous, vomiting and eructations =g well as ceon-
stipation. The patient rapidly emaeciated and enteréd
the hospifal 7th August. He was of medium stature,
of delieate build, with lax museles, withered skin
without suboutaneous fat. The skin was dry and of a
pale yellow colour. He weighed 48 kilos! Nothing ab-
normzl was found iﬁ the cireulatory or respiratory
systems. DLiver dulness smzll.
To-the right and above tﬁe umbilicus, there was

made out on palpation an irregular, hard, and very
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painful tumour. This tumour did not alter its position .
on respiration, although it was slightly movable side-
ways. After the passage of the oesophageal probang,
the ﬁatient brought up about 4 litre of a dirty brown
liquid, and immediately the tumour had echanged its
rosition and now lay betwesn the umbiliceus and left
ribs. On the stomaeh being filled the tumour again
returned to the right side. The examination of thse
contents of the stomaech ga#e a very marked hydroehloric
acid reaction, but no lactic aecid eould be recognised.
On some¢ days, blood was mixed with the stomach contents.
The urine was searce, cloudy, alkaline, speecific gra-
vity 1618, containing neither sugar or albumen.

The patisnt was then trsated for some timé by
washing out the stomach, and for the constipation gly-
cerine ensma was employed. The gastric pain was les-
ssned, but the vomiting did not improve. 1In the be-
ginning of September oedema of the ankles set in,which
soon disappearsed, to recur again in December, when it
extended to the scrotum ard hands, The skin was very
dry and peaiing.. In the beginning of January ascites
and hydrothorax set in. _

Throughout ths whéle time the tumour had so
slightly inecreased in size, as to be inappreciable by
palpation. The examination of the stomaeh washing, eveh
as late aé the 10th January, gave a marked hydroehlorie
acid reaction. On the 18th it no longer gave the re-
action by the ﬁmny tests in use, although it now gave
a distinet lactic acid reaction.

In January the quantity of urine was 1800 ce.,
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daily, and specific gravity 1028 to 1030. For the
first time, on the 10th January, a subétanca WaS ré=
cognised in the urine which reduced Fehling's solution
some time after boiling. This substance, after a most
careful chemieal analyaia, was found to be Maltose,and
also another carbo-hydrate.
The urinse was rieh in indicase, but no bile pigmenta.

The fasces, although frequently examined, never

containsd fat, but were rieh in muscular tissue.
The patient progressively emaciated and died the 22nd
January. ”._

Aufopsy - Revealed primary carcinomatous ulesra-
tion of the pylorus, with metastatic carcinomatous nb—
dules in the peritoneal glands. In the pancreas were
found two large ecareinomatous lymphatic glands, one
in the tail, another in the head.

The last case of pancreaticldiabetea I will refer
to is that of a case not hitherto pﬁblished, for the
notes of whiech I am indebted to Professor Sdphus Torupe.
The history of the patient is so instruetive that I ‘
will give a verbatim and literal translation of the
record Professor Torup furnished me withe.

A rieh Banker died in Oectober, 1886; at the age
of 84, from diabetes and eaneer of the pancreas. The
_casa.has several most interesting features abou£ its
seeing that it net only oceurred in a much mors eld&r—
1y person than usual, but the disease ran a much
longer course than usually happens, and was only to-
wards the end associated with the two most character-

istic of the signs of panereatic diabetes, namely ex-
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treme emaciation and fatty stocls. 1In addition to
these important features the case has an exeept ional
elinical interest, in as much as during the whols four
years the.disease lasted, the urine was not only re-
psatedly examined for sugar, but a corvreet quantitative
analysis made of the amount present in it from the
very beginning of the diseass in 1882 until its ter-
mination in 1885. Besides which we have the report of
a carefully condﬁcted examination of ths organs and
“ the morbid appearaness met with in them after death.

Family Medieal History. PFather died of a vesical

urinary calculus. One of his father's brothers died
of diabetes, comﬁlicated with eaneer of the stomach.
His other brother also died of eaneer. The patiant'
himself considered himself a healthy ﬁan until the
summer of 1882, when he had an attaek of boils. At
this time his urine was found to contain sugar; It
had been on one or two occasions examina& for éugar
during 1881, without any having besn found. The amount
of sugar present in the urine was at this fﬁme 1 per
cent. In the sumnmer of 1883 the sugar Bad increased
to 5.per cent. So he went ﬁo Carlsbad and took a
course of the waters. On his return the amount of su-
gar was found to have greatly diminished, being only
0.5 per cent. But during the winter it rose to 6 per
cént. So in‘the summer of 1884, as it had risen to 7
per cent, he again went to Carlsbad with the result
that the quantity of sugar was, for a second time, re-
ducad to 0.5 per cent.

In thé summer of 1885, as the sugar in his urine



had oncee more ceonsiderably inecreased (the amount is
not stated), he again repaired to Carlsbad and took 2
third course of the waters with the effect that the
sugar fell to 1 per cent, which, although twics as
much as on the two former oceasions, was still regard-
ed as satisfactory. And except that he began to com=
rlain of being thiraty,lhe felt well and vigorous.
There ®as no perceptible loss of flesh and he had nei-
ther pain, nor any physieal symptom of disease about
him. Both heart and lungs were perfectly sound, so
thaf he did not diet himself aftsr he returned from
Carlshzad until the sugar again began to inerease in
the urine. He then found it was sasy to reduce its
amount to from 1 to 2 per cent by a striet albuminoid
distary.

In‘the beginning of 1886 he commenced to lose his
appetite and get sensibly thinner, while at the same
time the sugar little by little increased; till it had
by the summer time risen to 9 per cent, when he age in
went to Carlsbade His visit on this oceasion was,
LoWever, unattended with benstleial results. On his
return home he gradually lbst more and more flesh and
his vigour and atrength steadily decreased. His ap~-
petite equally notably diminished. :

In the month of August a dsaﬁ seated, slightly
irregular-surfeced tumour was detected in the middle
line, about midway between the ensiform cartilage and
umbilicus. It was somewhat tender on pressure, and
slightly ﬁobila. Ahout the same time quantities of

unemulsioned fats of the food were noticed in ;he



stools. Of the existence of pancreatic disease con-
aaqunnﬁly there ceould be no doubt.. By the month of
September the skin of the whole body had assumed an
icteric tint, which gt more and more marked up till
the daylpf_his death on the 5th Oetober.

Autopsy. Skin deeply jaundieed. ﬁigor mortis

marked. Secarcely a trace of subeutaneous fat. The

pericardium contained a little yellow bile~-stained
serum. The hsart itself'was normal in size, very pale
and without any fat about it. The valves were normal.
The pleural cavities coﬁtained about 100 ce. of
bile-stained serum. The lung tissues were emphyéama—
tous. On seetion they otherwise appeared to be normal.
‘The lymphatie glands were mostly normal# but a
few of them showed signs of conmsneing caseous degen-—
eration. The abdominal cafity eontained a ccnsiderable
amount 6f yellow bile-stained, somewhat turbid serum,
with hers and there fibrinous coagula floating in it{
while the peritonsum itself, more especially at the |
lower portion of the abdomen, had thin fibrinous de-
posits on its surfaes. The stomach was normal. The
intestines somewhat dilated and slightly injected.
the lower portion of the duodenum there was an ulcer
of a diameter of 3 centimetres with red adgss; In its
centre was a fistﬁlous opening, through whidh'a probe
could be passed into a cavity behind, and on the with-
drawal of the probe and the applieation of pressure
there flowed out a whitish, viseid fluid somewhat re-
sembling eream in appaarancé. There were two other

smaller fistulous openings close to the large one.
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Behind and closely adherent to the duodenum and vena
cava was & tumour the size of a man's fist, implieat-
ing the duodenal orifices of the common bile and pan-
creatic ducts. The tumour was so adherent to, and so
embedied in tﬁs head of the pancreas that it was im-
possible to distinguish between the limits of the pro-
per pancreatie tissue and that of the tumour itself,
On section the tumour was found to have a different
constitution and econsistence in different parts. One,
a white portion, was hard anmi resisting to the ﬁnife.
Another, of a yellower cclour, was soft and almost
gelatinous. While scattered throughout the tissues
of the tumour were several more or less big cavities
filled with the same whitish=yellow viseid, c¢ream-like
liquid as that whieh oozed from the fistula.

The sound could be made to enter the cdmmon bile-
duet for about 5 or 6 esentimetres; but there it im-
pinged upon a stricture, caused by the pressure of the
tumour on the walls of the sanal, The gall=bladder
contained three gall stones and ébout 50 ec. of bile.

The liver was of normal size; but its ducts weré
all dilated and its surface on section deeply stained
by the pent-up bile.

The Panereas. The head of the pancreas was com-

pletely permeated'by the tumour. The remainder of the
gland, from the outside, appearéd to be noxmal; but

on section its interior wes found to eontain a number
of differently sized cavities, all filled with the same
yellowish-vhite cream-like fluid already spoken of.

At about 8 ecentimetres distant from the duodenum the
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pancreatie canal opened into & ecavity considerably
larger than the other, which was full of the same kind
of ereamy ligquid.

The spleen énd kidneys wers perfeetly normal,.

Here then, the autoprsy of the man who had suffer—
ed from diabetes fa four years, and latterly with
great loss of flesh,and fatty stools, reveals, one
might say, nothing abnormal in any of his organs ex-
cept the panereas, the tumour in the head of which dam-
pletely obstruets both the orifice of the bile and
pancreatic ducts, so as to arrest the entrance into
the duodenum of éither bile or pancreatic fluid. More-
over, as the tissues of the pancrsas were greatiy di-
seased, while those of the liver appeared healthy, ex-
cept in so far as they were saturated with the pent-wp
bile, one cannot venture to blame the liver or any of
the other organs, but the pancreas alone, as being the
ecause of the diabetes in the patient, with a cancerous
family hisﬁory associated in one instanee -~ that of a
paternal uncle - with diabetes. -

It cannot fail to have beén noticediin the fore-
going eases, collected from such a variety of soureces,
both as regards their narrators and the countries in
which they occurred that the diseases of the pancreas,
. with which the diabetie state was found associated,
were extremeiy diverse in their characters. From be-
ing cases of merely partial disease of the'gland, t0
complete fatty, eancerous or atrophiec degeneration of
its entire tissues -~ from a partial to a complete ob-

struetion of its duets by ecaleculi, tumours or cica-
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triced ulcerations. And this must of necessity appear
all the more surprising from the faect that physiolo-
gical experimental ingquiry hés shown that in no caee
can an artifiecial pancreatic diabetes be induced in
animals unless the organ be totally extirpated or

otherwise destroyede.



CHAPTER IT
THE BEHAVIOUR OF SACCHARINE MATTER IN BLOOD,

As Medical Seience, and in that term I include
what is usually ealled Practieal 'Medicine, has ar-

rived at a stage in its carser when, in order to make

further advaneas along ths road of progress, and arrive

at the goal of exaetitude, it is absolutely necessary
thet experimental enquiry should go hand in hand, if
not actually preceds, or even in some respects super-
seda empirical obsservation in investigating the eti-~
ology as well as the therapeuties of disease. I shall
now proceed to refer to my experimental chemical and
physiological researches into the causation of saec-
charine urine in cases of Pancreatic Diabetes.

Seeing that before any sugar ean be sxorstod by
the kidnsys in the u;ine, it must not only have been
present in the blood, but have acetually been present
there in excess, it naturally follows that any en-
gquiry into the causes of sascharine urins must be pre-
ceded by the acquirement of some knowledge as to how
the saccharine matter behaves itself in the blood and
cireculation. In this chapter I only treat with the
bshaviour of sugar in the blood itself.

Acdording to 0tto nonnal blood eontains, on an
average, from 1 to 13 per qaﬁz,of sugar; there being
less in venous than in arterial blood, and Clauds Ber-
nard said that until the amount of saccharine mat-
ter in the blood excgeded 0.3 per cent, ﬁbne whatever

is eliminated by the kidneys.
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Hoppe-Yeyler has still further added to our know-
ledge by showing that in some'casaa of diabetes the
quantity of sugar present in the circulation may even
reach to as much as 0.9 per eent. These facts of
themselves are, I thiﬁk, sufficient to show how neces-
sary it is for any one working at the subjeet of dia-
betes to try and discover phe part played by sugar dur-
ing its sojourn in the blood, if he hopes to a&d any-
thing to our knowledge of the subject..'My being eon-~
scious of this led me to attempt doing so in the way
presently to be deseribed, although there are many
difficulties besetting the path of enquiry, as will
be ssen in my experiments.

Sehenk (+) recently stated the whole amount of
sugar in the blood eannot be correctly dstermined by
any single one of our present methods of analysis.
This conclusion was arrived at from the fesulta ob-
tained from a series of experiments he made, not only
with blood itself but with pure serum and also with
solutions of the albumens of the blood. It may be
well to mention that his experiments were performed
as follows.

After ascertaining by a quantitative analysis how
much sugar a measured amount of defibrinated ealf's
blood contained, he added to .it a definite quantity of

-~

grape sugar, Stirred it, and after waiting for a period

(+) Ueber das Verhalten des Traubenzuckers zu
Brxweiskorper des Blutes. Archiv. fur die Ge-
sammte Physiol. Band 46, p. 607.
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tion of acetic acid,added from 4 to 5 vols.of water,and |
boiled it, seo as to coagulate the albumens. The coagu-
lum was thrown upon a filter and thoroughly washed.

The filtrate and wash~vater evaporated to a convenient
quantity ~ thereby ceoagulating the remaining traces

of the albunen, which were then separated by fresh fil-
tration and washed. The sugar was now éstimated ac-
cording: to Kaapp's method of analysis, and the result
was he feound he lost from 45 to 80 per ceent of the
total sugar in the defibrinated blood and 46.2 per

cent in the case of the serum. He further”fdund that
when he boiled the coagula with hydro-ehloric acid,
neutralised the filtrate, and tested it, thers was
always a ceonsiderable qﬁantity of sugar present; so
that on adding the sugar extraeted by the hydro-c¢hlo-
rie aeid from the coagulum to the ampunt that had been
previously obtained, only from 1 to 3 per cent of the
original known quantity of the sugar was actually lost.
The loss he regarded as due to a certain quantity of
the added sugar having entered into chemieal cecombina-
tion with the albumens of the blood. Schenk's paper
was soon followed by one by P. R8hmann (+), whose  e8x-
periments were made in a different way, in as much as
he ﬁut into a vessel (capable of holding 50 ce¢.) 15 ce.
of a saturated solution of sodium sulphate, and after
being weighed, a quantity of blood was\allawed to flow

direet from thé artery of a living animal into the

(+) Ueber die Bestimiing des 2Zuckers im Blut. Aus dem
Physidlogische Institut zii Breslaw. Centralblatt
ftir Physiol. Band 4, No. 1, pe. 12.  April 1890)
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soda solution and the vessel with its contents was
again weighed. The sodium and blood mixture was now
emptied into é glazed iron capsule, and after being
acidulated with acetic acid, was kept on a hot water
bottle - with constant stirring - until the albumens
were coagulateds Thse coagulum was then thrown on a
filter and well washed with hot water acidulated with
acetie acid. Both the filtrate and the wash -water
were slightly coloured, and in order to obtain from
them the last traces of their albumens, 2 grammes of
acstate of soda and chloride of iron were added, and
after the mixture was neutralised with sodium hydrate
it was well heated over a free gas flame. This last
preeaution was, however, quite unealled for, as the
pressnee of traces of albumen is found not to interfere
with Knapp's titration method. By this method R&8h-
mann found that only frem 8.6 to 21.6 per cent of the
sugar was lost and did not'donsider Sehenk right in
saying that a ¢hemical combinatiqn takes place between
- the albumens and saccharine matter in blood.

These contfadictory conclusions led Seegen (+) to
repeat ths expériments, and employing Fehling's method
of ealeulating ths sugar instead of Knapp's. The re=-
sults he obtained were almost identical to those of
R8hmann. This being the case and knowing that it was
absolutely necessary for me to have definite views on

the subject before I could hope to do anything towards

(+) Seegen. Ziir Zickerhestimung im Blut. Central-
blatt fir Physiol. Band 4, No. 8. July, 1890.



the eluecidation of etiology of Panereatise Diabetes,

T resolved to investigate the matter for myself, and
the following is briefly the result of the seven months
I devoted to the resecareh in the Fysiologiske Institut,
Kristiania, along with Professor Torup who not onity
kindly counselled; but otherwise assisted me in the
investigations in every way in his power.

The chief points I endeavoured to adlve were: -
Firstly, if sugar really enters into any kind of chemi=-
cal combination in the eonstituents of blood? and Se~
eondly,if by any mods of analysis it be possible to
aseertain with exaetitude the quantity of saccharins
matter contained in any given amount of blood?

In order, if possible, to obtain reliable replies
to these questions thres different modes of research
were adpptad.

1st ihaf of coagulating the albumen in the blood
by Heat and Acetic Acid.

2nd That of eoagulating the albumen in the blood
by Merecuro-potassie iodide.

3rd That of eocagulating the albumen in the blood

by Mércuric chloride.

Before proceeding to adduee the results of the
investigation, it may be as well to state that in or-
der not only to mimimise,as far as possible, the dan-
ger of errors occurring in the methods of'operating,
but likewise to insure harmony and exactitude in the
results, every precaution that suggested itself was
taken. Thus, not only was thsre on gvery separate oc-

e¢asion a fresh volumetric analysis of the sugar em=—
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ployed made, but in every single instanee when the
quantity of saccharine matter was estimated, either
in blood or water, it was done by the titration‘method
and in no case were ever less than three titrations
made. And not only so, but whensver ons of the titra-
tions fziled to correspond to within 0.1 c¢c. of the
solution in the burette it was not alone at once re-
jeetsd, but the titration repeated even, it might bse,
to the sxtent of seven times, until the required de-
gree of harmony in the result was obtained. Then and
then only was the caleulation procesded with and the
average struek. In order to prevent repetition, it
will be well to mention that in all cases when not
otherwise statsed, the blood of a different animal of
the same species was used, and that was gensrally the
blood of the e¢alf obtained as speedily as possible
from the abattoir. The sugar employed in the experi-
mants was chanicaily pure grape sugar, being repeated-
ly re-crystalised from alechol of a specific gravity
0837, and invariably titrating it afresh every time
igrwﬁs used. And when the quantity of sugar existing
in the blood at the time of the addition of sugar is
not stated, it is because it was found to be too small
to be estimated. The experiments ars, for the Eake
of easy raferen&e, numbered consecutively, quite irre-
speetive of the dates of thsif performance, and divid-
ed into sectional groups illustrative of the di fferent
points investigated. The first series I will refer to
were madé with the fiew of confirming or negativing

Sehenk's idea of the sugar entering into a chemieal
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combination with blood albumens and were conducted as
follows: =~ |

The blood (after having been obtained and pre-
pared in the manner presently to be deseribed in each
of the c¢ited analyses) was allowed to fall, drop by
drop, into a measured quantity of briskly boiling,and
constantly stirred distillsd water, acetie aeid being
added until the mixture has an aecid reaction. On the
coagulation of the albumens being considered complete,
the liquid was ssparated from them by filtration, and
the coagulated albumens then well washed with hot acidn
ulated water. In order that every partiele of the
saccharine métter existing in the blood might be got
out of the coagulated albumens, the coagula were next
boiled in a fresh quantity of water,.replaced on the
filter and agaih washed. This re-boiling and re-wash-
ing process being invariably repeated seven, and aven
occasionally more times. The colleected filtrates and
wash-waters were then evaporated down to a convenient
working quantity, usually from 100 to 150 eec., and
the sugar in it estimated by Knapp's method, as modi-
fied and improved by Worm Mtiller and Otto (+).

The improvement is founded on the faect that grepe
sugar has the ﬁower of reducing the eyanide of meréury
in alkaline solutions to the state of metallic mercury
and the mode of applying it is as follows: -

A titration liquid is made with 10 grammes of

chemically pure and dry oeyanide of mercury, along with

(+) Hammarsten - Eehrbuch der Physlol. Chemic.
P. 349. 1891.



100 ce. of sodium hydrate solution of a specific gra-
vity of 1.45 in a litre of distilled water, every 20 .
of which is equal to 0.05 grammes of grape sugar. But ‘
the quantity of suger in the liquid to be tested must
never exeeed 1 per cent.
The analysis is conducfed by putting the liquid

Fig. 8 to be tested into a burette
(as shown in Fig. 8) and 20 cc.
of the volumetrie solution -
into a flask below it, and
setting it boiling. Then in-
to the boiling solution is
allowed to flow, drop by drop,
from the burette the liquid -
after the addition of each

few drops half a minute's

pause being allowed to elapsse.

Then when the process is

nearly finished - as is known by the solution in the
flask beginning to clear and gquiceksilver po be deposit-
ad - a drop of the boiling liquid is taken into a pi=- ‘
pette and allowéd to fall on a piece of white Swedish
filter paper. The paper is then first held over an open
flask of fuming hydroehlorie acid, and néxt over one

of strong sulphuretted hydrogen solution. So long as
any ﬁercuricisalt remains in the test liduid, the pa=-
per is turned of 2 goldish-yellow colour, whereas so
soon as the test is finished it remains white. The
quantity of the sugar solution used is now read off

from the burette, and the caloulation made. .



This being the mode of opserating, I will now give
the results! but as the analyses made are far too nu-
merous to admit of their being given in detail, I
shall merely give what I deem are the best illustra-
tive examples of the results obtained in each separate
series of experiments. And to begin with, I will give
six of those where thé albumens of the blood were co=-
agulated by the aid of heat and acetic acid; two of
the samples being those that yielded average results;
two of those yielding the best results, and two of
those giving, as was supposed, the worst. For in
this way I think the value of the research can be more
readily assessed.

With these preliminary remarks I shall now pro-
eced to relate the illustrative samples of the results
from_eaqh sgries of experiments.

Experiment I.

To 50 ec. of freshly defibrinated calf's blood -
aefter the anbﬁnt of its own animal sugar had Eeen &s-
certained to be so small as to be incaleculable - 10 ce.
of distilled water, containing 0.264 grammes of grape
sugseyr, was added and the mixture-immediately coagulat-
ed (in the manner previously deseribed). No interval
of five minutes having been allowed to élapae between
the adding of the sugar and the commenscement of the
coagulation as in Schenk's mode of experimenting.

This immediate action was had recourse to in conéa-
guence of its having been found - azs will be after-

wards shown - that the mere element of time has an
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important influence on the results obtained when es-
timating the quantity of saccharine matter present ir
blood that has stood aside for some time.

The experiment yielded -

Amount of sugar in the blood 0264
L " " found by analysis 0.251
Failed to detset 0.013 = 4,9 per cent.

That is to say, that for some reason or another vet
to be determined, 4.9 per cent of the sugar that had
been actually added to the blood could neither be re-
cognised nor estimated by the ehemical reagents em=
ployed in_;he analysis.

Experiment 2.

To 50 cé. of another ealf's blood treated exact-
ly as in the ﬁreceding case, and equally eontaining
only an insignifieant trace of sugar was added

10 ce. of water holding 0.264 grms. of grape sugar

in aoiution. -

Quantity of'sugar present in the blood 0.26%

v " * found by analysis 0.249

Failed to detsect 0;015=5.6 P.Cs
The next two experiments I will cite‘show éha
largest loss of sugar that I met with. They were
performed exactly as the preceding, even to the minut-
. est detail, se I see no reason to attribute the dif-
fe;enoe in_@he results to the mode of operating.

Experiment 3.

To 50 ce. of a calf's defibrinated blood, known
to eontain 0.032 grms. 6f sugar,10 ce. of water hold-

ing 0.498 grms. of grape sugar were added, and the co=
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agulation, ete., done as before.
Total quantity of sugar present in the blood 0.528

" " " v found 0.478

- » " *  lost 0.052=0,.8
i ’ 3 Pe Ce
Experiment 4. ;

To 50 cc. of defibrinated calf's blood, whiech
contained onlf insignifieant traces of sugar were
added 10 ce¢c. of water eontaining 0.792 grms. of sugarl

Quantlty of sugar in blood 0.?92

" " v found 0871

I ey lost 0.117 = 14.8 p.c.

Having bhere shown the worst results obtainad I

shall now cite what, in eontrast, may be equally ap=-
propiiatelybnamed the best of this series of analyses.

Experiment 5.

To 50 cc¢. of defibrinated calf's blood in which
no sugar was: deteetable, 10 ceec. of water holding in
solution 0.562 grms. of sugar were added, and the mix-

ture coagulated and otherwise treated as before.

Amount of sugar in blood 0.562
W ke W feuma 0.501
Wi ek . 0.081 = 1.1 per eent.

Experiment 6.

To 50 cc. of calf's defibrlnated blood found to
contain 0.048 grms. of sugar per eent, were added 10
ce, of wafer containing 393 érms. of sugar.

Total quantity of sugar in the blood  0.417

" " " v found 0.417

. . » 2 lost nil.
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The discrepancy in the results in these two last

sets of analyses is so marked that it is impossible

to imégine that there does not exist some important
cause for it. What that cause may be I find it dif-
ficult to explain., PFrom the fact that the only dif-
farences'observabia in the two different sets of analy=-
ses having been in the behaviour of the albumens dur=-
ing their coagulations, As that difference, however,
may turn out to be the actuzl cause of the diserepan-
ey in the results, I will refer to it. The differ- .
enee consisted in the albumens in the-iattar saq of
analyses coagulating in the form of loose, fleeey,
floeculent curds, and in the former separating in the
shape of little, dense, firm clots; sc that while the
gaccharine matter was readily extractable by washing
from the fleeey curds, it was proportionally diffieult
to remove it entirely from the firmer ce¢lots in the in—
terstices of whiech it had probably become entangled
during the solidifying process.

In order not only still fﬁrther to test this

point, but to aseertain if possible the behaviour of
sugar in the living animal, an entire change was made,
not, however, in the mode of operating, but in the ma~-
terial operated on - viz. the blood. Instead of any
longer employing defibrinated calf's blood, obtained
at the abattoir, the undefibrinated, arterial blood,
taken directly from the earotid artery of a living
animal was used. And as this blood was not only with=

drawn from the blood vessel of a healthy living ani=-
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mal; but from a vessel which ensured that its consti-
tuents had undérgone no deteriorating changes (by
rerforming any nutritive funetion) after they had
passed through, and been oxidized in the lungs. It
might be regarded not only as a good representation of
living blood, but of living blood in the full entirety
of its nutritive vigour. Consequesntly if the consti-
tuents of living blood really possess chemical action
upon sugar, they would scarceely fail to manifest it
on the grape sugar they were brought into immediate
contact with in the proceess of analysis.

The results obtzined in this way were the follow-
ing: - |

Experiment 7.

10 ce. of blood was withdrawn directly from the
earotid of a living rabbit, and at once analysed ex-
actly as in the preceding cases. Having found that
it contained 0.0199 grammes of sugar pexr-mid., that is
to say, 0.199 per cent, a further 10 ce. of the same
rabbit?s blood was directly withdrawn from the caro-~
tid, and 10 ¢c. of distilled water charged with 0.562
granmes of sugar added to it. The mixture was thén
immediately coagulated and examined for sugar by
Knapp's method precisely as before.

The result of this analysis was: -

Total quantity of sugar in blood 0.5819

L . o - found 0.5780

i " " " 1ost 0.0059=0-6 P.G

Experiment 8.

To another 10 ec. of the same blood, which after
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having been withdrawn from the living animal had been
placed aside for four hours, 15 ec. of distilled water
charged with 0.843 grammes of sugar were added, and
immediately codgulated and analysed as in the previous
instance.. It gave the following result: -
Total quantity of sugar in blood 0.851

" * " * found 0.789

" " * *  Jost 0.0682 = 7.2 p. .

Here again is noticed a marked disagfaement in -
the quantities of sugar found in thﬂ two cases. TFor
0.6 per cent only having been lost in the one, and
7.2.per cent in the other, that is to say, 12 times
mdra, if the mode in the coagulations of the glbumens
be not accountable for it, the difference may be dua.
to the factor of time. Seeing that while in the first
case the blood was at onee coagulated, and in the
other it was permitted to stand aside for a period of
four hours before having had the sugar added to it.
With the view of obtaining more light upon this point,
yet anothef alteration in the mode of experimenting
wés made. This time in the chemieal part of the pro-
cedure, by substituting the mercurie iodide of potas-
gium process (Briicke's solution) for the acetic aecid
and beiling method of eocagulating the albumens. The
change being as follows: =~ | .

' The blood was first ren&ered faintly aeid with
hydrochlorie acid, and then Brlucke's solution added.
The coagulum separated by filtration and to the 1=
quid that passed through more of Brieke's solution add-

ed, this process being repeated again and again till



the filtrate no longer yielded a preeipitate. The
whole of the coagula were now washed, taken out of
filter paper, and ground in a mortar, again acidulat-
ed and Brucke's solution reapplied to it, then filter
ed through same filter and washed.

The process being gone over five or 8ix times in
order to make sure that all the sugar was extfacted
from the coagulum, the whole of the obtained liquid
was now coneentrated over a water-bath and sulphuret-
ted hydrogen, then passed through it, in order to get
rid of the mercury. The mercurial preeipitate col-
lected and washed,land the sulphuretted hydrogen got
rid of from filtrate by passing air through, then neu-
tralised by sodium hydrate and the quantity measured.
Titration by Knapp's method as in the other éaéea. h
The doing qf this took an exc¢seedingly long time.

Experiment 9.

To 50 ce. defibrinated ca;f's blood, containing
mere traces of sugar, were added 10 ce. of water charg-
ed with‘0.522 grms. of grape sugar, and the mixture
at onece aﬁalysed according to the above described
method of Bricke.

Quantity of sugar in blood '0.523

" " *  found 0;515

" bid " lost 0.007 = 1.3 PeCo

Experiment 10.

Anothar analysis was made in the same way on 50
ee. of defibrinated ealf's blood to which 0.264 grms.
ofisugar dissolved in 10 cec. df water were added, and

yielded the following result: -
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Quantity of sugar in blood 0.264
" " " found 0.249

" " L lost 0;015_= 548 pate
Thess results being very similar to those I 6btainéd
by the Acetic aeid method of analysis, I now procesded
to employ mereuric chloride mode of eoagulating the
albumens, the process being in all other respeects iden-
tical to ‘Bm_‘i_c;ka's.

Experiment 11.

To 50 cc. of defibrinated calf's blood contain-
ing only an iﬁsigmificant amount of sugar, was added
0.522 grms. of grape sugar dissolved in 10 ce. of dis-
tilled'watef, and the mixture immediately coagulated
by the mercurie chloride process. The result was:! -

Quantity of sugar in blood ‘ 0.523

» L " found 0.521

_" . . lost 0.001 = 0.2 p.Z.

Experiment 12.

Another experiment conducted precisely as the
last in svery single partieular gave a still smallexr
loss.

Quantity of sugar in blood 0.5220

) s " found 0.5214
i s y lost 0.0006 = 1 p.cCe

From the results of these various groups of analy-
ses, it is seenf - Pirstly, that the quantity of sugar
remeining unaceounted for, bears ﬁo relative propor-
tion to the quantity known to have been actuwally in
anf individual speecimen of blood; whils, secondly, not

only the_resulfa of the analyses I have quoted, but
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those of others that are left unquoted, point elearly
to the faet that the actual quantity of the sugar lost
in each case stands in a marked relationship to the
behaviour of the albumens during the coagulating pro-
ces8, the loss bsing greatest when they separate in
the form of dense littls clots, and smallest when the
albumens coagulate as loose floeculent curds. These
facts have consequently led me to believe that the
loss of the sugar is not due to a chemical eombination
having taken place between it and the constituents of
the blood, but rather to the faet of the sacecharine
matters having become entangled with the albumen dur-
ing its solidifieation, and beihg retained so firmly
that it eammot be all regained by the washing out pro-
cess. I see that even Schenk (+) himself has found
reasdn to abandon his chemiecal cémbination theory
sinee he repsated his original experiments, employing
Briicke's method of eoagulating the albumens. He found
that instead of the enormous losses he had.ﬁad with
the method of heat and acetic acid previously record-
ed of from 45 to 80 per cent, he lost as little as 1.l
peyr cent on.oné oceasion, 0.6 per cent on another; :
whils on a third, instead of having a2 loss he actual~

-1y had a surplus of 0.4 per cent, as well,as having
found by means of tha‘behaviogr of the mixture, to/ﬁ”
dialysis no chemieal eombination could.have possibly
occurrad.

.Aa fhe cause of the sugar loss from blood is a

question of great importance in studying the patho-

(+) .- Ueber Zickerstimung im Blut. Pflfiger's Archiv!
f. Ph.ys.iOla Vol. 4%, Pe 621. 1890.




genesis of diabetes, I condidsred it well not to rest
satisfied with the above Mechaniecal Retention theory
until I had tested the value of some of the other fac-
tors that might possibly have equal influenes. The
first that suggested itself for oonsideration.was the
factor of "time" - be its mode of action what it might.
Accordingly the following experiments with the |
view of elueidating the point were undertaken; the al-
bumens being in this instanecs coagulatad by means of

Experiment 13.

To 200 ee.of freshly drawn and defibrinated calf's
blood was added 40 ce. of distilled water, containing
1.112 grms. of grape sugar and the mixture simply plae-
ed aside in the laboratory. At the end of an hour 40
ce. of it whieh ought to héve eontained 0.2224 grms.
of‘sugar were analysed with the resultf -

Quantity of sugar originally present
in the blood 0:?@?% grms.

" " » found after 1'hf.0.159$
" " * lost in " 0.0827= 37.18 p.ce

Experiment 1l4.

Again at the end of another hour & similar quanti-
ty of the blood was examined and this time the result
yielded was: -

Quantity of sugar originally present
in the blood 0.2224 grms.

Y " * found after 2 hrs.0.1251
% " " lost in " 0.0973=43,75 p.cCe

Experiment 15.

At the‘end of six hours a similar quantity of the
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the same blood was examined in preecisely the same way,
with the following result: =

Quantity of sugar originally present
in the blood 0.2224 grms.

L] L) " found after 8 hrs.0.1146
" w " Jost in W 0.1078 = 48.47 PeCo

200 ec. of equally fresh and defibrinated blood
from another calf, to whiech 1.10 grms. grape sugar had

been addsd, was treated in exactly the same way, as

regards having been placed guistly aside. The analysis

of 50 ec., of it yielded: -

Experiment 18,

At the end of ons hour.

Quantity of sugar originally present
in the blood 0.220 grms.

" " * found after 1 hr. 0.1923
b L * lost in . 0.027 = 12,27 paC.

Experiment 17.

At the end of two hours: -

Quantity of sugar originally present
in the blood 0.2?0 grms.

= " * found after 2 hrs.0.179
" . ® 1ogt in " 0.041 = 18.83 p.c.

Experiment 18.

At the end of seven hours: =

Quantity of sugar originally present
in the bloocd 0.220 grms.

" " * found after 7 hrs.0.127
' » ® lost 1in L) '0.093 = 42,27 DPs.Cs

Two more groups of experiments were performed,
one in every particular as in the last, the other as

will be presently seen, slightly changed.
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200 ec. of ealf's blood after having added to it
40 cc. of distilled water, charged with 1.10 grms.
of grépe éugar, was allowed to standlaside in the la-
boratory under the same conditions, and then 50 cec.
of it analysad at identieally similar spaces of time,
the results beings ‘

Experiment 19.

At the end of one houre.

Quantity of sugar originally present
in the blood 0.220

" " % found after 1 hr. 0.141

" " ¥ lost in " 0.079 = 35.90 p.Ce
in 1 houre.

Experiment 20.

At the end of two hours: =

Quantity of sugar originally present
in the blood 0.220

L " * found after 2 hrs.0.126

L L " 1031; in " 0-094’ = 4’20.72 Paco
in 2 hours.

A7 B - - -

Experiment 21.

At the eﬁd of ssven hours.

Quantity of sugar originally present
in the blood 0.?2@

n Coow ® found after 7 hrs.0.109

. . * lost in " '0.111 = 50445 peCe
in 7 hours.

In the other similar, though slightly changed‘
controlling set of experiments which were undertaken,
the modification in the method of procedure was sim-
pPly to slightly increase the percentage of sugar em-
ployed, and reduce the volume of blood used to one

half; and 1limit the experiments to a one and a two



hours' analysis. In all other respects the mode of
opsrating was identieal.

Experiment 22.

90 c¢c. of the mixture was analysed at ths end of
one houy}

Quantity of sugar originally present
in the blood 0.2684 grms.

" " "fmmdaﬂarllw.gﬁﬂs
" L " 1OSt in " 0-04'8 = 18.2 PeCe

in 1 hour.

Experiment 23.

Same as above analysed after two hours' standing.

Quantity of sugar originally pressent
in the blood 0.264 grms.

n " * found after 2 hrs.0.193

" L " lost in " -0;071 = 26.8 p.Ce
in 2 hours. .

As the results in these differsent groups of ex-
periments all are ssen to point in ones direetion, the
disappearance of the sugar from the blood being under
the influence of "time." It had a Strictly progres-
sive character, although the quantity disappearing in
the different groups varied greatly, the mechanical
retention thaofy is quite inapplicable in these cases.
The information I acquired in 1889, while working in ‘
the Pasteur Institut at Paris, regarding the mode of
action of certain ferments on sugars, suggested to my
mind the idea: - That this irregular. but always
strietly progressive disappearance of the sugar from
the blood might possibly be in some way or anothsr
conneeted with the presence in the blood of varying

quantities of bacteria, as it would hardly be the
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blood per se that acted with suech a different destroy-
ing power in these cases.

Not only had ample opportunity existed for the
bloocd tc become contaminated with the bacteria float-
ing about in the air of the abattoir during the time
it wae being defibrinated, but likewise of its obtain-
ing any amount of bacteria from the air of the labora-
tory during the diffe rent stages of the experiment.
Not only so, but there also existed the possibiiity of
a2 chemical ecombination having taken place through the
int ermediary of the important element of "time" be-
tween some one or othsr of the normal eonstituents of
the blood ~ albuminoid or other = and the artifiecially
added grape sugar. While, lastly, the desﬁroying oxi-
dation of the sugar by the eontact of the free oxygen
in the blood, although not & wvery likely cause, was
still one not to be entirely overlooked in an enquiry
of this kind. 80 I determined to put these points
to the test of experiment.

Firstlyﬁ - The possible aetion of baeteria was
tggﬁ?d_iggﬁhe following marmer.

Expsriment 24.

A Pasteur-flacon (fig.9) containing 0.132 grms.
of sugar dissolved in distilled water, aftér being
sterilised in the usual way by heat ?nd pressure in
an autoelave, was sarefully ﬁeighed. Thaf being ready,
the carotid-artery of a healthy rabbit was exposed.

The sealed end of the receiving tube (a) attached fo
the flacon, after being heated and breoken off, was

inserted into the exposed carotid of the animal, and



the blood allowed to flow direetly into and through it
into the flaeon, careful aseptie precautions having
been taken in ofder to prevent the blood ceoming into
contacet with any baeteria in its transit from the
blood vessel into the saccharine solution. It is con-

asquently unlikely that any bacteria obtained access

to the flacon, unless they existed in the blood itself.

The blood employed in the following seriss of experi-
msnts may therefore be regarded, not only in the light
of living blood, but living blood at the most active
period of its existence. For the reasons assigned in
" the remarks prefaeing the group of experiments with
arterial blood beginning with Experiment 7, p. 42.
When a sufficisnt quantity of this arterial non-
defibrinised blood from the living animal had enterad
the flacon,the end of tube (a) was again sealed and
the whole re-weighed. So by subtraceting the original
weight of the flacon &nd sugar solution from its

weight, after the addition of the blood, the exaect
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Fig. 9.

quantity of the lat-
ter was ascertained.
(2) Pasteur-flacon |
with contents. (b)

neek of flaeon stopped
withigterilized cotton
wool. (e) blood re-
ceiving tube. The
flacon having been
well shaken, so as

to prevent the blood



from coagulating in one mass, was placed aside in the
laboratory. At the same time as this was done 11.3
grms. of the blood that had been immediately aftef—
Wardé withdrawn from the carotid of the rabbit, was
analysed in order to see how much sugar was present
in the bloed that was being used in the experiment.
It was found to contain 0.0264 grms. So the 6.87 grms.
of blocd known to have entered the flaeon wes fhus :
agcertained to cdntain 0.0180 grms of sugar.

After the flacon had stood for 2 hours in the lea-
boratory its eontents were analysed with the follow-
ing resulte.

Quantity of sugar in the Rabbit's blocd 0.016 gms.

Y . " " X distilled water g:éég
Total quantity of sugar 0.148
Quantity of sugar found 0.128
,o L " lost 6.020=15.5 PeCe

in 2 hours..

Experiment 25.

24,8 graﬁﬁas of blood from the cearotid of another
'healthy rabbit was obtained, and treated in a Pasteur
flaeon é.long with a similar quantity of distilled wa~
ter containing the same amount of sugar, namely 0.132.
The method of treatment throughout being identical to

.that fellowed in the previous case, except that the
flacon was zllowed to stand in the Laboratory for.26
instead of only for 2 hours before its contents were
analysed. _

The 27 grammes of the rabbit's blood that was ex-

amined for sugar was found to eontain in this case
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0.052 grms. of sugar = 0.192 per eent.The result found was:

Quantity of sugar in rabbit's blood  0.047

" " "1 in the distilled )
: water 0.132
Total quantity of sugar in flacon 0;1§?
L L " L found 9-::1-.%'9'
" : " lost 0.039 = 21.8 p.e.

in 26 hours.

. Before venturing to draw any eonelusion from the
results thus obtained, I thought it prudsnt to make a
comparative set of g;periments with the blood of an-
other speecies of animél, and that of the dog was se~
lected for the purposes I modified the experimsant
still further by using‘the same dog's blood a seccond
time instead of &8s in the case of the rabbit, using
the blood of ancther individual eaech time. In all
other respeets the experiments were conduéted in the
game way &as regafds the mode of collection and ster=
ilizetion, ote. |

-

Experiment 27.

B8l.5 graﬁmes bf blood freshly drawn from the
carotid‘of a well fed and healthy dog, contained 0.0973
grammes of sugar - 0.1l5 per cent. -

25 gfammss of tﬁe same blood, containing conse-
quently 0.039 grammes of sugar was kept in the Pasteur
flseon aloné with 0.284 grammes of sugar dissolved in
distilled water, dufing 21 hours in the laboratory.

On analysis at the end of that time the following fe—

sult was obtained.



Quant ity of sugar in dog's blood 0.038 grms.
" " " distilled water 0.264
Total * . " in mixture 0;303
Quantity of sugar found 0;265
. » * Jlost 0;038=12.5 PeCo

in 21 hours.

Experiment 28.

4865 graﬁmes of arterial blood obtained from the
same doé in the same way, and treated exactly as the
foregoing in all respeets, except that it was kept in
the laboratory for 70 instead of 21 hours - that is
to say, three times as long, yielded on analysis, the

following result; =

Quantity of sugar in dog's blood 0.077 grms.

" S dintilles watsr 0,00k '
Total ® % ;. mixture 0;34;
Quantity of sugar found 0;282

: " om 1ost x 0.059=17.3 p.c.

. . in 70 hours.
It is thus seen that with the dog's, as with the

: rébbit's blood, when the element of "time" is brought
into play the disappearancee of the saccharine matters
from sterilized non-defibrinated, almost living,blood,
is equally progressive. Although in a less marked de-
gree than in the case df defibrinated, non-sterilized
and consequently blood unprotected from the influence
of bacteric aetion. It cammot therefore be said that
the disappearance of sugar from blood under the in-
fluence of "time" is wholly due to the saccharins
transforming power of bacteriﬁ, any more than it ean

be wholly acecounted for by the mechanical retention
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theory.

Hénce one is forced to admit that there must
exist in the blood soms other sugar destroying faetor.
This is probably due to the direet zction of some onse
or other of the normel constituents of the blood it=
self on the sacecharine matter, either by a process 6:
oxidation or tﬁe sugar being split uwp by unorganised
ferments, i.e., enzymes. I will enter more fully in-
to this poiﬁt.when I coﬁe to the discussion of the

Pathogenesis of Panereatic Diabetes,
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CHAPTER III.

THE BEHAVIOUR OF SUGAR ARTIFICIALLY INTRODUCED
INTO THE CIRCULATION.

Having shown in the last chapter how sugar be-
haves itself in the blood, I will now try and show ex-
rerimentally how sugar that has been artificially in-
troduced into the living cireulation comports itself.
Before saying anything regarding my own investigations,
however, I will first briefly sketch the position in
whieh the question stood when I entered upon ths en-
quirye. '

The most important knowledge of this subjeet is
due to a series of researches conducted in Professor
Ludwig's 1aboratory at Leipzig, by Dr v. Brasol, with
the view of aseertaining how an excess of sugar was
got rid of when artifiecially introduced into the
jugular vein of animals. (1) Previous to this Falk
Limpert (Virchow's Archiv. Vol. IX) and Forster (Zeit-
schrift ftr Biologie, Vol. XI) had shown that although
a part of the sugar thus introdueed into the circula-
tion was excreted by the kidneys, the greater portion
of it remained behind in the body. After them Luch-

singer, (2) Forster, (3) K#lz (4) and Heidenhain (5)

(1) Leo. v. Brasol. "Wie entledigt sich das Blut wén-
einen Ubersehus am Traubenzueker?" Archiv. f. Phy.
siol. 1884, p. 211. .
Pfltiger's Archiv. 1883
Sitzung's berichte der Mtinchener Akademie, 1878.
Pfltiger's Archiv. Vol. 24.
Maly's Jahresbericht, 1874,
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further showed that 2 portion of it was also trans-
formed into glyeogen by the liver.

Brascl's results are of'great.interesf as they
showed not only that the sugar exereting power of the
kidneys in different animals of the same species vari-
ed, but that they went on exereting sugar ﬁhen thé
quant;ty in the blood was normal.

Fxperiment A.

38 grms. of sugar injeeted into the jugular vein
of a dog weighing 39 kilograms was eliminated from
the urine as follows: =

In first 3 hours (collected by catheter) 1.8 grms.sugar

" next 3 " : 4.0 * "
" n" 18 : " _ g.lg " n
Total eliminated in 24 hours ! 8.5 v »

Fxperiment B.

Tnjected 40 grms. of sugar into jugular vein of
a dog weighing 14 kilos.
In 1 hour and 5 minutes grms. sugar

* next 3 hours and 55 minutes

QO D
e
[W0)] ~3J
=
E ]

o
Y]
=
=

" rest of day

Total elimination in 24 hours 7,5 ® "

Experiment C.

Dog 28.5 kilos. Injected 60 grms. sugars

In 5 hours 12,04 grms. sugar
Next 5 " = | 188 . -8
Rest of day 0.00 ‘w.
Total eliminated in 24 hours 14.91 "

From these results it is seen that the greater

part of the injected sugar is not exoreted by the kid-
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neys, but remains behind and is used ﬁp'in the ahimal'
economy. . |

The next series of experiments show how quieckly
the excess of sugar is got rid of from the e¢ireulation
and the quantity present in the blood is again restor-
ed to nonma%.
Experiment D.

Dog, 39 kilos. Injected 38 grms. of sugar. 1In

24 hours 8.58 grms of sugar were found in the urine.

Before injection, the serum contained 0.137 p.c. sugar

In 2 minutes afterwards 0.805 "
In 1 hour, 7 minutes 0.072 " "
In 20 hours 0.101 * "

Experiment E.
Dog 33 kilos. Injected 100 grms. sugar. In 43
hours 21.38 grms. of sugar were found in the urine.

Refore injaction'the blood eontained 0,108 p.c6. sugar

In 2 minutes after injection 1.054 "
In 2 hours " 0.159 "

In 44 hours " 0.054 " "

‘ Here it is seen that not only the excess of sugar
is rapidly eliminated by the kidneys, and the quantity
in the blood reduced to normal within the short period
of two hours, and that the excessive execretion does
not always stop here, but goes on still further, even
until it has reduced the amount of sugar in the blood to
much below the normel standgrd. This anomalous faet is
explained in Brasol's paper on the theory that the
kidneys, having once been over stimulsested by the ex-

| cretion of the execess of saceharine matter, still go
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on exereting the sugar from the blood even after it
has ceased tc contain any excess of saccharine metter.

After the injection of sugar into the cireculation
Brasol states that if we ealoulate, as is usuzally done,
the quantity of blood as being equal to 7 per cent of
the weight of the animal's body,his results show that
only from a quarter to a half of the injected sugar
can be aceounted for by analysis within the brief
space of 2 minutes.

In order to see if this enormously rapid disap-
pearance of the sugar from the circulation could pos-
sibly be due to an augmentation having taken place in
the gquantity of blood, by an influx of fiuid from the
tissues; the quantity of haemoglobin was estimated
before and after the injection. This was done by ;
Weleker's modification of Hoppééﬁeyler's method, tak-
ing the gquantity of haemoglobin before injeﬁtion as
100, it was found to have fallen in nine experiments
to from 31.4 to 81.02. While in using the more ac-
curate spectrophotometric method of Vierordt and H#f-
nef in two of the analyses made by Professor Bohr, it
was found to have fallen to 66 and 70.

It is thus seen that there is a great increase
of fluid in the blood vessels, though not quite suf-
ficient to aceount for all the sugar lost. This pro-
bably may, to some measure, be accounted for by the
loss sustained during the eoagulation, as shown in
the ;aat chaptar.

' The sudden increase of fluid in the blcod vessels,
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causes, as might naturally be expected, a correspond-
ing rise in the arterial pressure. This will be seen
in the following experimsnt.
Dog, 14 kilos. Injected during 6 minutes, 184
cem. of saline solution containing 110 grms. sugar.

Colouring mat- Pressure in
ter in blood. Carotid artery

Before injection of sugar 1.00 132 m.m. Hg.
1 minute after 0.89 185 "
11 minutes after 0;87 1860 " "
2 hours, 41 minutes after 1.20 1368 v U

Brasol's results and views expressed upon them,
sgemed tc me so important that 1 madée the following
experiment. But before relating it, it may be well
to take this opportunity of explaining under what
conditions my experiments on living animals were per-
formed. Not only were all the animals operated upon
anaestheiised, except in those ihs@anoes in whieh the
employment of an anaesthetiec agent would interfere
with the value of the results obtained, but I always
before administering the chloroform gave the dogs and
rebbits a hypodermic injection of atropine and mor-
phine, a mode of procedure I learned while working
with Professor Dastre, in 1882, at the Physiologiecal
Laboratory of the Sorbonne in Paris, whieh has the
power of rendering animals exempt from the lethal ef-
feets of ehloroflorm. This fact T have had ample op-
portunity of verifying by the results following upon
its adoption in my experiments on dogs and other ani-

mals in Paris, but also while working with Professor



Hoppefgsyler‘ at Strasburg and Kristiania. It has the
great advantage too of not only diminishing the quan-
tity of chloroform required to render the animal in-
sensibles, but it makes the animal so quiet that no
frouble is experienced in administering the anaesthe-
tic to it, or even in fastening it to the operating
tabie. (+)

Experimsnt 29.

Into the right carotid artery of a dog (weighing
5% kilos.) after being anaesthetised, was inserted ore
of Ludwig's metal eannulae, connected to Ludwig's im-
proved Kymograph by means of a lead tube filled with
a saturated solution of sodium earbonate. And while
the animal was kept tranquilly insensible 17.52 grms.
of pure graps sugar, dissolved in 30.ce of a-7 pervn&
eent saline solution, was slowly (during ten minutes)
injected into his left erural vein. Immediately = be-
fore the injection was completed - the blood preﬁaure
in the carotid rose. |

The quantity of sugar in the dog's llood, analys-
ed by heat, acetie aeid, and Knapp's method, was

found to be =

(+( Of such utility do I considsr the atropine and
morphine injeection, that I herewith give Profes-
sor Dastre's formula for its preparation.

,Chloride of morphine 2.00 grms. .
Sulphate of atropine 0.20 "
Water to 100200

H' D.

2 eentgr. morphine

Every cubie eentimetre ceontains

The dose to give is for every kilogramme of the
animal's body-weight a cubic centimetre of the
" solution, and administer if about half an hour
before the intended operation.

2 M/mgr, atropine
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Sugar in the blood;before the injection
of the sugar 0.144 p.ec.

In 2 minubes after the injeetion " 0.700 "
" 2 hours " " L " 0.202 "
L 6 1] L i " " 0.139 1]

The amount of haemoglobin in each speecimen of
blood withdrawn was estimated by Htfner's spectro-
photometrie method, and found to'fall at first as in
Bra;ol's experiments.

The urine was ccllacted by means of a catheter
tied in the bladder, and the presence of sugar deter-

Sugar in urine before the injection of
: the sugar none

5 minutes after injection of the sugar
sufficient to give Brown colorisa-
- tion, but no

preecipitate.
2 hours " " 55 ec. contained 1.59 grms. I
6 " - " 0.518 "
G " 0.203 "

The small quantity of urine obtained for the last
analysis was due to an unfortunate accident having oe-
eurred, which caused the dog's death. As is seen, how-
ever the results obtained, as far as the experiments
went, completely confirmed those published by Brasol
and seeing that Brasol's experiments were so carefully
ﬁerformad and so ably recorded, I did not deem it ne-
cessary to repeat the experiment which even confirmed,
as is aeén, his observation that the kidneys continue
to excrete sugar when grape sugar is injected into a

blood vessel, even after the quantity present in the
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blood has reached_the normal. This apparently anoma-
lous faqt I will now comment upon. TFor, as I already
sai&, Brasol's explanation of it is, to my mind, not a
satisfactory one, namely, that it arises from the
kidneys having been, from the sudden influx of sugar
into the eireulation, so over stimulated by the un-
usual amount of work temporarily thrown upon them, that
they go on exereting sugar after the quantity in the
blood has arrived at the normal or even below it. To
me it seems likely that the reason why the kidneys go
on excreting saccharine matter after the quantity in
the blood has been reduced to normal limits is becauss
one of the funetions of these organs is to eliminate
Prom the ecireulation all foreign solubls matters that
find entransce there. And although chemists speak of
grape sugar and the sugar found in the animal body as
being identieal, and no doubt they ars so chemiecally,
it is possible that "vegetable grape sugar" differs as
much from "animal grape sugar" as the urea prepared in
the laboratory doas from the urea fermed hy the human
body and exereted in the human uriné; or as much as
the aleohols that are distilled from maize, riece and
barley differ from one another. For though all are
iaomaricaliy the same, each of them has, to some ex~
tent, different physiologiecal actions and exerts a
diffsrent series of effects on the animal economy.
Consequently it seems to me as if the "vegetabls grape
sugar' that was injected into the animal's veins was
not only eliminated because it raised the percentage

of the saceharine matter in the blood $o above normal,
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but, likewise because not being so easily used up in
the economy, it played the part of a foreign material
in the eireulation, which it is part of the duty of
the kidneys to get rid of.

As no theory is worth the paper it is written
upon unless it be based on demonstrable facts, and as
physicians are more concerned with sugar as it appears
and exists in the urine of their diabetic patients
than with its behaviour elsewhere, I thoughtlit de-
'sirable to make some experiments with the view of
discovering how quickly "vegetable grape sugar" makes
its appearance in the urine after having been injeoct-
ed into a blood vessel. Imagining that the result ob-
tained from them would most probably not only answer
the question as to the rapidity with which sugar is
eliminated, but at the same time, show.if 1 am right
in my supposition that "vegetable grape sugar" is not
really idsntieal with, but has only an isomerie rela-
tionship to the so-called "graps Sugar" manufactured
in the animal body itself. Accordingly, I made a num-
ber of injeetions with a solution of pure "vegetable
~grape sugar" dissolved in distilled water into the
external jugular véins of rabbits, and tested their
urine both before and immediately after the pérform-
ance of the operation, in order to see how quickly it
was exereted from the eireculation by the kidneys. The
result was that I found that the sugar in most of the
cases appeared in the urine within the brief spacs of
two minutes, as the following illustrative experimen;

made upon a rabbit, weighing 1 kilo. 930 grms. shows:
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Experiment 30.

Having inserted a glass ¢annula into the exter-
nal jugular vein, through it 38.5 ce¢, of a galine solu-
tion containing 13.881 grms of grape sugar were in-
troduced into the blood vessel. The whole proecess,
from the beginning to the end of the injeection, last-
ing about twenty minutes.

The urine colleeted immediately before the com-
mencement of the experiment, contained no trace of
sugar whatever, but no sooner was the injeetion pro-
cess begun than the water which flowed from the end
of the catheter showed traces of sugar, and by the
time five minutes had elapsed, it contained 0.800 per
cent of saccharine matter. Between that and the end
of fifteen minutes more, it had incereased to 0.880 per
cent. The objeet in view having been now attained, the
experiment was intsrrupted.

The above results, proving as they do, that the
exeretion of "vegetable grape sugar" begins as soon
as it reaches the circulation, seems to me to show
that it plays to some extent the part of a foreign
body, precisely in the same way as soluble poisonous
salts do. FEven the excretion by the kidneys of the
iodide of potassium - which is known to be one of the
most rapidly eliminated of the mineral salts is not
one whit more speedy. Hende, I think T am justified
in believing that "vegetable grape sugar" plays, to
some extent, the part of any other foreign material in
the eirculation and gives rise, as I above said, to

the fact of the kidneys continuing to eliminate with
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the urine a quantity of saccharine matter even after
the amount of sugar in the blood has fallen below the
normal.

Noﬁ comes the guastion: -

Is sugar met w;th in Normal Urine? This is a
question very far from being as yet settled, and it
being one of considerable importance for us to have
clear ideas regarding, I will here insert the results
of experiments I made on the subject three years ago,
when practiecally engaged upon thse solution of a dif-
ferent fhysiological problem. As the matter at pre-
sent stands, the idea that normal human urine contains
sugar is supported by Brticke, Bence Jones, Abeles and
Kthng

ﬁhile against the idea stand K#lz, Seegen, Mos-
ecatelli,

Dr-Pavéy considers that he has been able to find
traces of sugar in the normal huﬁan urine by forming
a lead saccharine compound which he considers he has
isolated. (+) This being the position in which I
foﬁnd the matter, I instituted a number of experiments
on different species of what I considered to be normal
urine., The agents employed for testing in the sac-
charine substance being Fehling's, Moor's and the
Yeast test, particularly the latter; for without evi-
dences of fermenting I should hesitate to say that any
specimen of urine whatever incontrovertibly contained

sugar, first beecause, with a standird solution of

(+) "Oon Certain Points connected with Diabetes."
London, 1878,



eaustie potash of a gpeeific gravity of 10680, many hu-
man urines passed by apparently healthy men and women
give on boiling ths light sherry or orange coloured
reaction of sugar. Vvhile again, healthy rabbits’
urine contains a subatance which acts like sugar in
redueing Fehling's liquid, yet when tested with yeast
does not ferment like sugar. |

lHaving satisfied myself that healthy dogs' urine
is devoid of sugar, I tested my own under a great
variety of conditions, and although I oeccasionally got
a sherry or orange %oloratibﬁ on boiling it with eaus-
tie potash alone, as I never succeeded in either get-
ting a typical reduction with Fehling's liquid or
anything like a aaechérine fermentation with yeast, I
concluded that my normal urine contains no sugar at
any period of digestion when I am living on ordinary
diet.

The next point was to give a superabundance of
gsaccharine matter along with the food and see if the
exeess thus introduced into the animal economy would
be absorbed into the circulationg,sxpalied-from them
by the kidneys, and make its appearance in the urine,
as had been stated by Worm Mtiller (1) and Seegen (2).
The former observer states that he found from 0.7 to.
0.8 .per eent of sugar in the urine of a healthy man
after feeding him with 250 érammea of ‘ecane sugar,

while Seegen says that he found sugar in the urine of

(1) Worm M#ller. Die Ausscheidung des Zuckers im
Harn. Pfl¥ger's Archiv. Band XXXIV.

(2) Seegen. Ueber Zucker im Harn bri Rohrzueck ftit-
terung. Pfl#iger's Archiv. Band XXXVII.
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dogs upon & highly saccharine dist. Both of these
statements I put to the test while working with Pro-
fessor Dastre in 1889 in the laboratory of the Sor-
bonne at Paris, on the influence of sugar on the ex-
eretion of uric acid.

Experimen@ 31.

iy@%a
}y‘if;mr#xéj’ﬁf
To more than half a dozen dogs (I should say ﬁ £ f;fu:fé’ ?Eﬁ%ﬂ
k)

about 8) T daily gave 50 grms. of eane sugar along
with their ordinary diet, and although T eontinued the
expsriment on some gf them for 27 days, I never on a q@@gﬁ%&ﬁufyﬁ
single occasi:;m;;; able to make the urine to ferment A
with the yeast test, nor obtain a typiecal sugar-reduec- :
tion with Pehling's solution. Therefors T arrived at
the conclusion that the whole 50 grammes of eane su-
gar 1 had given to the dogs was used up in their sys-
tems as nourishment, and theres existed no exeess in

the circulation for the kidneys to eliminate.

Txperiment 32.

I at the same time performed, in ths same way, a
number of experiments upon myself, I will not, how-
ever; do more here than refer to the result, as I in-
tend to publish the experiments in detail, in a paper
"Oon the relationship of sugar to gout, with reference
to its influence on uric acid formation." Suffice it
then here to say that even after I had for four days
taken at the rate of 400 grammes, that is to say, no
less than 13 ounees of cane sugar per diem, and even
8o completsly upset my digestion,and made myself so
ill by so doing,that I had to abandon the experiment,

I never found any sugar in my urine when it was care-




fully tested either by Fehling's liquid or yeast.
Seeing then that I had, as I thought, already ob-
tained suffieient evidence that cane sugar taken as
food, both by men and dogs, is in some way or another
used up in the body, so that none of it re-appears in
the urine, it was necessary to try and see how sugar
behaves itself when it does not enter the animal body
by the digestive ecanal, buf is injected directly into
the portal veins and by them transported straight to
the liver, and passed through it before being allowed
to enter the general gcirculation. I may mention that
this is not only a generally recognised faet, but one
that has received experimental demonstration by Von
Mering, (1) who showed that none of the saccharine
matter that reaches the intestines as food, is taken
up by the lacteals, but all is absorbed by the branches
of the Portal vein. And already in 1855 Claude Ber-
nard (2) hagd state& that grape sugar behaves itself
quite differently when it is injeected into the portal
vessels, from what it does when injected into those of
the general system. For no sugar is found in the
urine of starving énimals when grape sugar is directly
introduced into the portal vein, - a statement subse-
quently eonfirmed by Sehrdpfer (3). What then, it
may be asked, becomes of the grape sugar under these

circumstances?

(1) Von Mering. Ueber die Absergswege des Zuckers aus

dem Darmeanal du Bois - Reymond's Archiv. 1877
(2) Cl. Bernard. Legons de Physiol. experimental.
Paris, 1855. 7 Legon.
(3) Sehr8pfer. . ArchiVv, f#ir experim. Pathol. T.
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The solution of this question &ppearing to me to
be a point of very great importance in an enquiry of
this kind, T made the following series of experiments;
and most fortunately, as it proves, I did so, for it
has led to the unexpected disceovery that when grape
sugar is injected into the portal blood vessels and
passed through the liver before it is allowed to get
into the genseral circulation a new substance is form-
ad, which is exereted by the kidneys along with tha
urine. This new substance, although not itself sac=
charine, is, by boiling with dilute hydroehloriec aecid,
at once converted into sugar.

The results I obtained from the first experi-
ments, whiech were made upon rabbits, completely ae-
corded with those published by Bernard and Schrépfer.
For on injeeting grape sugar into the portal vein, I
- was neither able to get the urine to raduoe’Fehling'a
solution nor ferment with yeast. This seemed in agree-
ment with the view that it was held back in the liver
as glyecogen. It pcaurred to me, however, that it was
quife poaaibia even if ths sugar was transformed by
" the liver into some other carbo-hydrate, some of it
might escape from this organ into the general eirecu-
lation and on reaeching the kidneys be eliminated by
them as such a.carbo—hydrape, therefore it might be
well for me speeially to test the urine for carbo-
hydrates and see if it did or did not contain any.

Experiment 33

1 accordingly boiled some of the urine (which

had not given any reduction with Fehling's solution)
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with dilute hydrochlorie aeid and after neutralized
it with sodium hydrate. I then found on again boil-
ing it with Pehling's solution, that it gave the typi-
eal reduction of sugar. As this is an important ob-
servation, I will quoté in illustration one experi-
ment c_)n_g_'v_ire}l fed rabbit.

Experiment 34.

| The rabbit weighed 1 kilo. 655 grms. As the
urine ccllseted before the experiment did not reduce
Fehling's solution, either before or after boiling it
with hydrochloric acid, it could not have then econ-
tained any earbo-hydrate.

So soon as this faet was ascertained a eannula
was inserted into the splenic branch of the portal
vein, and 20 ¢c¢ of a saline solution,containing 15
grms. of grape sugar, slowly allowed to enter it from
a burette (during fifteen minutes) The urine on be-
ing tested for sugar by boiling it with Fehling's so-
lution, gaves only a brown coloration, but no precipi-
tate; whereas the very same urine, after having been
boiled with hydrochloriec acid and neutralized with
sodium hydrate, on then being boiled with the Fehling's
solution, gave the typical precipitate of sugar.

- I next repeated these experiments on atarving
rabbits, so as to make sure that at ths time of injee-
tion there would be no glycogen in either the animal's
liver or in its museles. For glycogen always disap-
pears from the liver and the museles of rabbits after
5 daysi starvatibn, and even earlier. This faet I

have repeatedly verified.



In searching for glycogen I always employ the
method of R.K®lz, and in doing so a portion of liver
or musele ig removed as quickly as possible (either
before or after death) weighed and then immediately
plunged inta briskly boiling water. It is next as
fast as possible, with a pair of seissors, eut up in-
to small pieces while in the boiling water, and allow-
ed to boil for about five minutes. The pieces are
then taken out, put into a mortar, and after being
ground down to & pulp, replaced in ths boiling water,
to which is added from 3 to 4 per cent of potassium
hydrate. This mixture is now concentfated over a
water@béth, and on cooling it is rendered aeid with
hydrochloric acid, after which all the albumens it
contains are precipitated by the addition of mercuro-
potassiec iodide and separated by filtration through
thick filter paper. To the colourless filtered sclu-
ticn more hydrochloric acid and mercuro-potassic io-
dide are addeﬁ, and if there be any precipitate, it
is again filtered, and the whole process again and
again gone through, until on adding hydrochlorie acid
and mercuro-potassie iodide there is no longer any
precipitate.

When a-quantitative anzalysis is made_the precipi-
tate is washed, taken out of the filter, placed in a
mortar, hydrochloric acid added, then mercuro-potassic
iodide along with water, and after the whole is well
bruised, it is thrown on fikter paper and the liquid
filtered off as before. This process has to be re-

peated at least 4 or 5 times. To the filtrate and
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wash water absolute aleohol is now added until all the
glycogen is preeipitated. In merely qualitative test-
ing the repaaﬁed washings are uncalled for.

- I may mention that according to my exﬁerienca
when one is searching for very minute quantities of
glycogen, it is much better to use absolute aleohol
than to rely upon the iodide test.

Experiment 35.

The liver of another rabbit, weighing 1 'kilo.
835 grms., which had had nothing except water for 5
days, was examined for glycogen in the following man-
ner. JIts abdomen was opened in the middle line, one
of the lobes of the liver was drawn out by the wound,
a firm ligature passed carefully round it, and the
lobe removed. It weighed 3.8 grms. After being treat-
ed by K#lz's method and tested, it was found to be ab-
solutely dgyoid of glyeogsen.

Experiment %6,

I now slowly injected 15 grammes of grape sugar
dissolved in 80 ce. of saline solution, into the rab-
bit's vena porta. The injection took half an hour,
and at the end of this time another piece of liver,
weighing 10 grms. was removed. It likewise was treatf
ed after the method of Kflz aﬁd found still to con-
tain no glycogen, notwithstanding that grape sugar had
been injeseted into the portzsl vein. The urine gave
‘no reduction either on being boiled at once with Feh=
ling's solution, or after it had been previously boil= ' '
ed with hydrochloriec acid and neutralized with soda

solution.



Experiment 37.

From aﬁother rabbit, weighing 1 kilc. 838 grms.,
whieh had been kept fasting during six days, 2.5 grms
of liver was removed in the same manner as in former
experiment, treated after method of K#lz, and as it
was found to contain no glycogen, T slowly injected
into its portal vein 15 grms. of grape sugar, dissolv-
ed in 60 cc. of the usual strength of saline solution.
The injectidn lasting over a period of 40 minutes.
When it was finished, that is to say, 40 minutes from
the time the sugar must have begun to enter the liver
along with.the portal blood, 5 grms. of it were remov-
ed and after being treated and tested as before, was
found to c¢ontain no glycogen.

Urine collected during whgle experiment, and for
10 minutes after it, gave no sugar reduction with Feh-
ling, even after boiling with hydrochloriec acid.

In these two experiments we thus:not only find no
reducing substanee in the urine; consequently no
saccharine matter, not even after boiling with hy-
drochlorie acid, but no evidence even of the forma-
tion of glycogen - z diametrically opposite result to
what one might have expected, and one probably due to
the fact of the animals being in Wwant of saccharine
nourishment they used up the sugar at once as sugar
without allowing it to be transformed into glycogen
in the liver.

I now repeated the same kind of experiment on a

previously well fed dog, in order to see if any carbo-
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hydrate appeared in the urine.

Experiment 38.

Dog, weighing 20.8 kilogrammes, anaesthetised.
The abdominal cavity was opsned by an ineision in the
middle 1line, and a loop of intestine drawn out. A
small glass eannule having been inserted into one of
the mesenterie veins. The urine collected up to this
point of the operation gave no sugar reaction with
Fehling's solution, either before or after boiling
with dilute hydrochlorie acid, merely a slight brown-
ing due to uriec aeid or ereatinin. By means of a
graduated burette 100 cc. of saline solution, contain-
ing 30.0 grms of grape-sugar, was now gradually injeect-
ed during 1 hour and 20 minutes. The urine collected
during this time, on beinz boiled with Fehling's so-
lution merely gave the same brownish coloration; an-
other specimen was then boilsd with dilute hydrochloriec
acid and neutralized with sodium hydrate when it yield-
ed, on boiling with Fehling's solution, the brownish
yellow preeipitats of sugare. A third portion of urine
collseted during the next hdur and a half, that is to
say, 2 hours 50 minutes after the commeneement of the
injeection, on being boiled with Fehling's solution,
gave a brownish red precipitate, which was much more
marked after ﬁaving been boiled with hydrochlorie
acid.

This ean be tabularly represented, thus: -
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Time during Sugar in- Quantity Sugar

which urine jeeted of urine before after

collescted in ec. boiling boiling
e sl in HCl. in H C1.

40 minutes 20 néne none

1 hr. 20 min. 30 grms. 60 none present

: in 100 ce.
1 hr, 30 min. 35 present  copious

It dis tﬁus seen when grape sugar is injected in-
to the cireulation so as to have first,to traverse the
liver slowly, it does not appear in the urine as sueh
for some time aftsr, but appaérs as a carbo-hydrate
the same as had been previously found in well fed rab-
bits. Its later appearance in the urine may be due to
one or other of two causes. TFither as the consequenae
of the anaesthetie employed, or it had had time after
being first eonverted into a earbo-hydrate in the 1li=-
ver, to be reconverted into sugar. The first I do
not céonsider likely, since a vefy small quantity of
chloroform was used, and only during the time of opera-
tive proecedure. It appears to me most probable the
sugar on reaching the liver was in part transformed
into some other sarbo-hydrate, some of which would re-
main in the liver, but the rest passing into the gen-
eral eireulation. This form of carbo-~hydrate, when
not utilized in the animel economy, would bs at once
exereted as such by the kidneys. The other part of |
the injected sugar, which:had not been transformed,
having accumulated in the blood, was also now excreted
as sugar in the urine. This explains the results in
the experiment. First the carbo-hydrate alone appear-

ing in the urine, and second, when the sugar had had



time to aceumulate in the blood, both it and the other
carbo-hydrate appeared, as seen in the results of the
analysis.

Here unfortunately these experiments were abrupt-
1y brought to an end, from my having a poisoned dis-
section wound in the hand while making the autopsy of
a dog that had died of acute septie peritonitis. The
blood poisoning was suffieiently severe as to prevent
my again entering the laboratory for three weeks, and
even then I was so weak that it was thought advisable
for me to leave Kristiania and return to England. How-
ever, Professor Torup was kind enough to perform two
experiments for me. to see the effeet of rapid and
slow injections of sugar. through the portal vein.

In a dog, weighing 20.5 kilos., the urine colleet-
ed before the operation contained no sugar. A eannu-
la was inserted into one of the duodenal veins, into
whiech a solution of sugar was injscted, (eontained

28.0 per cent of sugar) - The following table gives

the result: -
Time Sugar so- Time dur- Quantity - Sugar
lution ee.ing which of urine
injected Injection in cc. per cent.in grms.
made . -

Commenceemsnt of Iﬁjeetion

8 minutes 19.5 8 minutes 55.0 1.8 0.99
27 v 14.0 19 v 33,0 5.05  1.87
40 "  24.0 18 * A 4.88  2.12
53 " 22,0 13 " 52.5 4.87 2,45
89 * 32,0 18 " 29.0 472 1.37
g1 "  23.0 12 * 8.5 4.54  0.30

1 hr.21 m.134.5 219.0 8.90
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The injection being now stopped, the dog ,however,
renained attached to the table for the next two hours,
during Which time he passed 2468 ce. of urine, contain-
ing 5.48 per cent of sugar, or 13.48 grammes. Then"
placed in cage, and during the next 10 hours, 195 ce.
of urine containing 3.55 per cent or 8.92 grammes of
sugar. After this thé urine contained no mors sugar.

The solution of sugar injseted contained 28.00 |
per cent, therefore in the 134.5 cce. employed there
was 37.668 grms. of sugar. : =

Exereted in the urine 29.30 grms.

Tost 8.386 "

The next experiment made on-the same dog, after
he had reeovered from the effects of the previous
operation, was made in the same manner. However, the
injeetion in this case was much slower and not into a
duodemnal vein, but into one of the mesenterie veins
low down in the intestine.

Time Sugar sol Time dur- Quantity Sugar
lut ion es.ing whieh of urine per cent.in grms.

injeeted .injection in cec.
me.de

Commencement of injection

15 min. 59.0 15 min. 11.2 no sugar

36 M 74.2 21 "  19.0 LB 0,58

70 "  60.8 34 W lomig 7.44 2,01
327 ¢ 80.7 57 V. 5038 L 5ie 2.83
173 " 76.5 48 v  31.2 7.00  2.18
216 "  Tnjection finished 20.9 3.64  0.78
279 " - 12;& . none
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After this time no sugar could be recognised in
the urine.
The éolution injected contained 7.85 per cent of
grape sugar. There was consequently injeeted in all
26 . 88 grms. sugar

Exereted in urine Ss11l ™ "

Lost 18;?5 grms.

In these two experiments we find a great differ-
enee in the results obtained. For in the first only
8¢38 grammes of sugar could not be aceounted for in
tﬁe sugar excreted in the urine, while in the second
we find so great a quantity as 18.75 grammes not to be
recoverable as sugar in thes urine. Also in the first
‘sugar continued to be excreted by the kidneys for
more than two hours after the injeetion of sugar had
been discontinued, while in the latter it was unable
to be recognised in less than the brief space of two
hours (108 minutes)

The question naturally arises, how c¢an we ex-
plain this great difference?

The difference of situation had recourse to
in these experiments could have little or no effeect,
forlwhether the sugar be injected into a duodenal or
mesenterie vein, it is conveyed direct to the portal
vein and liver without traversing any other organ,
whieh eould modify it in any manner whatsoever.

The great differences, however, lies in the
rapidity of the injection, and by this alone it seems
to me we ean explain the apparently difficult problem.

It will be remembered I have already given reasons for
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suspecting "vegetable grape sugar" differs physiolo- |
gically to "animal grape suger" although it is chemi-
cally the same. Now in the latter experiment the su-
gar was so slowly introduced into tha portal system,
that it could have time to be in the greater part mo-
difisd in the liver, as would have befzllen it if ab-.
sorbed from the intestine. In my experiments on dogs
and myself, I found that ho sugar was excreted in ths
urine on a diet rieh in cane sugar, which differs wida-
1y from grape sugar and therefore from animal sugar.
Now in this experiment the sugar most probably reaeh-
ed the liver far quicker than it would if if had been
absorbed through the intestinal walls, so that all was
not transformsd-inﬁo glycogen (or other substances)
and of that part of it which passed through the liver
(without being converted into some other carbo-hydrate
form) had possibly been modified so as to be in thas
greater part easily split up and used in metabolism
in fhe same manmer as animal grape sugar, in conse-~
quence of whieh the greater part pf the sugar, 18.75
grms., injected was either used up in the animal econo-
my or stored there for future use; while only 8.11
grms. of the injected sugar were excreted by thé kid-
neys and that too very quiekly, as is seen in the ta-
blé; for no sugaer was recggnisabla in the urine in
thié experiment in less than two hours. If this is
to be accepﬁed as the true explanatiﬁn of the last ex-
periment, we can readily understand how in the first,

when the sugar was rapidly introduced into the portal
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system, very little had time to be converted into gly-

cogen by the liver in its rapid _transit through this

organ, and still less to be modified so as to aet as

the easily split up and utilised animal grape sugar,
consequently it was in the gresater part excreted by

the kidneys and on}y 8.38 grammes were not to be found

in the urine, this having been utilised in the animal

economye.
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CHAPTER IV,

EXPERIMENTAL PATHOLOGICAL EVIDENCE IN FAVOUR
OF THE EXISTENCE OF PANCREATIC DIABETES

Great difficulties unfortunately beset the path
in a pathologieal enquiry regarding the possibility of
produsing pancreatie diabetes artificially in animals
by means of direct experiment, in consequence of the
severity and fatality of all those opsrations on the
pancreatie gland whieh entail either its whole, or its
partial destruetion. The direct effeects of the opera-
tion itself - even when skilfully and earefully per-
formed - often leading to the death of the animal with-
in a few hours. And the after effeets being such that
even in the most fortunate of cases none of these ani-
mals c¢an be kept alive longer than two months, a per-
ibd which scarcely suffices for a definite and perfeet-
1y conelusive set of results being obtained.

Having already adduced the elinieal evidence in
fa#our of the view that pancreatic disease is a most
important agent in produeing one form of diabetes mel-
litus in man, I shall now give a resumé of all the ex-
pasrimental faets that have been published regarding
the effeets of extirpation of the pancreas and then
"detail the results of my.own physiologieal and patho-
logieal researches upon it, in connection with the sub-
jeet of panersatic diabetes. - i
The Experimental literature of Panereatie Dia=

betes is exesedingly limited. It may be said to begin
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with what Claude Bernard (1) published in 1858, re-
garding the effeets of producing an interruption to
the flow of the panereatie juice into the intestines
by bloeking up its duet with solid paraffin. All the
animals he operated upon died, whieh led him to be-
lieve that the removal of the panereas must inevitably
be a fatal opefation. He noticed that all the dogs
he experimented upon'became thin; that the fatty parts
of ths foods wers not absorbed from the intestines
into the blood, nor all the starchy matters changed
into sugar. But he makes no mention of having exam-
ined the ufine for sugar. Although Sehiff (2) injeet-
ed paraffin in the same ﬁanner as Claude Bernar@, he
states that the dogs so operated on remained in per-
fect health.

Bérard and Collin extirpated the pancreas from
various speciss of animals, and the most succe ssful
of all their opsrations were upon pigs, which they
said could live without the gland; but eoma doubt has
been entertzined regarding the completeness of the re-
moval of the orgen in those cases in whieh the ani=-
mals apparently suffered but little from its extirpa-
tion;lwhich has led them to enfirely disagree with
the published opinions of Bernard, It may not be out
of place to mention that when, in 1857, Professor Rér-

ard exhibited to my fathér, among other of the pigs

(L) 0l. Bérnard. Mémoire sur le pancréas ete. Compt
rendus. Vol I. 1858, and Lecons de physiologie i
experimentale, Vol II, p. 274. 1858

(2) Sehiff. Med. Centralb. 1872, p. 790.

(3) Bérard et Collin. Memoire sur les effets de
1'extirpation du panecreas, Gazette hebdom. de

med. et de Chir. Vol V. p. 59. 1858,
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he had operated upon, twohauch miserably lean animals

that on seeing them passing along the side of the
courtyard wall on which the sun was shining brightly,
he jokingly remarked that he thought if they got any
thinner they would be sufficiently transparent not to
be able to cast a shadow on the wall! Thoush I am not
aware that any sugar had ever been looked for or found
in their urine, as extreme emaciation is one of the
most notable signs in panereatic diabetes, it is not
improbable that as the pigs my father saw were so ex-
czedingly lean, their urine too might have been sac-
charine.

Klebs and Munk (1) extirpated the pancreas in
dogs but never found sugar in their urine, and conse-
qusntly they considered that when digbetes mellitus
oceurred in man associated with pancreatic disease,
it was dus to implication of the solar ﬁlaxus,, How=-
ever, in a foot-note to v. Mering's paper Klebs re-
marks that they did not remove the whole of the pan-
¢reas, 80 this may acecount for their not finding sugar
in the urine. .

Pinkler (2), in his casss of extirpation of the
panereas, did not find diabetes mellitus follow upon
tthe operation. '

Semn (3), in his excellent work on the surgery of

the.pancraaé says that on operating on both eats and

(1) Klebs and Munk. Tageblat. der 43 Versammlung
deutscher Nat. und Aeryte. Innsbruck, 1869.

(2) Finkler. Verhand. des Congress ffir innere Medi-
eine. Wiesbaden, 1888, p. 1l72. .

(3) Senn. Dis Chirugie des Pankreas. Volkmamn's
Sammlung Klinischer Vortr#ge. No.313-314, Leip=
zip 1883
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dogs he found that when he axtirpated the whole of
the gland they only lived from a few hours to 9 days,
and gives the following table as the causes of their
deaths after the total extirpation of the organ.

1. Dog died in 9 days from peritonitis

2e . - 4 » " gangrene of duodenum

3; Cat o 5 hoqrs " Thaemorrhage and shoek.
4 % L " 1% H. ] L L]

5; Dog L 4 days " suppurating peritonitis.
B Cat + " 2 hours " haemorrhage.

In none of these cases was the operation perform-
ed with the view of indueing diabetes and consequently
sugar was not searched for in the urine. Nevertheless
it is well to eall attention to the faot that the ddg.
that lived 9 days, in spite of mod feeding, lost in
this short time 2.5 kilos. in weight.And it is also well
to direet attention to thé faet that a dog which lived
76 days, at the-end of three weeks, after a partial
extirpation of thes organ, was noticed to have develop-
ed a remarkable appetite, and that the part of the
pancreas which remained was found atrophied. Another
dog for the first four weeks remained in caﬁparatively
good health. Then it began to fall off and in spite
of eating as mueh as foour normal dogs would, lost
flesh and died 1268 days after the operation. Both
these dogs were thought td have been in good health,
until atrophy of the remaining portion of‘the pancreas
supervenad. In spite of sugar not having been looked
for in tha.urine, as they lost so much flesh it is

just possible they might have had diabetes.
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Martinotti (1) likewise extirpated the panecreas
almost complstely. His observations being directed
to Lieberkuhn's glands, which he considered zfter ex-
tirpation of the pancreas,took on the functions of
that organ. He, too, did not examine the urine, but
he mentions inecidentally that in one dog there was a
well marked faulty nutrition,and great loss of flesh.

V. Mering and Minkowski (2) were the first to
eall attention to the faet that after complete removal
of the pancreas there ié always a diabetes mellitus
and that too, of a2 very severe form. |

In some of these dogs sugar appeared in the urine
as early as from 4 to 8 hours after the opsration,
while in others not until the following day. It
réaehed its maximim of from 5 to 11 per cenﬁ in about
two days, and so it eontinued until death, even when
the dogs had received no nourishment. One dog, weigh-
ing 8 kilos., fed on bread and meat, passed from 70
to 80 grms..of sugar daily. The sugar was proved to be
grape sugar by the quantity estimated by Fehling's
liquid, and the Polariscope being exactly the sane.

The diabetic dogs suffered from great thirst aﬁd
some were so hungry as even to eat their own faeces.
Polyuria was a marked symptom. From 1000 to 1700 eec.
of urine being voided daily. Rapid loss of flesh fol-

lowed by great feebleness occurred in all, in spite

(1) Martinotti. Sulla extirpazione del pancreas. Gior=-
nale della R. Academia di Medicine dei Torino,
1888. p. 348 and 383. k -

(2) v. Mering and 0. Minkowski - Diabetes mellitus
nach Pankreas - extirpation. Archiv. ftir exper.
Pathol. und Pharmakol. Vol XXVI, 1890, p. 371.



of good feeding, ths dogs wh'ich lived as long as 3
weeks being unable to walk.

In the urine of the ddgs were found both acetons,
acéto-acetie aeid, and Beta-oxybutyrie acid. At
first there was only sufficient acetone present to
render it detectable by Lieben's and Lecal's tests;
but just before the animals died it had sufficiently
increased to be recognisable by the chloride of iron
test alone.

Acetone, aceto-acsetic acecid, and Beta-oxybutyrie
acid are three substances at the present moment of so
much importance in connsetion with the gquestion as to
the cause of the sudden coma whieh often supervenes
and most unexpeetedly terminates life in cases of dia-
betes, that T shall require to devote some space to
them, espeeially as I have, in the clinical part of
this Thesis, related cases in which it oeeurred, and
it is said these three substances are constantly met
with in cases of pancreatie diabetes, I think it weéll
to take the present opportundty of briefly stating
whaf is at present known about them.

They were at first recogrised dnly in the urine
of cases of diabetes mellitus, (Peters, Kauliech, v.
Jakseh and Gerhardt) and were considered to be con;
fined to that disease. V. Jakseh further stated that
acetone was to be met.with in normal wurine in quanti-

ties of not more than 0.0l grms. Then Le Nobel said

he found acetone in the urine§ of comparatively speak-"

ing healthy people, who were taking either alcohol or

albuminous foods in excess. Now a great step in ad-
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vance has been made: but before referring to it, I
may mention.that acetone, aceto-acsetie acid and Reta-
oxybutyric acid ean be formed from one another in the
way illustrated by the following graphie formulae.
H H H o0 ) | |
{ | Lol /
H - ? - ? - ? - 0 -0 =-H } = Beta-oxybutyrie aceid
H 0 H \
. J
Beta oxybutyrie acid is by oxidation econverted into
H H 0
| | i ) .
H-C~-C=~C=~-0C=0-H)| = Aceto-acetie aeid
b e
While aceto-acetic acid,'in its turny readily splits
. up into Acetonerand Carbonie. acid.
H H |

| |
H=C=06~0=~H Acetone + 0 = ¢ = 0 Carbonie acid

o I

H “0!

Ac¢etone and zceto-acetiec acid not improbably ori-
ginate in the same manner in the animal body. They
are indeed most probably in no way the direct conse-
quence of the diabetes, but merely result from some of
the complieations which so frequently acecompany the
disease. This idea originates in the faet that aceton-
uria has now been observed to occur in most diseases
wherever there is wasting of the tissues and general
marasmiec cachexia, as, for example, in cases of fever,
carcinoma)in some form or another of the digestive
traet, and in eertain chronic forms of insanity, more’

especially in cases of children. Acetonuria has also
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been observed to oc¢cur in starvation. (+) In faet,
it appears that the further the subjéct is gone into,
the mors evident it becomes that the presence of any
one or other of these three substances in the urine is
indicative of no single form of disease, for they
seem to be presert in the urine in almost every case
of disease aceompanied with an excessive waste of the
nitrogenous tissues. Although it must be admitted
that this is partieularly the case in the form of dia-
betes depending upom disease of the pancreas, I think
I have adduced sufficient faets to prove that even
acetone eannot any longer be regarded as pathognomonie
of any form of diabetes whatever. Nom ought it to
surprise one when he finds the urine has a more or
less fruity apple-like odour in cases of wasting dia-
betes, seeing that pancreatic disease is a form of
affeetion which, as has been shown in the‘clinical,
and this; the experimental, part of the Thesis, is in-
veriably attended with an exceptionally rapid 1lo8s of
flesh. b whh wie mudin, audicaufor it AJMW‘, ad«-u-‘ oo,

Ssaing that the c¢liniecal signifieance of thab
presence of not only acetone, but of its precursors
in the urine, is gradually assuming a diagnostic im=-
portance, I shall briefly narrate the best methods for
their deteetion.

Firstly, as regards Acetone - C 0 (C HS)z - which
is & colourless liquid, mixing readily with water, aleo~-

hol and ether, with a fruity apple-like odour, when in

(+) Cetti "Hungerkunstler" Berliner Klin. Woehen-
schrift. Vol. 24, p. 434. 1887.



quantity in the urin;iis easily recognised by giving
a well marked red colour on the addition of chloride

of iron solution (Gerhardt's test). When present in
the urine in small quantity;fmay be deteeted by Lie-
ben's (+) method, which is the following. After ren-
dering the urine alkaline,a solution of iodine, dis-
solved in water containing potassium iodide, is added
and the mixture gently warmed. If acetone be present
2 yellow precipitate separates.

Legal, again, tests for acetone by adding to the
suspected liquid a few drops of a freshly prepared ni-
tro-prussate of sodium solution, then a little caus-
tiec soda or potash, which cazuses the liquid in the
rresence of acetone to assume a bright red ecoloun. As
ereatinine,however;gives the same reaction, it is ne-
cessary to proceed further and acidulate the mixture
with acetie aeid, which causes it to become of a fine
carmine or purple tint, whereas with ereatinine it
merely assumes & yellow colour.

Aceto-acetic acid czﬂgo.GHQ.OOOH must be tested
for when ths urine ig fresh, as éceto-acstic acid-onJ
standing is converted into acetone. Its presence is
recognised by its giving with the chloride of iron
Gerhardt's red reaction. .The test is very simple:
to from 10 to 50 e¢e. of urine, a dilute sclution of
chloride of iron is added, until it gives no longer
any precipitate. The thus precipitated phosphate of _

iron is filtered off, and more chloride of iron added.

(+) Hammersten. Lehr. Phys. Chir. 1891.
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If aceto-acetic acid be present, it gives a claret

red colour. A second portion of the urine,of a strons-
ly aeid reaction, is next heated to boiling, and on
ecooling it ought to give negative results. A third
portion of the urine is acidulated with sulphurie acid
and then shaken with ether, which takes up the aecid.
-on now shaking the ethereal mixture with dilute chlor-
ide of iron solﬁtion, if aceto-acetic acid be present
the watery layer will be coloured of 2 violet red or
elaret hue, which colour again disappears on warming.

As Beta-oxybutyrie acid, CHz. CH(OH).CHg.COOH.
is a left-rotator of light, and consequently inter-
feres with the right-rotation of grape sugar in the
urine, when less sugar is found by polarisation than
by titrafion, one may ordinarily put it down to the
presence of Beta-oxybutyrie acid.

Another test is that of K#tlz. The urine is eva-
porated to a syrup and then an equal volume of coneen-
trated sulphuriec acid added to it. When, if any Beta-
oxybutyric acid ps present, it is converted into Alpha
erotoni¢c acid. Thus! -

CH%.GH(OH).GHz.GOOH = H20+B§3;0H:OHiCOOHt
and on being erystalised alpha-erotonic aeid has &
melting point + 72°¢.

To return to thé experiments.l I may further men-
tion that wom Mering and Minkowski found the dogs comtinu~
ed ﬁarmanently diabetie up till the tims of i their deaths in
all those cases in which the pancreas had been totally
removed, and that they even continued excreting sugar

along with their urines when kept without food.
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This form of diabetes Von Mering and Minkowski
assert is the direct consequenee of the removal of
the pancreatic gland, and not due to any injury to
the nervous system by the operation; for they never
could diseover at the autopsies of them any evidence
of injury to the nerves. This faet was confirmsd by
Reeklinghausen in the case of a dog he examined after
death. But in further proof of the statement in one
case that although they separated the pancreas entire-
ly from the mesentery and left it merely attached to
the duodenum, and had ecnsequently done quite as much
injury to the nerves near it as if they had extirpat-
ed the organ, there was nevertheless no diabetes.
While again in two other dogs they applied a double
ligature to the pancreatie duet and likewise separated
the pancreas from the dﬁodenum, so that the gland was
only eonnscted with the mesentery. Yet neither of
these two dogs becams diabetie, although one of them
suffered from a transitory glycosurda, which they
thought was probably due to merely a temporary inter-
ference in the panereatiec circulation.

That any merely partial extirpation of the pan-
ereas was not followed by diabstes was proved, they
said, by the following experiments.

In a dog they separated the horizontal part of
the pancrsas, leaving only the vertieal; and no dia-
betes occurring within the next three weeks, they re-
moved the vertical portion of the gland, after which
the animal became diazbetic and remained so until its

death, from lung disease, 20 days afterwards. In an-
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other dog they removed the middle part of the pancress
and again no diabetes followed until after the rest
of the gland had been removed a month later.

Heyden (+) removed the panereas from 22 dogs, and in
in all of them found diabetes within from one to two
days after the operation. The quantity of sugar
passed in the urine was, as & rule, 5 per cent, and
the animals showed all the ordinary signs of diabetes,
i.e., polyphagia, polydipsia, with a marked loss of
musecular power. He says'ihat the& generally died of
marasmus in from 20 to 30 days.

These being briefly all the experiments T have
found recorded by others, I will now_cite the results
obtained from my own, all of whieh were performed in
the Physiclogical Institute of Kristiania, under the
eye of Professor Torup, who, as I before said, kindly
aided me in every way in his power, and without whose
valuable counsel and assistance, I would never have
been able to accomplish as much as I did in the seven
months I spent there.

As the anatomy Sf the pancreas of the dog is
quite different from that of the human being, in order
that my modes of expefimenting may be readiiy nder-
stood, it is advisable to briefly explain by the ac-

. companying diagramatic sketeh (Fig, 10), that the or-
gan in the dog consists of tﬁo almost entirely separ-

ated portions, joined together at the head.

(+) Heyden. &Extirpation du pancréas et diabéte.
Soci€té de Biologie, Paris. 25th October, 1890.



Fig. 10 One, a duodenal or verti-
cal (a) with its extremity
lying in the mesentery,
quite away from the intes-
tine, runs in close con-

nection with the duodenum

for merely from SIto 10 e.

: and then joins with the
Diagram of Dog's Panereas.

other horizontal, (b) or
(a) Duodensl or vertieal

portion subgastrie portion, to
(b) Subgastrie or horizon-

tal portion. form, as it were, the
| head of the gland, oppo-

site the gastro-duodenal junction. It receives its
blood gupply from the pancreatico-duodenzl vessels.
The subgastrie or horizontal portion is longer than
the duodenal. It rums from the point of union (head)
of the panereas horizontally below and somewhat be-
hind the stomach, as.far as the spleen. It then turns
downwards and ends in a mesentery of its own about
the middle of the left kidney. 1In this horizontal
portion the gplenie vessels run, and it is necessary to
separate them from'thé gland substance in extirpating
it. To all the dogs I operated on was given a hypo-
dermic of atropine and morphine about half an hour be-
fore performing the operation.

The strictest antiaeptié precautions were always
taken. The instrumerts, after being freshly boiled,
were kept until used in a earbolic acid solution,
while a freshly made 2 per cent boracic ae¢id sclution,

after having been likewise boiled, was used to wash
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the intestines with and flush out the peritoneal eavi-
ty after the operation.

In order to avoid unnecessary repetition, I will
here, once and for all, deseribe the mode of operating
which it may be taken for granted was strietly follow-
ed, unless special mention is made to the contrary.

The skin over the abdomen was shaved and well
washed with corrosive sublimate solution, the rest of
the abdomen being covered with antiseptiec e¢loths. An
incision was made in the middle line from the “xji- -
phoiid cartilage downwards for about 3 or 5§ inches. The
duodenum was then drawn forﬁard, and the gland separ-
ated from its intestinal attachments, the vessels hav-
ing & double ligature applied to them. The horizon-
tal or subgastrie portion was found by raising the
spleen, ‘and great omentum. (+) The splenie vessels
were separated from the gland tissue as much as pos-
sible, and all the branches from them going to the
gland were doubly . ligatured. The gland thus isolated
by iigatures, was now removed by merely eutting it
out from among them. Having finished with the extir-
pation of the organ, the peritomeal cavity was well
washed out with the hot solution of boracic acid.

The wound was cldsed and then dressed with iodoform

Experiment 39.
A barge dog, weighing 18.7 kilos., from which the

(+) As a rule the great omentum was removed, as I
had found it expedient to do -so in making biliary
fistules, eteé., while I was working in the labora-
tory of the Sorbonne.
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whole ¢f the pancreas was removed, (there having been
very little haemorrhage during the operation) was
placsd in a urine collseting cage. On the following
morning he seemed very well, the wound looking heal-
thy. In the colleeting box there was 100 ce¢ of urine
which gave a distinet reduetion with Fehling's solu~
tiop and fermented, consequently it contained sugar.
He was given some milk. The day after this I found
him very quiet. He took no notice when patted, and
the pulse-being weak, I gave him a hypodermic injee-
tion of ether, but he died within an hour after it,
about 20 hours after the opédration. Autopsy an hour
later. Wound looked healthy. The peritoneal cavity
contained 50 ce. of a brownish coloured fluid. Peri-
tonsal surfzce of both the intestines and mesentery
was injeeted, and here and there were smell haemor-
rhages.. No pancreas remained. Liver congested and a
large quantity of bile in gall-bladder as well as in
the larger ducts of liver. Kidneys somewhat congest-
ed. Bladder contained 30 ce. of high coloured, c¢loudy,
acid urine. It gave both a ﬁell marked rgduction
with Fehling's solution and fermented. The urine nei-
thér contained albumen, blood, bile acids nor bile
pigment; but on adding to it a saturated solution of
zine chloride and ammonia, it gave a distinet urobi-
1in- reaetion. Urobilin was also proved to be present
by a spectroscopic examination. This fact might be
aceountsd for by the psritonitis.

Herz then we have evidence 6f sugar being excret-

ed within 24 hours after complete removal of the pan-
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ereas.
Zeperinen: S0

From a dog weighing 11 kilos. the pancreas was
complstsly removed, but had great difficulty in de-
taching it from the duodenum. Following day dog seem-
ed pretty well, although somewhat quiet. 50 ce. of
urine had been passed dufing the night. As it gave a
reduction with Fehling's solution and likswise fer-
mented with yeast, it contained sugar. Next morning
the dog was fq?nd dead in his cage. No urine had been
passed. Autopsy. No signs of peritonitis. About 13
inches of the duodenum a littls below the pylorus was of
a dark purple eolour, evidently a commencing gangrene.
Liver, spleen and kidneys normel. No pancreas ramained
Bladder contained only 2 ee. of urins, which fave =2
distinet reducetion with Fehling's solution. Here
again there was an excretion of sugar within 24 hours
after remova} of the panecreas. |

Experimsnt 41.

Removed the pancreas from a dog weighing 13 kilos.
Again had the same difficulty in separating the duo-
denum from the gland. The vessels were very short
and the gland was clossly bound down to the duodenum.
On the following day the dog seemed well. He had not
been put in eage for collecting urine, it having been
thought bettsr to allow hiﬁ to remain in his kennel in
order that he might quicker recover from the effects
of the operation. On the second day he seemed so well
that he was given some milk.. Wound looked healthy.

On the third day he was quieter than before, but took
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his milk. He was no better next day, and on the morn-
ing of the_fifth after the operation he was found
dead. Autopsy. No pancreas remained. Liver and
splsen normal. Xidneys somewhat congested. Middle
part of dupdsnum of a2 dark purple, almost black colour;
but there were no signs of peritonitis visibls.
Bladder contained 8 c¢e. of pals, acid urine, which
gave a copiqya precipifate on boiling with Fehling.

Expgziment 42. Panereas removed from a dog weighing

13.5 kilos. From the mesentery being very short in
this case, I had great diffieulty in getting the duo-
denun forward, and in consequence there was some hae-
morrhage into the peritoneal eavity. It was soon
stopped, however, and was washed out until the boracie
solution returned colourless. After waiting a few
minutes as there seem=d to be no longer any haemor-
rhage the wound was e¢losed as usual. The dog was,
however,_?p?pﬁ_dead next mbrning, having passed no
urine. Autopsy. Panereas absent. Liver, spleeh and
kidneys very anaemie. Peritoneal cavity contained a
1arge quantity of almost pure blood. The bladder

econtained no urines.

Bxperiment 43 .

Pancreas extirpated from a dog weighing 10 kilos.
From the splenic vessels being very closely adherent
to the gland, had great difficulty in removing it.
The next day he seemed well, though quist. Had oﬁly
passed 10 ce. of urine during the night. It, however,
gave a distiﬁct reduction with Fehling. Had not suf-

fizient for the fsrmentation test. The morning after
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he was_fggn@ dead in the colleeting cage.

Autopsy. The organs all normal. Nd trace of
the pancreas remained. Peritoneal cévity econtained
blood-stained fluid, but not suffiecient blood to ae-
count for death. No urine in the bladder.

Experiment 44.

Pancreas.was removed from a dog weighing 14.5
kilos. Towards the end of the operation there was a
good deal of haemorrhage, but no blesding point ecould
be found, so placed two drainage tubes in the wound
and dressed it with the usual antiseptie dressings.
The dressings being noticed to be blood-stained in the
afternoon, it was considered advisable to search for
the bleeding point. On opening the abdominal eavity,
found haemorrhage had stopped. The dog died during

Autopsy. Pancreas entirely removed. Liver some-
what anaemie looking. All the other organs being
healthy the dog seemed to me to have died from the
shoek of the opsration, as the loss of blood was far
too insignif%cant to account for death.

Experiment 45.

Removed fancreas from a dog weighing 12 kilos.
Considerabls haemorrhage and he never properly re-'
coverad from the operation.

Autopsy showed no cauﬁé for death. No urine
found ip_bladder.

Experiment 486.

Panecreas removed from & dog weighing 12.3 kilos.

He died immediately after the operation, apparently



from the effeets of the shock.

Before detailing the resﬁlts of any of the other
experiments I made on the pancreas of the dog, I will
cite some of those I performed on the rabbit, the
anatomy of whose pancreas is entirely differént from
what it is in the dog, in a2s mueh as it extends over
a far greater area from its being, as it were, spread
out into a number of fine ramifications in the mesen-
tery. The rabbit's pancereas gonsequently presents in-
Surmﬁuntable anatomical difficulties in the way of
its removal by the knife, and this being the case I
tried the effeet of destroying it piecemeal with the
galvanic cauterg;by touching with the galvanie cau-
tery and thus destroying each little branch of ths
gland éaparately, and any small haemorrhages that
were threatensd during the course of this proeedure
ﬁere stopped in the same manner.

Before c¢iting any of the eiperiments I must first
remark that in examining the rabbit's urine for sac-
charine matter, it was never forgotten that, as Worm
M#iller stated, normal rabbit's urine contains a sub-
stance with a reducing nature which turns Fehling's
solution of so distinet a brown ecolour, that unless
eare be taken the coloration might be mistaken for
that'arising from the presenee of sugar. However, so
far as I have.bean able to'ascertain the organie sub-
stanes in normal rabbit's urine which gives this reac-
tion does not possess the power, as sugar does, of
giving a distinet precipitate of reduced copper on

ecooling. But to make sure that no error could oceur
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on this head, I invariably employed the yeast test as
confirmatory of either the presence or absencs of su-
gar in all the experiments. The nature of the sub-
stanee in the rabbit's urine which gives the brown
colour with Fehling's liquid is a disputed point. It
has been thought that it might possibly be sither uriec
acid or ersatinine, both of which products are met
with in thes urine of the rabbit. Indeed, the fowmmer
in quite as great a quantity as in the urine of man
when the diet is identical. I found this to be the
case by actuval experiment.

Experiment 47

For at Kristiania on an average of 23 analyses of
the urine of rabbits on bread and water dist, 0.0064
grammes of uric aeid were daily excreted and this per
kilogramme of bodily weight, is equal to L/13 of a
graip_iz?%_p¢unds' bodily weight per 24 hours.

Experiment 48.

And while I was working at the question of urie

aeid in connsetion with gout, at the Sorbonne in Paris, .

I found that while I excreted 0.0092 grammes of urie
acid per kilo, egqual to 1/; of a grain per 2 poﬁnds
of bodily weight in 24 hours while indulging in a rich
Parisian dist, but when I restricted myself to a diet
of bréad and water, I only excreted 0.0043 grammes per
kilo, i,es, 1/35th of a grain of uric aeid for 2
pounds of my weight in 24 hours.

We thersfore by this see that rabbits pass more
uric acid on a bread and water diet than a human be-

ing does and this faet together with the presence of
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c¢reatinine in their urine may perhaps be, as has been
stated, the cause of the decoloration that oceurs on
boiling their urine with Fehling's solution.

The results were obtained by making the quantita-
tive analysis of the urie aeid by Salkowski's method
with a slight modification whiech I will now give.

One requires for the analysis of Urie acid by
the method of Salkowski three standard solutions.

A. An ammoniated solution of Nitrate of Silver
28Igrammas to the litrs. One dissolves 28 grammes Ag
N0z in 600 ce. of ﬁater, add ammonia until the preeci-
pitate at first formed is dissolved and make the solu-
tion to one litre.

B. A Magnesian mixture consists of 100 grammes
of magnesian ehloride dissolved in water and ammonia
added until the mixture smells strongly of it. Then
ammonium chloride is added until the precipitate which
at first forms is completely dissolved. Water is then
added to make the whole up to one litre. :

C. A solution of Sodium Sulphide. This is made
by dissolving 10 grammes of caustic soda in one litre
of water. Through 500 ¢¢ of this solution sulphuret-
ted hydrogen is passed until saturation, and then it
is mixed with an additional 500 cc. of the caustie
soda solution = Na OH, Na SH.

With these three solutidns one proceeds as fol~-
lowai - Mix in a glass 10 c¢c¢. of the silver solution,
with 10 cc. of the m&gnesian‘solution,thesa add to

100 ee. of urine and then sufficeient ammonia to make
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the mixture c¢lsar. Allow it to stand for one hour,
then filter and wash with feebly ammoniaeal cold water.
The contents of filter are put into a becher glass
and then 10 c¢c¢. of the alkaline sukphur solution added
to it along with an equal quantity of water. It is
now hegted un;;l it boils. PFilter it again through

the same filter, into the becher glass eontaining the

silver precipitate. Wash the filter with boiling
water and let the washings flow into the beéher glass.
Then heat latter for some hours in a water bath. When
cooled filter, and wash into a poreelain capsule.
Acidify the contents of eapsule with hydrochlorie acid

| and evaporate them to about 15 ce. Then add a littls
more hydroehlorie acid and allow it to stand 24 hours.
The erystallised uric acid is now collected on a
weighed filter, washed first:qith g little cold water
then with aleohol, ether, and lastly with bisulphide
of carbon. The filter dried at 100 - 110°C. and
weighed. The ineresase of weight + the following cor-
rection, gives the quantity of urie acid in 100cc.
of urine.

Correction - for every 10 e¢c. of wash water used
in the last washing, add 0.00048 grammes of urie acid.

A still better plan is, instead of weighing, to
estimate the quantity of nitrogen in the filter paper
(the filter-papers used haﬁing been first proved to
be free of N) by the method of Kjeldﬁhl presently to
Dl

Experiment 49.

A rabbit weighing 1,894 grammes, was aneesthe-



tised with Ether, and as much of the panersas destroy-
ed as could be reached with the Galvanie cautery. On
the following morning it was found that it had passed
no urine, but on thse second day 30 ce of urine of an
acid resction was fouhd in the €olleecting box. It
gave a distinet precipitate with Fehling's solution,
and likewise fermented with yeast, so there was no
doubt that it contained saccharine matter. On the
third day 15 cc. of urine was obtained, which was also
found to eontain sugar. The rabbit died in the after-
noon. .

’Autopsy. Abdominal wound healthy and firmly clos-
ed. On opening the abdominal cavity an acute peri-
tenitis was diseovered. The cause of it was found to
be a perforation in the duodemm 15 e. from the py-
lorus, of about the size of a thresperny piece, through
whibh the intesiinal contents had entered the peri-
tonsal eavity. The perforation was probably caused
by the galvanic cazutery having injured the peritoneal
coat of the duodenum and led to a slow perforating
ulceration of them. The animal had in the four days
lost 279 grammes in weight, notwithstending that he

had been given as much bread and water as he .would eat.

Experiment 50.

In & large rabbit under Ether, weighing 2,327
grammes, the pancreas was deﬁtr@yed with the galvanie
cautery. The next morning at 11 a.m. as he seemed
tolerably well, he was_given gome bread and milk. He
commenced to eat’ it immediately. Four hours later he

was found lying on the side and he soon after died.
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The bladder contzined 50 ce. of acid urine. It gave
the sugar reaction readily Eoth with Fehling and yeasgt.
The quantity of grape-sugar found in it amounted to
0.706 grammes.

Estimated by titration 1le412 p.c. of sugar

" by Polarisation ,1.450 " "

This urine, thersefore actually contzined gfapa-sugar
and not maltose.

The quantity of Nitrogen estimated by Kjéldahl's
methodnwgq_found to be 0.5712 grammes. No albumen.

Autopsy. Wound healthy. No haemorfhage.Adheaions
found commencing around parts destroyed by galvano-
cautery. All the other organs seemed healthy. No
pancreas appeared to have been left between the duo-
denum and caecum. The death was supposed to be due
to_shocka_asmno other cause for it was discoverahie,

Experiment S51.

A rabbit weighing 1.882 grammes, anaesthetiséd
with Ether,had its pancreas deatro&ed by the galvanic-
cautery. The following day it was so well that it
had some milk. The urine passed during the night was
unfortunately lost. On the second day 83 ec. of aeid
urine was collected. It contained no albumen, but
gave the sugar reduction with Fehling's liquid and
fermented ﬁith yeast. The_urine contained 1.200 grms.
or 1.5 per cent. The quanfity of nitrogen found by :
Kjeldahl's method was 1.7196 grammes.

Third day. Drank milk but would eat nothing. 43 -

ec of aecid urine contained 0.881 grammes of sugar or

1.7 per cent.
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The nitrogen estimated by Kjeldahl's method
amounted to 0.8239 grammes. Fourth day 83.5 ce of
acid urine. It contained é much smaller qﬁantity of
sugar, only 0.5 per cent.

The nitrdgen found by Xjeéldahl's method was
0.4210 grammes. The urines of thse next three days wers
useless owing to their getting mixed with milk, there-
fore I only gave him water bread and: greens, Obtained on
the eighth day 46 ee. of aeid uriné which gave a re-
duction with Fehling's solution but the presence of
sugar was not confirmed by the yeast test. Had the
same result on the ninth day. The rabbit had then
lost 62 grammes in weight, although it had been feed-
ing well for the last 4 days. The urine whiech was
tested from time to time for sugar by the fermentation
teat, but always with a regative result. The animal
lived for 81 days after the operation, and from his
' ha#ing died during an éxcessively eold night, and be-
ing greatly emaciated at the time, his death was at-
tributed to the effects of cold. He had lost no less
than 737 grammes of flesh in the 81 days, and this too
notwithstanding that he had been latterly taking his
food reﬁarkably well, The faet of the sugar only be-
ing met with in his urine during the first four days
after the operation, and none subsequently, and yet
the emaciation being so markedly progressive, and that
one often meets with great emaciation in the human
subjeet, suffering from pancreatic disease when there

is no com¢omitant diabetes, the idea naturally arises:

may this be due to a sufficiently healthy portion of



the pancreas being left to prevent the oeeurrence of
the diabetes thoush not sufficient to prevent the ema-
ciation?

If some of the pancreas was accidentally left in-
tect in this case, it is quite possible that it might
not have been sufficient to split up or destroy the
sugar, and hence its appearance in the urine, bBut
that when the immediate effects of the shosk had pass-
ed off, this portion was quite sufficient to prevent
the diabetes. The great wasting might easily be ex-
plained by the duets having been destrowyed with the
greater part of the gland and consequently no pariére-
atie ' juice was poured into the intestines to aid in
the proper digestion of the food and render it fit

for assimilation, and henece the extreme emaciation.

Autopsy. Liver, spleen and kidneys normal. ?an—
ereas - there was not suffiecient of the glandular tis-
sue remaining to be recognisable among the many ad-
hesions, although I felt there might have been rem-
nants of the pancreatiec tissues here and there that
were undétactabla to the eye. Throughout the body
most marked signs of emaciation, no fat recognisable.
Mrgeles very lax,

Experiment 52.

Destroyed with the galvanic cautery as much pan-
creas as could be found in a rabbit weighing 2,300
grammes, while it was anaesthetised with ether. On
the fbllgy%ng morning it wes found dead in its cage.

Autopsy. No fluid in peritoneal cavity, Livef

and kidneys normal. Iower part of duodenum of a some-
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what dark colour. All of the panereas seemed to have
been destroyed. The bladder contained 42 cc. of pale
acid urine. The urine was saccharine and econtained
no albumen. The quantity of sugar (estimated by
Knapp's method) was 0.314 per cent, and by the polaris-
cope from 0.25 to 0.30 per cent.

Death had evidently been eaused by the shock of
the operation, at least there appsared no other cause
to aceount for it.

Experiment 53.

Operated on another rabbit, weighing 2,160 gms.
ag in the former case. It, however, never properly
recovered from the nafcosis, so that may have been
the cause of its death.

Autopsy. All ths.pancreas seemed to have been
destroyed. No urine having been passed, nor any hav-
ing been found in bladder’after the animal's death,
nq_gagrch for sugar eould be made.

e

Experiment 54.

Operated on a pure white rabbit, 1,365 grammes
in weight, in same mamer &s in the case of Experiment
53, After the opseration he lay quiet in his ecage,
with the eyes ¢losed. Died in the evening without
having paqsgd any urine, . _

Autopsy. No cause of death found. There seemed
to be some of the pancreas ieft below the duodenum
and between it and the cascum. The bladder contained
4 cc. of pale urine, which contzined neither sugar nor

albumen.
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Experiment 55,

Destroyed the pancreas of a rabbit weighing 1,822
grammes, as in the other cases. It died during the .
night. The acid urine (30 cc.} wes of 2 decidedly red
colour and econtained 0.10 per cent of sugar. The red
colour on spsetroscopic examination was found to be
due toﬁ?be_yresence of oxyhaemoglobin.

Autopsy. Peritoneal eavity contzined a blood
stained fluid. Some of the pancreas was recognised
on separating-eaecum from mesentery near to the duwo-
denum. Liver and kidneys somewhat pale. The sugar
in urine may possibly have been in ths blood that was
fognd m;ga@_yp with it.

FExperiment 58.

Pancreas was destroyed in a rabbit weighing 1, 345
grammeé, but it never recovered from the narecosis.
Passed_nq_u?ine.

Autopsy. On separating the mesentery from the
caecum some of the pancreas was found remaining. No
urine in the bladder.

I now come to the consideration of another set
of experiments on the pancreas, namely those that were
performed with the view of asecertaining the effects
of a pgrtial destruetion on sugar exeretion.

e

Experiment 57

The panereatic duct of a large dog, weighing 23%
kilos. was doubly ligatured and the portion between
the ligatures execised. The remaining portion of the

gland was then isolated by ligaturing - all except
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the subgastrie part which eould not be reached.
Fig, 11. On the following day
- the dog remained very
quiet - did not so much
as even move. She died
in the evening, that is

to say about 30 hours

after the operation.
The amount of urine-col-
Pancreas of dog.
lected was 300 cc. It
Shaded portion isolated :
by ligatures. was aeid. It contained
_ no sugare
Autopsy. A little blood stained fluid in abdomen.
The part of the pancreas.shown shaded in the diagram
whieh was the part that had been isolazted by the liga-
tures, was of a dark purple colour. It was found to
have been.cumpletely_isolated and to have no c¢omnection
with the circulation, and consequently for all practi-
cal physiologicél purposes it was as useless as if it
had been entirely removed from the animal's body. The
end of the subgastrie portion, forming about 1/g part
of the whole gland, was of the normal colour, and pre-
sumably had continued to perform its functions. To
this fact may be attributed the absence of sugar in
the urine.
As all the other orgaﬁs were apparently healthy
-the death of the dog was attributed to the shock of
S

Experiment 58.

A dog, weighing 20.9 kiles., was operated on ex-



actly as in preceding experiment,,leaving only a very
small portion of subgastrie, not more than the size
of a nut. The urine eollected in first 6 hours
émounted to 280 ce, it had probably got accidentally
mixed with some of the drinking water. It contzined
0.131 grammes of sugar = 0.046 per cent.

' The urine collected on the following morning gave
no sugar reaction. It died at mid-day, that is to say
20 hours"after the operation.

‘Autopsy. Allithe organs were very anasmie. The
abdominal eavity contained some blood-stained fluid.
All the pancreas that was surrounded by the ligatures
was of a dark purple colour. The tip of the subgas-
trie portion of a normel colour. The upper 1/, of
duodenum of a'dark eolour, as if commeneing gangrene.
Urins in bladder 2 ce, gave no reduction with Feh-
ling's solution.

Experiment 59.

A dog weighing 10.1 kilos. Operated on exactly
as the above. Died during nizht. Urine of night gave
no redgg;ipp of Fehling.

Autopsy. Showed no cause of death. Pancreas in-
cluded within ligatures of a2 dark purple colour. The
extremity of subgastriec portion of a normal colour.

Experiment 60.

In another dog, weighing 16.9 kilos, the pancreas
was operated on in the same manner. It passed during
the afternoon and evening 150 ce. of acid urine. It

gave no reduction with Fehling, nor fermentation with

yeast. During the night there had been some haemor-
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rhage from the dog having torn off the dressings.
Died in the afternoon. Urine was so much mixed with
blood, that it eould not be examined for sugar.
Autopsy. The part of
panereas inecluded in the
ligatursg was of a dark

reddish-black hue. Only

the tip of the subgas-

The shaded part pof trie portion remained
pancreas was the part
ineluded in the ligatures. of a normal eolour.

Liver, spleen and kidneys somewhat pale. Bladder eon-
tained a few drops of urine, whieh gave no reduetion
with Pehling.

Experimant 61.

On a dog'weighing 12 kilos the operation was
slightly modified. The main duet of ths pancreas was
doubly ligatured and the portion 1ying betwesn the
ligatures removed. Ths free end of the duodenal por-
tion was next removed, and the main artery supplying
the subgastric portion ligatured.

On the feollowing day the dog seemed well, but
he refused food. 225 ec. of a pale yellow coloured
aeid urine was 6ollected; It contained sugar as it
not only reduced Fehling's solution, but fermented
with yeast. The amount of nitrogen it contained was
found by the method of Kjeldahl to be 2.097 grammes.
On the second day the dog not only refused to eat, but
he drank nothing. 160 ce¢. of a high-coloured acid
urine was collseted, but econtreary to the specimen of

the day before, it neither reduced Fehling's liquid



nor would it ferment, so that it contained ho sugar.
The amount of nitrogen in it was ascertained to be
2437 grammes. On the third day the dog was exceed-
iﬁgly quiet, and although he took notiee when spoken
to, he sould not he induesd to eat. He died in the
afternoon, having passed 220 ce. of a high-eoloured
aeid urine, which, like that of thse previous day, was
totally devoid of sugar. The quantity of nitrogen
was not gspim&ted on this occasion.

Autopsy. ZLungs eongested. In the part of the

pancreas that remained were some small abscesses from

the size of 2 pin's head to a pea. Liver and kidneys

congested. There was a very diffuse peritonitis in

this cass.

Experiment 82,

In the above case the quantity of nitrogen in
the urine was caleulated according to the method pub-
lished by Kjeldahl of Copsenhagen, which eonsists in
econverting all the nitrogen present into ammonia and
then estimating the amount of the engendered ammonia.
This method possesses the double advantage of aceu-
racy and simplicity. (+) This I know from my having
often employed it, and T prefer it to all the other
methodé, not only for the before stated reasons, but
also because in many other-analyaea the quantity of
nitrogen thus formed furnishes the data necessary to

recognise the substanee being analysed, as, for ex=

(+) In the Physiological Institute of Kristiania
we could easily do 18 of these analyses at the
same time, whieh was of course an immense advan-

tage .
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ample, in the case of urie acid.

The mode of procedurs in aﬁalysing urine is the
following: - Take 5 cc. of diluted urine - the urine
must be diluted until it will not'yiqld more than 0.5
grammes of nitrogen, for the smalleyr the quantity the
more delicate is the test = put it in a small glass
flask, and add to it from 10 to 15 ce. of pure concen-~
trated sulphuric acid (S.G.1.85). The sulphuric aeid
must havs been praviously dsoertained to eontain nei-
ther nitrogen nor any nitrogenous products by boiling
and adding more soda than is enough to neutralise it.
If no nitrogen be present in it, it will give off no’
ammonia. The presence or absence of the ammonia is
recogrised by reeceiving the products of distillation
into a solution of sulphurie acid, which is dosed both
before and afterwards with a standard solution of so-
diun hydrate. To the flask containing the urine is
now added a drop of mercury. Thie, with the sulphurie
aeid forming sulphurous aeid, the oxidation and trans-
formation of the nitrogenous matters into ammonium
sulphate, is faeilitated. The flask, inelining on
its side is now heated on.a wire-gauze over a gas-—

Fig. 13 flame, at first very gently
| in order to prevent frothing.
It is kept boiling until its'
eontents are perfectly de-
colorized, which takes from

2 to 3 hours.

- During destruction leave
Position of flask for i
destruction. flask inelined. PFig. 13
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The gas-fiame is now extinguished,_the flask placéd
in an upright position, and to the still boiling eon-
tents permanganate of potash is added until a green
colour is obtained, whiech shows that complete oxida-
tion has taken_place.-

All that is necéasary to bs done now is to dose
the sulphate of Ammonia. For this purpose the flask
is allowed to cool whils covered with a watch glass.

Fig. 14,
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_Whén cdoled fhé contents of flask are emptied into a
flacon (eapable of eontaining abouf 1 litre) and flask
weli washed, emptying into flaecon until about 300 ce
of liguid. Allow flacon to eool and then put into it
about 1 gfamme of powdered zine (free from nitrogen)

A solution of soda is now added quickly (a little more
than enough to neutralise the sulphuric acid) and the
flacon closed by attaching it to a distillation appar;
atus (see diagram, Fig. 14) Its contents are then
distilled into a coniecal Qaae (b) eontaining a solu-
tion of sulphurie acid, of known conecentration. Now
heat flacon (a) and distil off the ammonia into coni- .
cal vase. One must heat sufficiently long to allow

all the ammonia to distil over. When this is done a
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piece of red litmus paper will not bs turned blue when
held at opening of tube (c¢).Tube (¢) must be kept al-
ways just abovs the level of sulphurie ae¢id solution
in eoniecal vase by gradually lowering the latter. if
too mueh liquid distils over,the flame is removed
from beneath the flacon, and by means of a2 syphon ar-
rangement at (d) any exeess of the fluid flows back
from (d) into flacon. The ammonia having all been
distilled over, the duantity of sulphuric acid that
remeins in the conical vase (b) is now titrated, and
the loss of acidity gives the guantity of ammonia and
from it is estimated the quantity of nitrogen. This
is the way in whichqtha results I have given ﬁere ar-
rived at.

The next experiment I will relate is another of
partial removal of the pancreas, which was performed
on a eat. I may remark that the anatomy of the ecat's
panerseas is very similar to that of the dog's.

Experiment 63.

Removed the head and duodenal portion of the pan-
ereas from a large and healthy cat. On the following
morning it was found dead in its eage. The acid urine
obtainéd from the bladder did not ferment with yeast,
so that it eontained no sugar.

Autopsy. The subgastric portion of the pancreas
was the only part found reﬁaining. There had been no
haemorrhage, and as everything else appeared normal
the aniﬁal's death was attributed to merve shock.

Experiment 64.

Destroyed the greater part of the pancreas of a
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rabbit, weighing 2,385 grammes,with the galvanie cau-
tery. The animal only lived till the evening. No
urine got.

Autoﬁsy. Haemorrhage into the abdomen had taken
place from some of the mesenteric veins. A portion
of the pancreas, and all the other organs were found

normal.

Experiment B85

Destroyed nearly the whole of the pancreas of a

rabbit,weighing 1.872 grammes, with the galvaniec cau-

tery. 15 se. of aeid urine was colleeted on the fol-
lowing morning. It contained no sugar. The quantity
of nitrogen waé found to be 0.4587 grammes. He was
fed on bread and milk. 1In thé next four and twenty
hours 42 ce. of aeid urine was obtained. Like that
of the previous day it contained no sugar. The quan-
tity of nitrogen was now 0.5374 grammes. During the
following night the animal died.

Autopsy. No apparent cause of death could be
found. The part of the panereas that remained seemed
normal. ‘

Experiment 68.

The greater portion of the pancreas was destroyed
in a rabbit, weighing 2.080 grammes,in the same way
as before, but it only suryivsd ths operation 6 hours,
during which time it passed no urine.

Autopsy. A'Haemorrhage had occﬁrred from the
maéenzeric vessels. The whole of the pancreas ly-
ing between the duodenum and caecum remained. No

urine found in the bladder. There would therefore
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seem to have been a complete suppression of the remnal
gecretions. in this case.

The following is a short table of the operations
and their results: the conelusions I draw from them
may be briefly summed up as Ibllowsf -

Diabetes mellitus invariably follows on complete
destruction of the panereatic gland, while if only a
small portion of the gland tissue remains, it appears
to be sufficient to prevent the occurrence of the dia-
bates mellitus.

Ligatuyre df the panereatic ducts is not fH llowed
by diabetes until the gland tissue has become complete-
ly destroyed by atrophy of its gland e¢ells and hyper-
trophy of its connective tissue.

From these results it is séen that the appearance
of the diabetes mellitus has nothing to do with the
pancreatie juice reaching the intestines. The great
importance of this faet will be more lengthily dis~
cussed in the next ehapter, when its physiological
explanation will be given.

That this diabetes occurring after the extirpa-
tion or destruetion of ths pancreas, is not due to
any nervous injuries c¢aused by the opsrative manipula-
tions, but to the obliteration of the pancreatic
funetions alone.

The diabetéa mellitué arising from the experimen-
tal destruetion of the pancreas is the most severe
form, and always has a fatal termination. Its symptoms
being polyphagisz,polyyrea,polydipsia,extreme emaciation,

and museular weakness, and the occurrence in the urine



of acetone, acsto-azcetic aeid and oxybutyric acecid the
results of the great proteid destruection, often ter-
minating in fatal coma.

We see that the aiperimental panereatie diabetes
corresponds in all its points with that of the elini-
cal, and hence is of the greatest value to all phy-

gsicians.

Expt.Animal.Weight Kind of Sugar and Lived Cause of

opsration.Nitrogen death

39 [ Dog | 18.7 k.|Complete |Found su- [20 hrsJShock

| ; | removal gar next
morning

43 2 10 " o " 30 = "

44 " 143 v " No ur?ine [12 "

|obtained

45 " 12 L " [ L} A ™ o

48 " 12.3 " " ’- " 3" "

42 " 13 " L L died |haemor-
during [rhage
night

40 " 11 " * Sugar found gan-

in night's |48 hrs.grene
urine & up
till deathd
41 ] 1% L L " 5th day "
49 Rabbit] 1.894 gl.As com- Sugar found4th " |perfora-
; plete re-|in the 24 tion &
moval as |hours & up peri-
was possit+till 3rd tonitis
: ble day
50 " 2.327 ol In night's |22 hrs./Shoek
- urine Ni-
trogen =
0.5712 grm;,

56 L 1,345 n No urine : Did not
recover
from ®he
anaesrt

' | thetie

53 " 2.160 ¢ s "

5) b 1.882 L In night's| 681 dayg

- urine & up mere smus
till 4th + extreme
day = 1.7 cold
per cent
N = 0-421
grammes.
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Expte.Animal.Weight Kind of

Sugar and Lived Cause of

operation.Nitrogsn death
81 Dog 12 kilosPartial Sugar dur-|3 days |Pari-
emoval ing lst 24 tonitis.
hours only
1=2.097
gramnes.
5% " 23% » ‘ " No sugar 30 hrs{shock
80 " 18.9 " bd 24 v "
58 v 20.9 " g In 1st 6 20 " |haemor=
: hours 0.131 rhage
grms. of
. ‘ ‘sugar com=-
_ i ‘ tinued till
[ i ; death .
50 | ™ '10.1 " No sugar 16 "¢ |Czuse
{ | t doubtful
55  Rabbit|l.822 gri " Sugar in 16 "? |[Haemor=-
i ' urine but rhage.
| | might have :
‘ been foom
the blood
mixed with
it.
52 " 24300 » 0.314 p.c. 16 "2 |[Shoek
84 i 2.385 . Obtained 8 " Haemor-
no urins. rhage
66 " 2.080 \ " 6 " "

54 " 1.361 . No sugar 6 " Ishock
65 L 1.872 " N.at 1lst 48 " unknown
- day=0.4587

srammes
Ne2nd day
=0.5374 grm
83 Cat . None Fe' "? |Shock
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CHAPTER V.

THY. PATHOGENESIS OF PANCREATIC DIABETES

To attempt to give the pathogenesis of almost
any disease is invariably a more or less difficult
task, but it is excepticnally difficecult in a case like
the present, where the nature of the affection is
still imperfgctly understood. Seeing, however, that
pancreatic diabetes is apparently what is ealled a
chemiecal disease, from its aymptomsland course heing
in a great measure traceable to & defective nutritive
chemistry connected with the panereatic¢ funetions, I
shall endeavour to show how fer physiologieal chemis-
try explains why, when the pancreas is diseased, su-
gar is met with in the urins.

As was previously stated, normal urine either
contains none, or but the faintest traces of sacchar-
ine matter, whereas when patients labour under diabetes
the out-put of sugar in the urine may rise tp from a
few ounees to a couple of pounds in the twenty four
hours. Morecver, the sugar exereted by the kidneys,
and eliminated in the urine is almost invariably (+)
of the same kind, namelj, dextro~-rotatory grape sugare.
In 811l the experiments I made on animals T found that‘
it was grape sugar that appsared in their urines af-
ter removal or destruction of the pancreas.

The appearance of sugar in any urine ﬁhatever can

only be due to one of two causés. Firstly, from the

(+) In two cases J. Seegen found lasvo-rotatory
sugar in the urine. Centralb. f. d. Med. Wissen.
No.43, 1884. Ackerm, Berliner, Klin. Wissen. 8th

April, 1889,



kidneys exereting the normal blood sugar, or, Second-
1y, the kidneys exc¢reting the sugar that has inereas-
ed in the blood to an amount beyond what the organism
ecan make use of. The latter cause is undoubtedly the
one at work in all cases of diabestes, for if the first
. assigned cause were the correct one, the quantity of
sugar in the blood of a diabetiec animal would be al-
ways less than normsl. Whereas, the quantity found is
always above the normal. The blood of a man or a dog
normelly contains from 0.1 to 0.15 per cent of sugar,
while in the case of dogs rendered diabetie by extir-
pation of the panereas, it contains from 0.3 to 0.486
per ecent. Von Mering and Minkowski (1) in one dog,6
days after ths pancreas was extirpated, found that the
blood contained 0.3 per cent of sugar and the urine
7.1 per cent. In another dog, 27 days after the same
opération, the blood contained 0.46 per cenﬁ, and the
urine 7.5 pef cent of sugar. As'was before stated,
Claude ﬁernard (2) found thﬁt when the quantity of
sugar in dog's blood was artificially increased to
0.3 per eent by the intravenous injeection of a sugar
séiution, it passed at onee through the kidneys into
the urine. Brasol (3) showed that the kidneys, when
onece stimulzted to exerete sugar, from being increased
in the blood to above 0.3 per cent, they eontinued to

eliminate sugar until it had again fallen back to the

(L) Von Mering and Minkowski. Diabetes Mellitus nach
Pankreas extirpation. Arch. ftir Fxp. Pathol. u.
Pharmakol. Vol. 26, p. 371. 1890

Cl. Bernard, etc. Chapter Pe

Brasol - Archiv. ftir Physiol. 1884. p. 211,

A et
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normal standard or even lower. My explanation of
this faet has already been fully given at page /15, so
it is unnecessary for me to repeat it. .

It seems therefore certain that the presence of
sugar in the urine in cases of diabetes is due to its
being ebnormally incresased in the blood. As was
pointed out by my Father in his book on "Diabetes" (+)
all the vearious forms of diabetes may be explained as
a consequence of one or other of the two following
factors.

Firstly - As a consequence of an excessive forma-
tion of suger in whieh the patients do not lose flesh.

Sedondly - As a consequence of a diminished as-
similation of sugar giving rise to its aceumulation in
the blood, whiech is always accompanied by a loss of
flesh.

In a eondition of health there must always be an
equilibrium between ths formation of sugar in the ani-
mal body and its assimilation by the tissues. It na-
turally follows therefore that anything which.upsets
this equilibrium will cause an inerease of the sugar
in the blood, and as a sequence the appearaﬁce of su~
gar in the urins.

Bafore discussing which of these faectors is at
work in the ease of panecreatic diabetes, I will brief-
1y give the views most gsnéraliy held by physiologists
at present, regarding the formation of sugar in the
animal body. |

Sinece Claude Bernard disecovéered the glycogenic

(+) George Harley "Diabetes" Walton and Maberley,
London. 1866
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funetion of the liver that organ has been regarded as
regulating the amount of sugar in the blood. Unless
we admit the existence of some mechanism for regulat-
ing the quantity of sugar in the blood, it would be
next to impossible to explain the faet that so many
investigators, urider the most varied conditions, have
found that the quantity of sugar in the blood of heal-
thy animals varies very little. The explanation of
this faet genarally is, that if the quantity of sugar
taken up b& the portal rootlets, during the digestion
of earbohydrates, be in execess, the liver stores it
up in its cells as glycogen, and so soon as the quan=-
tity of sugar in the blood sinks below the normal, the
liver gives up sufficient of the stored up glyeogen
and thus brings the amount present in the cireulation
to nérmal. This power is supposed to be possedaed by
the liver in ecnsequence of its eontaining a ferment
whieh can convert its stored up glycogen into sugar.
If this were true the quantity,qf sugar in the hepatie
vein would be sometimes greatsr and at othefs smaller
than in the portal vein, and this has been ﬁroved by
experiment to be aetually the case. TFor that the
quantity of sugar in the portal is greaier than in the
hepatie vein during the digestion of carbohydrates,
has been demonstrated by von Mering. (L) This state-

ment, howsver, has been contradicted by Bleile (2).

(1) Von Mering. Arcehiv. f. Phys. (de Bois Reymond)
Do 410 = 4155 > 1877,

(2) Bleile. Ueber den -Zuckergehalt des Blutes. Du
Bois Reymond's Arehiv. 1879.
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It must be remambered that in the colleeting of blood
from the hepatie vein, the manipulation itself must
neceésarily stimulate the liver, and as the blood from
the portal vein is first colleected, the stimulation
of the liver resulting from the operation may sause
it to set some of the glycogen free as sugar, and
this may be the cause of the contradictory statements
of these two experimenters. Again, in animals fed on
a non=earbonydrate diet, aé well as in starving ani-
mzals fha quantity of sugar has bsen found to be great-
er in the hepatie than in the portal vein, exactly
what one would expset if v. Mering's observations be
¢orrect, whieh I incline ta think thsy are.

The following table gives the results obtained
by T. Seegen (1) in different bloods uhder different

food eonditions.

No. of Mode of Percentage of sugar Sugar plus in
Experi- Feeding in blood of Hepaticec vein
ments. Carotid Portal Hepa- Abso~ relative
Artery. Vein tie lute in perce,
“Veéin ;
8 Starvation 0.157 0.147 0.260 0.113 78
0 Stareh 0.150 0.147 0.261 0.114 77
8. Sugar 0.185 0.188 0.285 0.079 42
4 Dextrin 0.176 0.258 0.327 0.089 28
and sugar :
8 Meat 0.155 0.141 0.281 0.140 99
8

Wag© U CBAS80:114 05217 hells 90T

Seegen considers the increase in the quantity of

sugar in the hepatic vein does not arise from thes gly-

(1) Die Zuckerbildung im Thierkorper. Berlin,
1890. p. 176.
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cogen being changed into sugar, but from the formation
of sugar from the proteid and fat of the liver.

That glycoger can be formed from a non-earbohy-
drate diet was long ago shown by Bernard, who found
glycogen in the livers of animals fed solely on albu-
men.

Seegen's views are still further strengthened by
the faet that starving animals ean be rendered dia-
betie, that is to say, at a time when glyeogen is not
to bs found either in their livers or musecles. (1)

Von Mering (2) has given yet additional evidence
of the truth of the idea from his having found that
after an animal's system has been complstsely drainsd
of all its glycogen, eithsr by starvation or by caus-
ing it to have a diabetes by Phloridzine taken inter-
nally, it ean again be made to pass sugar in its urine
by giving it a fresh dose of ths phloridzines. ,In one
case he brought on a glyecosuria in a deg aftér 21
days' starvation: consequently the sugar excreted in
this cass must have been fermed out of the proteids
or fats, or probably out of both. That the produc-
tion of sugar from proteids and fats is a vital pro-
cess is, I think, shown by the results furnished by
the following experiments I made on the livers of

starved animals.

(1) I have found on starving rabbits & to 10 days,
no glycogen either in the liver or museles, al-
though the blood still contained sugar, This su-
gar must have heen formed from the proteids of
the animals.

(2) Von Mering. Zeitschr. f. Klin. Med. Vol. XVI,
pP. 431 to 446.



Experiment 6%7.

A rabbit weighing 2.450 grammes, after having no-
thing given to it but water for 10 days, wsighed only
1.972 grammes. It had thersfore lost in that time
478 grammes. The blood from its earotid artery con-
tainsd 0.043 pér cent of sugar. The abdominal ecavity
was opened, and a eannula inserted into the por tal
vein and a cold, ieed saline solution (NaCl 7 per
mil) allowed to flow through the liver. The stream of
saline solution was kept up until all the liver was
washed fres of blood. This washing had a double pur;
pose to perform: firstly - by freezing the liver, it
prevented any glyquen that might be present in it
from being transfermed into sugar; while, secondly -
it prevsnted the possible error of any of the sugar
contained in the blocd from complicating the analysis.
After this washing out the liver was removed and divid-
éd into four nearly squal parts.

One portion, weighing 15.7 grammes, was immediate-
ly plunged into boiling water-ahd analysed by the
method deseribed at p. I A4, for glycogsn or sugar.

No reduction was obtained with Fehling's solution, and
no . fermentation with yeast. This negatived the pre-
senca of sugar. Ro glycogen was dstacﬁad either by
alcohbl or #iodine (by method bafore dssecribed) A
second portion, 14.5 grammeé, was simply kept exposed

in the 1aboratoﬁy for 15 minutes. On this being anal-

ysed no sugar or glyeogen was found in it. A third por-

tion, weighing 19.5 grammes, aftsr having been kept
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in the same way for 6 hours gave equally.negative re-
sultse A fourth portion, weighing 18.5 grammes, after
27 hoﬁrs' similar e?posura, gave no sugar or glycogen
reactions. .

Exper;ment 68.

A rabbit after having been starved 7 days, weigh-
ed 1.300 grammes. The carotid blood was found to con-
tain 0.077 per cent of sugar. The liver was weshed as
in the fomner experimsnt. A portion, 15.4 grammes
was immediately analysed for glycogen, and found to
contain non<. A second portion, 14 grammes, was im-
mediately plunged into boiling water rendered slightly
ageid with acetie aeid, and the albumens coagulated,
The coagulum filtered and well washed. TFiltrate aﬁd
wash water ?vaporated to 20 e¢c. gave no evidenee of
sugar, either by Fehling or yeést test. A third and
fourth portion, weighing respectively 19.6 grammes
and 12.9 grammes, treated with acetiec aeid as the last
after 7 and 20 hours’ respeetive exposures in the la-
boratory, contained no sugar. 50 grammes of musele,
taken from the rabbit immediately after it was killed
wers treated after the method of R. K#lz and found to
cqntain no g;ycogen.

Experiment 689. A rabbit aftsr 8 days' starvation,

weighed 1,525.gr&nmms. 52 grammes of blood taken from
the ecarotid artery, containéd 0.021 grammes of sugar,
i.8., 0.0404 per cent. '

. The liver was opérated on as in the last two ex-
periments. First portion of the liver, 7 grammes, eX-

amined for glyeogen; but nons present. Second portion

180



16.5 grammes, after having siood for 12 hours at the
temperature of thes laboratory, was boiled with dilute
hydrochlorie ac¢id for 15 minutss. After neutraliza-
tion of filtrate got no reduction with Fehling or fer-
mentation with yeast. Third portion, 17 grammes,
treated in same mannér with hydrocehlorie aeid, after
standing 20 hours in the laboratory, gave no sugar.
The fourth portion, 13.5 grammes, after having been
kept for 12 hours at & temperature of 37°C., contained
no sugar. The fifth portion, 14.5 grammes, was kept
for 20 hours at the same tempsrature, and yet contain-
ed no sugar.

The Museles, analysed by the method of R. KMlz,

Experiment 70.

A rabbit; weighing 1,846 grammes. After 6 days'
fasting the blood taken from ths carotid artery con-
tained 0.023 per cent of sugar.Liver washed as in experi-
periment 67; A piece of liyer,80 grms, was found to con-
tain no glydogen;-Another piece,20 grms,after having been
quiekly thrown iﬁto boiling water and boiled in it,was
pounded in & mortar; again boiled and extracted with
water. Filtrate ahd wash water concentreted over a
water-bath. Gave no reduction with Fehling or fer-
mentation with yeasf. A thi;d piece, 20 grammes, wes
boiled, pounded in a mortar énd boiled agein. Dilute
hydroehlorice aeid was then added, and the whole plec-
ed in & water bath for 20 hours. Neutralized and fil-

tered. Piltrate gave no reduction with Fehling or feg—

181



182
mentation with yeast.

Three portions 6f musele from the hind legs were
treated in exaectly the same manner at the same time.
The first contazined no glycogen,; and the second and
the third no sugar, after having been treated in ex-
actly the same manner as the third and fourth speci-
men of liver in this experiment.

In these four experiments it is seen that the
blood of the starving animals eontzined sugar; and
that, as they received no foed, the sugar could not
possibly have been obtained from without. Hence, the
inevitable inference is that it was manufaetured out
of scme material or other in the animal body, seeing
that the sugar existing in the body at the commence-
ment of the starvation progess must have long since
disappeared. Plenty of sxperiments have been publish=
ed which show that, from saccharine matter bhsing used
up in metabolism it very quickly disappears from the
blood. Sugar being one of the materials from which
bodily heat and museular work spring, higher animal
life is impossible without it.

In the animals experimented upon, the sugar found
in the blood ceould not possibly have come from any
glycogen stored up, @ither in the liver or in the
museles, seeing that none was found in either of them.
In faet, I found that as giycogen entirely disappears
from the livers and museles of rabbits after 3 or 4 days
of total aﬁqtinance from food, there was no 1ikelihood '
of its being present in the livers or muscles of the

cases here experimented upon.
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In Experiments 67 and 68 no sugar was generated: |
in the liver after it had been removed from the animal,
although kept &t the temperature of the laboratory for
27 and 20 hours; while in Experiment 69, portions of
the liver were kept at the temperature of the animal's
body, and even after 20 hours had formed no sugar. And
in Experimsnt 70, although the portions of liver and
musele wers acted on by hydrochlorie aeid, still no
sugar was formed. Yst, as is well known, hydrochlorie
acid not only converts glycogen and starch into sugar,
but many other substances such as those contained in
mueus .

As in the foregoing experiments no reduction was
obtained on boiling with Fehling's solution, it shows
thﬁt not only there %as no sugar, but not even jecorin;
whieh is a substanee about which very little is as .
yet known. That, like sugar, reduces Fehling's solu-
tion, and it is of interest to know that it also dis-
appears from both the liver and museles of animals
during starvation.

I may mentioﬁ that Jecorin‘waa first discovered
by Drechsel (1) in the liver of horses and dogs. La-
ter Baldi (2) a pupil of Drechsel's showed that it
could be found in the liver, spleen, muscle and blood
of different animals and also in the brain of man. Its
chemical composition is not;yet known, but it contains

phosphorus and sulphur. It is soluble in ether, from

(1) E. Dreehsel. Berichte der Kgl. s#chaischer Ge-
sellschaft der Wissenschaften. Sitzung won 8.
Feb. 18886, ' :

(2) Dario Baldi. Du Boid Reymond's Arch. 1887.Supp.
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which solution it ®an be precipitated by aleohol.
From the above charazeteristies, it is considered to
belong to the Leeithin group. As jecorin is solubls
in water and reduses Fehling it would have, in these
experiments. given a reduction if it had been present.
In support of the view that sugar is formed in the li-
ver, as has been long generally believed, we have the
results yielded by the analysis of the blood of the
heart obtained before and aftsr extirpation of the
liver.

Bock and Hoffmann (1) having ascertained, for ex-
ample, that the normel heart-blood of rabbits econtain-
ed 0.07 to 0.1 per cent of sugar, ligatured their por-
tal veins, aﬁd found no change in the quantity of su-
gar eontained in the blood. But on removing the whole
liver from rabbits that survived 30 minutes, they
found that the heart-blood now only eontained 0.02 per
cent of sugar, whils in the heart-blood of those that
lived 40 minutes, no sugar was found at all.

Minkowski (2) found that geese live a éonsider-
able time after the extirpation of their livers, and
that in the ecase of a2 goose that lived 20 hours after
its liver was removed, the sugar had entirely disap-
pearad from the blood. .

Seegen (3) ligatured the aorta and vena cava

and so shut the liver from out of the eirculation.

(1) C.Boek and F.Hoffmann - Exper. Studien #ber Dia-
betes, Berlin. 1874.

(2) MinkKowski. Ueber den Einfluss der Leberextirpation
auf Stoffwechsel. Arch. f#r exp. Path. und Phar-
mokol. Vol. XXI )

(3) Seegen. Zuckerbildung in Theirkorper p.185 Berlin

o 2290, ; ;
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Three dogs thus operated upon lived from 30 to 70
minutes, and he found a rapid decrease took place in
the gquantity of sugar econtzined in the blood of their
carotid arteries.

It must not‘be forgotten that the museles also
contain glyecogen, which varies in the same manner as
liver glycogen. (1) That the museles ecan form glyeo=
gen from grape-sugar was proved by E.K#lz (2) inject-
ing a solution of grape sugar subeutaneously, after
the removal of the liver, and finding that an increase
in the musele glycogen occurred.

This muscle glycogen may perhaps be one of the
prineipal faetors in the diabetes of the over fed and
under-exercised persons among the upper classes, es-
pecially seeing that in many of those cases much mus-
cular exercise gets at once rid of the sugar in the
urine. Numbers of the cases related in Bomchardat's
book on Diabetes, eannot, I believe, be explsained by
any simpler supposition.

Thé glycosuria produced (Cl, Bernard) by punec-
turing the flocor of the 4th Ventricle, between the
oriéins of the auditory and pneumo-gastric nerves,
only oceurs while the liver contains glycogen. If a
rabbit so operated on, be killed as soon as it ceases
to pass sugar in its urine, no glycogen is to be found

in the liver. In animals whose livers have, by starva-

(1) VNasse. Physiol. au contract. substanz. Pfltiger' .
Areh. Bd, II and Physiol. der Kohlenhyd. Pfltiger's
Arch. Bd. X1V.

(2) E. Ktlz. Bildet der Muskel salbstandlw Glykogra?
Pfitger's Arch. Vol. XXIV.
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tion, bsen rendered free of glycogen at the tims of
puncture, it is found that no sugar appears in their
urines after the operation. (+)

This fofm of nerve stimulating diabetes is mere-
ly due to a disturbance of the normal innervation of
the liver causing a too rapid transformation of glyeco-
gen into sugar, and from the saccharins matter being
suddenly inersased in the blood to beyond what the
wants of the system requirs, the excess has to be ex-
cfeted by the kidneys and sliminated from the body
along with the urins. So it might be said that this
nerve form of diabetss furnishes us with a typieal
example of what is called the diabetss of an excessive
formation.

With these observations, I now turn to the con-
sideration of the many and varied theories that have
bgen advanesd by different writers rsgarding the pro-
bable pathogenesis of pancreatic diabetes.

By far the majority of pefsons who have attempt-
ed to explain why disease of the pancreatic gland
should be aceompamied with diabetes, and that too of
a most severe charaetsr, assume that there is an ex-
cessive formation of sugar in the body on account of
the pancreatic funetions being arrested, &lthough
they differ very considerably as to Why.and wherefore
the arrest produces an exeess of sugar. This being

the eass, in quoting the different theories adduced, I

(+) See foot-note in Bunge's Lehrbueh Physiol. Che-
mie, 1889. p. 380. Pavey, etc.
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will give a brief eriticism of all of those which ap~-
pear to fail to explain themselves.

Popper (1) considers that thé fatty acids ,which
ars normally formed from the fats by the action of
the pancreatie juice, no longer reaeh the liver; and
conssquently they cannot combine with its glycogen to
form biliary acids, and as a result there is in ths
liver an exeess of glyeogen, and this exeess of gly-
cogen in the liver, it its turn leads to thers being
an exeass of sugar in the blood, and thus the diabetes
is indueed. But this theory is somewhat opposed to
physiology, for the biliary acids are supposed by Phy-
siologists to arise from the proteids and not from gly-
cogen. Consequently Poppsr's view ean hardiy be re-
gardad, in the present state of our 'physiologieal
knowledge quite a phjsiological explanation of the
pathogenesis of pancreatic diabetes.

Bonehardat (2) again sndeavours to explain pan-
ereatie diabetes by a most ingenious assumption. He
thinks that the diastatie action of the pancreas being
suppressed, the action is vieariously performed by an-
other organ, and that it is the stomach whieh, by pro-
ducing the diastatie ferment in exeess, causes the
starchy matters of the food to be changed into sugar

in too large quantity, and consequently that this ex-

eessive formation of sugar is the cause of the diabetes.

(1) Popper. Das Verhaltniss des Diabetes zu Pankreas-

leiden w.s.w. Oesterr Zeitsehr. f. prakt. Heil-
kend. Vol. XIV. 1868, . . =

(2) Bonehardat. De la Glycosurie et Diab8te Sueré.
Paris, 1875.
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My answer to this is, that it has not yet been
proved that the stomash spscially exeretes ai any
time or in excess a diastatic ferment. It is to be
romembered, however, that all living tissues have a
weak diastatic action, the stomach like the rest, but
it is mueh too feeble a one to explain an execessive
formation of sugar from the starchy matters of the
food, and thus the pathogsnesis of panereatiec diabstes
in the way Bonchardat has tried to explain it.

Cantari, on the other hand, beliesves tha£ the
diabetes is due to the diastatie ferment of the pan-
ergas beeoming so c¢hanged by disease that instead of
forming glucose it forms a paraglucose, which para-
glucose is not suitable for the purposes of nutrition,
and consegquently, although in no great amount, it is
not all made use of and a diabetes is the rssult. Un-
fortunately for Cantari'’s theory of the diabetes being
due to the formation of para-glucose, on account of
the abssnes of the normal pancreatic ferment, there
are, as far as I am aware, no seientific data that can
be addueed in support of it. Even supposing it bse
true that there really existis such a substance in the
blood as para-glucose, it appears to me that such a
mal-formed, unassimilable sugar, such as it is said to
be, would play the part of a foreign substance in the
blood, and consequently would-be eliminated,as quiekly
as it was formed, in an unchanged state.

Baumal, (#) of Montpellier,takes gquite a different

(+) Baumal. MontPElll Med. Vol. VI. P. 213. 1881.



view of the case, for he considers that the arrest of
the pancreatic secretion allows the diastatie ferment
to bs reabsorbed by its own blood vessels and be car-
ried by them into the portal ecireulation, which takes
it direet to the liver, and neo sooner does it reach
the hepatie organ than it converts all the glycogen
it contains into sugar, which is immediately poured

into the general cireculation, and, being in super-

abundanc¢e, induces the diabetic state. I have, unfor-

tunately, however, here also to point out a most for-
midable objeetion to the theery, in as much as what

he states ceould only oceur in the limited number of
cagses in which there exists an obstruetion to the out-
ist of the pancersatic secretion into the intestines.
While still more potent against it stands the faet -
that complete obstruetion to the out-flow of pancre-
atie juice has been frequently met w;th in the human
subjeet without any diabetes having oceurred; and not
only so, but where the pancreatie duet has besn arti-
ficially obstruected in dogs no sugar has appeared in
their urine until the whole pancreatie gland has be=
eome disorganized, and consequently rendered complete-
ly useless as a sécreting organ. Besides which, were
the theory tenable, from the physiological facts I
have already cited, the obstruetion of the duect could
only cause a diabetes so 1oné as the liver or the mus-
elas contained glycogen for the ferment to transform
into sugar. Consequently there would be no diabetes
when the animals were starved. Yet, as has been shown

that is exaetly a thing that oecurs in the cases of
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complete remmoval of the gland from starving animals.
Baumal's thsory, thersfore, in its turn must be aban-
donsd.

f think T have now arrived at the stage in this
enquiry when it becomes necessary for me to show, if
possible how panereatic diabestes may arise from a
diminished assimilation - that is to say,be the pro-
duet of a faulty nutrition. And for this purpose I
must almost solely rely upon the svidenes which ex-
perimental pathologyvand physiological ehemistry fur-
nishes..

Bouechard (1) ealeulatsd the amount of sugar used
up in the animal economy by comparing the difference
in the quantity found by Bernard in £he arteries and
veins, and arrived at the conclusion that an ordinary
healthy man of 60 kiles. weight, uses up on an average
1.850 grammes of grape sugar daily, so that if it be
tfue, as has been estimated, that not more than 800 °
grammes ean be oxidised, it is elear that the 1.050
grammes surplus must be assimilated by the tissues
every 24 hours.

There are'only two ways known by whieh sugar en=-
tering the blood disappears in the circulation, name-
1ly: one by direct oxidation; ths other by a splitting
up into more assimilable matters.

With the question of excretion I have at present
nothing to do. Pirst then, as regards 9xidation. The

littls we know about it may bé 8aid to be the following:

(1) Ch. Bouchazrd. "Legons sur les Maladies par Kalen-
tissement de la Nutrition." at p. 155.
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l. Pettenkoffer and Voit, (1) by means of an ad-
mirably devised respiratory apparatus, earried out
some experiments on the gaseous changes of a diabetie
patient. The man, aged 21, weighing 50 kilogrammes,
who had for some time suffered from diabetes, was put
on different diets, and his expired gases compared
with those of a healthy man on the same diet, It was
found that ths diabetie not only expired less earbonie
acid and watery vapour, but took up less oxygén from
the air than the healthy man.

2. Professor Dastre, of Paris, found that when
a dog was made to breathe 1in a eonfined space, sugar
was exereted in the urine.

3. Lépine (2) repaaied this experiment, and on
takinglthe blood of a deog thus asphyxiated, found
that when it was mixed with sugar, far less was des=
troyed in it than in the case of normal blood.

The same observer also found that on adding sugar
tc normal blood and shaking it up with carbonie aeid,
far less sugar was destroyed then when mersly left
standing expesed to airs

4. While working with Professor Hoppe-$eyler at
Strasburg, I was able to wateh some experiments per-
formed by Araki, in which dogs were placed in a con=-
fined spaee, and allowed slowly to .use up the oxygen
of the air while the carbonﬁc acid was eontinuously
removed, the result being that both sugar and 18ctic

acid appeared in their urines.

(1) Pettenkoffer and Voit. Zeitsehr. f. Biolog.
Vol. 3: e 4228 to 452. '186%.
(2) Lépines. Semains Medieal. 21 Mai, 1890.
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S. That the mere want of oxygen ean produce sac-
charine urine has undoubtedly been proved, but unfor-
tunately.this faet by itself does not help us in ex-
plaining the eause of the form of diabetes whieh we
meet with in cases of panereatiec disease, for the pan-
ereas is not known to have any action whatever either
on the pulmonary or on the internal respiratory changes.
8. The .appearance of substanees which might be regarded as
producets of a defeetive oxidatioh in the urine of dogs
rendered diabstie by extirpation of the panereas, ean
be explained in & much more simple manner. I refer
to the appearance in the urine of acetone; aceto-ace-~
tie aeid, and oxybutyrie aeid, whieh, as we saw (page
}3§ ) were found in the urine of some of the dogs |
experimented on by von Mering and Minkowski. (1)

These substanees undoubtedly arise from the proteids.
They have no relationship tc the ' earbohydrates, for
they are not found in all cases of diabetes, but only
in those in which there is a great increase in the
destructive metabolism of the proteids. And as in no
form of diabetes is there a greater waste of proteids
then in the pancreatie, we cammot feel surprised at
their appearance in it.

Having already, wﬁile speaking of the methods of
deteeting acetone, acseto=zcetic acid and Beta-oxybu-
tyrie acid, shown how the fbrmer substance springs
from, and ean be artificially made out of the other
two, I will &t once pass on to the next point in the

echain of the pathogenesis of pancreatic diabetes.

(1) Von Mering and Minkowski. Archiv. f. Exp. Path. Ue
Pharmek. Vol 26. p. 371. 1890.



An inereased decomposition of the proteids seems
invariably to aceompany diabetes, at least, it has
been found to occur in those cases in whieh it has
been earefully sought for. Thus, it wés shown by

Gachtgens (1) Pettenkoffer and Voit (2), and Freriechs

(3) that in the cases they examined (one by each guthor)

that the patients exereted more nitrogen than healthy
persons on the same diet. Consequently there must
have been an inereased destruction of the proteids
to have furnished the extra quantity of nitrogen ex-
creted. While, again, in pancreatic diabetic patients,
we have; as we know, an aetual starvation to contend
with in addition, arising from the want of the pancre-
atic secretion to aid in the digestibn and-preparation
of the food for assimilation; for of all the variocus
digestivse secretioha in the animal body none is so
powerful or s8¢ varied in its modes of aetion on the
different kinds of food as that of the pancreas.

That the inecreased breaking up of the protéids
in ordinary diabetes may be in great maasura;’if not
even entirely, due to the sugar not being assimilated,
~is explained by Bunge (4) in the following mamner: -
"The increased decomposition of proteids in diabetes
is due to the inadequate breaking up of the sugar,

that is to say, from the chemiecal potential energy of

(1) Gaehtgens. Ueber den Stoffwechsel eines Dia-
betikers u. s. w. Diss. Dorpat. 1868.

(2) Pettenkoffer and Voit. Zeitschr. f. Biol. Vol.
3« Pe. 400 = 425. 1887.

(3) - Frerichs. Ueber d. Diabetes. p.276. Berlin 1884.

(4) Bunge. Lehrbueh der Physiol. Chemie. p. 376.
Leipzig, 1889.
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the Sugar not being completely utilized, the protéida
have to assisﬁ in supplying the kinetie energy which
is necessary for the maintenance of the funetions of
the body. This is analogous'td the behaviour of nor-
mal musele, which has recourse to its own store of
proteids, so soon as its supply of carbohydrate nour-
ishment runs short."

As may have been seen from the previously cited
data, that although much may be advaneced in favoﬁr of
the view of & deficient oxidation being ths eause of
the mal sssimilation of the sugar in the ordinary forms
of diabetes, it is quite insufficient to explain the
rationale of that form which is met with and is sup—-
posed to be caused by disezse of the pancreas. A faf
more plausible view is, in my opinion, that it is the
reéult of a defective splitting up of thes sugar mole-
cule. I have been led to adopt this opinion'from_phyh
siologieal chemistry having taught us the important
réle sugar plays in the mstabolism of the animal tis-
sues. Carbohydrates bsing absolutely nscessary not
only-for the development of heat, but also of museu-
lar ensrgy, two essential factors in what we demominate
higher animal life. And that grépe sugar is one of
the most important of the carbohydrates both in pro-
ducing heat and museular power might even be inferred
from the large quantity of it that is daily used up in
the animal body. Por ekampla, Bunge states that a
man when on a potato diet will form out of their
starch from 800 to 1000 grammes of sugar per diem, and

every partieal of this large quantity will be used up



in his syetem and there will be actuzlly no exeess to
be éxcreted by the kidneys and make its appearanee in
the urine.

Moredver, we must remember that sugar is not only
being ecntinually brought into the body as fcod, but
likewise formed in ths economy itself, not only from
the starchy substanees of the body, bhut from proteids,
and probably even fats as well. Consequently it ean-
not surprise us that any defeet in its assimilation
will lead to its aceumulation in the blood.

Bouehard, as already stated, calguletes that a
healthy person assimilates daily 1850 grammes of sugar.,
Conséquéntly, from all these faets taken together, as
Bernard has'shown, whenever the quantity of sugaf in
the blood rises to above 0.3 per csnt, it is of neces-
- 8ity eliminated by the kidneys, we may légit imately,

I think, infer that if anything should happen either
to cause such an excessive formation of sugar in the
body as to be beyond the requirements of the system,
or, on the other hand any reason should exist to pre-
vent the normai amount of sugar entering the blood
from splitting up and being assimilatea, sugar will
equally aceumulate in the eireulation, and so soon as
it rises beyond 0.3 per cent, be excreted by the kid-
neys and appear iﬁ.the urined inm eithar case equally
giving rise to a diabetes, aithough from diametrical-
ly opposite causes. Here then, I think, we have the
key to the theory df the two distinet forms of dia-

betes - the one arising from an excessive formation -
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in which the patients do not lose flesh; the other
from a defeetive assimilation - in which more or less
emaciation is a eonstant ceoncomitant.

As pancreatic diabetes belongs apparently to the
defective assimilation elass of cases, I shall now
discuss the cause of defective assimilation when the
pancreas is diseased or extirpated. In the ease of
panereatic diabetes the defeetive agsimilation eannot,
as already shown, be the result of defective oxidation
and hence, must arise from the other only known man-
ner in whieh sugar disappears from the circulation,
that is, by its splitting up into more assimilable
matterse As nothing takes place without a cause, the
easiest‘way to aceount for the splitting up of sugar
is to suppose it to be due to the action of a ferment.
I will now consider this point.

The unorganized ferments oceurring throughout
the body have been called snzymes by W. K#hne, in
order to distinguish them : from sush organised fer-
ments as yeast, bacteria, ete. They are probably pro-
duced within the body by the vital aetivity of tissue
cells. Many have been separated in an impure state
by dissolving them in water or glyeerine and precipi~
taeting them by alechol. Their chemical composition is
unknown, as also, if they have really a distinet and
independent existence. It méy be only a vital aeti-
vity of thé atoms which make up any living animal sub-
stance.' When we talk of the ferment action of the or-

'ganised ferment yeast, it must be remembered that it

is not the yeast ¢ell, but the vital aetivity of its



contents that produces the fermentation. Although
physies and ehaﬁistry are of great aid in helping us
te unravel physioclogieal and pathologieal problems,
the further we advanee the more imporsance we are
foreed to attach to the unknown, but so~called vital
or organised aetivity of living animal ﬁattar; and
until we know what the attribute of life really con-

sists of we eannot hope to be able to explsin many of

the difficult problesms which beset us in our endeavours

to understand many of the changes and transformations
cecurring in the organism. I have already shown that
sugar, when added to normal blood, slowly diminishes
in quantity, even when no bacteria are allowed to
reaeh it. This may, to & eertain extent be due to
direct oxidation; but most probably it is prineipally
due to its being split up and destroyed by an enzyme.
(1) ‘For were oxidation the cause, it is perfectly
evident that the blood from & pancreatic diabetic dog
woukd do 80 likewise. While, on the othef hand, if
the destruetion (the splitting up) of the sugar be

due to an absence of the enzyme-whieh i3 always pre=-
sent in normel blood, and normally destroys or splits
up the sugar ceontained in it - the absence of ‘this en-
zyme from the blood of the dog from whiech the pancreas
had been removed, would, naturally at once appear to

be a sufficiently intelligible explanstion. T will

v 1 here employ the term enzyme in its broadest
sense. From feel ing that until an unorganised
ferment has been absolutely and undeniably iso-
lated, its independent existence must be regard-
ed as only being problematicals
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therefore now try tc find sufficiently reliable sei-
entifi¢ evidenee in support of this view of the czse.

Lépine and Barrzl (1) have demonstrated by 'ex-
periment that the blood of dogs rendered diabetie by
ths removal of the pancreas, no longer possess the
power of destroying sugar. They found that the blood
of 2 healthy dog, when mixed with grape sugar, destroy-
ed from 4 to 6 per eent of the sugar, when it was
allowed to stand for an howr. Whereas, the blood ta-
'ken from a dog rendered diabetie by removal of the
pancreas, destroyed in the same ftime practieally no
sugar at all.

As it ié well known to every biologist that the
higher a vegetable or an animal is in the scale of or-
ganisation, the more and more subdivideé beecome the
finetions of its component parts, it eannot be regard-
ed as going a step too far if it be suggested that it
is well within the range of péssibility that the pan=-
ereas, among its other funetions, possesses that of
menufacturing an enzyme, which plays the chief rdle
in the splitting up of the sugar in the circulation,
and thersby fitting it for the purposes of bodily nu-
trition. This idea does not, of coufse, necessitate
the belief that other things in or other parts of the
body do not likewise possess a similar power. In faet,
we know that sueh is actualiy the cass. For Lépine and
Barral found that when they gllowed normel defibrin-

ated blood to ecireulate through an isolated kidney of

(1) Lépine and Barral. Compt. Rendus Academie des
Seciengées, pe. 1314. No. 25. Paris 25 Juin, 1890.



a dog by means of Jacobi's artifiecial blood cireula-
tor at least 15 per cent mpre sugar disappeared than
“when the same amount of sugar and blood was kept mere-
1y standing still for the same length of time at the
same temperature. While, when they employed in the
same way, not normal blocod but the blood of a dog ren-
dered diabetie by the extirpation of its pancreas,
only 6 per cent of the sugar disappeared. This proved
that the tissue substanee itself has a sugar trans-
forming or destroying power.

When added to this we remember (as was pointed
out by Chauveau) that the renal tissues destroy far
lsss sugar than do those of the other organs, probably
from tha faet that the only work the kidnsys have to
perform is that of eliminating effste produets from
the systsm. In the second place, some of the secien-
tifie faets already adduced have shown that it re-
quires but a very slight disturbance in the normal
equilibrium between the sugar supply and the sugar des-
truetion, to give rise to an excess of sugar in the
blood, and that ﬁhenever the amount risas above 0.3
per cent, it is exersted by the kidneys, and a saq;
charine condition of the urine is the result.

In the next plaee I have to eall attention to the
fact that Lépine (1) thinks that the panersas manufae-
tures an enzyme which is being continuously conveyed

by the lymphaties of that organ into the general cir-

(1) ILépin@. Compt. Rendus Academiz des Sciences.
8 Avril. 1890. p. 742.

>
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culation, which opinion he endeavours to prove rests
on a demonstrablé bagis. As is shown, he says by the
result of ths fbllowing.axperiment.

A dog weighing 18 kilos. was starved fqr'Ss-hours.'
The panereas having been then removed (at 4. p;m.)
it was kept without food until its death. The urine
passed during the night was lost. The urine obtained
at 8 a.m. contained 83.3 grammes of sugar per litre.

The urine was theﬁ colleeted hourly and gave the

following results.

Urea Sugar Quantity of
granmmes grammes sugar to 100
of urea.
8 to 10.30 &a.m. 04425 0.833 199
1030 to 1 p.m. 04750 1.866 222
: | to 2.30 pPeme 0.948 2.222 233

It is here seen fhat in spite of the.dog receiv-
ing no nourishment, both the sugar and urea steadily
inereased after the removal of the panereas,At 2.30 p.,m.
he injected into the jugular vein,a saline mixture con-
taining 18 ec¢. of chyle colleeted from a fistula of
the thoracie duct of a dog, which had received one
litre of milk in the morning. The urine of the pan-
ereatic diabetie dog, collecﬁed from 2.30 until 3 p.m.
showed a slight diminution in both the-quaniity of
sugar and urea. This was more marked from 3 to 4 p.m.
While the uriné colleetsd from 4 to 5 p.m., contain-
ed 0.510 grammes of urea, 0.125 grammes of sugar, the
quantlty of sugar to 100 of ursa being only 24..

The following day the dlabetss is said to have

been intense and the dog disd at mid-day from haemor-



rhage.

?rom the abovs results he considers the lymph to
have been ths channel by whieh the enzyms rsached the
blood from the pancreas. Chyls in a fasting animal
ig nothing more than lymph, and during digestion only
contains fat partieles in addition. This being the
cass anlne really only injected lymph with some fat
partielss in addition. Consequently, the lymph would
contzain the same ferment as blood itself.

So early as im 1884 Grohe stated that ehyle don-
tained a sugar destroying ferment; but it stilil re-
maing to be proved that it confains more of the fer-
ment than normal blood.

Lépine and Barral (1) in a yet later communica-
tion further sndeavoured to substantiate their view
that the ehyle is espseially rieh in the suger des-
troying ferment from their having found that with su-
gar added to blood they only lost from 4 to 6 per
ecent in an hour, while with sugar treated in the same
menner with chyle they lost from 8 to 10 per cent.
© At the same time they found, as already stated, that
when the blood of dogs,rendesred diabetic by extirpa-
tion of the panereas,was treated in the same manner
practically no sugar was destroyed by it; two sets of
faets whieh, when regarded conjointly, séam to ms
strongly to support the theory I am now adveoeating.

Morsover, Von Mering and Minkowski (2), who I regard

(1) Lépine and Barral. Compt. Rendus. Académie des
Seiences. Paris 25 Juin 1890. No. 25, p. 1314.
(2) Von Mering and Minkowski. Arch. f. Exp. Path. .u.

Pharmak. Vol. 26. p. 371. 1890
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as most careful observers and shrewd reasoners, equal-
ly support the idea that the diabetes in animals de-
prived of the pancreas, is the direet result of an "un-
known funetion of the gland." From the faet that on
transfegging blood from the erural artery of a dog,
after its pancreas had besn removed ‘for 26 days and
while it was passing 7.5 per cent of sugar in its
urine, into the crural vein of a healthy dog, the lat-
ter passed no sugar whatever with its urine. Prom this
result they concluded that there was a something in
the blood of the healthy dog, which was not in the
blood of the dog without its pancreas. And this some-
thing I regardu in the light of an unorganised fer-
ment = an enzyme. All of these faets appear to sup-
port the theory that Panecereatic Diabetes is due to de-
feetive sugar assimilation on aceount of the absence
from the blood of an enzyme, whose normal funetion is
to split up the sugar in order that it be properly
prepared to be assimilated by the organism. Conse-
quently anything whiech either hinders the formation of
the sugar-splitting-up enzyme, or prevents it after

it has been formed from getting into the general cir-
culation, will give rise to diabetes.

Lépine's view that this unorganised ferment

reaches the e¢ireulation by means of the lymphaties, is,

to my mind, far from proved. I therefore hold the more
easily explained view that the enzyme reaches the cir-
culation directly by the blood taking it up, during its

course through the pancreas.

The pancreas, thareforé, seems to have at least
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two distinet funetions; one,the formation of panere-
atie juice, the other, the formation of an enzyme for
the splitting up of sugar to render it more evasily as-
gsimilated.

These two funetions correspond to the two prin-
eipal funetiéns that the liver is known to possess.
In order to render my views more clear, I will staﬁa
first the two well known funetions of the liver, and
show how they appear to exactly correspond with those
less known although just as important funetions of
the panereas. Not only does the liver form bile,
which it throws directly into the intsstines, but it
has the no less important "glycogeniec funetion",
which yields sugar dirset into the cireulation. Now
this latter function corresponds to the enzyme one of
the pancreas, and we must see how mueh further the an-
alogy can be carried.

This formation of sugar by the liver, is not the-
only source of sugar in the organism (although, as I
have previously shown,it is the prinecipal one) for,
as has been shown by various experimsnters, the mus-
eles have a glyeogenie function. Yet derangement of -
the liver may lead to diabetes from the excessive
formation of sugar.

Now turning to the panereas, we find it also has
at lezast two dis£inct functiana. It forms pancreatic
juic; whieh is thrown direetly into the alimentary
canal, in the same mamner as the liver does_its bile;

while, on the other hand, it forms an enzyme(whose
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funetion it is to spiit up subar to render it more
easily assimilated) which reaches the circulation di-
rectly by the blood, in the same way as the sugar
does from the liver.

That the pancreas is the only 8eat of formation
of this sugar-splitting-up fermsnt, any more than the
liver is the only seat of the fomation of sugar, can-
not be for a2 moment upheld, for, as already shown in
this Thesis, thz other tissues have this power al-
though to a lesser extent. The pancreas is merely
the principal source of the sugar-splitting-up fer-
ment, &8 the liver is the prineipal source of sugar
formation.

When we remember how small an upset of the equi-
1ibrium between the sugar formation and the sugar as-
similation causes an inerease of the sugar in the
blood and its appearanee in the urine. There can be
no surprise that disease or artifieial destruction of
the pancreas, by preventing the sugar-splitting up en-
zyme (the natural product of the pancreas) from reach-
ing the c¢irculation, will upset the equilibrium be-
tween sugar formation and sugar &ssimilation, and con-
sequently lead to an inecrease of the sugar in the
blood and its appearanee in the urine.

This explains the otherwise inexﬁlicable faet
that ligature of the pancreatic duet does not cause
diabetes until the gland tissue itself ié destroyed ;
for in ligatuéing the duet we only prevent the action

of one of the funetions of the gland, and get conse-
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quent emaeciation, while the sugar-splitting-mp funetion
ean be still carried on and no sugar consequently

reach the urine, until the gland tissue is completely
destroyed and no longer forms any sugsar-splitting-

up enzyme.

Having thus explained, as I hope satisfactorily,
one of the principal factors of pancereatic diabetes,
namely, the ceause of the appearance of sugar in the
urine, I will now turn to another equally important
fzac¢tor, namely, the cause of ths great emaeiation.

The excessive emaciation, which is an invariable
concomitant of pancreatic diabetes, is due to the ab-
sence of the other function of the paﬁcreas, that is
to say,the panereatic juice not reaching the alimen-
tary_canal to &s8ist in the preparation of the food
so that it may bs properly assimilated. This is es-
pecially the case as regards the actioﬁ of the pan-
creatic juies on the most important of the nutritive
elements of the food, namely, fat. The want of it
will eonsequently materially aid the non-assimilation
of the sugar in bringihg.&bout the rapid emaciation
whish is Bo characteristic of the pancreatic diabetic
state.

It will be remembered that in the cliniezl part
of the Thesis I ealled speeial attention to the faet,
that the presence of unmodified oils and fats in the
stools was one of the leading signs in the diagnosis
of pancreatiec diabetes; for before fat can be ecarried
through the intestinal walls, it is absolutely neces-

sary that they should first be emulsionised; and be-
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fore the neutral fats ecan be emulsionised, they require
to be split wup into glyecerine and fatty acids. This
is done by means of an enzyme. One fat molecule takes
up three molecules of water, and splits up into gly-
cerine and its corresponding fatty acid (Bernard (+),)
The trangformation being thus represented: =

Cs Hy Oz Ry + 3 Hy 0 = C3 Hy 03 Hz + 3 (H 0 R)

neutral fat + water = glycerine + fztty aeid
In the case of artificial digestion, this splitting
up of the neutral fats goes on very slowly, while in
the animal it is known to go on quickly. It has bheen
found that so socon as & small part of the neutral fat
is split up, the whols of the fat is rendersd eapable
of being comverted into a fine emulsion, and thus
speedily absorbed.

Neutral fats ean only be saponified; i.e., split
up intc glycerine and salts of fatty aecids to fonn
soaps by free alkalies. The earbonates of the alka-
lies having no action on neutral fats, but only on
free fatty acids, the earboniec acid is driven out of
the salt by the stronger acid, and a salt is formed
by the fatty aeid eombining with the alkali. Fatty
acids and neutral glycerides are mixable in every
proportion. If a mixture of fat and a small quantity
of fatty acecids be acted on by.a solution of sodium car-
bonate, & soapy solution is formed everywhere betwesen
the moleculas of the neutral fats. Ths whols mass of

fat is in this menner converted into a fine emulsion

(+) Bernard. Assoc. de Chim. et de Physique, sér.
I11. Vol. XXV. p. 474. 1849,
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of mieroscopically small drops.

Perfectly fresh neutral féta cannot be converted
into an emulsion by a solution of sodium earbonats,
consequently when they are given to a person with pan-
eéreatic diabetes, in whom the pancreas is no longer
functioning, they reappear unaltered in the fasces.
This is, I belisve, the true explanation of the ap-
pearance of the fat that is so frequently notieced in
the stools in the e¢linical cases such as I referred
to, as well as also noticed by von Mering and Min-
kowski in the stools of dogs in which the pancreas
was removed. Still further, from the tripsin not
reaching the alimentary canzl, the conversion of the
rroteids of the food into the diffisible and no longer
coagulable peptones will, in like mamer, be hindered.
The only remaining point now left for me to consider,
in econneetion with the pathogenecsis of pancreatic dia-
betes, is the sign or symptom uswlly denominated
Diabetic Coma.,

A comatose condition is often the fatal termina-
tion in other forms of diabetes than the one I am dis-
cussing; but as it happens that it is more especially
the usual ending of those diabeties who suffer from the
defective assimilation form of the disease, and as we
have seen there are good grounds for believing that
to it panereatic diabetes belﬁngs, I cannot leave the
sﬁbjeet without a2ttempting some explanation of the
etiology of diabetic coma.

To begin with, I may remark that the coma of dia-



betes is something quite sui generis from the more ordin-

ary forms of coma set with in a variety of different di-
seases. For exampls, it bears no relatvionship to

the coma of apoplexy, either in its symptoms or origin.
Being, as 2 rule, quite unattended with stertorous
breathing, loss of sensibility and paralysis, it muech
more closely resembles the coma of poisconing, more
particularly that of uraemie poisoning, in as mueh as
it is in general associated with vomiting, intense
headache, and convulsions of the voluntary mussles.
Moreover, it is never recovered from; but usually fer—
minates fatally within forty hours after the commence-
ment of the attaek.

The exe¢iting cause of thes comatose state is also
entirely different; for while in the case of apoplemy
the stupor is due to the effects of mschanical pres-
sure on the nerve substanee, in diabetes it is the re-
sult of a chsmieal disturbance of the nerve nutrition
by a poison brought to it in the cireulation. And
what the nature of the poiscn is, it now behoves me to
.try and explain< Before attempting to do this, how-
ever, I must reﬁaﬁk that the disbetie coma 1 have under
consideration has nothing whatever to do with the vawi=-
ous comatose eGonditions which ocecasionally arise in
the.- course. ,f diabetes, and lead to an equally fa-
tal termination. Such, for eﬁample, as that whieh
arises from cardiac diseasge, acute nephritis or cere-
brzl haemorrhage, as these are merely accidental con-
comitants of the diabetic state and in no way depend

ypon it.



The coma of pancrsatic diabetes, like the comas
that oceasionally supervene in some of the other forms
of disease, associated with, or giving rise to diabetes,
is no doubt due to the formation in the blood of a
roisonous produet. Professor Bunge's (1) views on
the subjeet being.those I am inelined to adopt, I will
give them in brief abstraect along with the sdditional
views I have been led to adopt from the opinions ex-
pressed by other wfiters on the subject.

As has been already stated, acetone, aceto-zcetie
acid and oxybutyric ae¢id have been frequently noticed
in thg early atagas of panereatic diabetes and gra-
duzlly to increase ~ in the urine as the diseass ad-
vances. With 2 marked increase of these substances
the cerebral symptoms have been found to arise. Con=-
sequently many authors have sndeavoured to explzin the
‘advent of the coma as the direet result of the nareco-
tie action of the acetone, which aets on the brain in
sohewhat the same manner as aleohol and ether. The
acetone, as already pointed out, being formed from
the proteid waste, the quantity generated would not be
sufficient to cause the coma; for it is calculated that
in order to poison a man weighing 70 kilos, from 500
to 6800 grammes of acetone (2) would be necessary.

Besides this, it has been found by Wolpe (3) that

(1) Bunge. ILiehrbueh der Physiol. Chdmie. p. 384.
Leipzig, 1889. :

(2) Albertoni. Arch, f. exper. Patho. u. Pharm.
Vol. 18. p. 218. 1884, :

(3) Wolpe. Unters. tb, 4, Oxybuttersfiure des
diabet. Harnes. Diss Konigsberg, 1886.
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in the last stage of diabetes, at the very time when
the goma sets in the amount of acetone in.the urine
hag become diminished, while at the same time, how-
ever, there is an increase in its precursirs, the oxy=-
butyrie aeid and aceto-ascetic aeid. But these sub-
stances have no known nareotiec aetion on ths brain.

A satisfactory explanation to these apparently
anomalous facts has, however, been offered by Stadel-
mann (1) and Minkowski (2). They refer to the results
arising from a saturation of the zlkalies of the.
blood by these acid products.

This 1is explained by Waiter (3) who states that
when he injected dilute hydrochlorie acid into the
stomach of & Pabbit, dyspnosa occurred; thzat the ani-.
mal lost the power of motion, and died with the signs
of collapse. While, when sodium carbonate was sub-
éutanaously injected, after the poiscnous symptoms
had begun to appear, the animal recovered. And on es-
timating the quantity of cearbonie aeid in the bleood
oflrabbits thus poisoned, h?.found only from 2 to 3
per cent by volume. This, i; merely the usual amoﬁnt
of ecarbonie zcid that is found in an uncombined state,
that ié to say, simply held in solution in the blood. In
consequence of the alkalies that would have otherwise-com-

bined with aeid and fixed the earbonieaeid having' been

(1) E. Stadelmenn. Areh, f. Path. u. Pharm. Vol.
17. p. 433. X883,

(2) Minkowski. Mittheilungen aus d. Med, Klin.
zu K8nigsberg. p. 174. 1888,

(3) F. Walter. Arehiv. f. exp. Patho. u. Pharm.
Vol. 7. p. 148. 1877.



unable to dec so on account of their having already
become united with the hydroechloriec aeid he had in-
jeeted imto the stomach of the animal. From the
blood having been thus deprived of its earrier of
carbonie acid, the earboniec seid gas acecumulates in
the blood of the brain, as elsewhere, and causes, he
thinks, the symptoms of dyspnoea and collapse. The
same author likewise showed that the combining of the
alkslies in the blood with an acid causes at ths.same
time an inerease in the amount of ammonia in the urine.

The effeet of the artificizally introduced hydro-
chloric aceid on the animals thus experimented upon is
identiecal with that of the oxybutyrie acid generated
in the blood itself in cases of diabetic coma; for we
have, in dizbetic coma, not only dyspnoea &s a symp-
tom, but likewise an increase of the ammoniz in thse
urine as well as a fatal collapse.

Lastly, 7 have further to ¢2ll attention to the
faet that Minkowski found that the amount of earbonie
acid in a diabetie patient, while in a comatose eondi-
tion, was only 3.3 volumes per cent, and that the
blood taken from the body after death had not only an
acid reaction, but likewise contained large quantities
of oxybutyrie and sarcblaatic acides. I think, there-
fore, in the present imperfacet state of our patholo-
gical chemical knowledge of diabetic coma, we are
bound to accept the abéve explanation of it in the ab-
sence of a2 better. As:regards my explanation of pan-

ereatie diabetes, that it may not satisfy, or even
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that it may meet with opposition will in no way sur-

prise me seeing that all T can say in its favour is

that of all thé theories that have been propounded on

the subjeet, it sppears to me to be the least open to
objection, and I am fully aware that there never was

a2 novel theory advanced on any medieal subjeet what-

ever which, when first promulgated, gave universal

gsatisfaetion.



CHAPTER VI,

THE TREATMENT OF PANCREATIC DIABETES.

If it be true, asII believe it is, that "Science
is the key to wise Praétice", I think I am justified
in attempting to show What-the,chemistry, physiology,
and clinical observations unfolded in the foregbing
pages teach us is the most likely way'of benefiting
patients'labouring under pancreatic diabetes.

It is'but little more than a quarter of a centu-
ry ago since cases of diabetes were regarded as hope-
lessly incurable. TFortunately this can no longer be
said to be the case for since the two different forms
of diabetes were differentiated a great improvement
has taken place in the mode of treatment. From it be-
ing soon discovered that the same lines of procedure
were not applicable to both, and that the form of the
disease originating in an Excessive Formation of su-
gar, had to be treated very differently from that a-
rising from Diminished Assimilation. ZFrom this im-
provement in the treatment of the two forms of the.
disease it became evident that, contrary to all pre=-
viously entertained belief, about 50 per cent of thé
whole cases of diabetes, if not actually curable,
were nevertheless so markedly under control that the
sufferers could be kept alive:in a state of compara-
tive comfort for many long years. The best example
of this kind with which I am acquainted, is the case

of the brother of a well-known London practitioner,
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whigh came under the care of my father in 1860, and
full details of which were given in his book on urin-
ary derangements in 1872 (+) who only died last year.
That is to say, thirty years and more after he waé
known to labour under diabetes, and that too, most
probably, of a hereditary form, seeing that two of
his sons hecame affected in the same way before they
reached the seventh year of their age. This case was
diagnosed and treated as one of diabetes arising from
 "Excessive Formation", 75 per cent of which cases my
father thinks are amenable to treatment, It is not
however, with that form of the disease I have at pre=
sent ;o do, but solely with the other and far less ;
tractable one, viz., that of Diminished Assimilation,
to which class, I think, I have successfully shown, .
Pancreatic-Diabetes belongs. -But even here, though,
as we cannot rémove the cause, we cannot hope to cure,
we must try and do our best at least to minimize the
prejudicial effects upon the constitution which eman=
ate from the morbid condition, and thus be énabled to
retar& the faﬁai issue which it is our misfortune to
be ungble tolarrast. With that object in view, the
chaptgr on the pathogenesis of the diseage appears to

me to muggest the following lines of treatment. The

fons et origo of pancreatic diabetes exists apparent=
ly in there being an absence from the circulation of
a substance possessing the power of splitting up, and

so transferring the sugar that finds its way into the

(+) "The Urine and its Derangements". Walton and
Maberley. London, 1872. :



blood, into other and more easily assimilable materi-
als. And that is seemingly an enzyme, which is nor-
mally formed by the healthy pancreas, consequéntly it
is clear that if we consider it hopeless to expect to
be able to restore to the circulation the normal en-
zyme, we at least ought to try to do the next best
thing for the patient, namely, find some substitute
capable of supplying the place of the absent enzyme
in the splitting up of the sugar, so as to counteraét
in as far as possible, the detrimental effects its.ab*
sence occasionsy more especially in the shape of pro-
gressive emaciation, loss of bodily and mental energy
and the formation of the poisonous sgbstances which
engender the coma and fatal collapse.

First then, as to combating the emaciation,
which no doubt arises from no pancreatic juice reach=-
ing the intestines, there to perform important diges;
‘tive functions, namely: (a) The splitting up of neu=
tral fats into glycerine and their cprresponding fat-
ty acids, and forming a permanent emulsionj (b) The
transforming the starchy ingredients of the food into
grape sugar; and (c), Assiéting by its tryptic action,
the digestion of proteids, so as to enable them to be
more readily absorbed by the intestines into the
bloode.

; ist. As regards the emulsibnising of the fats

of the food. This part of the digestive process be=
ing for the most part accomplished by the pancreatié
juice. whatever interferes with its coming in contact

with the fats of the food will necessarily greatly affect



the nutrition of the body. In order- to remedy this defsct
therefore, , various preparations of the pancreas of
the pig, are made and administered along with the
food. But this plan of supplying the deficiency is
scarcely, I fancy, &as philosophic a one as it looks.
Seeing that all of the proposed.substances are neces-
sarily themselves proteids and that from their having
to remain for some time in the stomach before they can
reach the duoderum - where their special action alone
comes into play - and from gastric juice being a po-
tent digester of all albuminoid matters, it seems to
me to be quesiionable if the pancreatic emulsions, or
extracts administered as remedies, may not themselves
be so acted upon by the gastric juice, during their
sojourn in the stomach, as to have their special pro-
perties destroyed, and thereby be rendered perfectlyl
inert as duodenal digestive agents, before they arrive
at their destination. If such shoul& unfortunately
happen to be the case, then their administration can
seafCely be expected to be of much use to the patient.
In his work on liver and Pancreatic disease, published

. in 1863, my father described the ﬁreparation of what
he calléd pancreatin, as well as gave an account of
its adminisfration in th; form of pills, but he long
since abandoned the;use of‘it, for the above-named
reasons, as well as‘from the fact that although he
could_demonstrate out of the body, ith power of both
transferming starch into sugar; and aiding in the di=-

gestion of albumens, he failed to obtain any reliable
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evidence of its possessing a fat-emulgionising power.

Abelmann, (1) one of Minkowéki's pupils, found bj
aiperiménta'bn'dogs that if piga’ pancreas is given
to them along with fat, the fat is so acted upon as
to be rendered capable of being absorbed during its
passage through the intestines. If such be the case,
it appears to me that it would be an improvement on
this plan, to emulsion the fats with the pigs' pan-
creas outside of the body, so that the pancreatiec émul-
sionising process might be completed before it had the
chance of being interfered with in the stomach, by the
action of the gastric juice upon the pig's panereatic
tissuese.

Forfunately we are now in possession of some impor-
tant physiological chemical facts which enable us to do
a great deal towards emulsionising fats quite indepen-
dently of artificially prepared pancreatic products.
For example,we know that free fatty acids emulsion rea~
dily with alkalies like the carbonate of soda or 1ligquor
potassa, and that when so emulsioned they are absorba=
blelinto the biégg’from the intestines. Moreover, ran;
cid oils or fats are remarkably easily emulsionised b&
virtue of the fatty acids they contain. (2) And see-
ing that there are whole nations, as well tribaé of ;
peoples in different parts of the globe, who use ran-
cid oils in preference to fresh as food, there would

scarcely, I think, be any great difficulty in getting

(1) Ueber die Ausnf#itzung, d. Nahrstoffe nach Pan-
creas extirpation, &e. Inaug. Diss. Dorpat,l1890.

(2) Minkowski says that the absorption of fats
greatly depends upon the form in which they are
administered. "Zur Lehre der Fettresorption."
Berlin., Klin. Wockensch. No. 15, 1890,
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patients to use them as remedies, particularly when
they have the misfortune to labour under such a graﬁe
form of disease as pancreatic diabetes. For be it re-
membered it is not aloné the half savage Laplander |
that enjoys eating rancid oil, but even the refined
and cultivated Spanish Grandee won't eat salad oil un-
« ¥11 1t 18 quité rancid, and strong smelling. Taste ié
a mere matter of fashion. One can not only accustom
oneself to eat what at first sight appears repellant,
but rapidly become fond of it. Consequently, I do not
hesitate to recommend the use of rancid oils and fats
in the treatment of pancreatic diabetes.

Cod Liver 0il, as ail know who have had much ex-
perience in the treatment of cases of diabetes arisiﬁg
from Diminished Assimilation, is a most useful remedy,
more especially when it is administered along with gl-
kalies in the form of an alkaline emulsion. So I '
would, on physiologico=-chemical grounds strongly re=
commend its free emplo?mant in cases of pancreatic dia-
betess The whole benefit derived from the use of min=
ersl wateré, such as those of Carlsbad and Vichy, in ‘
diabetic cases is, I imagine, entirely due to their
aiding in emulsionising the fats of the foods by rea=-
son of the alkalies they contain. In tha.last cifnie
cal case I cited, the advantage df Carlsbad waters was
strikingly manifested, and iﬁ order to prevent repeti-
tion, I beg to refer to its perusal at p. 74. The case
was one of those I call cases of Mixed Diabetes, for =

it evidently began - probably hereditary - as one of




<l

Diabetes from Excessive Formation, and it was only
within the last two months of his 1ife, that it actual-
ly driftediintdo one of pancreatic diabetes, and so
long as it remained a case of the former kind, the in-
fluence of the mineral waters was most strikingly
marked, seeing thair use actually reduced the sugar
from 7 p.c. to 0.5 p.ce.

Lépine (+) advised the use of pilocarpin, in the
hope that it woﬁld stimulate the secretion of the pan-
creatic gland, just as it does that of the salivary ‘
glands. But how it could possiblﬁ do any good in pan=-
creatid diabetes I am at a loss to see, from the fact‘
(as has been shown in the experimental physiological
part of this thesis) that when any of the pancreas is
left in a guffieiently healthy éfata as to be able to
carry on its funetions, there exists no diabetes, and
that the diabetes does not actually occur until there
is no healthy pancreatic gland-tissue left for the
piloecarpin to act upon. Thepefbre I am unable to say
anything in favour of Lépine's proposed remedy. The
next question we have to consider is - Can we in any
way supply this want of the pancreatic juice in trans-
forming the starchy matters of the food into sugar?
This is, I believe, well within our power, simply by
giving pancreatin either in the form of pill or powder
Now-a-days, & form of pancreatic.ﬁowder is sold under
the name of Fairchild's pancréatin, and although not
so strong in its action, as it is much less expensive

and more readily obtained than the pure pancreatin

(+) Lépine. "La Semaine Médicale. 21 Mai, 1890.



originally used by my father, it might be well to give
it a trial in cases of pancreatic diabetes, where: no
stone should be left unturned which offers the remot-—
est prospect of prolonging the life of the patient.

It may be mentioned however, that the diastatic
ferments ﬁhich exist in other parts of the alimentary
canal, act powerfully enough to allow of a great part
of thelcarbohydrates being absorbed into the blood.

Next as regards'triptic-digestion. ‘Here it is
that pancreatin, artificially administered, finds its
greatest use; and it is for this reason, as well as
for its possible advantage in rendering the fats more
readily absorbed, that I would advise its use in all
cases of Pancreatic Diabetese

I' now appreach what I re'gard as the most diffi-
cult problem in the treatment of pancreatic diabetes,
seeing that it is the supplying of the second great
function of the pancreas in the nutrition of the body.
The one indeed whose absence is not only the cause of
the appearance of sugar in-the urine, but also of the
appearance of the other prominent diabetic signs and
symptoms. So that the question now to be considered
is - Can we by any possibility remedy the want of the
pancreatic enzyme, whose duty it is to split up the
sugar in the blood, and thereby fit it for purposes of
nﬁtrition? Here, I must confess, our therapeutical
acquirements are sadly deficient, for as yet nothing
of much practical value has been suggested in the way
of finding a substitute for the sugar transferming

power of the absent enzyme.
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It was shown in a previous chapter that the.

é vetronly two methods-knowm

which sugar is used up in the animal body, are by oxi-

by -

dation, and by the splitting of it up by an enzyme
into more easily assimilated substances.

hThare being no therapeutic means as yet known by
which we can supply the place of this enzyme in the
blood, we must endeavour by a carefully regulated hy=-
giene to increase the vital activity of the tissues,.
for by inereasing the activity of the tissues, as has
already been shewn, we may hope to inerease their pow-
er of splitting up the sugar, so as to render it more
easily assimilateds: I have already shewn in the gtudy
of the pathogenesis of pancreatic disgbhetes that all
the tiésues of the body have the power of destroying
sugar. We must, however, never lose sight of the dan=
ger we encounter of gt the same time inereasing the '
proteid destruction, and thus hastening the fatal poi=-
sening by increasiné the p%oducts of proteid waste. .

I will now turn to the consideration of the ofher
manner by which suga; is utilised in the animal econ-
omy; namely, by oxidisation. The only suggestion
hitherte made on this point was that of Dr. Day, (+)
who thirty two vears ago recormended the employment of
peroxide of hydrogen in cases of diabetes, a method ef'
treatment whieh aéemingly reéeives support frem the

experimental evidence adduced in this paper. TFor it

(+) Day. Lancet, 20 Jamary, 1868; and 20 March
1869,
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has been seen that blood mixed with sugar destroys
much less of it, if it be deprived of its oxygen by
having it expelled by carboniec acid being driven
through it. Besides which, we have in addition the
experimental evidence of Professors Hoppes-§eyler, and-
Dastre, already referrea to, <0of the appearance of glyi
cosuria in animals wﬁgn they are deprived of oxygen.
For a report of the practical application of the
peroxide of hydrogen I extract the following remarks
from my father's book on Diabetes already alluded to,
(p.;7§i where in speaking of Dr. Day's proposal to use
ozone in the form of ozonised aﬁher, he says that not
only he, but his colleagues, Sir William Jenner, and
Drs. Fox and Russell Reynolds gave it a trial on sevéral
cases of diabetes in University College Hospital with-
out any very satisfactory results. He mentions how-
ever, a private case which was diagnbsed as one of I
diabetes arising from an Excessive Formation of sugar,
when the same line of treatment appeared to be mosﬁ
exceptionally beneficial. The case was that of an
Anglo=Indian Judge aged 47, who while taking a drachm
and ahhalf of ozonised ether had his urine diminished
from 80 to 50 ounces per diem, and the sugar in pro-
portion, notwithstanding that he was on ordinary diét
during the time; and so improved was he in the short
space of sgix ﬁeeks tha; he then returned to india and
resumed his judieial duties. This case is however,
the only example he records.of an exceptionally bene=

ficial result having attended the administration of
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ozone. Dr Rienzi (1) on the other hand found ozone l
uselasé in his cases.

The administration of ozone appears to be quite
unnecessary, as all the benefits of oxyvgen can be ob~
tained by simply allowing the patient to breathe puré
air, for that ozone merely_acts as ordinary oxygen, I
will show by the following known facts.

One third atom of oxygen existing in ozone (03)
is so loosely combined with the oﬁher two,.that it
readily detaches itself ¥ Ahe presencs of oxidizable
substances. (2) So easily indeed, that e¢zone can actu-
ally oxidise substances at a low temperature, which
can only be oxidised by simple oxygen at a high one.
From the atoms of oxygen in the latter case requiring
the intervention of the kinetie energy of heat to se-
parate them, whereas in the case of ozone, the  ten-
dency to atomic separation is so strong that ozonex
cannot exist free in the 1iving organism, simply on
account of there being in it so many oxidizaﬁle sub=
stances. It therefore never reaches the blood as o;
zone, and when it gets there can only act as ordinafy
oxygen does.

I should advise sea-air and cheerful surrounﬁinga
to encourage respiratory changes. We all“know how
much freer we breathe when in a good humour, and by
these means we would obtain all the advantages we can

hope to from the. oxygen.

(1) Rienzi. Virchow's Archiv. Vol. 104,
(2) Clausius. Poggendorff's Ann., Vol.1l21, p.250.
1864. :



I now come to the consideration of opiates. As
is well known, opium in some form or another, has long
been held in high esteem in the treatment of diabetes,
and I think that the scientific data now at my dispo-
sal will admit of my throwing a new light on the modé
in whiech narcoties act in benefitting patients la-
bouring under diabetes. ‘

From Professor S@egen (1) having found by expe=
riment upon dogs that when they are under the influ;
ence of opium the quantity of sugar is actually in—.
creased - instead of being diminished in the blood--
~as one would naturally enough expect it to be, if opium
reduces the quantity of sugar in the urine of diabetic
patients, one is somewhat surprised at the apparently
raradoxical assertion that opium is beneficial to hu=-
man beings.when they are eliminating large amounts of
sugar. 1 think, however, I shall be able to show that
there is even harmony in this apparent discord; at
least I shall try, and the remarks I am about to make
on the mode of action.of opium in diabetes, I desire
should be considered equally applicable to all the
forms of narqotics that have been found useful in the
treatment of.diabetic éases, Ho matter whether the
nareotic be in the form of opium, morphia, codeia, hy-
oseyamus,}antipyrin, sub-phonal, or 5fomides. For '
quite recently almost the identical szme remarks have

been made by Lepine (2) regarding the physiological

(1) Zur Zuckerbutimung im Blut. Centralblatt fur
Physiol. Bd.4. No.8. July 1890,
(2) L'Archiv. de Med. Exper. January 1899.
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action of antipyrin on the sugar in the circulation
as was made by Séegen regarding opium. . So.that ir I
can give a plausible explaﬁation of the mode of aétidﬁ
in the one case the same explanétion will be equaiiy
satisfactory in the other, and the seeming paraciox.
will disappear.

In order to illustrate my view of the way of
in which narcotics aet in reducing the amount of urine
excreted, as well as the quantity of sugar eliminated
I will refer to the effects of cogdeia in certain forms
of diabetes.

It is I believe, pretty generally known, that
when cofdeia is given, either simply by the mouth, or
administered hypodermically in the form of phosphates,
it has within the short space of twelve hours the pow-
er (in the vast majorify of diabetic cases) of dimin=-

ishing both the quantity of urine and sugar expelled

from the body. And no sooner do we begin to analyse (ﬂ,{

4

the character of the cases in which the cofdeia ap- aﬁf“
§

pears to aet thus beneficially, than we perceive tﬁat S
they almost all belong to the same class of cases; and
that class is, with but rare exceptions, always the

one recognised as arising from Excessive Formation.

And if we proceed a step further and ask ourselves

what is the pathology of such cases? the inevitable

feply is - that the majority of them are the off=

spring of a super~hepatic activity in the transférma-

tion of Glycogen into sugar in the liver. Here then.

is the key, I believe, to the enigma, from its being a

well-known fact that no drugs are so potent in reduec=
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ing not only hepatic but renal activity as those be=
longing to the opiate'group. Opium itself will not‘
only so retard the secretionof bile as to give rise in
some cases to white stools, but will even in perfectly
healthy individuals greatly reduce the flow of urine.
So in this faet lies, I think, the explanation of the
paradox that even while opium diminishes the destruc-
tion of sugar in the blood, it acts beneficially by'.
possessing the still more important power in such
cases,of impeding the transformation of glycogen into
sugar by the liver, while it at the same time dimin-
ishes the renal secretion by virtue of its narcotic 
action on both the hepatic and renal nerves. If such
be the case there is little difficulty in understand-
ing why a remedy which proves to be so useful in cases
of Diabetes arising from Excessive Formation is of
little or no use in those arising from Diminished
Assimilation. And seeing, as I have triéd to show,
that pancereatic diabetes belongs to the latter or malw=
nutritive class, I fear that the administration of -
opium, codeia, antipyrin, and other narcotics will
prove but of little serviece, in so far at least as the
saccharine condition of the urine is concernsd.

Having now disposed of the various ramediea which
appear to be of dbubtful efficacy in the treatment of
pancreatic diabetes, I will next try and point out
what the chemico-physiological facts narrated in the
previous pages of this essay seem to suggest as the
most appropriate lines of treatment to be adopted.

In the first place, seeing that loss of flesh and



‘energy are the two most marked features of the disease
it naturally occurs to one that it would be wise to
try and raise the general standard ﬁf the patient's
health by fresh air, nourishing food, warm clothing,
gentle exercise and the employment of tonics if they
seem needful.

In the next, should the patient have constitu-
tional tendency.to any other enfeebling disease, that
tendency should if possible be corrected. If, for
example, there be anything like gouty or rheumatic
signs or symptoms, they ought to be counteracted by a
judieious course of salicylates, bromides, or iodides
of the alkaline class.

Thirdly. As the heneficial effects of alkalies
in emulsionising the fats has been already pointed out
the use of soda and potash, even in the form of alka-
line mineral waters is strongly indicated as likely to
be highly useful to the patient.

Fourthly. A carefully selécted diet foll in
which oils and fats play a leading part, particuiariy
in the form of fatty acids, no matter whether they be
of the vegestable or the animal variety, must be re=
garded of paramount.import; |

The following general'directions for diet is.
likely,I think, to be found useful, always bearing in
‘mind that individual cases may fequire a special -
dietary.

MAY EAT.

Meats. Beef, veal, mutton, lamb, pork, venison,
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hare,rabbit and all kinds of feathered game and poul-
try, sweetbreads, fat bacon, ox-palate, tongue and .
tripe. Xgge - raw, bioled, poaéhed or fried. Butter
Devonshire cream, and cream-cheesas.

" Fish. All kinds of sea and fresh-water fish -

boiled, fried, stewed, or-broiled, ineluding eels,
smelts,.whitabait, crabs, lobsters, prawns, shrimps,
as well as sardines and anchovies - fresh, and in oil
or hutter,

Soups. Animal soups of &ll varieties - oxtail,
gravy, haré, turtle, prawn, clam, chicken, grouse, and
other game soups. Beef tea, Liebig's extract, Valen-
tin's meat juice, Brand's essence, Bouillon Fleet, and
such like animal soup preparations.

Vegétables. Cabbage = white and red, cauliflower

Brussels-sprouts, spinach,rturnip-tops, greens, sorrel
artichokes, brocoli,Ttomatoes, onions, and musBrooms.

Puddings. Egg-custard, calve's foot, gelatine,
isinglass, Irish an& Iceland moss jellies and blanc=
manges, flavoured with salt, or sweetened with glycé—
rine or sugar. The amount of sugar taken in this way
is sb small as to have no deleterienms:influence onithe
disease.

Breads. Gluten and bran breads - plain or toast=
ed gluten rolls, cracknels, almond, cocoa-nut and braﬁ
biscuits, gluten sponge cakes, as well as ruskse '

N.Bs If the bread be well prepared and fréa from
starch, it does not hecome of a dark violst or a blue

or blue-black colour, but only of a reddish brown,
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when iodihe7wate£ (% tinet. iodiné + 4 distilled wa=
ter) is applied to it. The depth of colour indicatés
the amount of starch present.

Fruits. Oranges, limes, lemons, shaddocks, o-
lives, pineQapples, bilberries, raspberries, black-
berries, red and white currants.

MAY DRINK.

Milk, tea, coffee, lemon-squash, koumiss, soda, °

potash and alkaline mineral wétars.
SHOULD AVOID EATING.

All wheaten, barley, oatmeal, or other forms of
ordinary bread; pastry, pie-crust, dumplings, pan-
cakes, porridge, as well aslall kinds of farinaceous
puddings - sago, rice, semolina, cornfiour, arrow~root
revalenta, malts, and maltine. Asparagus, fotatoes,
peas, beans, lentils, beetroot, parsnips, carrots and
turnips, Jerusalem artichokes, rhubarb - stewed or in
tarts, chestnuts, grapes, raisins, prunes, and dried
figse.

AVOID DRINKINGe

Alcoholic beverages, distilled as well as fer=
mented. Whisky, brandy, rum, gin, arrack, port, sher-
ry, Madeira, Marsala, Champagne and Burgundy. Ale, -
stout, porter and cider, as well as all varieties of
1liqueurs, except when the patient is weak, in which
case the use of a stimulant of some kind may prove
beneficial, and even ale or stout is not prohibited in
pancreatic diabetes as they are in cases of diabetes
from Excesgive Formation. Instead of peptonising the

foods before being eaten, if they are to be prepared
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at all before being used, let it be done by adding to '
them finely chopped up, or better still the expressed
juice of a fresh pig's pancreas, at a temperature of
990 Fah. for 10 minutes, so that the pancreatic con-
stituents may act upon the foods out of the body juét
as they do in thé duodenums.

The fats and oils again, can be emulsioned by
mixing them with bi-carbonate of soda or potash, or
with liqubr potassa; and be rendered more easily as-
similable in that way.

As will be noticed in the case of the Banker al- ¥
ready referred to (p. 74) t@e strict“dieting ceased to
have any effect on the progress of the disease so soon
as thé diabetes had changed from being one the result
of excessive formation to that of pancreatie diabetes.
For no sooner did that happsn than from the vice ly=-
ing in the mal-assimilation of the sugar, the cuttiﬁg
off thesasaharim& supply was no longer attended with
the same beneficial results. In fact the late Dr Budd of
Bristol treated all cases of diabetes attended with
emaciation by giviﬁg them large quantities of cane
sugar, and contrary to what his colleagues had anti-
cipated, some few of them actually improved under the
treatment. Perhaps these may have been cases of the
pancreatic form of diabetes, for seeing that in them
the vice lies in a diminished ﬁower of assimilation,
and not in an excess of saccharine: supply, the giving
of a superabundance of sugar might in reality be at-
tended rather with beneficial than.baneful results to

the patient, in so far at least as his nutritive pro-
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cesses were concerned. :

Having in ihe pathogenesis chapter called atten-
tion to the fact that muscular activity has been fouﬁd
to be a potent agent in favouring the assimilation of
sugar (p.{ﬁﬁ) in the animal economy, I am led to think
that regular muscular exercise}if kept well within the .
bounds of fatiguejwould prove useful in retarding the
downward progress of pancreatic diabetes. But if mus=-
cular exertion is to be used as a remedial agent, it -
"must be,used(as just saidfwithin the margin of fatigue;
for anything that lowers the vital powers - which fa=
tigue either of body or mind most assuredly does - ‘
would be highl& detrimeﬁtal to the patient. Moderate
foot or horse exercise I would thersfore recommend
to be tried, as well as gymnastices, Swedish exercises,
or even magsage, when the patient is weak; for no
doubt everything that produces muscular movement is
likely to increase the degtructgon of sugar in the
animal organism. Though it is not to be forgotten that
in cases of pancreatic diabetes it is not so mach the
destroying of the excess of sugar that is required,
but the assimiiation of 6ther transformed or so-called
destroyed saccharhe matter that is in reality the goal
to be aimed at in treatment.

Lastly. As regards the treatment of the diabetic
coma, unfortunately it appeafs‘that but little can be
done for it, for although it has been found that alka=
lies injected into the blood of rabbits poisoned by .

hydroghlbﬁitacid was successful in restoring them from



the comatose state; if. glkalies were similarly employ-

ed in the case of a diabetic comatose patient, iheyi.
would only neutralise - for the time being = the oxy-
butyric and aceto acetic acid in the blood, without
however, attacking the primary cause of the comatose
condition, the comatose state being due to the alka-
lies of the blood, having become saturated with the
acids formed by the proteid waste, and thus from the
blood being unable to carry to the lungs a sufficiency
of carbonic acid, the carbonic acid by accumulating in
the tissues, and more especially in- those of the brain
produces the fatal coma. What we must therefore at-
tempt is in the form of prophylaxis, and to do this

we must try to diminish as far as possible the pro=-
teid waste by employing the various hyglienic remedies

and means already pointed out.
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