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PGA,? behaves similarly to chlorguanide in
P. gallinacewm infections. It potentiates
sulfadiazine to about the same degree as
chlorguanide and its activity is partially in-
hibited by the same amounts of PGA as are
required to inhibit chlorguanide. If chlor-
guanide should prove to be a PGA antagonist,
this fact would be highly significant in
the development of chemotherapeutic agents
for malaria and other diseases as well as for

9 Daniel, L. J., and Norris, L. €., J. Biol. Chem.,
1947, 170, 747.
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the study of the metabolism of the malaria
parasite.

Summary. The antimalarial activity of
chlorguanide against Plasmodium gallinaceum
in the chick could be significantly but not
completely inhibited by pteroylglutamic acid
in vive. Pteroylglutamic acid had no sig-
nificant effect on the antimalarial activity of
quinine, chloroquine or pamaquine, but com-
pletely inhibited the effect of sulfadiazine.
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Although both the cat and the dog may
develop islet degeneration and irreversible dia-
betes after prolonged periods of hypergly-
cemia, % permanent diabetes has not been
produced in the rat by methods short of par-
tial pancreatectomy or alloxan treatment. After
noting the ease with which Ingle produced
chronic glycosuria in the rat by force feeding
a high carbohydrate diet,” it occurred to us
that it might be of interest to perform a similar
experiment and examine the islets of Langer-
hans.

Plan of experiments. Two groups of 6 male
albino rats of Sprague-Dawley strain were sub-
jected to force feeding of gradually increasing
quantities of high carbohydrate rations until
glycosuria was sustained. Weights and urin-
ary glucose excretion were determined at fre-
quent intervals. Rats which died during the
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experiment as well those which survived for
the entire experimental period of 56 days
were examined grossly and histologically, es-
pecial attention being given the appearance of
the pancreatic islets.

Rations, method of feeding and urine glu-
cose determinations. A liquid ration contain-
ing about 50% carbohydrate was force fed
to each group. The ration fed Group I
(Table I) was slightly modified from that
described by Ingle.” The ration fed Group II
was similar except that the carbohydrate was
all glucose. The latter diet was employed
with the thought that intestinal absorption
might be faster and more complete, thus mak-
ing it possible to obtain higher levels of blood
glucose. The rations were force fed 2 times
per day at about 8 a.m. and 5 p.m. by means
of the technic described by Shay and Gruen-
stein.® Starting with 6 ml per rat the daily
portions administered were increased by 4
ml per day until 26 ml were being given.
This quantity was maintained for a week to
accustom the rats to the method of feeding
and to avoid “food-shock”.” Following this
the quantities of ration were gradually in-
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TABLE 1.
Composition of Rations for Force Feeding.
Ration I Ration IT
Constituents Units (Group I) (Group IT)
Egg albumin g 8 8
Brewers yeast i 5 5
Corn starch 2 25 —
Dextrin a4 12.5 —_
Glucose ’? 12.5 50
Ruffex ” 6 6
Salt mixture »” 2 2
‘Wheat germ oil i 5 5
Corn oil 2 10 10
Oleum percomorphum
Vitamin A U.S.P. units 200 200
22 D 7 2 29 29
ER) K mg 5 5

Water to make total of 100 ml added to each ration.

creased as tolerated until 68 ml were being
given daily. Each group of rats was housed
in wire bottomed cages and allowed water
ad libitum. Beginning on day 7 and on
alternate days thereafter the rats of each
group were placed in individual metabolism
cages and their urine was collected under
toluol for a 24-hour period for qualitative and
quantitative glucose determinations. Quali-
tative determinations were performed with
0.5 ml of urine and 5 ml of Benedict’s solu-
tion which were mixed and heated in a boiling
water bath for 5 minutes. Quantitative
urine glucose determinations were performed
using Benedict’s method when the qualitative
test showed 2-- or more.

Histologic preparations. All tissues were
fixed in Bouin’s solution and imbedded in
paraffin., The sections of pancreas were pre-
pared in Dr. Gomori’s laboratory and stained
with the chrome hematoxylin and phloxine
stain? Hematoxylin and eosin stained sec-
tions of liver, stomach, kidney, thymus, and
adrenal were examined from all animals and
lung, skeletal muscle, mediastinum and testis
were studied from selected animals.

Experimental results. The quantity of diet
administered daily, the average body weights
and the urinary glucose values for Group I
are summarized in Fig. 1. It is apparent that
increasing the diet intake from 26 ml per day
to 68 ml per day resulted in a steady increase
in body weight amounting to an average

9 Gomori, G., Am. J. Path., 1941, 17, 395.

weight gain of almost 200 g for the 8 week
period. Urinary glucose became apparent
on the 15th day and was excreted by the ma-
jority of the animals of this group in quanti-
ties varying from O to 1.48 g per day for the
remainder of the experiment. The animals of
this group appeared in moderately good health
and only one rat succumbed before the ter-
mination of the experiment, due to suffocation
from aspirated diet.

The response of the rats of Group II to the
ration containing only glucose as the carbo-
hydrate source differed from those of group
I, which received the mixed carbohydrate ra-
tion in the following respects: the animals
tolerated this ration much more poorly and
developed signs of food-shock on several oc-
casions, necessitating the interruption of the
steady increase of daily rations. Three of the
6 rats succumbed early in the experiment, 2
from food-shock and 1 from false passage of
the stomach tube. Two of the remaining 3
rats died before the end of the experiment, 1
of food-shock and 1 of aspiration of diet. The
2 rats which survived beyond the 35th day of
the experiment consistently showed more
urinary glucose than the rats of Group 1.
Acetone was noted on 3 occasions in the urine
of these rats.

At necropsy the only consistently noted
gross change was marked obesity in rats
which had been force fed either ration for 30
or more days.

The significant histologic findings in these
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rats are summarized in Table II. The most
striking changes were apparent in the islets of
Langerhans. All animals which had received
either ration for 32 days or longer showed
marked hyperplasia of these structures, ac-
companied by a consistent decrease in granu-
lation of the beta cells (Fig. 2 and 3). These

changes were well developed in the rats which
succumbed at 32 and 38 days and tended to
increase as the rations were fed for longer
intervals. In most instances the average islet
diameters were 2 to 4 times greater than those
of control animals. There was no evidence
that the rats of Group II showed more marked

TABLE II,
Histological Findings in Rats Force Fed High Carbohydrate Diets.
Time Panercas
force — - Adrenal Liver
Group Rat fed, Tslet Degranulation cortical Thymie —_—
No. No. days hyperplasia of beta cells hyperplasia atrophy Glycogen Fat
I 1 5 +++ +++ + 0 +++  +
2 55 ++++ +++ ++ 0 ++++ 0
8 55 ++++ +++ + + +4+++ 0
4 55 +++ +++ ++++ 0 +++ +
5 38 +++ +++ ++ 0 + 0
6 55 ++++ +++ 0 + +++ ++
II 1 535 +4++ +++ ++ 0 ++++ 0
2 14 + ++ 0 0 + 0
3 10 0 + 0 0 ++ 0
4 14 + ++ +++ 0 + 4
5 32 ++ +++ 0 + + 0
6 51 ++-+ +++ 0 0 ++++ 0
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Fia. 2.
Typieal pancreatic islet from rat II-3 which died after only
10 days of force feeding. Note the almost normal appearance of

the islet cells.

Chrome-hematoxylin and phloxine stain,

X 1.50.

=
%

Fie. 3.
Typical pancreatic islet from rat II-1 which was sacrificed

after 56 days of force feeding.

Note the marked hyperplasia of

the islet cells with almost complete degranulation of the beta cells.

Chrome-hematoxylin and phloxine stain.

changes. Although the pitfalls of evaluating
islet volume from examination of a sirigle sec-
tion through the pancreas are well estab-
lished,® these hyperplastic changes were so
uniform and conspicuous that there is little
doubt of their significance. Furthermore, the
recent study of Tejning!! gives us added con-
fidence in the validity of our interpretation.

X 150.

After detailed studies of pancreatic islet vol-
umes, this investigator concluded that if one
finds in a section of pancreas a number of
islets that are larger than normal, one can
conclude that the total volume of islet tissue
is also greater than normal. No evidence of
necrosis, hydropic change, hemorrhage, in-
flammation or absolute decrease in beta cells

10 Richardson, K. O, and Young, F. G, J.
Physiol., 1937, 91, 352,

11 Tejning, S., Acta Med. Scandinav. Supp., 198,
1047.
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was apparent in any of the sections.

Other significant histologic findings consis-
ted of a somewhat variable but often marked
increase in glycogen in the liver cord cells,
sometimes accompanied by slight large drop-
let fatty change. The stomachs of the rats
which had been force fed for a period of 30
days or more showed a spectacular hypertro-
phy of the muscularis but no other abnorm-
ality. The thymus glands showed microscopic
evidence of atrophy in only 3 rats, and this
was in no instance well developed. The other
organ showing rather consistent alteration was
the adrenal. Here there was a moderate cor-
tical hyperplasia which was evident in 7 rats.
There was no apparent correlation between
the adrenal cortical hyperplasia and the thy-
mic atrophy.

The kidneys as well as the skeletal muscle
and the structures of the mediastinum re-
vealed no significant histologic changes in the
instances in which they were examined. Un-
fortunately, the testes were studied micro-
scopically in only one rat (number 4, Group
I). Here the tubules were of normal size and
cellularity and spermatogenesis was apparent-
ly active.

Discussion. Our data are not complete
enough to warrant conclusions to be drawn
regarding the adrenal cortical hyperplasia.
The similarly treated rats of Ingle” uniformly
showed grossly enlarged, dark red, adrenal
cortices. The findings may be due to the
very large amounts of carbohydrate adminis-
tered, to the stress incident to the acts of
force feeding, or to some other factor. High
protein diets have been reported to cause
adrenal cortical enlargement? but the pro-
tein contained in the diets fed to our rats
probably was not sufficient at any time to
cause such changes.

The concentration of sugar in the blood has
repeatedly been found to affect islet struc-
ture and volume. The islet cell degeneration
produced by partial pancreatectomy and/or
anterior pituitary extract injections in the
dog and cat can be prevented or, in certain
instances, reversed by a low carbohydrate

12 Tepperman, J., Engel, F. L., and Long, C. N.
H., Endocrinol., 1943, 82, 403,
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intake, insulin, or phloridzin. 413 Rabbits
treated with alloxan develop hydropic degen-
eration of the islets after about one month of
marked hyperglycemia.'* Corpaci believed
that he had increased islet volume and pro-
duced damage of islet cells in rabbits by re-
peated parenteral injections of glucose and
adrenalin, but the evidence is not conclusive.’®
Similar experiments in guinea pigs by Meneg-
hini, using glucose alone, are reported to have
caused islet hyperplasial® Careful studies
have shown that rats fed a high carbohydrate
diet ad libitum develop pancreatic islet vol-
umes that are significantly greater than those
fed ad libitum other types of diets.!! Evi-
dence has been obtained of both hyperplasia
and exhaustion of guinea pig islets after con-
tinuous infusions of large amounts of glu-
cose.l™1%  Tn experiments lasting not more
than 100 hours, dogs killed by the continuous
intravenous administration of glucose were
found to have specific intense hemorrhages
into and destruction of the pancreas and hy-
pophysis.’® Special studies of islets were not
reported. Finally, clinical diabetes has been
produced in an intact cat after 39 days of in-
traperitoneal glucose injections, and part of
a series of cats treated in this way developed
marked hydropic degeneration of the islets.?¢
Verzar and von Kuthy produced heavy
glycosuria, mild hyperglycemia, and, on rare
occasions, ketonuria in dogs by force feeding
solutions of glucose and sucrose for several
weeks?®  Glucose tolerance was thereby im-
paired but soon returned to normal. Post-
mortem examinations are not recorded.

Degeneration of rat pancreatic islets has

_not been produced by hyperglycemia. Lukens
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and Dohan examined the pancreatic rem-
nants of rats that had had pronounced hyper-
glycemia for from 2 weeks to several months
following partial pancreatectomy and found
almost no damage?' In similarly treated
animals hyperplasia instead of damage was re-
poried by Friedman and Marble2?2 The
same type of change was observed after the
administration of anterior pituitary extract.®
In order to produce glycosuria consistently in
the rat with anterior pituitary extract, partial
pancreatectomy is necessary,?® although
adrenal steroids cause temporary insulin re-
sistant diabetes.>* However, Peterson has re-
cently reported complete degranulation of rat
islet beta cells within 15 minutes of the intra-
cardiac injection of 3.0 g of glucose/kg.28
This lasts 48 hours and is associated with
temporary impairment of glucose tolerance.
Similar but less consistent degranulation was
found after one intraperitoneal injection of
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D. W., Proc. Soc. Exp. BioL. aAND Mep., 1939,
41, 567.

313

glucose in the guinea pig by Gomori et al.2¢

In canine anterior pituitary diabetes, pro-
liferation of the islet cells may precede the
exhaustive or degenerative changes which ac-
company the onset of permanent diabetes.?’
Our observations indicate that the carbohy-
drate tolerance increased with each increase
in feeding, glycosuria decreasing when the diet
was maintained at a level which had initially
caused moderate sugar excretion. This adap-
tation is evidently implemented by islet hyper-
plasia. Although it might be possible to pre-
vent hyperplasia and produce islet damage
by increasing the volume of food more rapidly
this would probably be difficult without caus-
ing fatal “food-shock.” It is conceivable that
some relatively small additional stimulus, per-
haps the administration of anterior pituitary
extract or adrenal steroids, might have pro-
duced exhaustion of the islets of our rats.
Older rats may be more susceptible.s

Summary. Degranulation of beta cells of
the pancreatic islets and islet hyperplasia have
been observed in rats which were force-fed
large amounts of high carbohydrate, otherwise
balanced diets for periods of as long as 8
weeks. Glycosuria and, in rare instances,
ketonuria occurred.
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The problem of maintaining mammalian
cells in vitro for long intervals in an original
or lightly patched plasma base may be broken
down into two aspects: (a) the avoidance of
calcification during the usual transfer inter-
vals of two to four weeks and (b) the prob-
lem of an inorganic aging which complicates

more prolonged maintenance. Though the
control of calcification difficulties during
the usual transfer intervals seems feasible by
the measures summarized in the preceding
paper,! solution of the long-term problems

1 Hanks, J. H., Proc. Soc. Exp. BroL. AND MED.,
1949, 71, 328,



