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Abstract7

Cellular thiol-disulfide ratio can be altered by exogenously added, readily absorbable thiols or8

disulfides. Many sulphydryl enzymes including glycolytic kinases are known to be affected by9

changes in thiol-disulfide balance. It is known that in diabetes mellitus the tissue total thiol10

concentration is reduced thereby creating disturbances in various metabolic pathways,11

especially the pathways of carbohydrate metabolism. Few studies have suggested that the12

alterations in carbohydrate metabolism can be directly attributed to modifications in tissue13

thioldisulfide balance. Certain low molecular weight thiols are known to influence glucose14

utilization in adipocytes probably by replenishing cellular NADP levels hence favoring utility15

of glucose through HMP pathway. A study was undertaken to assess the effect of16

Thiopropanol(3- mercapto-1- propanol), a low molecular weight thiol, on glucose utilization in17

isolated alloxan diabetic liver slices. The results indicate that the thiopropanol at the dosage18

employed in the present study influences glucose utilization, lactate production, pyruvate19

production, glucose-6- phosphate dehydrogenase as well as hexokinase activities in isolated20

alloxan diabetic liver slices, probably by favoring glucose utilization through glycolysis as well21

as through HMP pathway.22

23

Index terms— : low molecular weight thiol, 3mercapto-1-propanol, thiol-disulfide balance, glucose utilization,24
diabetes mellitus.25

1 INTRODUCTION26

n principle, any enzyme or protein having an accessible thiol essential for its activity is capable of yielding27
itself to cellular changes in thiol-disulfide ratio thus making such enzymes or proteins for easy modulation ??1].28
This cellular thiol -disulfide balance can Authors Author Author be altered by treating animals or isolated29
tissue with readily absorbable thiols or disulfides [1,2,3]. It is known that many enzymes particularly glycolytic30
kinases are sulphydryl enzymes and are affected by changes in thiol-disulfide balance [1, [4] ??5] ??6] ??7]. In31
diabetes mellitus the tissue total-thiol concentration is reduced ??8] there by creating disturbances in various32
metabolic pathways especially the pathways of carbohydrate metabolism. There are few studies that suggests33
that changes in carbohydrate metabolism can be directly attributed to modifications in tissue thiol-disulfide34
balance [9, 10,11,12]. Certain low molecular weight thiols are known to influence glucose utilization in adipocytes35
[13,14] which is thought to be probably through replenishing cellular NADP levels hence favoring utilization of36
glucose through HMP pathway . Hence a study was undertaken to assess the effect of thiopropanol (3-mercapto37
1-propanol), a low molecular weight thiol, on the glucose utilization in isolated alloxan diabetic liver slices.38
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7 E) :

2 II.39

3 MATERIALS & METHODS40

All the chemicals employed were of analar grade. Alloxan was obtained from Loba chemicals. 3mercapto 1-41
propanol (Thiopropanol) (TP) was procured from Sigma-Aldrich chemicals Pvt. Ltd. USA. Male albino rats42
weighing 150-250 g were selected randomly from the stock colony of animal house of Basaveshwara Medical43
College & Hospital, Chitradurga, were employed in the present study. The chosen rats were housed in plastic44
well aerated cages at normal atmospheric temperature (25 ± 5 °C) and normal 12-hour light/dark cycle. The rats45
were maintained on standard stock diet (Amruth Rat Feed, supplied by Pranav Agro Industries, Pune, India).46

4 I ?47

The feed and the tap water were accessible to the animals ad libitum.48
A single intraperitoneal injection of freshly prepared aqueous Alloxan monohydrate (150 mg per kg body49

weight) ??15,16] was given to 12 hours fasted rats . The onset of diabetes was monitored 48 hours after alloxan50
treatment by using standard Urine Glucose Strips(from Qualigens).The rats whose urine showing positive for51
glucose for 3 consecutive days were labeled diabetic and were used in the present work. The rats were divided52
into two groups.53

Normal group -consisting of 6 male albino rats maintained on stock lab diet and tap water ad libitum.54
Diabetic group -consisting of 6 male albino alloxan diabetic rats maintained on stock lab diet and tap water55

ad libitum.56
The rats of both the groups were anesthetized and sacrificed after 30 days. They were immediately dissected,57

the liver tissue was procured, The isolated livers of both normal as well as alloxan diabetic rats were cut into58
small slices of 0.5 g each and were employed in the present studies.©59

The glucose [17], lactic acid [18] as well as the glycogen [19] contents of both pre and post incubated liver60
samples were estimated .Glucose utilization by the isolated normal liver slices, control alloxan diabetic liver61
slices(control) and TP-exposedalloxan-diabetic liver slices were studied.62

5 d)63

Procedure :64
The zero minute contents of Glucose and lactic acid were estimated as follows. To 0.5g of normal liver tissue65

slice or control alloxan diabetic liver slice or TPexposed-alloxandiabetic liver slice(Conc. 5mg thiopropanol/0.5g66
liver tissue slice) 1ml of freshly prepared buffered glucose solution (0.1g % glucose in phosphate buffer, pH 7.4)67
was added and immediately 3.5ml of 10% TCA(trichloro acetic acid) was added and allowed to stand at room68
temperature for 15 minutes for protein precipitation. The contents were thoroughly homogenized using Potter69
Elvehjam Homogenizer and centrifuged at 3000rpm for 5minutes. The supernatant obtained was employed for70
both Glucose and Lactic acid estimations. Like wise, for the 60 minutes (post incubation) levels of glucose and71
lactic acid, 0.5g normal liver slice or control alloxan diabetic liver slice or TP-exposed-alloxan-diabetic liver slice72
was added with 1ml buffered glucose solution and the tubes were incubated at 37 0 C in a thermostatically73
regulated water bath for 60 minutes. Then processed to get the protein free supernatant as described above. The74
glucose formed by the liver glycogen breakdown during this period was also taken into account by estimating75
glycogen content in the beginning ( at zero minute) and at the end of incubation period(at 60 minutes). This76
glycogen-glucose value was taken into consideration during glucose utilization calculations.77

6 Glucose utilization was calculated as follows:78

Lactate Production was calculated by subtracting zero min lactate from 60 minutes lactate.79
Glucose -6 -phosphatedehydrogenase (G6PD) {EC:1.1.1.49} and Hexokinase (HK){EC:2.7.11} activities were80

estimated in isolated normal liver slices , in control alloxan diabetic liver slices as well as in TP-exposedalloxan-81
diabetic liver slices(5mg thiopropanol/0.5g liver tissue).82

7 e) :83

Procedure :84
Four test tubes were taken and marked as B(reagent blank), S(standard), T(test), C(test control). Then 0.285

ml of buffered substrate(L-Alanine [200mMol’L] , Oxo-2 -Glutarate [2mMol/L] prepared in Phosphate buffer,86
pH 7.4) was taken in all 4 test tubes. The tubes were kept at 37 0 C in a thermostatically controlled water87
bath for 5 minutes. Then 0.02 ml of glass distilled water, 0.02 ml standard pyruvate solution (2mMol/L) and88
0.02ml supernatant were added into tubes B, S and T respectively and the contents were mixed well. All the89
tubes were incubated for 30 min. at 37 0 C in a water bath. At the end of the incubation, 0.2ml of DNPH90
(1mMol/L) was added to all the tubes. Then 0.02 ml of supernatant was added to the tube ’C’ and all the tubes91
were allowed to stand at room temperature for 20minutes. Later 2ml of 0.4N NaOH was finally added into all92
the tubes, the contents were mixed and the tubes were allowed to stand for 5 min. at room temperature. The93
optical density (OD) was read at 540nm in Spectrophotometer against glass distilled water. The test-control OD94
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gives the pyruvate content in the beginning ie, at zero minute and the test OD gives the pyruvate content at the95
end of 30minutes. Pyruvate produced was calculated by subtracting T from C.96
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The statistical analysis of the data obtained was done using Microsoft Office Excel worksheet and the P washed99
and refrigerated with cold PBS(Phosphate buffer saline , pH 7.4) at 0-2 0 C till further use. Procedure : 0.5g of100
normal liver slice or control alloxan diabetic liver slice or TP-exposed-alloxan-diabetic liver slice was taken in a101
test tube containing 1ml of phosphate end of the from the water bath and 3.5ml of was added to all the tubes.102
and centrifuged for 5 employed for the estimation of G6PD [20, ??1,22] and HK [23].103

at 37 0 C in The pyruvate content in isolated normal liver slices , in control alloxan diabetic liver slices as104
well as in TP -exposed -alloxan -diabetic liver slices (5mg thiopropanol/0.5g liver tissue) was estimated using105
Dinitro phenyl hydrazine (DNPH) [24] reaction. The same supernatant which was used for the enzyme assays as106
described above was employed for pyruvate estimation also.107

buffer (pH 7.4) and the contents were incubated for 60 minutes a thermostatically regulated water bath. At108
the incubation period , the tubes were removed Phosphate buffer, (pH7.4) Then contents were homogenized min109
at 3000rpm.The supernatant was Glucose utilization/hr/g liver tissue ={zero min. glucose + (zero min. glycogen110
-60 min. glycogen). -60 min.glucose} III. Where as the same parameters are significantly increased (p<0.001) in111
TP-exposed-alloxan diabetic liver slices as compared to control alloxan diabetic liver slices.112

9 RESULTS113

Graph 1, 2 and 3 gives the comparative results of glucose utilization, pyruvate production, lactate production,114
HK activity as well as G6PD activity in isolated normal liver slices, control alloxan diabetic liver slices and in115
TP-exposed-alloxan diabetic liver slices. It is evident from these graphs that these parameters are significantly116
lowered in control alloxan diabetic liver slices as compared to normal liver slices while the same parameters are117
statistically improved upon exposure of alloxan diabetic liver slices to thiopropanol( 5mg/0.5g liver).118

IV.119

10 DISCUSSION120

Alloxan is known to induce diabetes by selectively damaging beta-cells of pancreas[15] thereby affecting insulin121
production and insulin release. This decreased or non-availability of insulin results in lowered glucose uptake122
and utilization by alloxan diabetic liver slices. The decreased glucose utilization in control alloxan diabetic liver123
as compared to normal liver observed in the present study may be due to decreased insulin levels in alloxan124
diabetic rats. There are few earlier studies regarding influence of thiols on glucose utilization [25][26][27][28][29]125
suggesting that thiols stimulate utilization of glucose through pentose cycle as well as favor incorporation of126
glucose-carbon into fatty acids which are more similar to insulin action. Many enzymes of glycolytic pathway,127
including hexokinase, phosphofructokinase and pyruvate kinase are thiol enzymes[1, [4] ??5] ??6] ??7] and are128
expected to be altered by cellular thiol concentrations. The data of the present study given in table -1 as well as129
in graphs 1, 2 and 3 are 5mg/0.5g) might have improved the cellular thiol levels hence keeping the enzymes in130
their thiol nature thus favoring their activities resulting in increased glucose utilization as evidenced by increased131
lactate and pyruvate production as well as raise in HK activity in TP-diabetic liver slices, observed in the present132
study agrees with our previous report [30].Further it is known that certain low molecular weight thiols mimics133
the actions of insulin probably by acting as substrates for NADPH oxidase (NOX) system [31] thus, may show134
certain actions of insulin, hence may favor glucose utilization. This action of low molecular weight thiols through135
NOX system may increase the cellular NADP levels and may facilitate glucose utilization through HMP pathway.136
Our results shown in table-1 as well as in graphs 1, 2 and 3 agrees with this as there is an increase in glucose137
utilization with a parallel raise in the G6PD activities in TP-exposed-alloxan -diabetic rat liver slices(test) as138
compared to control alloxan diabetic rat liver slices139

It may be concluded from the present study that thiopropanol at the concentration of 5mg/0.5 g liver tissue slice140
increases glucose utilization by the alloxan diabetic liver slices probably by favoring glucoseutilization through141
glycolysis as well as HMP pathway.142

11 Graph-2143

Graph-1 1 2144

1Professor & Head, Department of Biochemistry, Subbaiah Institute of Medical Sciences, Shimoga, Karnataka,
India.

2© 2011 Global Journals Inc. (US)

3



11 GRAPH-2

26

Figure 1: 2011 26 Volume

propanol),
a low
molecular

low molecular weight thiol, 3mercapto-1-
propanol, thiol-disulfide balance, glucose utilization,
diabetes mellitus.

a)
Induction
of Diabetes
Mellitus :

Research Scholar,Department of Biochemistry
Basaveshwara Medical College & Hospital, S.J.M.I.T Campus, Nh-4,
Chitradurga-577502,Karnataka,India
E-mail Id : vickram_kaali@yahoo.co.in Mobile

No. :
919844375443

E-mail Id : div_dp@yahoo.co.in Mobile No . : 919844564269
E-mail Id : veenajune@gmail.com Mobile No. : 919844135394
E-mail : drkashinath_1945@yahoo.co.in No . 919886517959

Figure 2:

-

Figure 3: Table - 1

4



1

2011
September
27

1. Ziegler D.M: Role of Reversible Oxidation-Reduction of
Enzyme Thiols-Disulfides in Metabolic Regulations. Ann.
Rev. Biochem. 1985. 54:305-329. 2. Eldjarn L, Nygaard
O. Cysteamine-cystamine: intestinal absorption, distribution
among various

Volume XI Issue III
Version I

Medical Research
Global Journal of

Figure 4: Table 1 :

5



11 GRAPH-2

6



.1 Graph-3

.1 Graph-3145

Graph showing HK activity and G6PD activity in normal liver, control-alloxan diabetic liver and in TP-exposed146
alloxan diabetic liver147

[Carbohydrates] , Carbohydrates . p. .148

[Fisher ()] , P Fisher . Arch. Int. Physiol 1954. 62 p. .149

[Duyckaerts et al. ()] , C Duyckaerts , C Bleiman , J Winand Devigne , C Liebecq . Arch. Int. Physiol. Biochim150
1969. 77 p. .151

[Henry et al. ()] , Richard J Henry , C Donald , James Connan , Winkelman . Clinical Chemistry 1974. 1974.152
Chapter. p. 25. (II Edition)153

[Teitz and Philadelphia ()] , Saunders Teitz , Philadelphia . 1976. p. .154

[ Physiol. Res ()] , Physiol. Res 2001. 50 p. .155

[Crane and Sols] ‘Animal Tissue Hexokinases’. Robert K Crane , Alberto Sols . Methods in Enzymology I p. .156
(Colowick & Kaplan)157

[Barker ()] Summerson Barker . Lactic Acid Estimation : Hawk’S Physilogical Chemistry, 1965. XIV-Edition. p.158
.159

[Varley©1969 ()] ‘Chapter-13, Enzymes’. Harold Varley©1969 . Practical Clinical Biochemistry, IV-Edition 1988.160
CBS Publishers. p. .161

[David] Chapter-9,Carbohydrates. The isolation & assay of glycogen from the liver & skeletal muscle of rats, T162
David . McGraw-Hill publishing Company Ltd. p. . (Plummer: An introduction to Practical Biochemistry)163

[Bacq and Fisher ()] ‘diabetic liver slices. The raise in lactate production as well as HK activity in TP-exposed-164
alloxan 9’. Z M Bacq , P Fisher . Arch. Int. Physiol 1953. 61 p. .165

[G6PD 1 unit = amount of NADPH produced/minute/g liver tissue 5. HK 1 unit = 1mµMol phosphate transferred /hr/mg liver tissue]166
G6PD 1 unit = amount of NADPH produced/minute/g liver tissue 5. HK 1 unit = 1mµMol phosphate167
transferred /hr/mg liver tissue,168

[Je et al. (1959)] ‘Glycogenolytic action of mercaptoethylamine’. Sokal Je , Sarcione Ej , Gerszi Ke . Am J Physiol169
1959 Feb. 196 (2) p. .170

[Hideki et al. ()] ‘Insulin -Like Effects Of Dithiothreitol On Isolated Rat Adipocytes’. Goko Hideki , Takashima171
Shunji , Atsuko Kawamuro , Matsuoka Akira . Biochem. J 1981. 200 p. .172

[Ashok and Chougale ()] ‘Optimization of Alloxan Dose is Essential to Induce Stable Diabetes for Prolonged173
Period’. D Ashok , Chougale . Asian Journal of Biochemistry 2007. 2 (6) p. .174

[Gross et al. ()] ‘Red Cell Glucose-6-phosphate dehydrogenase deficiency’. R T Gross , R E Hurwitz , P A Marks175
. J. Clin. Invest 1976. p. .176

[Beutler] Red Cell Metabolism , A Manual of Biochemical Methods : Glucose-6-phosphate dehydrogenase pg.177
62-64 and pg, Ernest Beutler . 32.178

[Barry et al. (2005)] ‘Redox Paradox ; Insulin Action Is Facilitated by Insulin-Stimulated Reactive Oxygen179
Species With Multiple Potential Signaling Targets’. J Barry , Kalyankar Goldstein , Xiangdong Mahadev180
, Wu . Diabetes February 2005. 54.181

[Victor et al. (1970)] ‘Studies of the Insulin-like Actions of Thiols upon Isolated Fat Cells’. R Victor , Robert H182
Lavis , Williams . The Journal of Biological Chemistry January 10. 1970. 245 (1) p. .183

[Winegrad and Renold ()] ‘Studies on Rat Adipose Tissue in Vitro : I. Effects Of Insulin On The Metabolism184
Of Glucose, Pyruvate, And Acetate’. Albert I Winegrad , Albert E Renold . J. Biol. Chem 1958. 233 p. .185

[Winegrad and Renold ()] ‘Studies on Rat Adipose Tissue in Vitro : II. Effects Of Insulin On The Metabolism186
Of Specifically Labeled Glucose’. Albert I Winegrad , Albert E Renold . J. Biol. Chem 1958. 233 p. .187

[Cahill et al. ()] ‘Studies on Rat Adipose Tissue in Vitro : III. Synthesis Of Glycogen And Glyceride-Glycerol’.188
George F Cahill , Jr , Bernard Leboeuf , Albert E Renold . J. Biol. Chem 1959. 234 p. .189

[Flatt and Ball ()] ‘Studies On The Metabolism Of Adipose Tissue: Xv. An Evaluation Of The Major Pathways190
Of Glucose Catabolism As Influenced By Insulin And Epinephrine’. Eric J P G Flatt , Ball . J. Biol. Chem191
1964. 239 p. .192

[Szkudelski] The Mechanism of Alloxan and Streptozotocin Action in B Cells of the Rat Pancreas, T Szkudelski193
.194

[Katz et al. ()] ‘The Pentose Cycle, Triose Phosphate Isomerization, and Lipogenesis in Rat Adipose Tissue’.195
Joseph Katz , Bernard R Landau , Glenn E Bartsch . J. Biol. Chem 1966. p. .196

[Vickram and Kashinath (2011)] ‘Thiopropanol induced changes in glycogen breakdown in alloxan diabetic liver’.197
Divya D Vickram , Vijay V Kashinath , .R . Global Journal of Medical Research May 2011. 11 (1) .198

7


