








DISCUSSION

STZ is a nitrosurea compound produced
by Streptomyces achromogenes, which
specifically induces DNA strand breakage in
ß-cells causing diabetes mellitus. Therefore,
the STZ-diabetic model has been widely
employed to induce diabetes in experimental
animals [26]. It has been earlier reported that
the oral administration of aqueous extract of

Salvia lavandulifolia [27], Gymnema
sylvestre [28, 29], and D-400 (herbo-mineral
preparation) [30] has significantly increased
the numbers and size of the pancreatic islets
in STZ-induced diabetic animals. Based on
the earlier studies [31-32], the dose of STZ
has been chosen to induced diabetes mellitus
in the present study.

Raised glucose level [10-15] can
induce oxidative stress via the generation
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Table 3. Effect of C. esculenta root extract on superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx) in the liver of control and experimental animals.

Ua = enzyme concentration required to inhibit the nitroblue tetrazolium 50 percent. Ub =
µmol of H2O2 consumed/min. Uc = µg of GSH utilized/min. Values are mean ± SD for six
animals each. Values not sharing common superscripts differ significantly at p < .05,
Duncan's multiple range test.

Table 4. Effect of C. esculenta root extract on superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPx) in the kidney of control and experimental animals.

Ua = enzyme concentration required to inhibit the nitroblue tetrazolium 50 percent. Ub =
µmol of H2O2 consumed/min. Uc = µg of GSH utilized/min. Values are mean ± SD for six
animals each. Values not sharing common superscripts differ significantly at p < .05,
Duncan's multiple range test.



of oxygen free radicals (OFRs). There are
many ways by which hyperglycemia may
increase the generation of OFRs, such as
glycoxidation, polyol pathway, prostanoid
biosynthesis, and protein glycation [34].
There is also ample evidence that eleva-
tion in glucose concentration may depress
natural antioxidant defense such as ascor-
bic acid and GSH [34, 35]. The imbalance
between the generation of OFRs and an
antioxidant defense system may increase
the oxidative stress and lead to the damage
of macromolecules such as DNA, pro-
teins, or lipids.

Lipid peroxidation is a free radical-
mediated process leading to oxidative
deterioration of polyunsaturated lipids.
Under normal physiological conditions,
low concentrations of lipid peroxide are
found in plasma and tissues. The possible
source of oxidative stress in diabetes
includes shifts in redox balance resulting
from altered carbohydrate and lipid metab-
olism, increased generation of reactive
oxygen species, and decreased level of
antioxidant defenses such as GSH and
ascorbic acid [36].

In the present study, there is an
increase in the level of TBARS and a
decrease in the enzymatic and non-enzy-
matic antioxidants in the liver and kidney
of STZ-diabetic rats. Increased levels of
TBARS suggest increasing OFRs. Lipid
peroxide-mediated tissue damage has been
observed in the development of Type II and
Type I diabetes. Sundaram et al. (1996
[37]) have reported that the concentration
of lipid peroxides increases in the kidney
of diabetic rats. An increased level of
TBARS is an index of lipid peroxidation.
Our study shows that administration of C.
esculenta extract tends to bring the kidney
and liver TBARS back to near normal.
Increased lipid peroxidation under diabetic
condition can be due to the increased
oxidative stress in the cells as a result of
depletion of antioxidants scavenger sys-
tems as reported by Anuradha and Selvem
[38]. 

GSH is known to protect the cellular
system against the toxic effects of lipid
peroxidation [39]. The total glutathione
concentrations decline in liver and kidney
of diabetic rats by 39 percent and 35 per-
cent, respectively, which represent
increased utilization due to oxidative
stress. C. esculenta and glibenclamide-
treated animals show significant reversal
of glutathione content in the liver and kid-
ney. 

Ascorbic acid is known to act as an
antioxidant both in in vivo and in vitro. It
functions as a free-radical scavenger and
successfully prevents detectable oxidative
damage under all types of oxidative stress.
Ascorbic acid plays an important role in
detoxification of reactive intermediates
produced by cytochrome P450, which
detoxify xenobiotics. Reduction in tissue
ascorbic acid was observed in STZ-diabet-
ic rats. 

The decrease could have been due to
increased utilization of ascorbic acid as an
antioxidant defense against increased
reactive oxygen species or to a decrease in
the GSH level, since GSH is required for
the recycling of ascorbic acid [40]. 

α-Tocopherol, a lipid soluble, chain-
breaking antioxidant was significantly
decreased in liver and kidney of STZ-dia-
betic rats. C. esculenta and glibenclamide
treatment tends to bring the α-tocopherol
levels to near normal value. Higuchi (1982
[42]) observed a decreased hepatic α-toco-
pherol in rats with STZ-induced diabetes.
These results suggest that the demand for
the antioxidant vitamin E is increased due
to the activation of free radical related
metabolism in diabetes. Impaired genera-
tion of naturally-occurring antioxidants
(GSH, ascorbic acid, and α-tocopherol)
results in increased oxidative injury by
failure of protective mechanisms. There is
increased flux of glucose through the poly-
ol pathway, which is hyperactive in hyper-
glycemia [42].

STZ-induced hyperglycemia induces
generation of O2•

- and hydroxyl radicals
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(•OH), which induces various injuries in
surrounding organs and plays an important
role in several clinical disorders. Any com-
pound with rich antioxidant properties,
might contribute toward the partial or total
alleviation of organ damage. Therefore,
removal of O2•

- and •OH is probably one of
the effective defenses of a living body
against diseases. The elevated levels of
SOD clearly shows that C. esculenta
extracts contains free radicals-scavenging
activity, which could exert a beneficial
action against the pathological alteration
caused by the presence of O2•

- and •OH [43]. 
A significant decrease in SOD and

CAT activities is observed in the liver and
kidney of diabetic rats when compared
with control animals. The decreased activ-
ity of catalase in the liver and kidney of
STZ-diabetic rats could be due to the
increased endogenous production of
superoxide anions. H2O2 is toxic by itself
and can be a precursor of other toxic
species. It can react with O2•

- to form •OH
and result in increased lipid peroxidation
and hence higher TBARS level [44]. H2O2
also yields •OH by metal (iron or copper)
catalyzed Fenton/Haber-Weiss reaction.
Increased Cu level has been observed in
diabetic animals [45]. Cu can also cat-
alyze Fenton reaction to generate •OH rad-
ical [46]. The •OH radical is also thought
to be the primary reactive molecule in the
redox activation of enzymes. Anuradha et
al. [39] reported increased •OH radical
production and increased hydroperoxide
in kidney of allaxon-induced diabetic rats.
Recently, Sulahudeen [47] reported that
H2O2 induced lipid peroxidation causes
renal epithelial cell injury. 

Catalase causes reduction of H2O2
whereas GPx reduces H2O2 and lipid per-
oxides. The GPx in the the kidney of the the
diabetic rat increased as compared to the
control. The decreased catalase activity and
increased GPx activity in the kidney sug-
gests that there may be compensatory
mechanism among the antioxidant enzymes
in response to increased oxidative stress so

that tissues lacking significant catalase
activity may be critically dependent on
activity of GPx. Christophersen [48]
reported that GPx has broader protective
spectrum than catalase in catalyzing the
reduction of both H2O2 and other hydroper-
oxides including lipid peroxides. Shull et
al. [49] reported an increase in GPx mRNA
at higher concentration of H2O2. It has been
reported that pentose phosphate pathway is
activated in diabetic kidney to meet the
demand for ribose-5-phosphate utilized for
nucleotide synthesis and for NADPH
required for reductive biosynthesis [50]. An
abundant supply of NADPH, a substrate for
the glutathione reductase cycle may be
related to the increased activity of GPx in
diabetic kidney.

Considering our results, increased
activities of SOD, CAT, and GPx in the
liver and kidney of diabetic rats fully con-
firm that C. esculenta does extend a clear
protective action against STZ-induced dia-
betic rats. This action is predominantly
due to the extract and could involve a
mechanism related to scavenging activity. 

In the present study, we have shown
that C. esculenta, an indigenous antidia-
betic herb, shows potent antioxidant and
antidiabetic properties, which could be
due to the presence of potent antihypergly-
caemic factor(s). Further study is under-
way in our laboratory to isolate the active
principle and to study the mechanism of its
action.
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