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ON GLYCOGENESIS.

By JOEHN SLOANE, M.D., House-Surgeon to the Leicester

Infirmary, etc.

[pread bese-c the Leicester .redlical Society.April 20th, 18.)8.J

SOME of you may probably desire to hear the rationle of the
saccharine inethod of treatment of diabetes, which seems dia-

metrically opposed to the old plan. I need not tell you that

the cause of diabetes was formnerly considered to be a derarnge-
ment of digestion, by which sugar was formed in the stomach,
afterwards absor-bed, and passed iiito the blood, from which it

was rapidly excreted by the kidneys. This view of the patho-
logy of diabetes has been proved to be erroneous by the able

researches of M. Claude Bernard, which are published in his

Lefons de Physiologie E.rparinientale, which, I regret, hase not

yet been translated into our language. I hope I shall not be

considered to waste the time of this Society by reading tile fol-

lowing extracts from these valuable lectures, describing in-

vestigations which have revealed to us many striking facts

regarding what is called glycogenesis, or the formation of

sugar.

Glucose, the variety of stugar found in the urine of diabetics,
is generated ill the li-ers of aniiial.s throughout the animal

kingdom, almost wholly irrespective of the nature of thiei- food.
The glucose secreted by the hmepstic cells passes into the
hepatic veins, thence into the inferior vena cava, and throughi
the right side of the heart to the lungs, wheie, being exposed
to the atmosphere, it sonmetitnies completely disappears. M.
Bernard has found sugar in the( livers of mamm-nals, of birds,
of reptiles, of fishes, of molltiscs, and of articulated animnals.
He has found it in omnivorous. herbivorotis, and carnivotots
animnills. That the secretion of sugar is independent of the
nature of the food, lie proves by many experiments, of which I
shall mnention the followingr. He fed dogs exclusively on flesh
for six or eighit months; and -when they svere killed, at the ex-
piration of that period. he found as much sugar in their livers
as in those of dogs fed upon a mixed diet. Owlets taken in
their ne-ts were fed exclusively on rws bullock's liver for three
months, and were then killed: their livers always contained the
normal quantity ofsugar. Two dogs wet- efed solelyon flesh, thiree
on both ti'-sh and bread, and two on amylaceous or saccharine
food; thiey were all killed at as nearly as possible the same
period of digieStiOn, and the results of the cheitticel exatnilnla-
tion of their livers showed that the quantity of sugar secrete1
did not depend on the nature of their diet.

Rollo recommended the use of fiat for diabetics. M. Thenard
and Dupu3-tren made themn eat lard. We have fed dogs
with lard and axiinge and we have found this very cutriolls
fact, that, under the influence of this alinmentation, the sugar
diminished in the liver absolutely in the same manner as if
the animal had been kept fasting. In dogs to which M. Bernard
has given nothing but pure water, he has found the secretion
of sugar kept diminishing, and it ceased to appear about three
or four days before its death. For the first thirty-six hours,
the qmiantity continues considerable, but during tile following
days it diminishes very aepidly.
A dog, haviln fasted thirty-six hours, had a copious repast

of boiled sheep's head, and, three hou's afterwards, was killed.
The blood in the poital vein, previous to its entrance into the
liver, contained no trace of sugar; whereas, in the blood from
the hepatic veiis, there was a considerable quantity. This
experiment, writes Bernard, would alone suffice to cause one
to admit, as a natural and necessary conclusion, that the sgair
is produced in the liver; yet we have accumulated proofs of
every kind about this proposition and we have shoe n
that the hepatic tissue constantly contained sugar, and that it
was the only tissue of the body which offered this character.

In am animal fasting, the blood which arrives at the liver
presents no trace of sugar; that which leaves it contains a con-
siderable quantity. Inversely, the blood which arrives in the
lung contains sugar; and that which leaves it presents no
trace of this substance. The sugar in this physiological state
remains hidden between the liver and time lung, and does not
show itself at the exterior. This statement is true only in an

animal fasting. When the digestion commences, the quantity
of sugar gradually augments; yet during the two or three
hours following the ingestion of aliment, notwithstanding the
increase of the saccharine, secretion, all the sugar carn be de-
stroyed before it arrives at the arterial system; and it is only
after the lapse of time that the production of sugiar surpassing
the limits of destruction becomes temporarily excessive in the
organism. At this period of digestion, one finds sugar in all
the vessels of the body, arterial and venous, and even in the
renal arteries; but the proportion is too slight foi any of the sugar
to pass inl the urine. Yet we shall see that, under certain phy-
siological circumstances, the quantity of sugar can be increased
to the point that it passes off in the urine m ithout the animal
being diabetic. Under the ordinary circumstances of digestion,
this species of saccharine overflowing is manifested equally
with animal or amylaceous diet, and it lasts about three or
four hours. It is not less than six or seven hours after a meal
that the excess of sugar in the blood commences to disappear,
and that the equilibrium between its production and its de-
struction tends to re-establish itself as before digestion. This
species of oscillation, which the glycogenic fanction presents,
it is very important to know; for in the pathological state (dia-
betes) we find exactly the same phases, with the exaggerations
we should expect in this malady. Different observers-fvayer
in France, and Traube in Germany-have remarked that there
are diabetics who do not pass sugar in their urine, except at
the time of their digestion; and that, in the interval, their
urine does not contain sugar. This phenomenon can be re-
conciled very naturally vioththe( lphysielog(icel filct which
has been poiited out to yot. There is nothing essentially
different between the nlonial state and the pathological
symptom, save the intensity of the phenonienou caused by a
deviation of vital activity.
The sugar is formed from the alburninous substances ; and

this sugar is the result of the physiological action of the liver
upon those principles, which are divided so that their oxygen,
hyd(rogen, and carbon, are groupe(l so as to form sugar, whilst
their azote enters into other combinations, and probably into
the azotised principles of the bile. One does not know, indeed,
any other origin for the saccharine matter, which cannot be
produced in the intestine by digestion. Experiment has shown
us that, during alimentation, by means of albuminous sub-
stances, the intestine and the blood of the portal vein never
contain sacchaiine matter of any kind. Neither gelatine nor
flesh produnce saccharine matter in the intestinal tube by the
known digestive processes. The amnylaceous matters taken as
food enter as sug-ar into the portal vein, and, arriving at the
liver in this state, are then destroyed by this organ, and
changed into another matter, which has every appearance of
a fatty substance converted into an emulsion par tine matiere
proteiqtte s-l)ciale. We have said that the sugar introduced
into the intestinal tube does not augment the quantity of this
matter contained in the liver, but that it is there destroyed, and
cauises the appearance of en enitilsive substance.-That the sugar
introduced into the intestinal canal does not augment the quan-
tity of this matter contained in the liver, MI. Bernard shows by
the following experiments. He takes two rabbits, whose urine
he first finds, by testing, to be free from sugar. Into the
stomach of one hle injects a quantity of sugar in solution, with
some ferrocyanide of potassium. Beneath the cellular tissue
of the other lie injects half the quantity of an exactly similar
solution. He examines their urine an hour afterwards, atid he
finds in that of the first not the least trace of sugar, while the
urine of the second presents it in considerable quantities. But
you may say that this difference may be accounted for by the
intestinal absorption being less rapid than the subcutaneous:
but in both the ferrocyanide of potassium was readily detected
in the urine. This will prove that the absorption is equally
effectual in the intestine as under the skin, but that, in the
first case, the solution has abandoned one of its constituents
the sugar, in traversing the liver; whereas this has not taken
place in the second instance. He arrives at similar results in
the followmig- experiments. Through a small opening in the
abdomen of a rabbit, he injects a quantity of the same solution
into one of the branches of the portal vein; and into the
jugular vein of another rabbit lie injects the same quantity of
the same solution. It is clear that, in this mode of operating,
We cannot have any difference in the absorption, as in both
cases we introduce the substances directly into the blood.
Nevertheless, we obtain exactly the same result; that is to say,
that inl the rabbit, in which wve injected by the jugular, the
sugar has passed into the urine with the ferroc anide of potas-
silnun, and with very geat rapidity ; whilst in the rabbit injected
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by the portal vein, the ferrocyanide of potassium alone will
have passed into the urine, where one cannot find the least
trace of sugar. These experiments are very conclusive. Ber-
nard proves by experiment that starch, taken as food in the
intestine by the influence of the pancreatic juice, becomes con-
verted into sugar; and this passes into the portal vein. That
sugar is destroyed by the liver, receives further confirmation,
he states, by the facts known in the fattening of cattle. You
all know that animals fatten most by the use of food in which
starch predominates; that the geese and the ducks, in which
the fat livers are artificially produced, are gorged with a pate
of maize or other amylaceous food; that the fat formed by an
animal is not in proportion with the adipose matter which it
takes; that, on the contrary, the animals which only eat fat, far
from becoming fat, get lean rapidly. Hereafter it is not only
the biliary secretion which we shall have to look upon in the
liver; it has two other functions of capital importance-one the
production of sugar, which is dependent upon the aliment con-
taining albuminous matters; the other, the production of fat,
which is dependent upon the amylaceous and saccharine matters
in the food.

Cane-sugar is never destroyed; it is constantly eliminated by
the urine when it is injected directly into the blood; but this
sugar, when in the intestine, is in part, at least, transformed
into glucose. The latter, on the contrary, injected into the
blood, can be destroyed in certain proportions.
When we prick the mesial line of the floor of the fourth

ventricle, in the exact centre of the space between the origins
of the auditory and pneumogastric nerves, we produce an ex-
aggeration of the hepatic (saccharine) function, and of the
renal secretion; if the puncture be effected a little higher, we
very often only produce an augmentation in the quantity of the
'irine, which then frequently becomes charged with albuminous
matters; while, if the puncture be below the indicated point,
the discharge of sugar alone is observed, and the urine remains
turbid and scanty. hence it appears that we may distinguish
two points, of which the inferior corresponds to the secretion
of the liver, and the superior to that of the kidneys. As, how-
ever, these two points are very near to one another, it often
happens that, if the instrument enters obliquely, they are
simultaneously wounded; adl(l the aniimals urine not only be-
comes superabundant, but at the same time saccharine. The
urine becomes saccharine in from one to two hours after the
Operation, but seldom continues for more than a day.
The secretion of sugar is not undter the direct influence of

the pueumo-astric nerve; for if it be divided before irritating
the floor of the fourth ventricle, sufgar still appears in the
urine. Bernard believes that the inftitence is transmitted by
reflex action through the ganglia of the sympathetic.

There is a phenomenon which is manifested, for example,
when, after fasting a certain time, a great quantity of sugar is
taken. The intestinal absorption then proceeds with extreme
rapidity. A great quantity of sugar arrives in mass in the
liver; tile,mechanical circulation much prevails over the
chemnical; the sugar is poured into the general circulation in
proportion much greater than occurs in the normal state; and
it passes then into the urine, where its short-lived presence
canbe found for a ce-tain time.
M. Bernard, after a great many experiments in reference to the

subject, has proved that there is a species of election in the
excretion of matters which pass out of the organism. Sugar is
eliminated in two ways only-by the kidneys, and by the
mucous membrane of the stomach. When sugar is injected
into the blood of an animal to saturation, and puts it for a time
into a state of diabetes, we do not find sugar in the saliva, in
the tears, pancreatic juice, bile, nor perspiration; whilst the
urine and gastric juice contain it in proportions more or less
notable. These results entirely resemble those obtained in
diabetic patients. Lehmann states, however, that he has ob-
tained sugar from the saliva of a diabetic. The presence of
sugar has been pointed out in the expectoration of diabetics.
Bernard admits that sugar can be had in notable quantity in
the expectoration. But,he writes, we must not confound the
bronchialmucus which these patients, almost always phthisical,
in the last stage of the disease expel in abundance, with
the salivary secretion properly so called: it is the mucosities
formed in the lung which contain the saccharine matter.
Nevertheless, this fact is not constant; for M.Rayer has re-
ported to the Society ofBiology a case in which the expectora-
tion of a phthisical patient examined by M. Wurtz did not con-
tain sugar. Bernard proves by the following experiments the
statements regarding the election in excretion of matters which
pass out of the organism.
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He takes a dog with a parotidean opening, into which he in-
serts a tube. Nothing flows by this tube, which proves that
the secretion is not continuous. By putting in the mouth
some vinegar he excites the flow of saliva, which passes out of
the tube rapidly in large drops. He next injects into the
jugular vein of the animal a solution containing sugar, prus-
siate of potash, and iodide of potassium. Immediately after
this injection the salivary secretion is again excited in the same
way. The saliva is received into three glasses. One is ex-
amined for sugar, and none is found. The sugar, therefore,
does not pass in the saliva. The second is examined for prus-
siate of potash, and it is not present. The third is found te
contain iodide of potassium. This substance then passes im-
mediately into the saliva, whilst the prussiate of potash and
the glucose, equally soluble, cannot be found. In the saliva
extracted befote the injection, none of the substances exist.
In the urine of the same animal after the injection the prus-
siate of potash is found in considerable quantity, and the iodide
of potassiun in small proportion. As regards the sugar, there
is none yet, but we shall find it presently. It requires an hour
or more for the sugar to appear in the urine.
The urine then eliminates all these substances in a manner

more or less irapid. The prussiate of potash appears first and
the glucose last.

There is another secretion in which the presence of sugar
can be found; this is the gastric. The passage of the sugar
into the stomach has surprised most of the observers who have
seen long since that when diabetics vomited, although they had
eaten nothing but flesh, the vomited matters were saccharine.
When it was believed that diabetes proceeded from a perversion
of the digestive functions, it was considered that the flesh was

changed into suaar in the stomach. But one need not now be
mistaken; the flesh is not saccharine. Bernard himself has
observed that, in diabetics who vomit fasting, in the vomited
matters the presence of sugar could be found. But this has
only occurred wxhen the disease is at its greatest intensity; and
iil all those cases, even in the animals which have been rendered
artificially diabetic, it is much more difficult to obtain the pas-
sage of glucose into the gastric juice than into the urine.
The sugar is formed, as we have seen, at the expense of the

albuminous substances. In the healthy man it is clear that a

part only of these matters is consumed for this purpose. The
diabetic who foims much sugai expends a very large quantity
of azotised material; the blood is impoverished; and, although
the patient eats enormously, he gets thin like a man badly
nourished. The liver takes in a manner the ration of the
other organs, which undergo a considerable attenuation,
because the albuminous elements are transformed into sugar.
M. Bouchardat has proscribed the use of amylaceous and

saccharine matter, in the food of diabetics. The facts which
Bernard has himself witnessed in the practice of M. Rayer
piove clearly the utility of azotised aliment. In the regimen
of these patients, writes Bernard, vegetable aliments ought to
be forbidden, as it is evident that they augment the functional
activity of the liver. You know, also, that they are excitants of
the kidneys; that they are much more diuretic than animal
matters. Thins all the herbivore pass much more urine than
carnivorous animals. In the azotised regimen diabetics have
the advantage oftfod which is not diuretic.

I have at great length reminded you of M. Bernard's views
regarding the formation of sugar in the animal economy. As
some of them are of so novel a character, and so little in ac-
cordance with the notions formerly held, I have thought it
advisable to mention the experiments upon which he founds
his opinions. That they will, upon further investigation, be
more or less modified, is not improbable; but they have been
very generally received by the most distinguished physiologists
and pathologists.

From M. Bernard's investigations, we learn the following
facts of importance in reference to the saccharine plan of treat-
ing diabetes.

1. Sugar may be rationally administered to diabetic patients,
inasmuch as the sugar found in the general circulation is
almost always secreted by the liver, and as sugar introduced
into the intestinal tube in its passage through the liver is there
altered and converted into an emulsive substance, which serves
to fatten these patients, and thus to counteract their tendency
to emaciate.

2. Substances which contain glucose-such as honey and
fruits, should be given to diabetics in preference to those
containing cane-sugar, because the latter is not destroyed when
injected into the blood, but is constantly eliminated by the
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kidneys; whereas glucose can be destroyed in certain pro-
portions.

3. Cane-sugar would be beneficial to a certain extent; as
when taken into the intestine it is in part at least transformed
into glucose; but if given in too large proportions to be thus
completely transformed, the disease would be probably aggra-
vated by the presence in the blood, and subsequent excretion
by the kidneys, of the former variety of sugar.

4. The glucose should be given in moderate quantities at
a time, and frequently, rather than in large quantities at long
intervals; because, when much sugar is taken fasting, it is
absorbed too quickly to admit of its complete destruction in
the liver, and it passes into the general circulation, whence it
is eliminated in the urine.

TOPOGRAPHY AND CLIMATE OF LLANDUDNO,
NORTH WALES.

By T. C. RODEN, F.R.C.S.
LLANDUDNO, as the guide-books inform us, stands on an arm of
land about four miles in length, jutting out towards the west
from the mainland of North Wales at Conway. This little
peninsula is terminated by a huge limestone rock, seven
miles in circumference, and 750 feet in height-the Great
Orme's Head-under and along the south side of which the
town is built. About a couple of miles in front-that is, to the
south-runs a chain of hills from the Little Orme's Head on
the east towards Conway bay on the west; while a beautiful
semicircular sweep of the ground between the two Ormes
encloses the waters of Llandudno bay. It is chiefly this pecu-
liar formation of the locality which impresses it with distinctive
qualities, beneficial to particular classes of invalids; while the
general mildness, dryness, and salubrity of the air render it an
agreeable place of resort to all. From the experience of a
residence of three years, I am enabled to designate the climate
as mild, yet bracing, and remarkably free from humidity.

It is generally supposed by strangers that the coast of North
Wales is cold and bleak; and many who visit this spot find it
difficult to account for the opposite state of the case with
regard to Llandudno. The shelter afforded by the Great
Orme's Head from the north and north-east winds, together
with the peninsular form of the site, afford the true explanation
of the fact; for, being embraced on three sides by the sea, the
temperature becomes more equalised. In winter, the water
being warmer than the air, imparts a portion of its caloric to
the atmosphere; while in summer the phenomena are reversed.
The Gulf Stream, too, passing the south coast of Ireland, pro-
bably produces no unimportant share in the result.

These circumstances will make intelligible the quality of
mildness, which is most striking in the winter months; so
much so is this the case, that there are few points on the
British coast so well fitted for the abode of invalids in winter
as this. The thermometer fully bears out this statement; for
my observations of it, noted regularly during two years, prove
that the temperature is milder by 100 or 15' in severe weather,
than in several situations in England with which I have com-
pared it; and the contrast is the greater the more intense the
cold.

It might naturally be expected, therefore, that in summer
the heat would be more oppressive here than elsewhere. That
it is not so, one or two facts will serve to show. The range of
hills to the south, before alluded to, and the mountain on the
north, bound a valley, along which the westerly winds (which
generally prevail), cooled by the sea over which they sweep,
pass in a grateful and refreshing current, and produce, to-
gether with the refrigerating influence of the volumes of water
around, a temperature certainly not higher than that of other
places, and lower than many. To substantiate this, I need
only mention that from observations taken at the telegraph
station on the mountain (at an altitude seven hundred feet
above the level of the sea) during the hot weather of last
summer, it appeared that the thermometer was usually about
50 higher than in the town below.
From what has already been said, it will excite no surprise

that within the space of a square mile Llandudno should pos.
sess two or three varieties of climate. That part of the valley
exposed more directly to the action of the winds is cooler in
the summer, and in the winter is so bracing as to lead few to
prefer it; at the foot of the Great Orme the temperature is
mild at all seasons; while on the mountain side that delicious
atmosphere emphatically called " mountain air" gives life and

strength to the system. The variations are not so trivial as'
might be imagined, but are well marked, and are severally
adapted to the constitutions and requirements of different
individuals. Invalids may therefore select a residence suited
to their respective cases during any and every part of the
year-either completely sheltered, or more or less open to
bracing influences.

It is, however, to the advantages of the place as a winter
residence, as not being generally understood, that I would par-
ticularly direct attention. The beauties of the scenery, the
extraordinary opportunities for sea-bathing at all states of the
tide, the purity and salubrity of the air, the facility of reaching
all points of interest in North Wales, as well as of access to
England, are already well known; but comparatively few have
enabled themselves to judge of the climate from a sufficiently
long residence. Visitors generally have been content to enjoy
the pleasures of the scene for a time in the summer, and have
probably felt a sort of compassion for those destined to spend
the cold season, as they imagine, on these inclement and in-
hospitable shores. Far different, however, is the case of those
who commit themselves to a Llandudno winter. The charms
of its bright and sunny skies, clear and exhilarating air, and
genial temperature-the advantages of its freedom from damps
fog, and continuous rain, and from the intense cold of most
situations in northern latitudes, render it for the most part un-
necessary to expatriate the weakly in health and constitution,
or to seek abroad for conditions which may be ensured at
home.
For the victims of dyspepsia. of rheumatism even in its

severest instances, of phthisis and the various forms of pul-
monary and bronchial disease, as well as for that large class of
persons technically termed " delicate", the winter climate of
Llandudno is admirably adapted. Several such who have,
within the last few years, taken up their abode here, have ex-
perienced great benefit, and have in a remarkable degree re-
covered their health. Scarcely for a day throughout the year
need the valetudinarian keep within doors, or refrain from that
exercise in the open air so essential for the maintenance or re-
storation of health.

I submit, then, that these facts incontestably prove that this
new watering-place is a valuable addition to the hygienic re-
sources of the profession, as supplying a desideratum long
sought for, too often perhaps on foreign shores, and certainly
not hitherto realised at home.
Some meteorological and local details are reserved for a

future communication.

POISONING BY ALMOND FLAVOUR: RECOVERY
By HENRY W. T. ELXis, Esq., Crowle, Bawtry.

AT four o'clock in the afternoon of last Friday, I was sum-
moned to visit immediately the wife of Mr. Frederick Chap-
man, a solicitor's clerk, of this place, who was said to be in a
fit. On proceeding to the house, I found my patient lying on
her back across the bed, in a complete state of insensibility;
her countenance was ghastly; her eyes were fixed, staring, and
prominent; the pupils were dilated; the jaws firmly closed;
frothy mucus exuded from the mouth; the breathing was heavy
and stertorous; the pulse at the wrist was scarcely perceptible,
but the carotids pulsated strongly; the extremities were re-
laxed. Whilst noticing these symptoms, I detected the odour
of hydrocyanic acid; and, on inquiry, ascertained there had
been some slight vomiting of undigested meat. This at once
and unmistakeably revealed the nature of the case. Of course,
not a moment was to be lost; cold affusion was therefore
instantly and vigorously had recourse to, followed up by am-
monia to the nostrils, and its application with camphor lini-
ment to the chest, and with mustard to the legs. These means
were persisted in for about two hours, with but slight change in
the symptoms. At the end of that time, however, there were
convulsive twitchings, rolling of the eyeballs, etc. In another
hour, the patient became delirious, tossing herself wildly about,
but gradually subsiding into sleep. Twenty leeches were
in the meantime applied to the head, and warmth to the ex-
tremities (previously quite cold). Emetics and the stomach-
pump were at hand, but could not be used: in fact, from the
time that had elapsed before I saw her (ten to fifteen minutes
after swallowing the poison), it is doubtful whether they could
have been of any avail, absorption taking place so rapidly.
The case has since gone on well, the only drawback being

erysipelas of the face and scalp, attributable, probably, to the
leech-bites.
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