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ABSTRACT

The antifertility action of 5-Thio-D-glucose on male is associated with a marked reduction in the ability
of spermatozoa through oxidize glucose.  In the present study adult male albino rats (Wistar strain) were
administered with (sc) 5-thio-D-glucose for a period of 7 days and the biochemical changes in testes were
analyzed.  The changes in gravimetric analysis indicated the alterations in testicular biochemical constituents.
The study on tissue proximate analysis showed the impaired carbohydrate and lipid metabolism. The decreased
carbohydrates suggest the orientation towards glycogenesis, glycolysis and increased gluconeogenesis utility
resulting in decreased glycogen and glucose content. Since the germ cells depend more on carbohydrate
reserves, the decreased spermatids and spermatozoal population might be due to observed reduction in
carbohydrate reserves. The decreased levels of G-6-PDH (Glucose-6-Phosphate dehydrogenase) suggest the
reduced operation of HMP (hexose mono phosphate) pathway leads to deranged lipogenesis and nucleic acid
synthesis. Depleted levels of NAD+ -GDH (glutamate dehydrogenase) suggest the decreased amino acid
oxidation. The differential responses of SDH (succinate dehydrogenase) and MDH (malate dehydrogenase) may
result in the activation and inactivation of certain segments of citric acid cycle through different cofactors like
FAD+ and NAD+.  Thus 5-thio-D-glucose induces the HMP pathway and certain enzymes of citric acid cycle
which in turn shows the effect on oxidative metabolism leads to impaired steroidogenesis.   

Key wards: Antispermatogenesis, Carbohydrate metabolism, Dehydrogenase enzymes, Hexose Mono
Phosphate Path way

Introduction

The compound 5-thio-D-glucose is the nearest analogue of biologically important D-glucose, competitively
inhibits transport of D-glucose across cell membrane 1 and is phosphorelated; to competitively inhibit the
enzyme phospho glucomutase. Depending on the dose level, testicular weight decreases and sperm development
was completely inhibited 2-3. It was known to decrease the metabolism of glucose in the testes through
competitive inhibition. It has been shown to have no significant acute toxicity in animals 4. It is known to
cause temporary sterility by affecting the spermatogenic process. No side effects were noted at lower doses,
but depressed body weight and transient diabetogenic effects were seen with higher feeding levels 5. The
antifertility action of 5-thio-D-glucose on males is associated with a marked reduction in the ability of
spermatozoa from treated animals to oxidized glucose 6-7 and it is possible that this may be the primary cause
of the antifertility action 8. Thus most of the studies were confined to the ability of the spermatozoa, the
studies on biochemical changes with reference to testicular metabolic enzymes are lagging.  Hence the present
study was undertaken.

Material and Methods

In the present study healthy adult male Wistar strain albino rats of 90 days age group weighing 120±10g
have been selected for experimentation. The rats were maintained at the laboratory conditions (27±2ºC; 12h
light and 12h dark exposure) and were fed on standard rat feed obtained from Hindustan Lever Ltd., Mumbai,
India. The animals were divided two groups control and experimental rats. The experimental rats were
administered subcutaneous injections of 5-thio-D-glucose (Sigma chemical company, USA) at the dose of
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5mg/kg body weight/day dissolved in 0.5 ml of saline for 7 days. The control group of rats received similar
dose of saline. The rats were sacrificed by cervical dislocation 24 hrs after the last dose of treatment and the
testes were isolated, chilled immediately and used for biochemical analysis. The Gono Somatic Index (GSI),
Water content and Dry (tissue) matter were estimated gravimetrically. The proteins were estimated by Lowry
et al., (1951), carbohydrates by Caroll et al., (1956), lipids by Folch et al., (1957), Glucose-6-phosphate
dehydrogenase by Bergmeyer and Bruns, (1978), succinate dehydrogenase (SDH) by Nachlas et al., (1960),
glutamate dehydrogenase (GDH) by Lee and Lardy, (1965), lactate dehydrogenase (LDH) & malate
dehydrogenase (MDH) by Srikantan and Krishna Murthy, (1955) (modified by Reddanna and Govindappa,
(1978).

Results and Discussion

In the present study the administration of 5-thio-D-glucose for a period of 7 days showed a significant
decrease in the testicular weight and gono somatic index (Table-1). The study on the biochemical constituents
revealed a significant decrease in total proteins, total carbohydrates and total lipids (Table-2). There is a
significant decrease in all enzymes studied except in SDH. The extent of decrement is more in GDH and non
significant in LDH (Table-3). The impact of 5-thio-D-glucose is more on ratio of SDH/GDH (Table 4).

5-thio-D-glucose inhibits the glucose uptake in the testis. In the presence of this chemical the testicular
uptake of glucose from the blood will be decreased which might be the reason for the depleted carbohydrate
content of the testis (Table-1and2). Since carbohydrates are essential for germ cell replications 17, decreased
testicular carbohydrate content might be the reason for the widely reported germ cell destruction in the
presence of 5-thio-D-glucose.

The observed reduction in the G-6-PDH activity levels (Table-3) suggests that decreased level of operation
of hexose mono phosphate pathway and also mobilization of carbohydrate reserves in to HMP pathway.  G-6-
PDH is an important enzyme in steroidogenesis as it is an interstitial enzyme. Androgen production depends
on the side chain splitting enzyme of cholesterol and on the microsomal hydroxylase which are NADPH
dependent. G-6-PDH is a potential generator of NADPH in the testis. HMP pathway provides the necessary
raw material for the lipogenesis and also ribose sugars for nucleic acid synthesis. The present study also
indicates the decreased availability of NADPH and ribose sugars which leads to deranged lipogenesis and
nucleic acid synthesis. The observed decrease in the lipids of 5-thio-D-glucose treated rats also supports such
possibility.

The non significant change in NAD+ -LDH indicates no alteration in the extent of mobilization of lactate
and pyruvate into citric acid cycle 18-20. The significantly depleted levels of NAD+ -GDH activity suggests
the suppression of amino acid oxidation and decreased addition of intermediaries into citric acid cycle from
amino acid sources. The slight elevation in the SDH activity, in spite of decreased mobilization of
intermediaries from glutamate suggests the addition of intermediaries from some other sources. The differential
responses of SDH and MDH resulting in the activation and inactivation of certain segments of citric acid cycle
and they require different co factors like FAD+ and NAD. 5- thio-D-glucose administration might probably
be resulting in the inactivation of NAD+ dependent enzymes with slight activation of FAD+ dependent enzymes.
The higher ratio of SDH/GDH and MDH/GDH (Table-4) suggests the addition of intermediary sources other
than GDH, and also indicate the differential sensitivities of SDH and MDH to 5-thio-D-glucose.

Thus the 5-thio-D-glucose administration resulted in the reduced operation of HMP path way and certain
dehydrogenases of citric acid cycle which leads to an overall reduction in oxidative metabolism and impaired
steroidogenesis 5,21,22.

Table 1: Gravimetric analysis in testes of control and 5-thio-D-glucose treated rats.
S.No Parameter Control 5-thio-D-glucose % Change
1. Body weight(g) 169.46±14.29 185.26±15.34 +9.32 NS
2. Paired testis weight (g/100g body weight) 1.11±0.05 1.01±0.06 -9.01**
3. GSI 1.177±0.170 0.983±0.082 -16.48***
4. Water content (mg/g fresh tissue) 749.93±41.92 860.95±60.41 +14.80**
5. Dry matter (mg/g fresh tissue) 250.92±15.25 138.93±9.29 -44.63*
Mean+ SD of six individual observations.  + and – indicates percent increase and      decrease  respectively over control.  * indicates
P<0.001 the level of significance, **indicates P<0.01, ***indicates P<0.05, NS indicates non significant changes.   

Table 2: Levels of total proteins, total carbohydrates & total lipids in testes of control and 5-thio-D-glucose  treated rats.  
S.No Parameter Control 5-thio-D-glucose treatment % Change
1. Total proteins (mg/g fresh tissue) 192.18±9.01 104.26±7.92 -45.75*
2. Total carbohydrates (mg/g fresh tissue) 2.115±0.078 0.56±0.08 -73.52*
3. Total lipids (mg/g fresh tissue) 56.95±4.27 35.17±2.11 -38.25*
Mean+ SD of six individual observations. + and - indicates percent increase and decrease respectively over control. * indicates P<0.001
the level of significance.  
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Table 3: Levels of G-6-PDH, LDH, GDH, SDH&MDH in testes of control and 5-thio-D- glucose treated rats.
S.No Parameter Control 5-thio-D-glucose treatment % Change
1. Glucose -6-P dehydrogenase (µ mol formazan formed/mg Protein/hr) 0.440±0.045 0.275±0.016 -37.50*
2. Lactate dehydrogenase (µ mol formazan formed/mg Protein/hr) 0.303±0.020 0.280±0.015 -7.59NS
3. Glutamate dehydrogenase (µ mol formazan formed/mg Protein/hr) 0.242±0.014 0.117±0.021 -51.65*
4. Succinate dehydrogenase (µ mol formazan formed/mg Protein/hr) 0.258±0.019 0.274±0.023 +6.20*
5. Malate dehydrogenase (µ mol formazan formed/mg Protein/hr) 0.236±0.009 0.191±0.006 -19.07*
Mean+ SD of six individual observations. + and – indicates Percent increase and decrease respectively over control. * indicates P<0.001
the level of significance.

Table 4: Ratios of different enzymatic levels in testes of control and 5-thio-D-glucose treated rats.
S.No Parameter Control 5-thio-D-glucose treatment % Change
1. SDH/LDH 0.851 0.979 +15.04
2. MDH/LDH 0.779 0.682 -12.45
3. SDH/GDH 1.066 2.342 +119.69
4. MDH/GDH 0.975 1.632 +67.38
5. MDH/SDH 0.915 0.697 -23.83
+and - indicate Percent increase and decrease respectively over control.  
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