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Abstract

Hepatic glycogen content as quantified both biochemically and
histologically, was estimated in control rats, in alloxan - induced diabetic
rats, in diabetic rats treated with 10 LU. insulin for one week, and in
diabetic rats exposed to stress in the form of immobilization for 15 minutes
prior to their sacrifice. The data obtained in diabetic rats demonstrated a
statistically significant reduction in liver glycogen content from control
values, and histologically there was marked depletion in the majority of
the hepatic cells. Administration of insulin to diabetic rats revealed a
statistically significant increase in liver glycogen content above the levels
obtained in both diabetic and control animals and histologically there was
almost restoration of the glycogen content in the hepatic cells. This adds
further confirmation as to that administration of insulin in the intact animal
switched the liver from glycogenolysis to synthesis. The propable
mechanisms undetlying insulin mode of action were discussed. Exposure of
diabetic rats to acute stress in the form of immobilization, resulted in a
statistically significant reduction in liver glycogen content from both
control and diabetic values. Histologically, there was marked depletion of

~ glycogen in all liver cells which was far more greater than that observed in
the hepatic cells from non-stressed diabetic rats. The probable causes of the

augmented glycogenolysis in stressed diabetic rats were discussed.
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Introduction

GLYCOGEN
granules located mainly in the extramito-

in liver is present as

chondrial phase of the cell [1). It appears
that most hepatic glycogen is located in
parynchymal cells, and since parynchymal
cells constitute about 90% of the liver
mass [2], thus measurements of glycoge-
nolysis in whole liver usually reflect
events in parynchymal cells.
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rate limiting enzyme of glycogenolysis
and exists in two forms, an active form
"a" and an inactive form "b". Control of
glycogenolysis in the liver is mainly
achieved by altering the available amount
of the "a" form of phosphorylase [3]. A
number of altered physiological condi-
tions cause changes in total hepatic phos-
phorylase activity. Streptozotocin-induced
diabetes was found to reduce total activity
[4] and hyperthyroidism was also ob-
served to result in slight lowering. Hor-
mones like epinephirine, angiotensin II
and vasopressin produce an increase in
cellular calcium which stimulates phos-
phorylase kinase and leads to activation
of phosphorylase. The two best measures
of liver glycogenolysis are the net de-
crease in glycogen content as well as the
activity of phosphorylase "a" in rapidly
frozen samples of liver [3,5].

Therefore, the present study, in the di-
abetic rat, aimed at evaluating the effects
of insulin administration as well as immo-

bilization stress on liver glycogen metabo-
lism in terms of glycogen content as quan-
tified both biochemically and histological-

ly.
Material and Methods

Twenty four albino rats of the Wistar
strain of both sexes, weighing from 150-
200 g. were used.

four groups of experiments were per-
formed:

1. Control group:

Included 6 animals which were non-
diabetic and which received no insulin and
were not stressed by handling.

2. Diabetic group:

Included 6 animals which were rendered
diabetic by the i-p injection of freshly pre-
pared alloxan (dissolved in normal saline)
at a dose of 150 mg/Kg body weight. The
diabetic state was confirmed by the
presence of polyurea and glucosuria 72 h.
after injection, using Glucotest strips
(Bochringer Mannheim), and subsequent
analysis of serum obtained at the time of
death showed glucose levels of at least 400
mg/100 ml (further details were mentioned
in Tadros et al., in Press [6]). The diabetic
animals were left for one week during
which they received no insulin treatment.

3. Diabetic group treated with insulin:

Included 6 animals which were rendered
diabetic as mentioned in the above group,



Liver Glycogen Metabolism in Diabetes

and which were then maintained on 10 I.
U. Lente insulin/day administered S. C.
for one week (guided by Sundaresan at al.,

[7n.

4. Diabetic group exposed to acute
stress in the form of immobilization:

Included 6 animals which were ren-
dered diabetic as mentioned before and
which were left for one week with no in-
sulin therapy. On the 8th day before their
sacrifice, the animals were exposed to
acute stress in the form of immobilization
for 15 minutes. The animals were immo-
bilized by fixing their four limbs with ad-
hesive tape while in the prone position

[8].

All the animals were kept under the
same conditions during the period of the
study. On the 8th day following the de-
velopment of the diabetic state, the ani-
mals were killed by a hit on the head, the
throat was cut and blood was collected
into dry clean centrifuge tubes. Blood was
allowed to clot and then centrifuged, and
serum was obtained for the estimation of
serum glucose: by the glucose oxidase
method. Immediately after the sacrifice of
the animals, the liver was removed and a
piece of liver tissue was obtained for fur-
ther histological examination. This was
fixed in 85% alcohol and then processed
by paraffin and stained by periodic Acid
Shiff (PAS) reaction (After Pearse, [9)).
The rest of the liver tissue was used for
the estimation of liver glycogen content
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using the method adopted by Kemp and
Kits Van Heijningen [10].

Results

Results are shown in Table (1) and in
Figs. (1, 2, 3 and 4).

1. In the control group, the blood glu-
cose level was 177.0 = 6.66 mg.dL. The
liver glycogen content was 7.846 = 0.811
mg/g. wt. Fig. (1) shows the glycogen dis-
tribution in the hepatic cells of a control
animal.

2. In the diabetic group, the blood glu-
cose level was 624.8'x 200.11 mg/dL. The
liver glycogen content was 4.853 = 0.982
mg/g. wt. which showed a statistically
significant reduction from the control level
(p < 0.05). Fig. (2) shows partial to
marked depletion of glycogen in the hepat-
ic cells from a diabetic animal.

3. In the group of diabetic rats which
received insulin for one week at 10 1. U. S.
C., the blood glucose level was 173.7 =
21.27 mg/dL. The liver glycogen content
was 16.435 = 1.968 mg/g. wt. which re-
vealed a statistically significant increase
above control group (p < 0.05), and diabet-
ic group (p < 0.05). Fig. (3) demonstrates
very slight depletion and almost restora-
tion of the glycogen content in the hepatic
cells from diabetic animals treated with in-
sulin.

4. In the group of diabetic rats which
were exposed to acute stress in the form of
immobilization for 1/4 h., blend glucose
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Table (1): Liver Glycogen Content (mg/g.

Thanaa G. Tadros, et al.

wt.) and Blood Glucose Level (mg/dL) in Control

Rats, Alloxan Induced Diabetic Rats, Diabetic Rats Receiving 10 1.U Insulin S.C.
Daily for one Week, and Diabetic Rats Exposed to Immobilization Stress for 15 min.

Prior to Sacrifice.

N
M 2 €) @
Control Alloxan Diabetic rats Diabetic rats
rats induced receiving 10 LU.  exposed to immo.
diabetic rats insulin daily stress for 15 min.
010 *+) () * *
Liver glycogen 7.846 4.853 16.435 3.265
Content (mg/g.w.t.) = 0.811 + 0.982 + 1.968 = 1.320
Biood giucose i77.6 624.8 173.7 707.4
Level (mg/dL) + 6.66 + 200.11 + 21.27 + 90.25
S
Values are for mean = S.D.
* p < 0.05 (values in 2,3 and 4 compared to conltrol value).
(+)ﬁ < 0.05 (‘v’alu») in 1 and 2 C\)mphfed 1] qr)
(<) p < 0.05 (Values in 1 and 2 compared to 4).
level was 707.4 = 90.25 mg/dL.  The liv- cant .’cduétian, as assessed both biochemi-
er glycogen content was 3.265 = 1.320 cally and histologically, compared to the

mg/g. wt. which revealed a statisticaily
significant reduction from control value
(p < 0.05) and the value obtained in the
diabetic group (p < 0.05). Fig. (4) dem-
onstrates extremely marked depletlon of

betic animal exposed to acute stress.

Discussion

In the present study, liver glycogen
content in diabetic rats revealed a signifi-

control data. Histologically, the majority
of the hepatic cells demonstrated marked
depletion. These findings point to the im-
paired ability of the diabetic liver to syn-

thesize glycogen and/or an enhancement of

ol

gl oenolvsis

ycogenolysis.

Khandelwal et al. [4] reported that in
the liver of diabetic rats; the content of in-
hibitors of enzymes (inhibitors of dephos-
phorylation of phosporylase a) is in-
creased. Accordingly Hems and Whitton
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Fig. 1: Section in the liver of control rat show-  Fjg. 2: Section in the liver of an alloxan-
ing the glycogen distribution in the induced diabetic rat showing partial to
hepatic cells (PAS reaction x 400). marked depletion of glycogen in the

hepatic cells (PAS reaction x 400).

Fig. 3: Section in the liver of an alloxan-  Fig. 4: Section in the liver of an alloxan-
induced diabetic rat receiving 10 1.U. induced diabetic rat which was ex-
insulin/day for one weck, showing very posed to 15 minutes immobilization
slight dep'stion ahd almost Testoration © stress immediately prior to sacrifice,
of the gi.cejen in the hepatic cells showing exiremely marked depletion
(PAS reaction x 400). of glycogen in the hepatic cells (PAS

reaction x 400).
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[3] concluded that this could contribute
to the inability of the liver in diabetes to
synthesize and store glycogen.

Also, the plasma levels of catechola-
mines and renin may increase in diabetics
[11,12]. Accordingly, catecholamines and
angiotensin II could act on the liver to
contribute to glycogenolysis and glucose

- release in diabetes.

Bahnak and Gold [13] observed that
the rates of both synthesis and dégrada-
tion of liver phosphorylase were increased
in alloxan - diabetic rats, although the in-
crements in the rate of degradation was
greater, thus accounting for the reduced
total phosphorylase activity in diabetes.

Roesler and Khandelwal [14] showed
that in streptozotocin diabetic rats, there
was a 67% reduction in total hepatic
phosphorylase activity as well as 68% de-
crease in phosphorylase protein. This was
also acompanied with a significantly ele-
vated circulating glucagon to insulin mo-
lar ratios to 2.03 = 0.26. Accordingly, the
authors suggested that conditions which
lead to an increase of the glucagon to in-
sulin molar ratios to values above 1.0
cause a significant reduction in the liver
phosphorylase protein level.

When diabetic rats were treated with
10 LU. Lente insulin for one wecek, the
liver glycogen content showed a signifi-
cant increase compared to the levels in di-
abetic and control animals. Histological-
ly, there was almost restoration of the

glycogen content in the hepatic cells. The
increased amounts of liver glycogen under
the effect of insulin occurs through inhi-
biting the enzyme phosphorylase and en-
hancing the activity of both the enzymes
glucokinase which phosphorylates glucose
inside liver cells and the enzyme glycogen
synthetase which polymerises the mono-
saccharide units to form the glycogen
molecule [15].

. Glucagon acts on the liver to stimulate
glycogenolysis and gluconeogenesis via
stimulation of adenylate cyclase and the
CAMP produced stimulates CAMP-
dependent protein kinase leading to activa-
tion of glycogen phosphorylase [16].

The role of insulin in the regulation of
hepatic glycogenolysis has been the sub-
ject of various studies. Insulin was found
to depress glucagon-induced increases in
hepatic CAMP [17], inhibits glucagon
activated adeylate cyclase [18] or enhanc-
ing the destruction of CAMP phospho-
diesterase in isolated hepatocytes and he-
patic plasma membrane [13].

However, insulin antagonism has been
found independent of changes in CAMP.
Hers et al. [20] reported that in the diabet-
ic rat, where there is elevated serum gluca-
gon levels, insulin requires only 10-20
minutes to elicit full inactivation of phos-
phorylase and activation of glycogenrsyn-
thase, while 30 minutes are required before
any decrease in elevated hepatic CAMP
levels is noted. These results indicate that
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insulin can antagonise the actions of glu-
cagon without affecting adenylate cyclase
or CAMP phosphodiesterase. Also,
Werve et al. [21] observed that injection
of insulin in the intact animal switches
the liver within a few minutes from gly-
cogenolysis to glycogen synthesis with-
out any change in hepatic CAMP. Fur-
Gabbay and "Lardy [16]
reported that insulin antagonised the gly-
cogenolytic actions of CAMP in isolated
hepatocytes even in the presence of the
phosphodiesterase inhibitors which indi-
cate that insulin acts on CAMP-dependent
protein kinase independent of changes in
CAMP levels.

thermore,

Finally, Hartmann et al. [22] investi-
gated the inhibitory action of insulin on
basal and glucagon activated glycogenoly-
sis in clutured rat hepatocytes. The au-
thors found a 50% inhibition in basal and
glucagon activated phosphorylase activity
as well as a complete block of glucagon-
stimulated glucose release. Accordingly,
the authors concluded that their results
point to a direct regulatory role of insulin
in the control of hepatic glycogen break-
down even when acting as the sole hor-
mone.

In the present study, in the diabetic
rats which were exposed to acute stress in
the form of immobilization for 15 minutes,
the liver glycogen content revealed a sin-
gificant reduction from both control and
diabetic values. Histologically, all the

- liver cells were markedly depleted of gly-
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cogen. Depletion was far more greater than
that observed in the hepatic cells from
non-stressed diabetic rats.

Nakhooda et al. [23], reported that
immobilization in rats was an extremely ef-
fective stimulus to typical stress responses,

including 1.4 to 2.5 fold increases in indi-
vidual catecholamines, 72 mg/dl increments
in mean blood glucose level, 94 pg/ml in-
crease in glucagon, suppression of: the in-
sulin response to the hyperglycemia and
rise in lactate and pyruvate. The authors
added, that the rise in blood glucose level
in the diabetic rats was more than two fold
that in normal rats whereas the rise in glu-
cagon was similar. They concluded that
hyperglucagonemia was more effective in
the diabetic rat in increasing liver glucose
production. Also the authors pointed to a
role for o and B receptors in the stressed
diabetic rats, whereas in the normal rat
stress related increases in glucagen secre-
tion have an alpha component, in the dia-
betic rat, glucagon secretion has a -
stimulating component and could also
have an a-inhibitory component. - The au-
thors postulated that insulin deficiency it-
self could result in altered receptor behavi-
our. An alternative possibility is an
altered prestressed adrenergic tone, for al-
though circulating catecholarfine levels
were not different in normal and diabetic
rats, local release of norepinephrine could
have been increased in diabetic rats [24].

Younan et al. [25] observed that im-
mobilization stress in the rat resulted in a
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transient activation of the pituitary-
thyroid axis, as reflected by significant in-
crements in serum TSH and T, levels after
5 minutes of immobilization. Thyroid hor-
mones aggrevate experimental diabetes and
thyrotoxicosis makes clinical diabetes
worse as the hormones cause some degree
of hepatic glycogen depletion most proba-
bly by potentiating the effects of catechola-
mines [26]. If such mechanisms are oper-
ating in our diabetic stressed rats, then it
would offer an additive clarification to the

observed markedly depleted glycogen in’

the liver of these animals.
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