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ABSTRACT

The present study was undertaken to evaluate the antidiabetic and antioxidant effects of Snehakanthi,
a proprietary polyherbal formulation containing Salacia reticulata, Trigonella foenum-graecum,
Tribulus terrestris, Strychnos potatorum and Phyllanthus emblica, in streptozotocin (STZ)-induced
diabetic rats. The acute oral toxicity of Snehakanthi was initially evaluated, following which its
antidiabetic activity was assessed at doses of 200 and 400 mg/kg for 28 days. Fasting blood glucose
(FBG), oral glucose tolerance and body weight were evaluated, while tissue antioxidant status was
assessed by estimating superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and
reduced glutathione (GSH) levels in the liver, kidney and pancreas. Histopathological examination of
the liver and pancreas was also performed. Snehakanthi was well tolerated up to 2000 mg/kg, with no
mortality or apparent signs of toxicity. Treatment with Snehakanthi improved glycaemic parameters,
with more pronounced effects at 400 mg/kg. The 400 mg/kg dose significantly reduced FBG
(p<0.0001) on day 28 and significantly improved glucose tolerance at 60, 90 and 120 min (p<0.0001)
compared with diabetic control. It also significantly attenuated diabetes-associated body weight loss
(p<0.0001). Furthermore, Snehakanthi at 400 mg/kg significantly improved SOD, CAT, GPx and GSH
levels in several tissues, particularly the liver and pancreas, compared with diabetic control.
Histopathological examination revealed comparatively preserved hepatic and pancreatic architecture
in Snehakanthi-treated animals. Overall, Snehakanthi demonstrated significant antihyperglycaemic and
antioxidant effects in STZ-induced diabetic rats, accompanied by attenuation of diabetes-associated
hepatic and pancreatic histopathological alterations. These findings suggest that the beneficial effects
of Snehakanthi may be associated with improved glycaemic control and attenuation of diabetes-
induced oxidative stress, supporting its potential as a polyherbal intervention for experimental
diabetes.
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hyperglycaemic state, as well as long-term microvascular and
macrovascular ~ complications  including  nephropathy,
retinopathy, neuropathy, cardiovascular disease, stroke and
diabetic foot ulcers [1]. According to the International Diabetes
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Federation, approximately 537 million adults aged 20-79 years

INTRODUCTION

Diabetes mellitus (DM) is a chronic metabolic disorder
characterized by persistent hyperglycaemia resulting from
defects in insulin secretion, insulin action, or both, leading to
disturbances in carbohydrate, protein and lipid metabolism. If
inadequately controlled, diabetes may result in acute metabolic
complications such as diabetic ketoacidosis and hyperosmolar
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were living with diabetes in 2021, corresponding to a global
prevalence of approximately 10.5% in this age group [2]. Type
2 diabetes mellitus accounts for the vast majority of diabetes
cases worldwide.

Type 1 diabetes: Type 1 diabetes is primarily caused by
autoimmune destruction of pancreatic 3-cells, resulting in an
absolute deficiency of insulin. Although it commonly manifests
in children and young adults, it can occur at any age [3,4].
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Type 2 diabetes: Type 2 diabetes is the most common form of
diabetes, accounting for approximately 90-95% of cases. It is
characterized by insulin resistance accompanied by a
progressive inability of pancreatic -cells to secrete sufficient
insulin, resulting in relative insulin deficiency. Although it is
more common in adults, type 2 diabetes can occur in children
and adolescents, particularly in populations at increased risk
[3,4].

Gestational diabetes mellitus (GDM) is characterized by
hyperglycaemia first detected during pregnancy. Globally,
approximately one in 25 pregnancies is affected by GDM, which
is associated with adverse maternal and fetal outcomes during
the perinatal period and an increased risk of type 2 diabetes in
later life [5].

Clinical manifestations of diabetes mellitus commonly
include polyuria, polydipsia, polyphagia, unexplained weight
loss, fatigue, blurred vision, irritability or mood changes, dry or
itchy skin, and delayed healing of cuts and wounds. The onset
and progression of symptoms vary according to the type of
diabetes. In type 1 diabetes, symptoms may develop rapidly
over a period of a few weeks to months and may be severe,
whereas symptoms of type 2 diabetes generally develop more
gradually over several years and may remain unrecognized for
a prolonged period [6].

Medicinal plants and their bioactive constituents have been
traditionally used in many healthcare systems worldwide,
including for the management of diabetes mellitus. Several
medicinal plants with reported antidiabetic properties have
been investigated as potential therapeutic agents or as sources
of bioactive compounds and functional food supplements that
may complement conventional diabetes management [7].

The polyherbal formulation under study - Snehakanthi, is a
licensed proprietary formulation developed and manufactured
by Santhigiri Ayurveda and Siddha Vaidyasala. The formulation
used in the present study was provided through Navajyothi
Sree Karunakara Guru Research Centre for Ayurveda and
Siddha. It consists of powdered plant parts derived from
Salacia reticulata, Trigonella foenum-graecum, Tribulus
terrestris, Strychnos potatorum and Phyllanthus emblica. The
individual plant constituents of the formulation have been
reported to exhibit diverse pharmacological activities,
including antioxidant, anti-inflammatory, analgesic/
antinociceptive, antimicrobial, antibacterial and antipyretic
effects.[8,9,10] Phytoconstituents reported in the constituent
plants of Snehakanthi, including gallic acid, quercetin, ellagic
acid and epicatechin, have been associated with modulation of
oxidative stress and inflammatory signalling pathways,
including NF-kB and PPAR-y [11,12,13]. The purpose of this
study was to assess the in vivo antidiabetic and antioxidant
properties of Snehakanthi formulation.

METHODOLOGY

PREPARATION OF TEST SUSPENSION: Snehakanthi is a
licensed proprietary formulation developed and manufactured
by Santhigiri Ayurveda and Siddha Vaidyasala (Mfg.Lic.No:
61/25D/9). The test samples were collected from Batch no:
SP179 (Mfg.date: 11/2022). Each capsule of 500mg consists of
99.5 mg of powdered plant parts of
Trigonella foenum-graecum, Tribulus terrestris, Strychnos

Salacia reticulata,
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potatorum and Phyllanthus emblica each and also contains
excipients like starch IP (1mg), sodium benzoate IP (0.7mg)
and colloidal silicon dioxide IP (0.8mg). It was prepared as
suspension using 0.5% carboxy methylcellulose (CMC).
IAEC APPROVAL
The laboratory animals used in this experimental study got the
approval from the Institutional Animal Ethics Committee of
Nirmala  College of Pharmacy (Registration
1411/PO/Re/S/11/CPCSEA). Details of project proposal
sanctioned by IAEC are as follows:
Project proposal no. : NCP/IAEC/2022 /Protocol VII
Approved protocol title: Evaluation of antidiabetic activity of
polyherbal formulation
Approved date: 17/12/2022
Animals used: 39 Wistar rats (age: 60-80 days)(9 female rats-
acute toxicity studies, 30 male rats-antidiabetic studies)
ACUTE TOXICITY STUDY
For acute toxicity studies 9 female Wistar albino rats were
required as per OECD guideline 423. In accordance with annex
2c of OECD guideline 423 (Acute toxic class method), which
suggests a starting dose of 300 mg/kg body weight for the
extract whose toxicity is unknown, the rats were divided into
cages and placed in groups of three. It indicates that the next
larger dose (2000 mg/kg body weight) should be used if two-
thirds of the animals survive after the dose is administered. If
two-thirds of the animals survive after receiving 2000 mg/kg,
the same dosage will be administered for confirmation. [14]
IN VIVO ANTIDIABETIC STUDIES
Experimental Animals
Wistar albino rats (180-220g) were purchased from disease
free animal house of Vaarunya Biolabs Private Limited
Bengaluru, Karnataka (Reg.no: 2076 / PO / RcBiBt /S /19
/CPCSEA). The animals were kept in separate groups in a
laboratory setting with free access to food and water, at room
temperature between 22 and 24°C, and in alternate light and
dark cycles lasting 12 hours each. The antidiabetic study, which
took place between 9:00 and 17:00, required the animals to
acclimatise for 14 days.
Experimental design

Table 01: Induction of diabetes in rats

no:

Sl Route of
Group Treatment .. .
No administration
Group I
1 Normal Vehicle (0.5% CMC) p-o.
Control
G II
I,«OUP . Streptozotocin (60 .
2 Diabetic mg/kg) i.p.
control /%8
Group III Streptozotocin (60
3 Standard mg/ke) + i.p. + p.o.
group Glibenclamide (10
mg/kg)
Group IV Streptozotocin (60
4 | Treatment | mg/kg) + Snehakanthi i.p. + p.o.
group formulation (low dose)
Group V Streptozotocin (60 .
mg/kg) + Snehakanthi )
5 | Treatment . , i.p. + p.o.
rou formulation (high
group dose)
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Induction of diabetes in rats

The rats were allowed to fast overnight following 14 days of
acclimation. An intraperitoneal injection of 60 mg/kg
streptozotocin, freshly dissolved in 0.1M citrate buffer pH 4.5,
was used to induce diabetes (as shown in figure 1). To
minimize acute STZ-induced hypoglycemia, a 5% glucose
solution was administered to the animals overnight and they
were allowed to consume water. Animals having blood glucose
levels more than 250 mg/dl were deemed diabetic and
included in the experiment after their levels were tested 72
hours later.[15] On the third day following the streptozotocin
injection, the plant extract was administered (as shown in
figure 2); this is regarded as the first day of therapy, which
lasted for 28 days. [16]

Figure 2: Administration
of drug in rats

30 rats were randomly divided into different groups including
normal control group, diabetic control group, standard group
(Glibenclamide10mg/kg) and treatment group (high dose and
low dose). Test group of animals were treated with low dose
(200mg/kg) and high dose (400mg/kg) of Snehakanthi
formulation (which was prepared in 0.5% CMC) and standard
group Glibenclamide (10mg/kg) (prepared in 0.5% CMC) by
oral administration. The drug administration was continued for
28 days, given once daily [17].

Fasting blood glucose levels and body weight were assessed on
days 0, 7, 14, 21, and 28. FBG was determined using a one-
touch glucometer using blood obtained from the tail vein. An
oral glucose tolerance test (OGTT) was also performed to
evaluate glucose handling following an oral glucose challenge,
with blood glucose levels measured at predetermined intervals
after glucose administration [18].

Figure 01: Induction of
diabetes in rats

BIOCHEMICAL PARAMETERS

Estimation of blood glucose levels

a) Fasting blood glucose (FBG) test

Diabetes mellitus severity is directly correlated with fasting
glucose levels. The rats were fasted for at least eight hours,
generally in the morning, before blood was obtained from the
tip of the tail vein by snipping the tail. The one-touch
glucometer was used for this. The fasting glucose test was
conducted on days 0, 7, 14, 21, and 28 in order to validate the
findings.[18]

b) Oral glucose tolerance test (OGTT)

Rats in all experimental groups were administered glucose
orally at a dose of 2 g/kg, one hour following administration of
the respective treatments. At 0, 30, 60, 90, and 120 minutes,
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blood samples were taken via tail snip. The blood glucose level
was calculated at periodic time intervals using one-touch
glucometer [18].

c) Body weight comparison test

On days 0, 7, 14, 21, and 28, the rats' body weight was
recorded. After diabetes was induced, the rats' body weights
decreased, as seen by a comparison between the diabetic rats
and the normal control group [18].

HISTOPATHOLOGICAL EXAMINATION

Following the conclusion of the study, the euthanization of
animals was done using a COz chamber. After being cleaned
with ice-cold 0.9% saline, the liver and pancreas were
preserved in 10% formalin embedded in paraffin and then
sliced into sections that were 5 um thick using a microtome.
Standard procedures were used to mount the sections on glass
slides. Following hematoxylin-eosin staining, the sections were
seen at 40X magnification and captured on camera using a light
microscope [19].

ANTIOXIDANT TESTS USING BIOMARKERS

Following the conclusion of the study, the euthanization of
animals was done using a COz chamber, and their pancreas,
liver, and kidney were removed. Within 30 minutes following
dissection, the liver, kidneys, and pancreas were further
processed, weighed, and kept on ice after being cleaned with
ice-cold phosphate buffer. On the same day, oxidative stress
was estimated. Ten times (w/v) sodium phosphate buffer pH
7.8 was used to homogenize the tissue from the liver, kidney,
and pancreas. The supernatant was utilized to estimate the
levels of glutathione peroxidase (GPX), reduced glutathione
(GSH), catalase, and superoxide dismutase (SOD) after the
homogenate was centrifuged for 15 minutes at 3000 rpm in a
tabletop centrifugal machine.

a) Estimation of Superoxide dismutase (SOD)

50ul of tissue samples were added to the reaction mixture
containing 50mM phosphate buffer (pH 7.8), 45uM methionine,
5.3mM riboflavin and 84puM potassium ferric cyanide. The
tubes were then incubated at 25°C for 10 minutes and the
absorbance was read on spectrophotometer at 600nm [20].

b) Estimation of Catalase (CAT)

To 1.2 ml of 0.01Mm phosphate buffer (pH 7.0), 0.5ml of tissue
homogenate was added. The enzyme reaction was started by
the addition of 1 ml of 0.2mM hydrogen peroxide solution. The
decrease in absorbance was measured at 240nm for every 30
seconds up to3 minutes.
simultaneously with 1 mlof distilled water instead of hydrogen
peroxide. The enzyme activity was expressed as enzyme unit
/mg of protein [21].

c) Estimation of Reduced Glutathione (GSH)

1ml of tissue homogenized in PBS was taken in a test tube.
0.5mL of phosphate buffer (0.2M pH 8), 1.3mL distilled water
and 0.2mL of DTNB (0.6mM) were added. The contents were
mixed well and read on spectrophotometer at 420nm. The GSH

The enzyme blank was run

levels were compared with a standard reduced glutathione
graph. [22]

d) Estimation of Glutathione Peroxidase (GPx)

50ul of tissue homogenate was added to a test tube containing
3ml of reaction mixture [1mg of § -NADPH +1mM glutathione
reduced]. Mixed by inversion and equilibriated to 25°C and
monitored the absorbance at 340nm until constant. The tube
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containing 3ml reaction mixture and 50pl of phosphate buffer
with Dithiothreitol at pH 7 was taken as blank. 50ul of 0.042%
hydrogen peroxide was added to these tubes. Immediately
mixed by inversion and recorded the decrease in absorbance at
340nm for approximately 5 minutes [23].

STATISTICAL ANALYSIS

The statistical analysis was performed using GraphPad Prism
Version 9.5. All the results were expressed as Mean + SEM. The
data were analysed using Two way Analysis of Variance
(ANOVA) followed by Dunnett’s multiple comparison test.

RESULTS

ACUTE TOXICITY STUDY

Determining a drug's therapeutic index and confirming its
safety in vivo are the goals of acute toxicity studies. The acute
toxic class method (OECD 423) help in an approximate
assessment of LD50 value in experimental animals. The acute
oral toxicity studies of the Snehakanthi formulation were
studied on female Wistar rats as per OECD guidelines 423 of
acute toxic class method. Up to the dosage level of 2000 mg/kg,
there was no fatality, according to the OECD guidelines 423 of
acute toxic class method. At the conclusion of the 14-day
observation period, all the animals were observed to be normal
and had no noticeable behavioral changes. The animals were
sacrificed and organs isolated indicated no gross
morphological changes as well. (as shown in figures 3, 4, 5 and
6)

The rats tolerated the dose up to 2000 mg/kg well, and there
were no appreciable differences in body weights before and
after the treatment period. Therefore 200mg/kg (1/10th of the
maximum safe tolerable dose of the extract) and 400mg/kg
(1/5th of the maximum safe tolerable dose of the extract) were
selected for evaluation of in vivo antidiabetic activity.

Figure 03: Liver

Figure 06: Organ system

BIOCHEMICAL PARAMETERS

Effect of Snehakanthi formulation on Fasting Blood
Glucose (FBG) levels

On days 0, 7, 14, 21, and 28 of drug administration, the fasting
blood glucose levels of both normal and experimental rats
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were assessed in comparison to diabetic control group. It was
observed that there was a progressive increase in fasting
blood glucose (FBG) in the diabetic control group, while in
contrast, both glibenclamide and Snehakanthi produced
progressive reductions in FBG throughout the 28-day
treatment period. On day 28, Snehakanthi (400 mg/kg)
exhibited a highly significant reduction (p<0.0001) in FBG
compared with the diabetic control group. The 200 mg/kg
dose also produced a significant reduction on day 28
(p<0.0001). The findings indicate a dose-dependent anti-
hyperglycaemic effect of Snehakanthi. (as shown in table 02
and figure 07).
Table 02: Fasting blood glucose levels

1] =) ~ 3 g ﬁ

S | & | R > > >

2 a a < < <

= a (=] a

S

Group

1 81.16| 82.16+0.| 83.33+x1.3| 82.66+1.1| 82.16+0.7
Normal | +1.16| 90 5 4 9
control

Group
Diazbeti 314+ 328+1.3| 341.33+2.| 369.83+2.| 382.16%0.
c 1.63 6 02 78 83
control

Group

3

STZ + 293#| 213+1.4| 151£2.38"| 125.16+1.| 101.670.
GBC 2.03* 6 . 4727 8g*
(10
mg/kg)

Group

4

STZ + 303+| 299.33+| 229.83+1.| 169.33+2.| 148+1.36"
SKF 1.82% 135" 4™ 54
(200
mg/kg)

Group

5

300+

STZ + 157" 264+1.5| 169.83+1.| 138.16+1.| 104.5+1.6
SKF o Y 19+ g
(400
mg/kg)

Values are given as mean + SEM (n=6).

"p<0.05, *p<0.01, ™p<0.001, ™ p<0.0001 when compared to
Diabetic control group (two-way ANOVA followed by Dunnett
test) (SKF- Snehakanthi formulation)

— 500

= B3 Normal control
3| 400 B3 Diabetic control
E =3 Standard

a| 300

E| £ Test (low dose)
=

7| 200 B3 Test (high dose)
2

2| 100

H

=1 0

Day0 Day7 Day14 Day21 Day28

Figure 07: Fasting blood glucose level
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Effect of Snehakanthi
tolerance tests (OGTT)
The OGTT results show that the diabetic control group had
markedly elevated blood glucose throughout the 120-minute
period, with a peak at 30th minute and only a gradual decline
thereafter. In contrast, both glibenclamide and Snehakanthi
markedly improved glucose tolerance. Snehakanthi 400
mg/kg significantly reduced blood glucose at 0, 30, 60, 90
and 120 min compared with the diabetic control group
(p<0.0001 at all time points). The 400 mg/kg dose showed a
greater improvement than the 200 mg/kg dose and produced a
response comparable to glibenclamide, indicating a
pronounced antihyperglycaemic and glucose-tolerance-
improving effect of Snehakanthi. (as shown in table 03and
figure 08)

formulation on Oral glucose

Table 03: Oral glucose tolerance test

0 120
Groups . 30 min | 60 min | 90 min .
min min
1- | 821
Group 8 16932 | 15822 | 141.00 | 128.13
Normal | 6% | .5 | 180 | +110 | +101
control 0.79 - - - -
Group 2 - | 382.
J;‘:;tic Lo | 49963 | 45514 | 410.09 | 40015
N +1.78 +1.12 +1.49 +1.81
control 0.83
Group3- | 101 | 187.42 | 12218 | 11054 | o
STZ +GBC | 67 + + + + oo
(10 0.88 | 0950 | 1.10%* | 0.96** | ~ )
Group 4 - | 148. | 22812 | 16527 | 15225 | 140.49
STZ +SKF | 00+ + + + +
(200 136 | 1.35% | 1.81%* | 1.01%% | 0.76%*
Group 5- | 104. | 191.34 | 126.80 | 116.24 | 108.63
STZ+SKF | 50+ + + + +
(400 1.68 | 1.58* | 1.68* | 0.98% | 0.8g***

Values are given as mean + SEM (n=6).

"p<0.05, *p<0.01, ™p<0.001, ™ p<0.0001 when compared to
Diabetic control group (two-way ANOVA followed by Dunnett
test)

] 600

g = Normal control
é Hm Diabetic control
2| 400~ B Standard

3 El Test (low dose)
[0}

3 B Test (high dose)
S| 200

E)

o

o

o

(2] oA

0 30 60 9
Figure 08: Oral glucose tolerance test

Effect of Snehakanthi formulation on body weight (BW)
The diabetic control group showed a progressive decline in
body weight fromday 0 today 28, indicating diabetes-
associated weight loss. In contrast, both glibenclamide and
Snehakanthi treatment attenuated this decline. Snehakanthi
(400 mg/kg) significantly improved body weight from day
14 onwards. On 28t day, it was observed that rats treated
with a high dose of SKF (400 mg/kg) had a statistically

120
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significant (p<0.0001) increase in body weight compared to
rats of diabetic control group. The 200 mg/kg dose showed a
similar but somewhat lesser effect. Overall, the findings
indicate that Snehakanthi, particularly at 400 mg/kg,
significantly attenuated diabetes-associated body-weight
loss over the 28-day treatment period. (as shown in table 03
and figure 09)
Table 04: Body weight comparison

D
Groups | Day 0 | Day?7 lill-y Day 21 Day 28
Group 1
- 188.12 | 191.26 | 195.42 | 200.37 + | 210.17 =
Normal | +130 | £+2.67 | £0.89 1.39 0.76
control
Group 2
- 182.32 | 155.56 | 148.65 | 139.18+ | 130.32
Diabetic | +2.45 | £+143 | +1.17 2.23 1.28
control
Group 3
-STZ+ | 190.21 153'47 161'24 17534+ | 185.27 +
- - skkokk skkokk
GBC (10 | +1.81 2o7% | 1agees 0.78 2.56
mg/kg)
Group 4
-STZ 158.1 164.2
:KF+ 182.18 5? 3 6+ 8 165.16 + | 169.28 +
+24 N . BOFFE | 1, 16%H*F
(200 5 0.87* 2.32%* 086 6
mg/kg)
Group 5
-STZ 161.32 | 168.
:KF+ 187.36 6+3 6?{36 171.23+ | 179.22 +
+2.78 ~ _ 1.06%F** | 2.24%%*x
(400 1.65% | 2.67***
mg/kg)

Values are given as mean * SEM (n=6).
"p<0.05, *p<0.01, " p<0.001, **p<0.0001 when compared to
Diabetic control group (two-way ANOVA followed by Dunnett

test).
250
=3 MNormal control
5 200+ Bl Diabetic control
= B Standard
5 | 150
‘3 E Test (low dose)
2 | 100- B Test (high dose)
3
m| 50
D 1 1

1 1
DAY 0 DAY 7 DAY 14 DAY 21 DAY 28

Figure 09: Body weight comparison

Histopathological Studies

All the animals were sacrificed at the conclusion of the 28th
day in order to obtain the liver and pancreas. After being
cleaned in ice-cold 0.9% saline, the organs were preserved in
10% formalin embedded in paraffin and then sliced into
sections that were 5 um thick using a microtome. Standard
methods were used to mount the sections on glass slides.
Following Hematoxylin-Eosin staining, the sections were seen
at 40X magnification and captured on camera using a light
microscope.
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Normal control (a) Diabetic control (b)

Low dose (&)

High dose (.d)
Figure 10: Histology of Liver

(a)Normal control rats had normal liver architecture whose
hepatic lobules had a wuniform pattern of polyhedral
hepatocytes (b) Diabetic control rats showed disrupted
arrangement and degeneration of hepatocytes and massive
vacuolization (indicated by orange arrows) in the lobules and
increased glycogen deposition (indicated by black arrows). (c-
e) Glibenclamide- and SKF-treated rats showed a remarkable
degree of preservation of the cellular arrangement with only
mild vacuolization in the lobules and decreased glycogen
deposition.

Histology of Pancreas

Standard (c)

Hig}; d:;se (d) Low (.iose (e)
Figure 11: Histology of Pancreas

Fig 11(a) shows normal architecture of the pancreatic tissue
and in fig 11 (b) pancreatic section of diabetic rat showing
degenerative changes in the islets and f3 cells.

Fig 11(c) section of pancreatic tissue from a diabetic rat treated
with glibenclamide and Fig 11(d) and 11(e) of test group
showing restored to near normal architecture after the

treatment period.

Standard(c)

Antioxidant Tests Using Biomarkers

Estimation of SOD and CATALASE

The diabetic control group showed a marked reduction in SOD
and CAT activities in the liver, kidney and pancreas compared
with the normal control, indicating impaired antioxidant
defence associated with diabetes. Treatment with Snehakanthi
improved these antioxidant enzymes in all three tissues. At
400 mg/kg, Snehakanthi significantly increased SOD activity in

[195]

the liver and pancreas (p<0.05) and CAT activity in the liver
(p<0.01) and pancreas (p<0.001) compared with the
diabetic control. The 400 mg/kg dose also produced greater
improvement than the 200 mg/kg dose in most parameters,
suggesting that Snehakanthi, particularly at the higher dose,
attenuated diabetes-associated oxidative stress by
enhancing endogenous antioxidant defence. (as shown in
table 05 and figures 12,13)
Table 05: Estimation of SOD and CATALASE

Grou SOD CAT
0P/ (U/m
mg) g)
Live | Kidn | Pancr Liver Kidn | Pancr
r ey eas ey eas
Group
I_
Norma 8'f8 14;62 486+ 81;23 36;74 18.12
! 046 | 076 | 38 | 386 | 288 | ¥09?
contro
1
Group
1l -
Diabet 4'36 9'f6 241+ 43;(26 29;(26 7.78 +
1c 038 | 072 | 10 | 274 | 318 | 070
contro
1
Group
I - 8.04 74.84 14.64
STZ + ", 1384 |, 0, . 31.98 N
GBC - + o . + o
(10 0.:}8 066+ | 028 4.8*0 239 0.6*8
mg/kg
)
Group
V- 6.84 67.36
STZ + , 1168 | 500, N 30.76 | 12.62
SKF - + D . + +
(200 0'32 068 | 0% 3'23 2.86 | 0.60**
mg/kg
)
Group
V-STZ 73.86 14.20
7.86 | 13.58 31.55
248(1)((:: t04] ¢ %03203 a5z | 5 | oeze
mg/kg 4 0.64 . 2.28 .
)

Values are given as mean *+ SEM (n=>5).
*p<0.05, **p<0.01, ***p<0.001 when compared to diabetic
control group (two-way ANOVA followed by Dunnett test)

20+
3 Normal control

B Diabetic control
= Standard

B Test (low dose)
= Test (high dose)

SOD (U/img)
- -
= o
1 1
1

w
1

Wil

Pancreas

=
I

Kidney
Tissue homogenates |

Liver

Figure 12: Estimation of SOD
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Estimation of GSH and GPx

The diabetic control group showed a marked reduction in GPx
activity and GSH levels in the liver, kidney and pancreas
compared with the normal control, indicating impaired
endogenous antioxidant defence. Treatment with Snehakanthi
significantly improved both parameters. At 400 mg/kg,
Snehakanthi significantly increased GPx activity in the liver
(p<0.001), kidney (p<0.001) and pancreas (p<0.01), while
GSH levels were significantly increased in the liver (p<0.001),
kidney (p<0.01) and pancreas (p<0.05) compared with
diabetic control. The higher dose generally produced greater
improvement than 200 mg/kg, indicating that Snehakanthi,
particularly at 400 mg/kg, enhanced tissue antioxidant
defence and attenuated diabetes-associated oxidative
stress. (as shown in table 06 and figures 14,15)

Table 06: Estimation of GSH and GPx

GPx(U/mg protein) GSH(pmol/g)
L . Kidne|Pancre | . Kidne| Pancre
Liver Liver
y as y as
9.72+|7.70+| 5.78% |2.86+|1.76+| 3.48+
Group [
048|040 | 0.36 |0.08|0.04 | 0.10
Normal control
Gmufolitcizbeuc 4.46+|4.48+| 3.48+ |0.48+|0.24+| 1.78+
0.40 | 0.22 | 0.18 |0.02|0.05| 0.44
Grouplll = 18.78% |, o) | ¢ 2gs |249%] 1 554 2962
STZ+GBC 0.38** 0.20*%
0.42*%*% 0.32** 0.18**| 0.14*
(10mg/kg) * *
Group IV Group IV|
STZ + SKF 7.24+|6.08+| 4.10+ [1.65%|0.98+| 1.90+
(200mg/kg) [0.34*% 0.35*| 0.26* |0.08** 0.12*| 0.36
Group V 8.52+|7.20+ 2.32+
527+ 1.48+| 2.88%
3| 3k k|
STZ+SKF(400mg/[0.40%%0.32 0,325+ 0.06 0.06% 0.24*

Values are given as mean * SEM (n=5).
*p<0.05, **p<0.01, ***p<0.001 when compared to diabetic
control group (two-way ANOVA followed by Dunnett test).
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DISCUSSION

The present study evaluated the antidiabetic and antioxidant
effects of Snehakanthi, a proprietary polyherbal formulation
containing Salacia reticulata, Trigonella foenum-graecum,
Tribulus terrestris, Strychnos potatorum and Phyllanthus
emblica, in streptozotocin (STZ)-induced diabetic rats. The
formulation demonstrated beneficial effects across multiple
parameters, including fasting blood glucose (FBG), oral glucose
tolerance, body weight, tissue antioxidant status and hepatic
and pancreatic histopathology.

The acute oral toxicity study showed that Snehakanthi was well
tolerated up to 2000 mg/kg, with no mortality, apparent
behavioural abnormalities or gross morphological changes in
the examined organs during the observation period. Based on
this safety assessment, 200 and 400 mg/kg doses were
selected for the antidiabetic study.

STZ administration produced a marked diabetic state, with
progressive elevation of FBG in the diabetic control group
throughout the 28-day study. Snehakanthi treatment produced
a progressive reduction in FBG, with the 400 mg/kg dose
exhibiting a highly significant reduction (p<0.0001) in FBG on
day 28 when compared with the diabetic control group. These
findings demonstrate significant antihyperglycaemic activity of
Snehakanthi, particularly at 400 mg/kg.

The findings of the OGTT further supported the
antihyperglycaemic effect. Diabetic control animals exhibited
marked elevation of blood glucose following glucose
administration and a delayed decline during the 120-min
observation period. In contrast, Snehakanthi at 400 mg/kg
significantly reduced blood glucose (p<0.0001) at 60, 90 and
120 min compared with diabetic control, indicating improved
glucose tolerance. The higher dose produced a response
approaching that of glibenclamide, suggesting that Snehakanthi
may improve glucose tolerance in addition to reducing fasting
hyperglycaemia.
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STZ-induced diabetes was also associated with progressive loss
of body weight in the diabetic control group. Treatment with
Snehakanthi attenuated this decline, with the 400 mg/kg group
showing a significant increase (p<0.0001) in body weight
compared with diabetic control on day 28. The improvement
in body weight together with the reduction in FBG and
improvement in glucose tolerance indicates an overall
improvement in the metabolic status of the treated
animals.

The histopathological findings were consistent with the
biochemical results. Diabetic control animals showed disrupted
hepatic architecture, hepatocellular degeneration and vacuolar
changes, Snehakanthi-treated
comparatively preserved hepatic architecture and reduced
apparent pathological Similarly, pancreatic
sections from diabetic control animals showed degenerative
changes in the islets and B-cell regions, while the Snehakanthi-
treated groups showed comparatively preserved pancreatic
architecture. These findings suggest that the
antihyperglycaemic  effect of Snehakanthi was
accompanied by attenuation of diabetes-associated
hepatic and pancreatic tissue alterations.

STZ-induced diabetes was associated with impairment of
endogenous antioxidant defence, as evidenced by reduced SOD,
CAT, GSH and GPx levels in the liver, kidney and pancreas of
diabetic
improved several of these antioxidant parameters. At 400
mg/kg, SOD activity was significantly increased in the liver and
pancreas (p<0.05), while CAT activity showed significant
improvement in the liver (p<0.01) and pancreas (p<0.001)
compared with diabetic control. Similarly, Snehakanthi at 400
mg/kg significantly improved GPx activity in the liver
(p<0.001), kidney (p<0.001) and pancreas (p<0.01) while
GSH levels were also significantly increased in the liver
(p<0.001), kidney (p<0.01) and pancreas (p<0.05) compared
with diabetic These findings that
Snehakanthi enhanced endogenous antioxidant defence in
multiple tissues affected by diabetes.

The antioxidant activity may be related to the phytochemical
composition of the constituent plants. Phenolic and flavonoid
compounds reported in the constituent plants may contribute
to free-radical scavenging and enhancement of endogenous
antioxidant defence. The observed improvement in antioxidant
biomarkers, together with improved glycaemic control and
histopathological findings, suggests that the antidiabetic
activity of Snehakanthi may be associated with attenuation of
diabetes-induced oxidative stress.

Overall, the findings demonstrate a consistent beneficial
effect of Snehakanthi across glycaemic, metabolic,
antioxidant and histopathological endpoints. The 400
mg/kg dose produced significant improvements in FBG, OGTT,
body weight and multiple antioxidant biomarkers, with

whereas animals showed

alterations.

control animals. Treatment with Snehakanthi

control. indicate

accompanying preservation
morphology. Although glibenclamide produced a stronger
antihyperglycaemic response for these parameters, the results
support the potential of Snehakanthi as a polyherbal
intervention for experimental diabetes.

of hepatic and pancreatic
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LIMITATIONS

This study did not measure serum insulin levels or directly
evaluate pancreatic B-cell function. Key signalling pathways
(e.g, PI3K/Akt, NFxkB) and the specific contributions of
individual phytochemicals (gallic acid, quercetin, ellagic acid,
and epicatechin) remain uncharacterized.

FUTURE SCOPE

e  Conduct qRT-PCR and Western blot analysis to quantify
antioxidant-related gene and protein expression (SOD1,
CAT, GPX1, NFkB, PI3K/Akt).

e  Perform bioassay-guided fractionation to isolate and test
individual active constituents of Snehakanthi.

e  Further evaluation in suitable insulin resistance and type
2 diabetes models should precede appropriately designed
human clinical studies.

CONCLUSION
The present study demonstrates that Snehakanthi, a
proprietary polyherbal formulation containing Salacia

reticulata, Trigonella foenum-graecum, Tribulus terrestris,
Strychnos potatorum and Phyllanthus emblica, exhibits
promising antidiabetic and antioxidant activity in

streptozotocin-induced diabetic rats. Oral administration of
Snehakanthi, particularly at 400 mg/kg, significantly reduced
fasting blood glucose, improved oral glucose tolerance and
attenuated diabetes-associated body-weight loss. These
biochemical = improvements accompanied by
enhancement of endogenous antioxidant defence, as reflected
by improvements in SOD, CAT, GSH and GPx, together with
preserved hepatic and pancreatic

were

comparatively
histoarchitecture.
The findings suggest that the beneficial effects of Snehakanthi
may involve a combination of antihyperglycaemic and
antioxidant actions arising from the bioactive constituents of
its component plants. Overall, the results provide preliminary
experimental evidence supporting the therapeutic potential of
Snehakanthi in diabetes and warrant further investigation
involving phytochemical standardization, mechanistic studies,
quantitative histopathological assessment and longer-term
evaluation of its efficacy and safety.
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