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Abstract
Introduction
Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance, impaired insulin secretion, and beta
cell dysfunction, often leading to chronic hyperglycemia and associated complications. Berberis asiatica (BA)
and Withania somnifera (WS) are ancient medicinal plants with a reputation for having potential therapeutic
effects in diabetes management. The purpose of this study was to look into how body weight (BW) was
affected in streptozotocin-nicotinamide (STZ-NIC) induced T2DM in Wistar rats by BA, WS, and their
polyherbal combination (PHC).

Materials and methods
Seventy-eight Wistar rats of both sexes were divided into 13 groups, with six rats in each group, including
normal and diabetic controls, and treated with varying doses of BA, WS, and PHC. The rats were under
observation over the course of 35 days for any change in BW. The Organization for Economic Co-operation
and Development (OECD) rules and guidelines were followed in the conduct of acute toxicity tests. One-way
analysis of variance (ANOVA), followed by Tukey-Kramer post hoc tests, was used for statistical analysis.

Results
The findings indicated that the highest dose of BA (1000 mg/kg) significantly improved BW in diabetic rats,
approaching that of the normal control group. The combination of BA and WS also demonstrated significant
improvements in BW, suggesting a synergistic effect. The standard antidiabetic drugs, metformin and
glimepiride, were effective in increasing BW in diabetic rats.

Conclusion
The study concludes that BA, WS, and their combination have a positive impact on BW management in
T2DM rats, with the combination therapy showing enhanced effects. These findings support the potential
utilization of these herbs in managing BW and other T2DM-associated metabolic disturbances and
abnormalities.

Categories: Pharmacology, Therapeutics
Keywords: ashwagandha (withania somnifera), herbal combination, synergestic effects, wistar rats, streptozotocin-
nicotinamide, body weight, berberis asiatica, type-ii diabetes mellitus

Introduction
Type 2 diabetes mellitus (T2DM) is characterized by insulin resistance, impaired insulin secretion, and beta
cell dysfunction, leading to chronic hyperglycemia [1]. It often results in association with various metabolic
disturbances and complications, such as cardiovascular diseases, nephropathy, and retinopathy [2]. One
significant aspect of T2DM is its impact on body weight (BW) loss due to muscle wasting and fat breakdown
[3]. While obesity is a well-known risk factor for T2DM, the disease itself can cause fluctuations in BW due to
metabolic disturbances [4]. Conventionally used medicinal herbs, such as Berberis asiatica (BA) and Withania
somnifera (WS), have been investigated previously for their potential therapeutic effects on diabetes [5]. This
study aimed to investigate the effects of these plants, alone and in combination at a 1:1 ratio, on the BW of
streptozotocin-nicotinamide (STZ-NIC) induced T2DM Wistar rats.

STZ-NIC-induced diabetic model
The STZ-NIC-induced diabetic model in Wistar rats is a well-established and widely used experimental
model to study T2DM [6]. STZ selectively destroys insulin-producing beta cells in the pancreas [7], while NIC
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partially protects against STZ's cytotoxic effects, resulting in an animal model that mimics the insulin
resistance and partial insulin deficiency seen in human T2DM [8]. This model is particularly useful for
studying the metabolic consequences of diabetes, including changes in BW.

BA
A medicinal plant commonly known as Indian barberry (Daaru haldi) in India and (Chutro) in Nepal is a
perennial shrub belonging to the family Berberidaceae. It is mostly available in Himalayan areas, which
include portions of China, Nepal, Bhutan, and India [9]. It thrives at altitudes ranging from 800 to 4000
meters above sea level, particularly in temperate and sub-alpine zones [10]. It has a rich composition of
bioactive compounds, notably alkaloids such as berberine, palmatine, and jatrorrhizine. Berberine, in
particular, is the most studied compound due to its broad spectrum of pharmacological activities. Other
significant constituents include flavonoids, tannins, phenolic acids, and essential oils [11]. BA has been
employed to treat various diseases and illnesses in the traditional medicine systems of India (Ayurveda,
Siddha, Unani) and China (Traditional Chinese Medicine) for centuries because of its therapeutic properties,
such as antimicrobial, anti-inflammatory, antioxidant, hepatoprotective, and hypoglycemic activities. BA
stands out as an essential orthodox medicinal herb with diverse pharmacological benefits. The wealth of
bioactive compounds it harbors, particularly berberine, underscores its potential in developing
pharmaceutical agents for a wide range of illnesses and health conditions [12].

WA
Traditional medicinal herb, commonly known as Ashwagandha or Winter cherry, is a prominent herb in
traditional Ayurvedic medicine. It comes from the Solanaceae family and is additionally referred to as
"Indian ginseng" because of its rejuvenating properties. It is a tiny shrub with red berries and yellow blooms,
native to India, the Middle East, and Africa [13]. It has been used for centuries in Ayurvedic medicine as a
rasayana (rejuvenative) and adaptogen [14]. It is traditionally believed to enhance physical and mental
health, improve vitality, and increase longevity. The plant’s root is primarily utilized for medicinal purposes,
although the leaves, seeds, and fruits are also used in some treatments [15]. WS is attributed to its rich
composition of bioactive compounds; key constituents include withanolides, withaferins, alkaloids, and
sitoindosides. Withanolides, particularly withaferin A, are steroidal lactones that exhibit a wide range of
biological activities, including anti-inflammatory, anti-cancer, anti-stress, and neuroprotective effects [16].
Many of the traditional applications of Ashwagandha have been confirmed by the latest scientific research,
demonstrating its potential in modern medicine. Some of the notable pharmacological effects include
adaptogenic properties [14], antioxidant activities [17], and muscle mass preservation [18]. The therapeutic
applications of WS are diverse. It is commonly used to improve sleep, boost the immune system, enhance
physical performance, and manage conditions like arthritis and diabetes. Ongoing research continues to
explore its efficacy and safety in various health conditions.

Rationale for combination therapy
The combination of BA and WS in the ratio of 1:1 holds promise for a synergistic approach to T2DM
management [5]. Combining their complementary mechanisms of action could provide enhanced
therapeutic benefits, such as improved glycemic control [19], better BW management [20], and
comprehensive metabolic benefits [21].

Materials And Methods
Experimental animal
A total of 78 Wistar rats of both sexes, aged five to six weeks (150-250 g), were obtained from the Central
Animal House of the Krishna Institute of Medical Sciences, Krishna Vishwa Vidyapeeth (KVV), Karad, India.
The rats were housed individually at 27-37°C and 50% humidity on a 12-hour light-dark cycle (lights on at
6:00 am) and had access to a standard diet and filtered drinking water ad libitum. The rats were acclimatized
for seven days before the initiation of the experiment. The experimental protocol was approved by the
Institutional Animal Ethics Committee of KVV (Deemed to be University), Reg. no.
255/PO/REBi/S/2000/CPCSEA (IAEC approval no. IAEC/KIMS/2021/16).

All the experiments were conducted according to the guidelines of the Committee for Control and
Supervision of Experiments on Animals (CCSEA) in the Central Animal House, KVV. Metformin (MET),
glimepiride (GLI), BA, and WS were dissolved in distilled water and administered orally. Standard
antidiabetic drugs, herbal drugs, and herbal combination doses were prepared immediately before use and
given orally from the seventh day daily until the study’s completion (35th day). Doses of the drugs and
herbal combinations were selected based on previous studies conducted in our laboratory and from the
literature.

Acute oral toxicity study
The acute oral toxicity study was successfully carried out in adult Wistar rats using the “limit dose” method
of the Organization for Economic Co-operation and Development (OECD) guideline no. 240 [22]. A test
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procedure with a starting dose of 2000 mg/kg BW was adopted. The animals were fasted overnight, and the
next day, extracts of the plants BA and WS were administered orally at a dosage of 2000 mg/kg BW. The
animals were monitored continuously for three hours for general psychological, behavioral, neural, and
autonomic characteristics, then every 30 minutes for the following three hours, and finally for mortality
from 24 hours to 14 days.

Limit test
As per the OECD guidelines, it was ensured that the total dose of the polyherbal combination (PHC) did not
exceed 2000 mg/kg BW, which is considered the upper limit dose for assessing acute toxicity. The second
animal received the exact same dose as the initial one, and both survived after being given the upper limit
dose. A total of three animals were administered the limiting dose, and as no deaths occurred, three
additional animals of the other sex were tested at the same dose level. As there was no lethality, the test was
terminated.

Table 1 consists of all 13 groups of rats, along with their specific drugs, dosage forms, and routes of
administration. Each group consists of six animals.

Group no. Group name Extract/drugs Dose and route (orally) (mg/kg)

1 NC Distilled water 10 mL/kg

2 DC Distilled water 10 mL/kg

3 BA 250 Dried ethanolic root extract of BA 250

4 BA 500 Dried ethanolic root extract of BA 500

5 BA 1000 Dried ethanolic root extract of BA 1000

6 WS 250 Dried ethanolic root extract of WS 250

7 WS 500 Dried ethanolic root extract of WS 500

8 WS 1000 Dried ethanolic root extract of WS 1000

9 PHC 250 Dried ethanolic root extract of BA + WS 125 + 125

10 PHC 500 Dried ethanolic root extract of BA + WS 250 + 250

11 PHC 1000 Dried ethanolic root extract of BA + WS 500 + 500

12 MET Metformin (standard) 250

13 GLI Glimepiride (standard) 10

TABLE 1: Experimental groups and treatment protocol
NC: Normal control; DC: Diabetic control; BA: Berberis asiatica; WS: Withania somnifera; PHC: Polyherbal combination; MET: Metformin; GLI: Glimepiride

Drugs
The dried ethanolic root extract of BA and WS was procured from Natucare India Pvt. Ltd., Mumbai, India,
and Bhagwati Herbal and Healthcare Pvt. Ltd., Vapi, India, in pure powder form. STZ and NIC were obtained
from Sisco Research Laboratories Pvt. Ltd., Mumbai, India. MET and GLI were gathered from Smruthi
Organic Ltd., Solapur, India, in pure powder form.

Induction of T2DM
T2DM was induced by injecting STZ (65 mg/kg BW) intraperitoneally (i.p.) in physiological saline, 15
minutes after NIC (110 mg/kg BW) administration i.p. [23]. The rats were kept and monitored for seven days
after the injection of STZ-NIC. Random blood glucose (RBG) levels were examined using the tail vein prick
method with a standard portable digital glucometer (BeatO Curv). The rats with RBG levels greater than 250
mg/dL were included in this investigation and were determined to be diabetic after the seventh day [24].
Accurate BW of all rats in the various experimental groups was measured in the experimental room of the
Central Animal House, KVV Karad, using a transparent rat restrainer and a digital weighing balance, from
day 1 to the end of the study on day 35, at weekly intervals.
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Statistical analysis
The data were analyzed using a post hoc test after a one-way analysis of variance (ANOVA). The Tukey-
Kramer test (post hoc test) was utilized to determine which group differences are statistically significant.
Values of BW for all the groups are summarized as mean ± standard deviation. All p-value differences were
considered statistically significant for p ≤ 0.05. All statistical analyses were performed with IBM SPSS
Statistics for Windows, Version 18 (Released 2009; IBM Corp., Armonk, NY, USA).

Results
Repeated ANOVA of BA
At day 0, there were no significant differences between the groups (NC, DC, BA 250, BA 500, BA 1000, MET,
GLI), as the p-value was 0.9991, indicating no statistical significance. On day 7, the BA groups showed a
significant difference in BW compared to the DC group but were similar to each other. BW decreased
significantly in the DC group (p < 0.0001). On day 14, BA 1000 showed an increase in BW, which was
significantly higher than in the DC group but not significantly different from the NC group. On day 21, BA
1000 continued to show improvement, with significant increases in BW compared to the DC group (p <
0.0001). On days 28 and 35, BA 1000 showed the most significant improvements in BW, nearing the weights
of the NC group, and statistically significant differences from the DC group were observed (p < 0.0001). The
repeated measures ANOVA also indicated significant differences over time (p < 0.0001).

Ordinary ANOVA of BA
Followed by post hoc analysis, Tukey-Kramer multiple comparison tests revealed statistically significant
greater BW in the study group NC at all the time intervals - day 7, day 14, day 21, day 28, and day 35 - except
day 0 (p > 0.05) when compared with the DC group (p < 0.001). The BA 1000 group showed statistically
significantly higher BW at day 28 and day 35 compared with the DC group (p < 0.05). Post hoc analysis also
revealed that the MET and GLI groups showed statistically significant increased BW on day 21 (p < 0.05), day
28, and day 35 (p < 0.01) compared with the DC group. No statistically significant changes were observed in
the BA 250, BA 500, and BA 1000 groups when compared with the NC group (p > 0.05) (Table 2; Figure 1).
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Groups

NC DC BA 250 BA 500 BA 1000 MET GLI

Ordinary ANOVA

Day F-value p-value

0 210.83 ± 9.17 210c3 ± 8.94 209c3 ± 11.58 211.67c3 ± 9.31 207.5c3 ± 12.55 208.33c3 ± 16.93 210c3 ± 25.88 0.05744 0.9991

7 211.67a3 ± 9.31
158.33b3 ±

14.38
159.17b3 ± 7.36 161.67b3 ± 6.83 160.83b3 ± 7.36 157.5b3 ± 11.29 161.67b3 ± 15.71 19.713

p <

0.0001

14 219.17a3 ± 17.44
159.17b3 ±

12.42
180b3c2 ± 19.89 180.83b3c3 ± 9.7 188.33b3c3 ± 15.06 190b3c3 ± 16.13

190.83b2c3 ±

26.46
6.513

p <

0.0001

21 225.83a3b1 ± 25.77 160.83b3 ± 7.36
183.33b3c3 ±

16.63
185b3c3 ± 10.95 190.83b3c3 ± 13.57

196.67a1b2c3 ±

14.72

198.33a1c3 ±

27.69
7.06

p <

0.0001

28
228.33a3b1c1 ±

22.95
161.67b3 ± 9.31 187.5b2c3 ± 17.54 190b3c3 ± 13.04

195.83a1b3c3 ±

13.57
203.33a2c3 ± 15.71 202.5a1c3 ± 28.06 7.358

p <

0.0001

35
235.83a3b2c3 ±

20.84
164.17b3 ± 7.36

188.33b2c3 ±

11.69

192.5b3c3 ±

12.55

198.33a1b2c3 ±

13.66
204.17a1c3 ± 15.30 207.5a2c3 ± 28.06 9.932

p <

0.0001

Repeated

ANOVA

F-

value
25.096 16.413 13.369 12.711 60.735 47.756 54.08

-

p-

value
p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001

TABLE 2: Effect of Berberis asiatica on body weight in diabetic rats
a: DC differs significantly from BA 250, BA 500, BA 1000, MET, and GLI group; 1: p < 0.05; b: Day 0 differs significantly from day 7, day 14, day 21, day
28, and day 35; 2: p < 0.01; c: Day 7 differs significantly from day 0, day 14, day 21, day 28, day 35; 3: p < 0.001

F- and p-values presented in the column are from the ordinary ANOVA and Tukey-Kramer multiple comparison test. F and p-values presented in the row
are from the repeated ANOVA and Tukey-Kramer multiple comparison test.

NC: Normal control; DC: Diabetic control; BA: Berberis asiatica; MET: Metformin; GLI: Glimepiride; P: Probability; F: F-statistics; ANOVA: Analysis of
variance

FIGURE 1: Effect of Berberis asiatica on body weight of rats induced
with experimental diabetes
NC: Normal control; DC: Diabetic control; MET: Metformin; GLI: Glimepiride; BA: Berberis asiatica

Repeated ANOVA of WS
At day 0, there were no significant differences between the groups, similar to the BA group. On day 7, WS
1000 showed significant differences in BW compared to DC, similar to the trends observed with BA. On day
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14, WS 1000 showed a substantial increase, aligning closer to NC group weights. On days 21 and 28, the
trends continued, with WS 1000 maintaining significant differences from DC and being closer to NC. On day
35, WS 1000 showed significant improvement in BW, with statistically significant differences from DC (p <
0.0001). Significant differences were observed with p-values less than 0.0001 for all days. The DC group
consistently showed lower BWs compared to the treatment groups.

Ordinary ANOVA of WS
Followed by post hoc analysis, the Tukey-Kramer multiple comparison tests revealed statistically significant
higher BW in the study group NC at all the time intervals - day 7, day 14, day 21, day 28, and day 35 - except
on day 0 (p > 0.05) when compared with the DC group (p < 0.001). The NC group also showed statistically
significant higher BW on day 7 compared with the MET and GLI groups (p < 0.001).

Analysis revealed that the WS 1000 group showed statistically significant higher BW on day 35 compared
with the DC group (p < 0.05). Post hoc analysis also revealed that the MET group showed statistically
significant increased BW on day 21 (p < 0.05), day 28 (p < 0.01), and day 35 (p < 0.05) compared with the DC
group. The GLI group also showed a statistically significant rise in BW on day 21, day 28 (p < 0.05), and day
35 (p < 0.01) compared with the DC group. No statistically significant changes were observed in the WS 250,
WS 500, and WS 1000 groups when compared with the NC group (p > 0.05) (Table 3; Figure 2).

Groups
NC DC WS 250 WS 500 WS 1000 MET GLI

Ordinary ANOVA

Day F-value p-value

0 210.83 ± 9.17 210c3 ± 8.94 207.5c3 ± 9.35 210 c3 ± 11.58 211.67 c3 ± 15.71 208.33c3 ± 16.93 210c3 ± 25.88 0.05768 0.9991

7 211.67a3 ± 9.31
158.33b3 ±

14.38
158.33b3 ± 5.16 158.33b3 ± 8.16 159.17b3 ± 13.20 157.5b3 ± 11.29

161.67b3 ±

15.71
17.955

p <

0.0001

14 219.17a3 ± 17.44
159.17 b3 ±

12.42

173.33b3 ±

19.41

178.33b3c2 ±

11.69

181.67b3c3 ±

15.38
190b3c3 ± 16.13

190.83b2c3 ±

26.46
6.698

p <

0.0001

21
225.83a3b1 ±

25.77

160.83b3 ±

7.36

177.5 b3c2 ±

19.94

184.17b3c3 ±

15.63

186.67b3c3 ±

15.38

196.67a1b2c3 ±

14.72

198.33a1c3 ±

27.69
6.647

p <

0.0001

28
228.33a3b1c1 ±

22.95

161.67b3 ±

9.31

182.5b3c3 ±

19.94

192.5b2c3 ±

17.25

195.83b3c3 ±

13.20

203.33a2c3 ±

15.71

202.5a1c3 ±

28.06
6.983

p <

0.0001

35
235.83a3b2c3 ±

20.84

164.17b3 ±

7.36

186.67b2c3 ±

19.66

195.83b1c3 ±

18.01

199.17a1b2c3 ±

13.93

204.17a1c3 ±

15.30

207.5a2c3 ±

28.06
8.206

p <

0.0001

Repeated

ANOVA

F-

value
25.096 16.413 17.391 14.62 41.142 47.756 54.08

-

p-

value
p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001

TABLE 3: Effect of Withania somnifera on body weight in diabetic rats
a: DC differs significantly from WS 250, WS 500, WS 1000, MET, and GLI group; 1: p < 0.05; b: Day 0 differs significantly from day 7, day 14, day 21, day
28, and day 35; 2: p < 0.01; c: Day 7 differs significantly from day 0, day 14, day 21, day 28, day 35; 3: p < 0.001

F- and p-values presented in the column are from the ordinary ANOVA and Tukey-Kramer multiple comparison test. F- and p-values presented in the row
are from the repeated ANOVA and Tukey-Kramer multiple comparison test.

NC: Normal control; DC: Diabetic control; MET: Metformin; GLI: Glimepiride; P: Probability; F: F-statistics; ANOVA: Analysis of variance; WS: Withania
somnifera
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FIGURE 2: Effect of Withania somnifera on body weight of rats induced
with experimental diabetes
NC: Normal control; DC: Diabetic control; MET: Metformin; GLI: Glimepiride; WS: Withania somnifera

Repeated ANOVA of PHC
At day 0, there were no significant differences between the groups. On day 7, the PHC groups showed
significant differences compared to DC, with PHC 1000 showing the most considerable improvement. On day
14, PHC 1000 showed increased BW, which was significantly different from DC. On days 21 and 28, PHC 1000
maintained the trend of significant improvement, nearing the weights of the NC group. On day 35, PHC 1000
had the highest improvement in BW among the PHC groups, being significantly different from DC (p <
0.0001). Significant differences were observed with p-values less than 0.0001 for all days. The DC group
showed lower BW compared to the treatment groups.

Ordinary ANOVA of PHC
Followed by post hoc analysis, Tukey-Kramer multiple comparison tests revealed statistically significant
higher BW in the study group NC at all the time intervals - day 7, day 14, day 21, day 28, and day 35 - except
day 0 (p > 0.05) when compared with the DC group (p < 0.001). A statistically significant rise in BW was
observed in the PHC 500 group (p < 0.05) and the PHC 1000 group (p < 0.01) on day 35 when compared with
the DC group. The MET group showed statistically significantly higher BW on day 28 and day 35 in
comparison with the DC group (p < 0.05). Post hoc analysis also revealed that the GLI group showed
statistically significant increased BW on day 21, day 28 (p < 0.05), and day 35 (p < 0.01) when compared with
the DC group (Table 4; Figure 3).
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Groups
NC DC PHC 250 PHC 500 PHC 1000 MET GLI

Ordinary ANOVA

Day F-value p-value

0 210.83 ± 9.17 210c3 ± 8.94
208.33c3 ±

10.80
212.5c3 ± 19.17

210.83c3 ±

14.29
208.33c3 ± 16.93 210c3 ± 25.88 0.05067 0.9994

7 211.67a3 ± 9.31
158.33b3 ±

14.38

156.67b3 ±

12.91

159.17b3 ±

12.42

159.17b3 ±

12.01
157.5 b3 ± 11.29

161.67b3 ±

15.71
14.928

p <

0.0001

14 219.17a3 ± 17.44
159.17b3 ±

12.42

178.33c3b3 ±

9.31

183.33b3c3 ±

26.01

185.83b3c3 ±

16.86
190b3c3 ± 16.13

190.83b2c3 ±

26.46
5.439 0.0005

21
225.83a3b1 ±

25.77

160.83b3 ±

7.36
184.17c3b3 ± 18

188.33b3c3 ±

26.01

190.83b3c3 ±

16.86

196.67a1b2c3 ±

14.72

198.33a1c3 ±

27.69
5.283 0.0006

28
228.33a3b1c1 ±

22.95

161.67b3 ±

9.31
189.17c3b3 ± 18

193.33b2c3 ±

26.01

198.33b1c3 ±

19.41

203.33a2c3 ±

15.71

202.5a1c3 ±

28.06
5.499 0.0004

35
235.83a3b2c3 ±

20.84

164.17b3 ±

7.36

194.17c3b1 ±

15.94

200.83c3a1 ±

23.54

207.5a2c3 ±

20.19

204.17a1c3 ±

15.30

207.5a2c3 ±

28.06
6.944

p <

0.0001

Repeated

ANOVA

F-

value
25.096 16.413 21.495 48.016 46.153 47.756 54.08

-

p-

value
p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001

TABLE 4: Effect of polyherbal combination on body weight in diabetic rats
a: DC differs significantly from PHC 250, PHC 500, PHC 1000, MET, and GLI group; 1: p < 0.05; b: Day 0 differs significantly from day 7, day 14, day 21,
day 28, and day 35; 2: p < 0.01; c: Day 7 differs significantly from day 0, day 14, day 21, day 28, day 35; 3: p < 0.001

F- and p-values presented in the column are from the ordinary ANOVA and Tukey-Kramer multiple comparison test. F- and p-values presented in the row
are from the repeated ANOVA and Tukey-Kramer multiple comparison test.

NC: Normal control; DC: Diabetic control; MET: Metformin; GLI: Glimepiride; P: Probability; F: F-statistics; ANOVA: Analysis of variance; PHC: Polyherbal
combination
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FIGURE 3: Effect of polyherbal combination on body weight of rats
induced with experimental diabetes
NC: Normal control; DC: Diabetic control; PHC: Polyherbal combination; MET: Metformin; GLI: Glimepiride

Discussion
The management of T2DM often requires interventions that address hyperglycemia and associated
complications, including BW regulation. STZ-NIC-induced T2DM in Wistar rats is a well-established model
for studying T2DM and its related metabolic dysfunctions. This study evaluated the effects of BA, WS, and
PHC on BW in STZ-NIC-induced T2DM Wistar rats in various groups, i.e., NC, DC, BA 250, BA 500, BA 1000,
WS 250, WS 500, WS 1000, PHC 250, PHC 500, PHC 1000, and standard control groups MET and GLI. BW
management is critical in DM, as weight loss is a common symptom due to muscle wasting and reduced
adipose tissue caused by insulin deficiency, hyperglycemia-induced catabolism, and its effects on
metabolism [25]. BW was measured over 35 days at seven-day intervals. On day 0, there were no significant
differences in BW across all groups, indicating a uniform baseline before the treatments began. This is
supported by the p-values from repeated measures ANOVA (p > 0.9991).

BA
In our study, we found that there were no differences between the groups (NC, DC, BA 250, BA 500, BA 1000,
MET, GLI) at the start of the experiment (day 0). As we continued the study, we observed noticeable
differences for all days until the end of the study (day 35). From day 7 onwards, the DC group showed a sharp
decrease in BW compared to all other groups.

WS
WS showed no differences between the groups, similar to BA, at the start of the study (day 0). A similar
pattern in differences was observed for all days and at all intervals for WS compared with BA. The DC group
consistently showed lower BWs compared to the treatment groups, such as BA. We also observed a more
prominent effect of BA at higher doses in managing decreased BW. After intervention with WS and BA at
different dosages, the study showed successful inhibition of weight loss induced by diabetes in Wistar rats.

Standard drugs
Both groups, MET and GLI, showed significant improvements in BW compared to the DC group across all
time points, from day 7 to day 35. On day 35, the MET and GLI groups reached BW similar to that of the PHC
1000 group.

PHC
On day 0, at the start of the study, no significant differences between the groups were observed, similar to
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BA and WS. From the second week of the study (day 7), differences were observed for all subsequent days.
The DC group consistently showed lower BW compared to the treatment groups until the end of the study
(day 35). PHC of BA and WS in a 1:1 ratio demonstrated a combined effect in regaining weight, surpassing
the individual effects of BA and WS at all doses and time intervals, reflecting the superiority of PHC over
individual treatments. A higher dose of PHC (1000 mg/kg BW) appeared to be a more potent and promising
factor for inhibiting weight loss and promoting weight gain in diabetes-induced Wistar rats.

Mechanistic insight
BA

BA is known for its anti-hyperglycemic and antioxidant properties [26], enhancement of insulin sensitivity,
and reduction of oxidative stress, as recently reported by Cao and Su. It stimulates glucose uptake by
activating the AMP-activated protein kinase (AMPK) pathway, promoting better BW management in diabetic
conditions [27]. Apart from the significant restoration of BW, other important activities of BA include
reduced gluconeogenesis and anti-inflammatory effects, which have also been reported by Zhang et al. and
Ehteshamfar et al., in 2018 and 2020, respectively [28,29]. In our study, BA administration at different
dosages resulted in significant attenuation of BW loss in diabetic rats, which can be linked to its ability to
improve metabolic functions and reduce muscle wasting and adipose tissue loss.

WS

Ashwagandha is a well-known traditional Indian herb with adaptogenic properties that provide various
health benefits, which are gradually being documented. Some of the documented properties include
endocrine, cardiopulmonary, central nervous system, and sexual behavior effects, all without any reported
toxicity. Several studies report properties such as immunomodulatory, anti-inflammatory, antistress,
memory-enhancing, antiparkinsonian, hypolipidemic, antibacterial, cardiovascular, antioxidant, and
antitumor effects, as reviewed and reported by John [30]. Ashwagandha reduces stress induced by
hyperglycemia, modulates cortisol levels, as reported by Bhattacharya and Muruganandam [31], improves
overall metabolism, and counters stress-induced catabolism, aiding in better maintenance of BW [32].
Established studies by Bonilla et al. [33] and Wankhede et al. [34] have shown that WS promotes muscle mass
retention and improves body composition by increasing anabolic activity and reducing catabolic stress
hormones.

Similar animal experiments conducted by Ko et al. reported significant increases in muscle mass and
strength [35]. In our study, the administration of WS in diabetic rats showed a reduction in weight loss,
which may be due to its muscle-preserving effects and reduction in oxidative stress.

PHC

The combination of BA and WS was hypothesized to have a synergistic effect due to their complementary
mechanisms of action, such as enhanced glycemic control, improved insulin sensitivity, reduced
inflammation, synergistic antioxidant effects, and adaptogenic properties [36,37]. The treatment with PHC
in our study resulted in the most significant attenuation of BW loss among the groups, indicating a potential
synergistic effect of BA and WS in managing BW in STZ-NIC-induced T2DM in Wistar rats.

Strengths and limitations
Strengths

Clear research question: The study provides a focused investigation into the effects of BA, WS, and their
combination on BW in T2DM Wistar rats. This focus is particularly relevant, given the significant impact of
diabetes-induced muscle wasting and weight loss.

Well-established animal model: The study utilized the STZ-NIC-induced T2DM Wistar rat model, which is a
well-established and widely accepted model for mimicking human T2DM, including its metabolic
dysfunctions. This enhances the relevance and potential applicability of the findings to human diabetes
management.

Detailed methodology: The materials, animal handling, drug administration, and statistical analysis are
clearly described.

Dose-response analysis: The study included multiple doses of BA and WS, allowing for a detailed analysis of
the dose-response relationship. This approach helps to identify the most effective doses for BW management
and provides a basis for future therapeutic recommendations.

Positive findings: The study demonstrates that the highest dose of BA (1000 mg/kg) and WS (1000 mg/kg)
improves BW in diabetic rats.
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Exploration of combination therapy: The study investigated the effects of combining BA and WS in a 1:1
ratio, hypothesizing potential synergistic effects. The observed improvement in BW with combination
therapy suggests enhanced therapeutic potential, which is a key strength of the study.

Limitations

Lack of additional outcome measures: While the study focused on BW, it did not include other important
metabolic parameters, such as blood glucose levels, insulin sensitivity, or lipid profiles, within the same
publication. Although these data were published elsewhere, their inclusion could have provided a more
comprehensive understanding of the metabolic effects of BA, WS, and their combination.

No visual documentation: The study did not capture visual images of the rats, which could have provided
additional qualitative data on the physical condition of the animals, and enhanced the presentation of the
findings.

Mechanistic insights: The study primarily focused on the outcomes, rather than the underlying mechanisms
by which BA and WS improve BW. While some mechanistic pathways were discussed, detailed molecular
analyses were not conducted within this study.

Limited exploration of synergistic effects: Although the combination therapy was explored, the study only
tested a single ratio (1:1) of BA and WS. Testing additional ratios could have provided deeper insights into
the optimal combination and interaction effects between the two herbs.

Single focus: The exclusive focus on BW as the primary outcome measure, without concurrent analysis of
muscle mass or fat composition, limits the ability to fully understand the nature of the weight changes
observed, such as whether the weight gain was due to muscle mass preservation or fat accumulation.

Conclusions
This study highlights the significant potential of BA, WS, and PHC in managing BW in STZ-NIC-induced
T2DM Wistar rats. Particularly at higher doses, these herbs suggest their potential as effective
complementary adjunct therapies in the management of diabetes-induced weight loss. The findings indicate
that BA, WS, and PHC therapy may offer superior benefits by leveraging the complementary mechanisms of
both plants. Further research and clinical trials are required to explore their full therapeutic potential and
mechanisms of action in humans, aiming to elucidate the precise biochemical pathways through which
these herbs exert their beneficial effects and evaluate the long-term safety and efficacy of such combination
therapies in diabetes management.
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