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A B S T R A C T

Background: Hyperglycemia and hyper oxidative stress are indicators of diabetes mellitus which is also ac-
companied with decreased levels of antioxidant enzymes. While oxidative stress is important in increasing in-
sulin secretion and controlling blood sugar level at the same time excess oxidative stress leads to the destruction
of beta cells of pancreas resulting in to low insulin production and hyperglycemia. A balance between the levels
of oxidative radicals and insulin production is needed, but is not defined yet. Hyperglycemia also leads to
hyperlipidemia which can contribute to various health conditions like cardiovascular diseases.
Objectives: This study was designed to study the oxidative stress and lipid levels in diabetic rats. This also was
designed to elucidate the effect of Dhanwantaram Kashayam, an Ayurvedic polyphenolic derived from plants on
lipid metabolism and oxidative radical scavenging in diabetic rats.
Methods: Rats were made diabetic by injecting streptozotocin. Different enzymes involved in oxidative radical
scavenging and lipid profiles including triglycerides, total cholesterol, free fatty acids and phospholipids were
estimated using standard methods reported elsewhere.
Results: Level of antioxidant enzymes were lower in diabetic rats compared to normal controls. Administration
of Dhanwantaram Kashayam restored the enzyme activity as well as reduced levels of different lipids in diabetic
rats.
Conclusions: Administration of Dhanwantaram Kashayam increased the activity levels of antioxidant enzymes
and reduced the levels of total cholesterol, phospholipids and triglycerides. The results of this study point to the
possibility of developing Dhanwantaram Kashayam as a dietary supplement which can alleviate the complica-
tions associated with diabetes or prevent them altogether.

1. Introduction

At global level incidences of metabolic disorders and related dis-
eases are increasing at a rampant rate because of easy availability of
rich food stuff and decreasing physical activity. Obesity and diabetes
are considered as two main outcomes of metabolic disorders [1]. Dis-
turbances in the metabolism of carbohydrate, lipid and protein are well
reported in these metabolic disorders [2]. The β-cells of pancreas are
highly metabolically active and depend on oxidative metabolism for
generating ATP for their energy requirements [3]. Elevated glucose
level stimulates the production of insulin [3] and at the same time the
enhanced production ROS is an unavoidable process in mitochondrial
metabolism during high glucose tion [4] Enzymes of antioxidant me-
tabolism are expressed at very low level in pancreatic β-cells [5]. These
two conditions combined together render the β-cells highly susceptible

to damages caused by oxidative stress [3].
Oxidative stress plays an important role in tissue damages asso-

ciated with diabetes [6]. An increase in reactive oxygen species (ROS)
such as hydrogen peroxide, superoxide anion, and hydroxyl radicals
have been reported in different cells exposed to high glucose [7,8].
Healthy cells have developed defensive mechanisms to manage the over
production of ROS which include both enzymatic or non-enzymatic
antioxidant systems. Enzymatic antioxidant defense mechanisms in-
clude enzymes such as superoxide dismutase (SOD), Catalase (CAT),
Glutathione peroxidase (GPx), Glutathione Reductase (GRd) etc [9,10].
SOD converts the highly reactive radicals O2̄ to less reactive molecules
H2O2, which is then converted to harmless molecules like water and
oxygen by CAT and GPx [11].

Dyslipidemia due to abnormal lipid metabolism is a prominent
characteristic of diabetes [12]. This includes elevated levels of total
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cholesterol and triglycerides which are major contributory risk factors
leading to cardiovascular diseases [13]. To prevent complications in
patients with diabetes these risk factors are needed to be strictly con-
trolled.

Till now there is no effective treatment for life-long recovery from
Diabetes Mellitus. Diabetic patients have an increased risk of devel-
oping a number of serious life-threatening health problems resulting in
increased mortality [14]. The global prevalence of diabetes is in-
creasing day by day. The number of peoples with diabetes has increased
four times during the last three decades [15] and the number is feared
to reach 587 million diabetic adults (18–99 years) by the year 2045, if
no preventive measures are taken [16,17].

Traditional medications derived from plant sources are increasingly
gaining importance due to their potential efficacy in the management of
many chronic ailments without inciting many undesired side effects
including diabetes [17,18]. Dhanwantaram Kashayam (DK), a poly-
herbal decoction described in the classical Ayurvedic text “Astanga
Hridaya” [19], consists of 40 herbal ingredients which is used in
Ayurveda as a growth stimulant for children and for nerve regeneration
[20]. The strong antioxidant activities of DK and its ability to scavenge
free radicals in the body have already been reported [21]. Research
during the last two decades has indicated the influence of hypergly-
cemia and hypoxia in the sensing and production of insulin and the
health of pancreatic beta cells. The extent of antioxidant status and its
exact effect on the beta cell function is not fully understood. The main
objective of this study was to explore the effects of DK on ROS load in
diabetic rats and their response in terms of lipid profile.

2. Materials and methods

2.1. Chemicals

All chemicals used for this study were of analytical grade and pur-
chased from Sisco Research Laboratories (Mumbai, India).

2.2. Experimental animals

Rats of Wistar strain (200–220 g) maintained in the departmental
animal house (Room temperature 25 ± 50C with 12 h light and dark
cycles) were used for the study. Male and female rats were housed se-
parately in hygienic polypropylene cages, provided with rodent food
(VRK Nutritional Solutions, Maharashtra, India) and water ad libitum.
All procedures involving animals were carried out in accordance with
the guidelines on the care of laboratory animals and their use for sci-
entific purpose. Single intraperitoneal injection of freshly prepared
Streptozotocin (STZ) (Sisco Research Laboratories, Mumbai, India) at a
dose of 40 mg/kg of body weight, prepared in 0.1 molar citrate buffer,
pH 4.5 [22] to rats deprived of food overnight made them diabetic. Rats
were immediately supplied with 5% of glucose in drinking water for the
first 24 h to safe guard against initial hypoglycemia. Blood glucose was
measured by using “Dr. Morepen Gluco One Blood glucose monitoring
system” and BG-03 model glucose strips (Morepen Laboratories Lim-
ited, Delhi). The animals with blood glucose level> 300 mg/dl on the
third day were classified as diabetic. One subgroup of animals of each
group did not receive any DK treatment and served as corresponding
control. With three dose levels of DK to be used in two different groups,
non-diabetic and diabetic, made altogether 8 groups of animals. DK,
freshly diluted with sterile water (1:3), was administered orally for 21
days at a dosage of 1 ml (low dose or Dose A), 1.5 ml (intermediate or
Dose B) and 2 ml/kg of body weight (high or Dose C) respectively twice
a day before allowing any food for at least 4 h. Each group consisted of
6 rats.

2.3. Animals groups & experimental design

Animals of each sex were divided into eight groups namely;

Experimental group I: Normal Control (NC)
Experimental group II: Diabetic-Control (DC)
Experimental group III: Diabetic + DK Dose A (DDKA)
Experimental group IV: Diabetic + DK Dose B (DDKB)
Experimental group V: Diabetic + DK Dose C (DDKC)
Experimental group VI: Control + DK-Dose A (CDKA)
Experimental group VII: Control + DK- Dose B (CDKB)
Experimental group VIII: Control + DK- Dose C (CDKC)

On 21st day they were deprived of food overnight and sacrificed on
the following morning. Blood samples were individually collected in
centrifuge tubes. Tissues were collected in ice cold containers.

2.4. Analysis of levels of antioxidant enzymes and lipid profile

All estimations were done separately for groups of male and female
rats. Analyses of levels of enzymes responsible for carrying out anti-
oxidative activities and Lipid profiles were carried out by using stan-
dard protocols;

Super Oxide Dismutase (SOD) [23], Catalase (CAT) [24], Glu-
tathione Peroxidase (GPx) [25], Glutathione reductase (GRd) [26],
Total cholesterol (TC) [27], Free Fatty Acids (FFAs) [28], Phospholipids
(PLs) [29] and Triglycerides (TGs) [30].

2.5. Statistical analysis

Data are represented as Mean ± SD (Standard Deviation) of the
values recorded in 6 animals. The results were analyzed by using SPSS
-version 21 software for windows. One - way ANOVA (analysis of var-
iance) followed by Tukey Post hoc multiple comparison test was used to
decide statistically significant changes between the groups. Values with
P < 0.05 were considered as statically significant.

3. Results

No significant differences in the results were observed between male
and female rat groups, so the results are shown as one set.

3.1. Catalase

CAT is an enzyme which is responsible for conversion of hydrogen
peroxide into oxygen and water. We studied level of CAT in liver,
kidney, heart and serum of normal and diabetic rats. Activities of CAT
were ranging in a tissue specific manner (Fig. 1). Its levels normal rats
were 73 ± 2, 25 ± 1.8, 57 ± 3.5 and 113 ±11 U/mg protein in
liver, kidney, heart and serum respectively. Not surprisingly, the ac-
tivity of CAT decreased in diabetic rats when compared to that in
normal control rats which was in a good agreement with previous re-
ports [5]. The levels of CAT dropped more than 75% in serum. To study
the effectiveness of DK different doses of diluted decoction were given
to rats by gavage. Administration of DK led to a significant increase
(p < 0.001 and P < 0.05) in the activity of CAT in all tissues and
serum of both diabetic and normal rats. Though there was some cor-
relation between the dose of the DK and increase in CAT activity, but
the rate of increase varied in different tissues and serum of normal rats
and diabetic rats. There was no significant difference in the CAT levels
in liver and serum of diabetic rats receiving intermediate dose (DDKB)
and non-diabetic rats receiving highest dose (CDKC) rats in comparison
with normal rats. CAT levels in the kidneys of group 3 and 4 were very
close to diabetic rats. Administration of DK increased catalase activity
in all the tissues. In diabetic rats the highest percentage increase was
observed in highest dose fed ones.

3.2. SOD

SOD is an enzyme that alternately catalyzes the dismutation of the
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superoxide (O2
−) radicals into either ordinary molecular oxygen (O2)

or hydrogen peroxide (H2O2). There were tissue specific variations in
the levels of SOD as seen in case of catalase. In normal rats SOD

activities were 8.2 ± 0.74, 18.4 ± 1.68, 33.82 ± 3.08 and
12.3 ± 1.12U/mg protein in liver, kidney, heart and serum respec-
tively (Fig. 2). Activity of SOD decreased drastically in diabetic rats

Fig. 1. Showing the catalase levels in the different
tissues of rats subjected to different treatments.
Values are expressed as mean± SD of six rats. ‘a’
indicates values are significantly different from
Normal Control rats with p<0.001. ‘b’ indicates
values are significantly different from Normal
Control rats with p< 0.05. ‘∗∗’ indicates values are
significantly different from Diabetic Control rats
with p<0.001. ‘∗’ indicates values are significantly
different from Diabetic Control rats with p< 0.05.
One unit of enzyme is defined as the μM of hydrogen
peroxide consumed per minute.

Fig. 2. Showing the SOD levels in the different tis-
sues of rats subjected to different treatments. Values
are expressed as mean± SD of six rats. ‘a’ indicates
values are significantly different from Normal
Control rats with p< 0.001. ‘b’ indicates values are
significantly different from Normal Control rats with
p< 0.05. ‘∗∗’ indicates values are significantly dif-
ferent from Diabetic Control rats with p<0.001. ‘∗’

indicates values are significantly different from
Diabetic Control rats with p< 0.05. One unit is the
enzyme required to inhibit the chromogen produc-
tion by 50% in one minute.
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which were 4.01 ± 0.037, 8.81 ± 0.8, 5.25 ± 0.47 and
10.59 ± 1.332U/mg protein in liver, kidney, Heart and serum re-
spectively. Administration of DK increased SOD activity in all the rats.
In diabetic rats increase in SOD reflected the increasing dose in all
tissues except in kidney. In kidney all the DK doses caused a similar
increase and the increase caused by different doses was significantly
different from diabetic control and normal control (p < 0.001 and
P < 0.05). 5–10 times increase in SOD activity was observed in the
liver of diabetic rats fed DK with the highest dose producing the highest
increase. In normal rats low dose of DK (dose-A) produced the highest
increase in SOD activity. Higher doses also caused an increase in SOD
activity, but the increase was not as high as in dose A fed rats. The
change in SOD activity in the liver of group DC, CDKB and CDKC are
not significant compared to NC. In the case of heart there was no sig-
nificant difference between normal and group CDKC rats. DK admin-
istration increased the SOD level. No significant difference in SOD ac-
tivity in the serum of groups DC and CDKC compared to NC. In normal
rats the lowest dose of DK caused the highest increase in SOD activity in
all the tissues studied. The rate of increase in SOD activity decreased
with increasing dose of DK.

3.3. Glutathione peroxidase

Glutathione peroxidase reduces oxygen free radical containing
molecules in corresponding alcohols. It also converts hydrogen per-
oxide into water. The levels of its activities varied due to DK adminis-
tration in different tissues but those were not as pronounced as that in
cases of CAT and SOD. In normal rats, its activities were recorded to be
9.52 ± 0.86, 10.4± 0.52, 3.49± 0.319 and 7.01± 0.64 U/mg
protein in liver, kidney, heart and serum respectively (Table 1). Its
activities decreased drastically (p < 0.001) in diabetic rats as com-
pared to normal controls except in serum. Its activity dropped to 2.8%,
10% and 3.8% in liver, kidney and heart but to about 75% in serum.
Here also an increase in the enzyme activity in diabetic rats because of
administration of DK and the increase in glutathione peroxidase was
more in non-diabetic rats than in diabetic animals. In normal rats the
DK administration increased the enzyme activity most effectively by the
lowest dose used in the study (dose A) (P < 0.001). In normal rats,
higher doses of DK produced varying effects in different tissues. In liver
and kidney intermediate dose (dose B) also resulted a significant in-
crease, but, interestingly, the highest dose used (dose C) did not pro-
duce any noticeable change in activity of this enzyme. In heart of
normal rats all the doses produced significant increase (p < 0.001),
but the pattern of increase was similar to that observed in liver and
kidney ie., dose A producing highest effect and the level of increase was
lesser in dose B and least in dose C fed rats. In serum also DK admin-
istration increased the enzyme activity, but to a lower level compared
to that in other tissues studied. No significant difference was observed
in serum of DK fed normal rats.

3.4. Glutathione Reductase

There was a tissue specific variation in activity of GRd also. Enzyme

activities were recorded to be 7.30 ± 0.39, 10.14 ± 0.92,
8.7 ± 0.36, and 2.55±0.106 U/mg protein in liver, kidney, heart and
serum respectively (Fig. 3). GRd activity significantly (p < 0.001)
declined in all tissues except in kidneys of diabetic rats when compared
to normal controls. However the decrease was not as pronounced as
seen in case of other enzymes. This decrease in GRd activity was also
reversed by DK administration. Even the lowest dose used produced a
significant increase (p < 0.001). The increase in GRd activity with DK
administration reflected some dose and tissue dependence. In normal
rats DK administration increased the GRd activity, but the pattern of
increase was different from that observed in DK fed diabetic rats where
the increase in activity was proportional to the amount of medication
gavaged in rats. In DK fed normal rats, the lowest dose produced the
highest increase in enzyme activity. In heart all the doses produced
almost similar increase.

3.5. Lipid profiles

A significant increase in fatty acids, lipids and cholesterol in tissues
and serum during diabetic conditions is a very well known undesired
outcome. Lipid profiles such as TC, FFA, TG and PL concentrations were
analyzed in diabetic rats and compared with those in normal control
rats. Also, effect of administration of DK on lipid profile values in
normal control and diabetic rats was studied.

3.5.1. Total cholesterol (TC)
Level of cholesterol in tissues was in range of 3–6 mg/g of wet

weight and 40–53.6 mg/dl in serum. In diabetic rats the level increased
by 19.2, 79.7, 37.7 and 23.2% in liver, kidney, heart and serum re-
spectively (Table 2). A significant increase (P < 0.001 and P < 0.05)
in TC was observed in all the tissues analyzed except in serum of dia-
betic rats compared to normal. Administration of DK reduced this in-
crease in a dose dependent manner. High dose of DK decreased the TC
level below normal in all the tissues analyzed except in serum where the
decrease was not significant. Similar effects were observed in DK fed
normal rats. In normal rats, the DK administration reduced the TC level
in all the tissues except in serum where the dose A resulted and increase
in TC.

3.5.2. Free fatty acids
Levels of FFAs displayed tissue related variations. Its levels were

5.742±0.228, 6.07±0.241, 2.26± 0.09 mg/g tissue in liver, kidney
and heart respectively (Table 3). In serum of normal rats, the FFA was
67.6± 2.68 mg/dl. Changes in FFA levels were in a similar pattern as
seen in case of TC. Increases in the FFAs by 53.4, 29.48, 107.7 and
43.04% in liver, kidney, heart and serum respectively were seen in
diabetic rats and the FFA level increase was statistically significant
(P < 0.001). Administration of DK to diabetic rats reduced the FFA
level in all tissues studied. The decrease was in a dose dependent
manner in heart, kidney and serum. In liver FFA level was brought to
normalcy by dose A, but higher doses did not make any further effect.
Hence this result demonstrates a tissue-specific effectiveness of the
preparation. The highest dose brought down the FFA level to normal or

Table 1
Glutathione Peroxidase (Units/mg protein).

SL.NO GROUPS LIVER KIDNEY HEART SERUM

1 NORMAL CONTROL 9.52 ± 0.87 ** 10.41 ± 0.53 ** 3.5 ± 0.32** 7.02 ± 0.64
2 DIABETIC CONTROL 0.27 ± 0.03a 1.41 ± 0.07a 0.09 ± 0.01a 5.31 ± 0.49a**
3 DIABETIC + DOSE A 8.49 ± 0.78** 10.38 ± 0.52 ** 0.40 ± 0.37a 5.41 ± 0.49a

4 DIABETIC + DOSE B 7.95 ± 0.72 ** 9.92 ± 0.50 ** 0.72 ± 0.07b 5.79 ± 0.53b

5 DIABETIC + DOSE C 13.85 ± 1.26a** 10.61 ± 0.54** 1.36 ± 0.13b 6.47 ± 0.59 *
6 NORMAL + DOSE A 21.75 ± 1.99a** 15.68 ± 0.79a** 26.54 ± 2.42a** 7.13 ± 0.65 **
7 NORMAL + DOSE B 15.63 ± 1.43a** 12.78 ± 0.65a** 19.39 ± 1.77a** 6.45 ± 0.59*
8 NORMAL + DOSE C 9.72 ± 0.89 ** 10.87 ± 0.55 ** 15.70 ± 1.43a** 6.36 ± 0.58 *
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even below in non-diabetic rats. Administration of DK in normal rats
did not affect the FFA level in liver and heart whereas in kidney and
serum the FFA level decreased significantly (P < 0.001 and
P < 0.05).

3.5.3. Phospholipids
PL level increased significantly (p < 0.05) in the liver, heart and

serum of diabetic rats (Table 4), but no significant change was observed
in kidney. DK administration significantly (P < 0.001 and P < 0.05)
decreased PL levels in all tissues in both diabetic and non diabetic rats
in a dose dependent manner. In liver and heart, dose B was able to bring
the PL to a level below normal, but in serum a higher dose (dose C) was
need to bring the PL level to normalcy. The decreases in diabetic rats
due to the highest dose of DK were 27%, 34%, 25 and 22% in liver,
kidney, heart and serum respectively. All doses of DK decreased PL far
below normal levels in the different tissues except heart and serum. In
heart and serum the dose A and B resulted a decrease in PL level, but
remained above or same as normal levels.

3.5.4. TG
Levels of TG varied in different target tissues. Its levels were

2.78 ± 0.1, 3.32±0.12 and 2.23±0.79 mg/g of wet weight in liver,
kidney and heart and 50.356 ±1.78 mg/dl in serum (Table 5). A

significant increase in TG levels was observed in all the tissues of the
diabetic rats. The increases were 112.8%, 87.4%, 65.02% and 32% in
liver, kidney, heart and serum respectively. TG levels in the liver re-
mained normal in DK administered normal rats. A significant
(P < 0.001 and P < 0.05) decrease in the TG level in the liver,
kidney, heart and serum was observed in DK fed diabetic rats compared
to diabetic control rats. In kidney and heart of diabetic rats the dose C
was sufficient to bring the TG level to normal. TG levels in the serum of
all rats except DDKA showed significant difference (P < 0.001 and
P < 0.05) from NC. In heart and serum, the dose C brought the TG
level to about 50% of normal value.

4. Discussion

Around the globe incidences of diabetes is increasing at a rampant
rate which is causing a big financial and social dent in infrastructure of
the society. Almost all organs of a body are adversely affected by dia-
betes which leads to a number of health related problems. Though a
number of pharmacological agents are in use to minimize the ill-effects
brought about by diabetes, they have some degree of undesired side
effects. In order to find an additional therapeutic help from conven-
tional Indian Medical literature, we chose to evaluate an Ayurvedic
preparation in diabetic rats.

Fig. 3. Showing the levels of glutathione reductase
in the different tissues of rats subjected to different
treatments. Values are expressed as mean± SD of six
rats. ‘a’ indicates values are significantly different
from Normal Control rats with p<0.001. ‘b’ in-
dicates values are significantly different from Normal
Control rats with p< 0.05. ‘∗∗’ indicates values are
significantly different from Diabetic Control rats
with p<0.001. ‘∗’ indicates values are significantly
different from Diabetic Control rats with p< 0.05.
One unit is the μM of NADPH oxidised per minute.

Table 2
Total cholesterol.

SL.NO GROUPS LIVER KIDNEY HEART SERUM

1 NORMAL CONTROL 5.21 ± 0.18 ** 5.94 ± 0.21 ** 6.1 ± 0.22 ** 43.61 ± 1.55 **
2 DIABETIC CONTROL 6.23 ± 0.22a 9.71 ± 0.34a 8.36 ± 0.3a 53.77 ± 1.91a

3 DIABETIC + DOSE A 5.17 ± 0.18** 6.74 ± 0.24a** 7.02 ± 0.25a** 52.16 ± 1.85a

4 DIABETIC + DOSE B 4.6 ± 0.16a** 6.03 ± 0.21 ** 5.95 ± 0.21 ** 50.74 ± 1.8a

5 DIABETIC + DOSE C 4.46 ± 0.16a** 5.79 ± 0.21 ** 6.23 ± 0.22 ** 51.56 ± 1.83a

6 NORMAL + DOSE A 4.85 ± 0.172b** 4.37 ± 0.16a** 6.18 ± 0.22 ** 50.38 ± 1.79a*
7 NORMAL + DOSE B 3.88 ± 0.14a** 5.61 ± 0.19 ** 5.63 ± 0.2b** 41.83 ± 1.48 **
8 NORMAL + DOSE C 3.92 ± 0.14a** 5.33 ± 0.19a** 4.98 ± 0.18** 40.04 ± 0.42b**
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It is well established fact that increased oxidative stress, also ob-
served in diabetes suffering individuals, induces dysfunction of the β-
cells and contributes to the progression of diabetes [31]. Decreased
level of antioxidant enzymes observed in the diabetic rats recorded in
present study is in a good agreement with the previous reports [5]. The
main functions of the free radical scavenging enzymes such as SOD,
CAT, GPx, GRd are to protect the biological molecules and there by the
whole system from free radical-induced damages [32,33]. SOD converts
the most detrimental superoxide anions in to less toxic hydrogen per-
oxide and oxygen while the heam –containing ubiquitous enzyme CAT
detoxifies H2O2 by converting it into water and oxygen [34]. The an-
tioxidant enzyme GPx also scavenges H2O2. In addition to that, GPx is
also involved in decreasing the levels of lipid-peroxides and organic
hydroperoxides [35]. Another important antioxidant enzyme, GRd,
helps in recycling of oxidised glutathione back into glutathione [36].

In the present study, we investigated the effect of DK in rat model of
diabetes. In this study we mainly focused on parameters like anti-
oxidant enzymes and lipid profiles. Antioxidant enzymes like CAT,
SOD, GPx, GRd were decreased in diabetic rats, but DK administration
reversed this. Antioxidants help biological system to repair damages
caused by the free radicals [37]. Deleterious effects of free radicals
depend on their levels which is counteracted by the ability of the cells
to detoxify these radicals by employing the enzymes involved in free
radical transmutation [38]. DK administration increased the levels of
the antioxidant enzymes. This in turn might have removed the toxic
compounds from the body which explains the low levels of these
compounds observed in DK administered rats.

Animals that are made diabetic by injecting STZ are commonly used
as typical animal disease model for studying diabetes [39]. Enhanced
production of ROS by the injected STZ induces cytotoxicity in pan-
creatic β-cells leading to reduced insulin production [40]. Antioxidants
and free radical scavengers help protect pancreatic Islets from the ac-
tion of STZ and also help in the regeneration of the pancreatic β-cells
[41]. Active ingredients of most herbal ingredients of DK have strong
antioxidant activities [21]. Increase in antioxidant parameters in DK fed
diabetic and normal rats may be due to two reasons. DK may act as a
powerful antioxidant in biological system which may help in the re-
moval of the free radicals in DK fed rats. So the turnover rate of natural
antioxidants in the body was decreased. Another way could be by direct
stimulation of the activity of CAT, SOD, GPx and GRd by DK which, in
turn, could have removed the free radicals.

Lipid profiles of various molecules like TC, FFA, TG and PL de-
monstrated that these were increased in diabetic rats. It is a well es-
tablished fact also observed in human beings. The increased lipid levels
have a inhibitory effect on insulin production [42]. DK administration
decreased lipid profiles in diabetic rats and also had reduced blood
glucose level. This decrease in lipid levels might have removed the
inhibition on insulin production which, in turn, resulted in reduced
glucose levels. Dyslipidaemia, a common phenomenon observed in
patients having insulin deficiency or insulin resistance, plays a major
role in developing cardiovascular diseases (CVD) in diabetic patients
[43,44] CVD has been found to be the most prevalent causative factor
in diabetes related mortality [45]. The observed decrease in lipid levels
due to DK administration indicates its ability to reduce CVD in diabetic
patients and hence the related mortality.

In a later study the experiments were repeated in female rats of the
same strain. The results are not reported as there were no significant
differences in between the sexes.

DK is rich in phytochemicals such as polyphenols, tannins, flava-
noids etc [21]. Polyphenols have anti-lipidemic activity [46,47]. Tan-
nins decrease dietary absorption of cholesterol [48] The presence of
large amount of phytochemicals [48] with excellent antioxidant ac-
tivity may be the reason for the antihyperlipidemic activity of DK in
diabetic and normal rats.

It is also a point to keep in one's mind that it is almost impossible to
determine the amount and nature of active ingredients of herbal pre-
parations in general which may also in case of DK. Also, the time of
harvesting those herbs and method of preparation of decoction may
contribute to batch to batch variations.

5. Conclusion

The present study has shown a decrease in the activity of anti-
oxidant enzymes in diabetic rats whereas lipid profile demonstrated
enhanced levels of cholesterol and lipids. Administering DK to diabetic
rats resulted in a reversal of the situation. From these results, it can be
concluded that DK, a polyherbal formulation used in Ayurvedic practice
for centuries, exerts significant antioxidant and anti hyperlipidemic
activity. This herbal product could be developed as a promising natural
and safe remedy or as a preventive agent in diabetes mellitus.

Table 3
Free Fatty Acids (mg/g tissue/dL serum).

SL.NO GROUPS LIVER KIDNEY HEART SERUM

1 NORMAL CONTROL 5.74 ± 0.23 ** 6.07 ± 0.24 ** 2.26 ± 0.09 ** 67.61 ± 2.68**
2 DIABETIC CONTROL 8.83 ± 0.35a 7.86 ± 0.31a 4.69 ± 0.19a 96.66 ± 3.83a

3 DIABETIC + DOSE A 5.10 ± 0.20a** 5.64 ± 0.22b** 2.55 ± 0.10a** 85.38 ± 3.38a**
4 DIABETIC + DOSE B 6.11 ± 0.24** 4.03 ± 0.16a** 2.53 ± 0.10b** 78.13 ± 3.1a**
5 DIABETIC + DOSE C 5.33 ± 0.21** 3.52.14a** 2.29 ± 0.09 ** 67.98 ± 2.7 **
6 NORMAL + DOSE A 5.24 ± 0.21b** 2.82 ± 0.11a** 2.54 ± 0.10b** 60.33 ± 2.39b**
7 NORMAL + DOSE B 5.28 ± 0.21b** 2.90 ± 0.12a** 2.43 ± 0.1 ** 58.76 ± 2.33a**
8 NORMAL + DOSE C 5.13 ± 0.20a** 2.56 ± 0.10a** 2.19 ± 0.09 ** 59.42 ± 2.36a**

Table 4
Phospholipids (mg/g tissue/dL serum).

SL.NO GROUPS LIVER KIDNEY HEART SERUM

1 NORMAL CONTROL 9.02 ± 0.31 ** 10.11 ± 0.34 * 13.1 ± 0.47 ** 95.27 ± 3.22 **
2 DIABETIC CONTROL 11.44 ± 0.39a 10.75 ± 0.36b 15.66 ± 0.53a 109.15 ± 3.69a

3 DIABETIC + DOSE A 10.35 ± 0.35a** 8.66 ± 0.29a** 15.29 ± 0.52a 107.51 ± 3.63a

4 DIABETIC + DOSE B 8.33 ± 0.28b** 8.46 ± 0.29a** 13.19 ± 0.45 ** 104.15 ± 3.52a

5 DIABETIC + DOSE C 7.48 ± 0.25a** 8.45 ± 0.29a** 12.64 ± 0.45a** 97.22 ± 3.29 **
6 NORMAL + DOSE A 6.75 ± 0.23a** 7.84 ± 0.267a** 12.18 ± 0.41a** 77.72 ± 2.63a**
7 NORMAL + DOSE B 6.53 ± 0.3a** 7.58 ± 0.26a** 11.1 ± 0.38a** 78.17 ± 2.64a**
8 NORMAL + DOSE C 6.63 ± 0.22a** 6.52 ± 0.22a** 10.52 ± 0.37a** 74.51 ± 2.52a**
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