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Abstract: Diabetes mellitus is chronic metabolic disorder of glucose metabolism in particular due to
deficiency of insulin. The glycogen formation as well as glucose utilization are profoundly affected in diabetes
mellitus. Diallyldisulphide (DADS), an important disulphide of garlic oil, is known to improve glycemic
conditions in diabetic animals, but its specific action on glycogen metabolism is not well understood. Hence a
study was undertaken to assess the effects of DADS on liver glycogenolysis in alloxan diabetic rats. The alloxan
diabetic liver slices were incubated with DADS(4mg/g liver tissue) and the glycogen breakdown was studied.
The results indicate that glycogen formation as well as glycogen breakdown in alloxan diabetic liver is
significantly decreased and DADS shows a stimulatory effect on glycogen breakdown in alloxan diabetic liver.
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I. Introduction

Diabetes Mellitus (DM) is a chronic metabolic disorder characterized by hyperglycemia and glucosuria
due to deficiency or subnormal functioning of insulin [1,2]. Insulin, a peptide hormone, influences the glucose
utilization by favoring the action of various enzymes involved in glucose metabolism including glycogen
metabolism [3,4]. Many herbal preparations specifically extract of garlic (Allium Sativum) have been claimed
useful in controlling glycemic conditions in DM [5-8]. The important sulfur compound of garlic oil, DADS has
been claimed to be beneficial in DM [9]. However, the role of DADS in regulating glucose and glycogen
metabolism in DM is obscure though it is known DADS, may enhance insulin action as well as may favor
insulin half life [10-12]. Hence a study was undertaken to assess the effect of DADS on glycogen breakdown in
isolated alloxan diabetic rat liver slices.

Il. Materials And Methods
2.1 Chemicals
DADS and Alloxan monohydrate were obtained from Sigma Aldrich Chemicals (St. Louis, U.S.A.)
and the remaining chemicals used were of Analytical Reagent (AR) grade.

2.2 Experimental Animals

Healthy male Wistar rats in the weight range 150-200g were randomly selected from the Institutional
Animal House and housed in polycarbonate cages under normal 12 hours day-night cycle at temperature of
22+2%. They were maintained on commercial rat feed (Amruth Rat Feed supplied by M/s. Pranav Agro
Industries, Pune, India) and water was provided ad libitum. The experiments were conducted as per stipulations
of CPCSEA under the supervision of Institutional Animal Ethics Committee.

2.3 Induction of Diabetes Mellitus

DM was induced by administering a single intra-peritoneal injection of a freshly prepared solution of
alloxan monohydrate (150 mg/kg b.w.) in normal saline to the overnight fasted rats[13-15]. The onset of
diabetes was monitored 48 hours after alloxan injection by using urine strips (Mission Urine strips) and the
animals that tested positive for urine glucose for 3 consecutive days were considered as diabetic rats and were
employed in the present study.

2.4 Experimental design

Groups: For the present study the rats were divided into two groups.

Normal group : Cosisting 6 rats and were maintained on stock lab diet and water ad libitum.

Diabetic group : Cosisting 6 Alloxan diabetic rats and were maintained on stock lab diet and water ad libitum
The rats of both the groups after the stipulated period of 30 days were anesthetized and sacrificed. Blood
samples were collected in Heparinised tubes. The animals were dissected and liver tissue was procured and put
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into pre-cooled beaker containing phosphate buffer saline (pH 7.4). The blood samples were centrifuged at 3000
rpm for 8 minutes and the separated plasma was employed for Glucose estimation [16]

A 0.5g of liver slice from each liver of both normal and control alloxan diabetic group were employed
for glycogen estimation [17,18]. The liver slices of alloxan diabetic group served both as control liver samples
as well as for exposure to DADS.

2.5 Glycogen Breakdown Studies

For estimation of pre-incubation glycogen levels 0.5g each of normal liver slice in one tube and
control alloxan diabetic liver slices separately in another two tubes were taken, to all the tubes 1ml isotonic
phosphate buffer (pH 7.4) was added. To one of the test tube containing control alloxan diabetic liver slice 10pl
DADS solution (2mgDADS) in warm normal saline was added. To all the tubes 4.5 ml of Trichloro acetic acid
(10% TCA) was added and allowed to stand for 15mins at room temperature. Then the tubes were thoroughly
homogenized using Remi homogenizer for 6 mins and clear supernatant was used for glycogen estimation [18].
This value was taken as pre-incubation glycogen content.

For estimation of post-incubation glycogen levels 0.5g each of normal liver slice in one tube and
control alloxan diabetic liver slices separately in another two tubes were taken, to all the tubes 1ml isotonic
phosphate buffer (pH 7.4) was added. To one of the test tube containing control alloxan diabetic liver slice 10l
DADS solution (2mgDADS) in warm normal saline was added. The test tubes were incubated at 37°C in
thermostatically regulated water bath for 60 mins. Later the test tubes were cooled and 4.5 ml 10% TCA was
added and were processed as stated above. The clear supernatant was employed for for glycogen estimation[18].
The value obtained was taken as post-incubation glycogen content.

I11. Results
The results obtained are narrated inTable-1. The Table shows the glycogen content(in mg/g liver tissue)
and glycogen breakdown ( in mg/ g liver tissue/hour) in isolated normal liver (Group-1), in control alloxan
diabetic liver (Group-2) and in alloxan diabetic liver exposed to DADS(4mg/g liver tissue)(Group-3). It is
evident from the table that the liver glycogen content as well as glycogen breakdown is significantly (p<0.001)
lowered in Group-2 compared to Group-1, where as an increase(p<0.001) in liver glycogen breakdown was
observed in Group-3 as compared to Group-2, indicating DADS may favor glycogen breakdown.

IV. Discussion

Glycogen, a stored homopolysacharide, stored in liver to the extent of 5% wet weight of liver. This is
synthesized starting from glucose through glycogenesis and and converted back to glucose when require by
glycogenolysis. Both these pathways of glycogen metabolism are well regulated through the hormones,
principally insulin and glucagon by influencing the key enzymes of pathway, i.e, glycogen synthase and
glycogen phosphorylase[19]. The end regulation of these pathways are achieved by protein tyrosine
phosphatases (PTPs). Which are thiol enzymes and are modulated by thiol disulphide interaction[20].

The results of the present studies indicate significant decrease (p<0.001) in glycogen content in alloxan
diabetic liver(refer table)which is due to lack of insulin as alloxan is known to damage f-cells [14]. Further the
glycogen breakdown by alloxan diabetic liver (Group-2) is significantly lowered (p<0.001)as compared to
normal liver (Group-1) where as a significant raise (p<0.001) in glycogen breakdown is observed in DADS
exposed alloxan diabetic liver (Group-3) as compared to control alloxan diabetic group(Group-2). This
increased glycogen breakdown in DADS exposed alloxan diabetic liver may be due to modulating effect of
DADS on PTPs. It is known that disulfides do undergo sulfhydryl exchange reaction with cellular thiol protein
and enzymes as depicted bellow[21,22].

RSSR + Enzyme-SH —— » RSH + enzyme-S-S-R

Such a possible interaction of DADS with PTPs involved may inactivate glycogen synthase, may
prolong the actions of glycogen phosphorylase, hence facilitating glycogenolysis. Thus such an action of DADS
increases glycogenolytic breakdon in alloxan diabetic liver exposed to DADS(Group-3), which is evident from
the result observed in the present study.
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VI. Conclusion
It can be concluded by the results of the present study with respect to effect DADS on glycogen
breakdown in DADS exposed alloxan diabetic liver, That DADS at the dosage employed may facilitate
glycogenolysis by prolonging the activities of glycogen phosphorylase through a disulphide exchange regulation
of PTPs involved in regulation of glycogen phosphorylase.
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Table-1

Table showing the glycogen breakdown in isolated normal liver (Group-1), in control alloxan diabetic

liver (Group-2) and in alloxan diabetic liver exposed to DADS(4mg/g liver tissue)(Group-3).

Groups Pre-incubation glycogen Post-incubation Glycogen % of glycogen
content(mg/g of liver glycogen content breakdown (mg/g breakdown
tissue) (mg/g of liver tissue) of liver tissue/h)
Normal liver
(Group-1) (6) 93.50 10.85 82.31 8823
p y p 395
6.50 343 7.99 '
Control alloxan
diabetic  liver 16.0%**
15.81*** 13.26 2.55%**
(Group-2) (6) + + + +
0.91 0.69 0.53 2.82
DADS exposed
alloxan diabetic . 23.40%**
liver(Group-3) 17.35** 13;25 4‘;.1* +
(6) + - - 4.85
106 0.56 1.03

Note:

1.Number in parenthesis indicate the number of liver specimen

2.The values are expressed as their Mean + SD

3.Statistical evaluation-probability level* p< 0.05, ** p<0.01, *** p< 0.001.
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