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ABSTRACT

Oxidative stress has been suggested to be a
contributory factor in the development and
complication of diabetes. Clinical research has
confirmed the efficacy of several phytochemicals
in the modulation of oxidative stress associated
with diabetes mellitus. Oral administration of the
combination of tetrahydrocurcumin (THC) at
60 mg/kg body weight and gallic acid (GA) at
15 mg/kg body weight to diabetic rats for 45 days
resulted in significant reduction in blood glucose
and leptin, and significant increase in plasma
insulin, and quantitative insulin sensitivity check
index (QUICKI) levels. In addition, combination
of THC and GA caused significant increase in the
activities of superoxide dismutase, catalase,
glutathione peroxidase, glutathione-S-transferase,
reduced glutathione, vitamin C and vitamin E in
the liver and kidney of diabetic rats with a
significant decrease in thiobarbituric acid reactive
substances (TBARS) and  hydroperoxides
formation in liver and kidney, suggesting its role
in the protection against lipid peroxidation-
induced membrane damage. The histopathological
examination of liver and kidney also confirmed
these biological observations. The present study
indicates that the combination of THC and GA
exerts a significant beneficial effect on antioxidant
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defense in addition to its antidiabetic effect. The
combination effect of THC and GA was better
when compared with that of THC or GA alone.
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INTRODUCTION

Oxidative stress in cells and tissues results from
the increased generation of free radicals and/or
from decrease in antioxidant potential [1].
Elevated generation of free radicals resulting in
the consumption of antioxidant defense components
may lead to disruption of cellular function and
oxidative damage to membranes and may enhance
susceptibility to lipid peroxidation [2]. Oxidative
stress has been suggested to play a key role in
the development of these complications [3, 4].
Several mechanisms have been put forth to
explain the genesis of the free radicals in diabetes.
These include autoxidation processes of glucose,
the non-enzymatic glycation of proteins with the
consequently increased formation of advanced
glycation end products and enhanced glucose flux
through the polyol pathway [5].

In addition, the activities of the antioxidant
enzymes catalase, superoxide dismutase (SOD)
and glutathione peroxidase (GPx), have been
shown to reduce in diabetics [6, 7]. A diminution
in the endothelial synthesis of nitric oxide has
also been suggested in diabetics due to several
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mechanisms related to hyperglycemia and the
disease state [8]. The reduction in nitric oxide
bioavailability is a key factor in the development
of wvascular dysfunction and cardiovascular
complications associated with both type 1 and
type 2 diabetes [9]. Recent results suggest a
potential usefulness of antioxidants in treating
diabetes and provide further support for the
implication of oxidative stress in B-cell dysfunction
in diabetes [10].

Under physiological conditions, a wide range of
antioxidant defenses protects against the adverse
effects of free radical production in vivo [11].
Hyperglycemia causes release of tissue-damaging
reactive oxygen species (ROS) and alters the
balance between radical production and protective
antioxidant defense [12, 13]. The level of lipid
peroxidation in cell is controlled by wvarious
cellular defense mechanisms consisting of
enzymatic and nonenzymatic scavenger systems,
the levels of which are altered in diabetes [14].
Any natural or synthetic compound that possesses
antioxidant properties could play a crucial role in
the treatment of diabetes mellitus by helping to
partially or completely reduce this damage. The
present section provides the antiperoxidative and
antioxidant effect of THC and GA in STZ diabetic
rats.

Natural products from medicinal plants continue
to form a common platform for the discovery of
new chemical entities in the modern drug
discovery programs. A wide array of plant-
derived active principles (phytochemicals) for
possible use in the treatment of type 2 diabetes
mellitus has been reported [15].

GA and THC are both natural plant phenols with
well-known antioxidant and anti-inflammatory
properties. THC is one of the major colourless
metabolites of curcumin [16]. THC has been
reported to exhibit the same physiological and
pharmacological properties as curcumin. Curcumin
is rapidly metabolized during absorption from the
intestine, yielding THC, which has shown the
strongest antioxidant activity among all curcuminoids
[17]. Several studies in experimental animals
indicated that THC also prevents cancer, and
protects [18] against inflammation [19],
atherosclerotic lesions [20], hepatotoxicity [21],
nephrotoxicity [22] and diabetic mellitus [23].

GA (3,4,5-trihydroxybenzoic acid) isa natural
phenolic compound found in plants like tea,
oak bark, and berries, known for its powerful
antioxidant, anti-inflammatory, and antimicrobial
properties, making it valuable in food, medicine,
and cosmetics for health benefits like fighting
oxidative stress and cancer. Though it is usually
a white solid, it often appears brown due to
oxidation [24]. GA is a strong natural antioxidant
and has the ability to combat different reactive
oxygen species [25]. Several animal studies have
shown the antioxidant property and therapeutic
activity of GA in reducing hyperglycemia after
oral administration of GA to diabetic rats [26].

THC and GA have been reported to produce
significant antihyperglycemic effects [27-29].
As the continuation of the above findings, this
present investigation represents an extensive study
of the antidiabetic potential of combined effect of
THC and GA, in streptozotocin (STZ)-induced
diabetic rats. Among all existing animal models
for diabetes, the STZ-induced diabetic model is
the most extensively studied model and has
demonstrated all the changes seen in individuals
with type 2 diabetes mellitus.

The WHO recommends the use of medicinal
plants for the future treatment of diabetes
mellitus. However, some patients are not able to
bring their blood glucose to a healthy level by
taking oral drugs to treat diabetes. THC is found
to be effective in maintaining healthy blood
glucose level in diabetes-induced rats and this is
confirmed in our earlier studies [30-32]. Thus far,
the combined antidiabetic effect of THC and GA
is not widely investigated in STZ-induced diabetic
rats. The present investigation was carried out to
study the combined effect of THC and GA on
tissue lipid peroxides and antioxidants in rats
induced with diabetes by STZ.

MATERIALS AND METHODS

Animals

Adult male albino Wistar rats (8 weeks), weighing
180 to 220 g bred in the Central Animal House,
J. J. College of Arts and Science, Pudukkottai,
afflicted to Bharathidasan University, Tiruchirappalli
were used. All animal experiments were approved
by the ethical committee (JJC/BC/AH/002/2025),
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J. J College of Arts and Science and were in
accordance with the guidelines of the National
Institute of Nutrition, Indian Council of Medical
Research, Hyderabad, India. The animals were
housed in polycarbonate cages in a room with a
12 h day-night cycle, temperature of 24 + 2° C,
and humidity of 45 to 64%. During the whole
experimental period, animals were fed with a
balanced commercial diet (Hindustan Lever Ltd.,
Mumbai, India) and water ad libitum.

Chemicals

THC was gifted by Sabinsa Corporation, USA.
GA was purchased from Sigma chemicals
company, St Louis, USA.

Experimental induction of diabetes

Experimental animals received a freshly prepared
solution of STZ (55 mg/kg) in 0.1 M citrate
buffer, pH 4.5, injected intraperitoneally in a
volume of 1 ml/kg. Normal rats received 1 ml
citrate buffer as vehicle. Blood glucose levels
were determined 72 hours after STZ administration.
The rats showing moderate diabetes with
glycosuria and hyperglycemia (i.e., blood glucose
levels of 200-300 mg/dl) were used for the
experiment.

Experimental design

Group | Normal rats.

Group II Diabetic control rats (Diabetes was
induced by intraperitoneal STZ
injection (55 mg/kg, pH 4.5 in

citrate buffer solution).

Group III : Diabetic rats administered with
combined phytochemicals THC
(60 mg/kg body weight) and GA
(15 mg/kg body weight) in aqueous
solution daily using an intragastric
tube for 7 weeks.

Diabetic rats given THC (80 mg/kg
body weight) in aqueous solution
daily using an intragastric tube for
7 weeks [16, 18].

Diabetic rats given GA (20 mg/kg
body weight) in aqueous solution

daily using an intragastric tube for
7 weeks [26].

Group IV :

Group V

At the end of 7 weeks, the animals were deprived
of overnight food and sacrificed by decapitation.
Blood was collected in tubes containing potassium
oxalate and sodium fluoride mixture for the
estimation of blood glucose. Plasma was
separated for the estimation of insulin. Liver and
kidney were immediately dissected out, and
washed in ice-cold saline to remove the blood.

Preparation of tissue homogenate

The tissues were weighed and 10% tissue
homogenate was prepared with 0.025 M Tris -
HCI buffer, pH 7.5. After centrifugation at 10,000
X g for 10 min, the clear supernatant was used to
measure thiobarbituric acid reactive substances
and hydroperoxides. For the determinations of
vitamin E level, the liver and kidney tissues were
weighed and lipids were extracted from tissues by
the method of Folch et al. [33] using chloroform-
methanol mixture (CHCl;: MeOH)(2:1; v/v). The
extract was used for the estimation of vitamin E.

For the estimation of non-enzymic and enzymic
antioxidants, tissue was minced and homogenized
(10% w/v) in 0.1 M phosphate buffer (pH 7.0) and
centrifuged for 10 min and the resulting supernatant
was used for enzyme assays.

Analytical procedure

Measurement of blood glucose and plasma insulin

Blood glucose and HOMA were estimated
colorimetrically using commercial diagnostic kits
(Sigma Diagnostics (I) Pvt Ltd, Baroda, India)
[34]. Plasma insulin, leptin and QUICKI were
assayed by ELISA using a Boehringer-Mannheim
kit with an ES300 Boehringer analyzer (Mannheim,
Germany).

Estimation of lipid peroxidation

Lipid peroxidation in liver and kidney was
estimated colorimetrically by measuring thiobarbituric
acid reactive  substances (TBARS) and
hydroperoxides using the methods of Fraga et al.
[35] and Jiang et al. [36], respectively. In brief,
0.1 ml of tissue homogenate was treated with 2 ml
of TBA-trichloroacetic acid-HCI reagent (0.37%
TBA, 0.25 M HCI and 15% TCA, 1:1:1 ratio),
placed for 15 min in a water bath and then cooled
and centrifuged at 3500 X g for 10 min at room
temperature; the absorbance of clear supernatant



50

S. Gajendhini & P. Murugan

was measured at 535 nm against a reference blank.
Values were expressed as mM/100 g — tissue.

Hydroperoxides were expressed as mM/100 g —
tissue. Tissue homogenate (0.1 ml) was treated
with 0.9 ml of Fox reagent (88 mg of butylated
hydroxy toluene (BHT), 7.6 mg of xylenol orange
and 0.8 mg of ammonium iron sulphate added to
90 ml of methanol and 10 ml of 250 mM
sulphuric acid) and incubated at 37 °C for 30 min.
Then the absorbance was read at 560 nm.

Estimation of catalase activity

Catalase (CAT) was estimated by the method of
Sinha [37]. The reaction mixture (1.5 ml, vol)
contained 1.0 ml of 0.01 M phosphate buffer
(pH 7.0), 0.1 ml of tissue homogenate and 0.4 ml
of 2 M H,0,. The reaction was stopped by the
addition of 2.0 ml of dichromate-acetic acid
reagent (5% potassium dichromate and glacial
acetic acid mixed in 1:3 ratio). Then the
absorbance was read at 620 nm; CAT activity
was expressed as uM of H,O, consumed/min/mg
protein.

Estimation of superoxide dismutase (SOD) activity

The activity of SOD was assayed by the method
of Kakkar et al. [38]. 0.5 ml of tissue homogenate
was diluted with 1 ml of water. In this mixture,
2.5 ml of ethanol and 1.5 ml of chloroform (all
reagents chilled) were added and shaken for 1 min
at 4 °C then centrifuged. The enzyme activity
in the supernatant was determined. The assay
mixture contained 1.2 ml of sodium pyrophosphate
buffer (0.025 M, pH 8.3), 0.1 ml of 186 uM PMS,
0.3 ml of 30 uM NBT, and 0.2 ml of 780 uM
NADH, along with properly diluted enzyme
preparation and water to bring the total volume to
3 ml. Reaction was started by the addition of
NADH. After incubation at 30 °C for 90 sec the
reaction was stopped by the addition of 1 ml
glacial acetic acid. The reaction mixture was
stirred vigorously and shaken with 4 ml of
n-butanol. The intensity of the chromogen in the
butanol layer was measured at 560 nm against
butanol blank. A system devoid of enzyme served
as control. One unit of the enzyme activity is
defined as the enzyme reaction which gave 50%
inhibition of NBT reduction in one minute under
the assay conditions.

Estimation of glutathione peroxides (GPx) activity

GPX activity was measured by the method
described by Rotruck et al. [39]. Briefly, the
reaction mixture contained 0.2 ml 0.4 M phosphate
buffer (pH 7.0), 0.1 ml 10 mM sodium azide,
0.2 ml tissue homogenized in 0.4 M, phosphate
buffer, pH 7.0, 0.2 ml glutathione, and 0.1 ml
0.2 mM hydrogen peroxide. The contents were
incubated for 10 min at 37 °C, 0.4 ml 10% TCA
was added to stop the reaction and centrifuged
at 3200 X g for 20 min. The supernatant was
assayed for glutathione content using Ellman’s
reagent (19.8 mg 5,5'-dithiobisnitrobenzoic acid
(DTNB) in 100 ml 0.1% sodium nitrate). The
activities were expressed as pug of GSH consumed/
min/mg protein.

Estimation of glutathione-S-transferase (GST)
activity

GST activity was determined spectrophotometrically
by the method of Habig et al. [40]. The reaction
mixture contained 1.0 ml 100 mM phosphate
buffer (pH 6.5), 0.1 ml 30 mM I-chloro-2,
4-dinitrobenzene (CDNB), and 0.7 ml double
distilled water. After pre-incubating the reaction
mixture for 5 min at 37 °C, the reaction was
started by the addition of 0.1 ml tissue
homogenate and 0.1 ml of glutathione as
substrate. After 5 min the absorbance was read
at 340 nm. Reaction mixture without the enzyme
was used as a blank. The activity of GST is
expressed as mM of GSH-CDNB conjugate
formed/min/mg protein using an extinction
coefficient of 9.6/ mM /cm.

Estimation of ascorbic acid (vitamin C)

Vitamin C was estimated by the method of
Omaye et al. [41]. 0.5 ml of tissue homogenate
was mixed thoroughly with 1.5 ml of 6% TCA
and centrifuged for 10 min at 3500 X g. After
centrifugation, 0.5 ml of the supernatant was
mixed with 0.5 ml of DNPH reagent and allowed
to stand at room temperature for an additional
3 hours, then 2.5 ml of 85% sulphuric acid was
added and allowed to stand for 30 min. Then the
absorbance was read at 530 nm. A set of standards
containing 10-50 ug of ascorbic acid was taken
and processed similarly along with a blank.
Ascorbic acid values were expressed as pM/mg
tissue.
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Estimation of vitamin E

Vitamin E was determined by the method of
Baker et al. [42]. 0.1 ml of lipid extract, 1.5 ml of
ethanol and 2 ml of petroleum ether were added,
mixed and centrifuged for 3000 X g for 10 min.
The supernatant was evaporated to dryness at
80 °C, then 0.2 ml of 2,2' — dipyridyl solution and
0.2 ml of ferric chloride solution was added and
mixed well. This was kept in dark for 5 min and
2 ml of butanol was added. Then the absorbance
was read at 520 nm. Standards of a-tocopherol in
the range of 10-100 pg were taken and treated
similarly along with blank containing only the
reagent. The values were expressed as uM/mg —
tissue. Protein was determined by the method of
Lowry et al. (1951).

Estimation of reduced glutathione (GSH)

GSH was determined by the method of Ellman
[43]. A known weight of tissue was homogenized
in phosphate buffer. From this 0.5 ml was pipetted
out and precipitated with 2 ml of 5% TCA. 1 ml
of the supernatant was taken after centrifugation
at 3200 X g for 20 min and 0.5 ml of Ellman’s
reagent and 3 ml of phosphate buffer (pH 8.0)
added to it. Then the absorbance was read at 412
nm. A series of standards were treated in a similar
manner along with a blank containing 3.5 ml of
buffer. The values were expressed as mg/100 g —
tissue.

Histopathological study

The liver and kidney samples fixed for 48 h in
10% formal-saline were dehydrated by passing
successfully in different mixtures of ethyl alcohol-
water, cleaned in xylene and embedded in
paraffin. Sections of liver and kidney (4-5 pm
thick) were prepared and then stained with
hematoxylin and eosin dye, and mounted in
neutral deparaffinated xylene (DPX) medium for
microscopic observations.

Statistical analysis

The data for various biochemical parameters were
analyzed using analysis of variance (ANOVA),
and the group means were compared by Duncan’s
multiple range test (DMRT). Values were
considered statistically significant if p < 0.05 [44].

RESULTS

Changes in hormone and glucose index parameters

Table 1 shows the level of blood glucose and
plasma insulin of different experimental groups.
The diabetic control rats showed a significant
increase in the level of blood glucose, leptin,
HOMA with significant decrease in the level of
plasma insulin and QUICKI. Oral administration
of the combination of THC and GA to diabetic
rats significantly reversed the above biochemical
changes. The combined administration of THC
and GA to normal rats showed a significant effect
on blood glucose, leptin, HOMA, QUICKI and
plasma insulin levels. The combined administration
of THC and GA was more effective than
administration of THC or GA alone.

Effect of tissue lipid peroxidation

Table 2 presents the concentration of TBARS
and hydroperoxides in tissues of normal and
experimental rats. There was a significant elevation
in tissue TBARS and hydroperoxides during
diabetes, when compared to the corresponding
normal group. Combined administration of
THC and GA significantly decreased the lipid
peroxidation in diabetic rats. The combined
administration of THC and GA was more potent
than administration of THC or GA alone.

Effect on tissue enzymes and antioxidants

For studying the effect of THC and GA on free
radical production, the activities of SOD, CAT,
GPx, GST, GSH, vitamin C and vitamin E were
measured (Tables 3 and 4). Considerable increase
in their activities was observed in the combination
treatment with THC and GA when compared to
diabetic control rats. The combination effect of
THC and GA was more prominent compared with
the effect of THC or GA alone.

Histopathological observations

Histopathological section of normal rat liver is
shown in Figure la. Histopathological section of
diabetic control rat liver showed central vein
broken (Figure 1b). The above pathological
changes were reduced in rats treated with THC
and GA (Figure 1c, 1d and 1e). Histopathological
section of normal rat kidney is shown in
Figure 2a. Diabetic control rat’s kidney showed
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Table 1. Effect of THC and GA on hormone and glucose index parameters in normal and experimental rats.

Parameters Normal ]Z(i::;::)ilc TI]_)Iiéll::lt(iic é_ A Di?rbétcic * Diabetic + GA
Glucose (mg/dl) 85.49 + 4.34° 139.37 + 4.10° 87.61 +4.47° 101.72 £4.42° 98.49 £4.51°
Leptin (ng/ml) 0.55 +£0.02° 1.81 +0.04° 0.57 £0.03? 0.73 £0.02° 0.69 £ 0.03°
Insulin (nU/ml) 49.71 + 3.62° 86.15+4.16° 51.49 +£3.72° 69.42 £ 3.76° 65.75 £ 3.33¢
HOMA 10.52 +£1.29% 29.68 +2.30° 11.17+£1.37% 17.46 £1.70° 16.02 £ 1.54°
QUICKI 1.60+0.13* 0.92 +0.02° 1.54+0.12° 1.18 £0.05° 1.23 £0.06°

Values are expressed as Mean + SD for 6 rats. Statistical analysis of one-way ANOVA, post-hoc followed by
DMRT test using SPSS ver. 24. Mean values within the rows followed by different superscript (homogeneous
subsets) letters indicate statistically significant (P<0.05) while same letters indicate statistically non-significant

(P>0.05) from each other groups.

Table 2. Effect of THC and GA on changes in the levels of TBARS and hydroperoxides in normal and

experimental rats.

Groups Normal Diabetic Diabetic + Diabetic + Diabetic +
P control THC and GA THC GA
TBARS
Liver 0.80+0.0° b a c c
(mM/100 g tissue) 80£0. 1.94 +£0.12 0.83 +0.03 1.09 +£0.07 1.13 £0.07
Kidney a b a c c
(mM/100 g tissuc) 1.81+0.13 3.89+0.20 1.85+0.13 2.06+0.13 2.10+£0.12
Hydroperoxides
Liver R1.25 + 5.48° b a c c
(mM/100 g tissuc) 2545, 109.65 +5.54 85.14 +5.32 94.12 +4.35 93.46 + 4.15
Kidney a b a c c
(mM/100 g tissuc) 58.77+£3.77° | 83.47+4.55 62.80 + 3.82 68.54 +4.32 70.12 +3.80

Values are expressed as Mean + SD for 6 rats. Statistical analysis of one-way ANOVA, post-hoc followed by
DMRT test using SPSS ver. 24. Mean values within the rows followed by different superscript (homogeneous
subsets) letters indicate statistically significant (P<0.05) while same letters indicate statistically non-significant

(P>0.05) from each other groups.

damaged bowman’s capsule (Figure 2b). These
changes were reduced in THC and GA-treated rats
(Figure 2c, 2d and 2e).

DISCUSSION

Free radical damage to cellular components and
decomposition of hydroperoxide resulting from
oxidative breakdown of PUFAs are important
factors in the development of cellular toxicity and
pathology caused by lipid peroxidation. The
imbalance in scavenging of free radicals, due to
an increase in oxidative flux or a decrease in

the antioxidant ability, is responsible for cellular
and tissue damage in diabetes mellitus [45].
Diabetes mellitus is associated with the generation
of ROS leading to oxidative damage particularly
in liver and kidney [46]. In diabetes mellitus,
increased blood glucose levels are believed to
cause cell death via free radical generation, which
is a common consequence of diabetes-related non-
enzymatic alterations of sugar components on
proteins and lipids [47]. Oxidative stress coexists
with decreased antioxidant status in diabetes [48],
which can increase the deleterious effects of free
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Table 3. Effect of THC and GA on changes in the levels of vitamin C, vitamin E and reduced glutathione in

normal and experimental rats.

Groups Normal Diabetic Diabetic + Diabetic + Diabetic +
P control THC and GA THC GA
Vitamin C
Liver a b a c c
(UM/mg tissue) 1.49 +0.03 0.99 +£0.02 1.45 +0.03 1.30+0.03 1.32 +£0.02
Kidney a b a c c
(WM/mg tissue) 1.04 £0.03 0.35+0.02 1.00 £0.03 0.88+0.03 0.85+0.02
Vitamin E
Liver a b a 2c c
(UM/mg tissue) 0.71 £0.03 0.10£0.01 0.67+£0.03 0.55+0.0 0.51+£0.02
Kidney a b a c c
(WM/mg tissue) 0.50+0.03 0.08 £0.01 0.47 +£0.02 0.38+0.03 0.35+0.02
Reduced glutathione
Liver a b a ¢ N
(mg/100 g tissue) 47.15+2.65 22.80+1.55 45.13 £2.54 37.34+2.45 3597+ 1.58
Kidney a b a c c
(mg/100 g tissue) 36.47 +2.21 18.55+1.31 35.24 +2.05 30.04 + 1.90 29.01 +1.25

Values are expressed as Mean = SD for 6 rats. Statistical analysis of one-way ANOVA, post-hoc followed by
DMRT test using SPSS ver. 24. Mean values within the rows followed by different superscript (homogeneous
subsets) letters indicate statistically significant (P<0.05) while same letters indicate statistically non-significant

(P>0.05) from each other groups.

radicals. The central nervous system (CNS) is also
susceptible to long-term complications associated
with diabetes [49]. Experimental models of
diabetes have provided evidence for functional
and morphological alterations in the brain [50].
Free radicals are formed in the CNS as part of the
normal metabolic processes [51]. High oxygen
uptake and low antioxidant defenses increase the
vulnerability of the CNS to oxidative damage
[23].

Increase in hydroxyl radical formation in diabetic
rats could be elucidated by two biochemical
mechanisms. One mechanism is increased
production of activated oxygen species such as
0," or H,0,. OH® radicals are generated from
0, or H,0, by the iron-catalyzed Haber-weiss
reaction or Fenton reaction, respectively. Another
mechanism is decrease in the activity of enzymes
(SOD, CAT and glutathione dependent enzymes)
in scavenging the activated oxygen species [52].
Hyperglycemia leads to the formation of H,O,,

which subsequently generates other free radicals.
These reactive compounds can cause peroxidation
of lipids resulting in the formation of hydroperoxy
fatty acids and endoperoxides.

TBARS and hydroperoxides significantly
increased in plasma and tissues (liver and kidney)
of diabetic control rats. Previous studies have
also reported that there was an increased lipid
peroxidation in plasma of diabetic rats [53-56].
The increase in oxygen free radicals in diabetes
could be due to rise in blood glucose levels, which
upon autoxidation generate free radicals.

Increased lipid peroxidation under diabetic
conditions can be due to increased oxidative stress
in the cell as a result of depletion of antioxidant
scavenger systems. In our study, the diabetic
tissues showed a decrease in the activities of
key antioxidants like SOD, CAT, GSH, GPx,
GST, GSH, vitamin C and vitamin E, which play
an important role in scavenging the toxic
intermediate of incomplete oxidation. SOD and
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Table 4. Effect of THC and GA on changes in the activities of catalase, superoxide dismutase, glutathione
peroxidase and glutathione-S-transferase in tissues of normal and experimental rats.

Groups Normal Diabetic control TIl_)Ii(“;l::(iic (4;- A DiaTbI_cIet(i:c * Diagiic +
Catalase (Units'/ mg protein)
Liver 7947+ 455 437943282 | 76874454 | 66524450 | 6421+321
Kidney 33224211 1531+ 1,15 31754247 | 2735115 | 25224124
Superoxide dismutase (Unitsz/ mg protein)
Liver 6.87 4035 3654020 6.05+025 5554035 5424026
Kidney 15.45 +0.75° 0454051 14.99 £0.75° 12114065 | 1228+0.54
Glutathione peroxidase (Units3/ mg protein)
Liver 6.55+ 037 3784021 6394025 5154030 4.99+020
Kidney 478022 2214014 455026 358023 3294017
Glutathione-S-transferase (Units*/ mg protein)
Liver 6.87+033 3354020 645033 555030 535+023
Kidney 5554029 2054011 5254021 445024 437+021°

Values are given as mean + SD from 6 rats in each group.

Values not sharing a common (a-c) letter differ significantly at p<0.05 (DMRT).
'~ umole of H,0, consumed/min; >- One unit of activity was taken as the enzyme reaction, which gave 50% inhibition
of NBT reduction in one min; * - pg of GSH consumed/min; * - pmole of CDNB-GSH conjugate formed/min.

CAT are the two major scavenging enzymes that
remove the toxic free radicals in vivo. Previous
studies have reported that the activity of SOD is
low in diabetes mellitus [57]. A decrease in the
activity of these antioxidants can lead to an excess
availability of superoxide anion O, and hydrogen
peroxide in biological systems, which in turn
generate hydroxyl radicals, resulting in initiation
and propagation of lipid peroxidation [58].

The depletion of GSH, GPx and GST promotes
generation of ROS and oxidative stress with a
cascade of effects thereby affecting functional as
well as structural integrity of cell and organelle
membranes [59]. As the alteration produced in the
antioxidant activities indicate the involvement of
deleterious oxidative changes, increased activities
of the components of this defense system would
therefore be important in protection against
radical damage.

Vitamin C is a powerful antioxidant that
significantly targets oxygen free radicals and
interacts with vitamin E [60]. Both vitamin C and

E significantly decreased in the plasma, liver
and kidney of diabetic rats. GSH is a major
non-protein thiol in living organisms; this plays a
central role in coordinating the body’s antioxidant
defense process [61]. The elevated level of
GSH protects cellular proteins against oxidation
through glutathione redox cycle and also directly
detoxifies ROS [26]. It is involved in the
maintenance of normal cell structure and function,
probably through its redox and detoxification
reactions. The decrease in the GSH levels
represents increased utilization due to oxidative
stress. Combined administration of THC and GA
increased the content of GSH in the plasma, liver
and kidney of STZ diabetic rats.

Combined administration of THC and GA
reduced the lipid peroxidation and increased
the activity of antioxidants, which could help
to control free radicals. THC and GA offered
protection to cells against oxidative stress by
scavenging free radicals [62-64] generated during
diabetes. The increased levels of free radical
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Figure 1b. Diabetic-treated rat liver: H&E x 20.
Central vein broken.

Figure 1c. Diabetic + THC and GA-treated rat liver: Figure 1d. Diabetic + THC-treated rat liver: H&E x 20.
H&E x 20. Central vein restored. Near normal mild congestion. Vein restored.

Figure le. Diabetic + GA-treated rat liver:
H&E x 20. Less inflammation - only around
central vein. Vein restored.

Figure 1. Histopathological changes in liver of normal and experimental rats.
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Figure 2b. Diabetic-treated rat kidney: H&E x 20.
Bowman'’s capsule damaged.

Figure 2c. Diabetic + THC and GA-treated rat kidney: Figure 2d. Diabetic + THC-treated rat kidney: H&E x 20.
H&E x 20. Near normal. Bowman'’s capsule restored.

Figure 2e. Diabetic + GA-treated rat kidney:
H&E x 20. Shows congestion.

Figure 2. Histopathological changes in kidney of normal and experimental rats.
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scavenging enzymes may act as an added
compensation mechanism to maintain the cell
integrity and protect against free radical damage.
It is well known that curcuminoids induce
antioxidant enzymes, such as GPx, GST and
NADPH: quinone reductase. THC was found to
be more active than curcumin and scavenged
ferric nitrilotriacetate (Fe-NTA)-induced free
radicals more effectively than curcumin in vitro.
Our study shows that combined administration of
THC and GA significantly decreased the liver and
kidney TBARS and hydroperoxides. It has been
also supported by a previous report stating
that THC and GA increase hepatic GSH levels
and induce certain forms of GSH transferase
important in preventing lipid peroxidation and
detoxification of toxic lipid aldehydes in
diabetic cataract rats [23]. This indicates the
antiperoxidative effect of THC and GA.

In addition, the induction of SOD activity by THC
and GA may contribute to the inhibition of active
oxygen species generation from autoxidation of
glucose. Curcumin that can scavenge the ROS and
inhibit peroxidation of lipids could be useful as
preventive agents against diabetes mellitus [65].
The ability of THC and GA in increasing the
activities of antioxidant enzymes in STZ-treated
rats implies that THC and GA reactivate the
antioxidant defense system, which in turn
enhances the capacity for antidiabetic activity
by improving the elimination of oxy radicals.
The result of increased activities of SOD and
CAT suggests that THC possesses free radical
scavenging activity, which could exert a
beneficial effect against pathological alterations
caused by the presence of O, and OH’. The
results of Sugiyama et al. [66] implied that the -
diketone moiety of THC exhibits its antioxidative
activity by cleaving the C—C bond at the active
methylene carbon between two carbonyls in the
B-diketone moiety. In addition, THC and GA
maintain the blood glucose homeostasis, which in
turn reduce the autoxidation of glucose. Thus,
findings related to THC suggest that it may safely
be considered as an antioxidant agent with an
antidiabetic effect.

In our study, histopathological observation of the
liver and kidney of diabetic control rats shows
that the central vein is broken and bowman’s

capsule is damaged. The reaction is provoked
by the increased production of highly reactive
intermediates of STZ, which are normally
detoxified by endogenous GSH but when present
in excess, can deplete GSH stores, allowing
the reactive intermediate to react with and
destroy hepatic and renal cells [67]. The above
pathological changes were reduced in diabetic rats
treated with the combination of THC and GA. The
histological findings in diabetic control rats
indicate that the structural changes observed after
45 days result from free radical production
induced by STZ early in the course of diabetes.
Thus, in addition to blood glucose lowering effect,
histopathological observations also support the
notion that THC and GA possess significant
antihyperglycemic activity that protects the tissues
against STZ action. The protective combined
effect of THC and GA was more prominent
compared with THC or GA alone.

CONCLUSION

The present investigation shows that the
combination of THC and GA generates an
antioxidant effect that may contribute to its
protective action against lipid peroxidation and
enhancing effect on cellular antioxidant defense.
This activity contributes to the protection against
oxidative damage in STZ-induced diabetes. The
combination of THC and GA showed better effect
than THC or GA alone.
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