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Abstract: Background: Type 2 diabetes mellitus (T2DM) is characterized by hyperglycemia, dyslipidemia, altered 

adipokine secretion, and impaired sirtuin signaling, all of which contribute to disease progression. Objectives: This study 

evaluated the antidiabetic potential of botanical mixtures of Bergenia stracheyi (B.s) and Rheum spiciforme (R.s) in 

streptozotocin (STZ) induced diabetic rats. Methods: Acute (8 h), subacute (14 days), subchronic (21 days), and chronic 

(28 days) studies were conducted in diabetic rats treated with botanical mixtures A (75 B.s: 25 R.s), B (50 B.s: 50 R.s), C 

(25 B.s: 75 R.s) and compared with metformin and glibenclamide. Biochemical analyses included blood glucose, lipid 

profiles, adipokines and expression of sirtuin 1 (SIRT1) and sirtuin 2 (SIRT2). Results: Botanical mixture B significantly 

reduced blood glucose across all study phases, with a 53.78% (p<0.001) decline at day 28, comparable to metformin and 

glibenclamide. It also demonstrated a more effective restoration of SIRT1 (p<0.01) and SIRT2 (p<0.05) expression 

compared to standard drugs. Adiponectin levels increased while leptin decreased, indicating improved metabolic 

regulation. All botanical mixtures ameliorated dyslipidemia, with mixture B showing the most consistent effects 

(p<0.0001). Conclusion: It was concluded that botanical mixture B (50 B.s: 50 R.s) exerted potent antidiabetic effects 

through glycemic control, lipid regulation, adipokine modulation, and sirtuin activation, supporting its therapeutic potential 

for T2DM. 
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INTRODUCTION 

 

Diabetes mellitus (DM) is a major global health concern, 

affecting over 463 million people worldwide, with 90% of 

cases being type 2 diabetes (T2DM). Its prevalence in 

Pakistan is alarmingly high, ranging from 26.7% to 30.8%, 

with projections indicating further increases in the coming 

years. Its management strategy is essential, as if it is left 

untreated, it can lead to vital organs damage such as the 

kidneys, heart, eyes, and nerves (Azeem et al., 2022; 

Galicia-Garcia et al., 2020). 
 

The management of T2DM has traditionally involved 

pharmaceutical interventions; However, the side effects 

associated with conventional therapies such as insulin, 

sulfonylureas, and biguanides underscore the need for safer 

alternatives. In this context, botanical medicine has gained 

significant attention, especially in developing countries, 

due to its affordability, cultural acceptance, and efficacy in 

managing chronic conditions like T2DM. Studies have 

shown that up to 86% of people in developing countries 

rely on herbal remedies (Hidayat and Wulandari, 2021; 

Pang et al., 2019). In Pakistan, more than 800 plant species 

have been identified for their antidiabetic properties, with 

decoctions being the most common form of preparation. 

These decoctions are valued for extracting bioactive, 

water-soluble compounds such as phenols and flavonoids, 

which contribute to their therapeutic effects (Bitwell et al., 

2023; Jan et al., 2020). The potential of plant-based 

therapies is central not only to diabetes management but 

also to the discovery of novel drugs (Hidayat and 

Wulandari, 2021).   

 

A promising molecular target for managing T2DM is 

sirtuins (SIRTs) that regulate several key processes, 

including glucose and lipid metabolism, mitochondrial 

function, and insulin sensitivity, all of which are vital in the 

pathogenesis of T2DM. Reduced sirtuin 1 (SIRT1) and 

sirtuin 2 (SIRT2) activity is associated with insulin 

resistance and obesity, while activation of these enzymes, 

either through natural compounds or caloric restriction 

mimetics, has shown potential in improving metabolic 

regulation in diabetic models (Kitada et al., 2019; Oza and 

Kulkarni, 2020; Song et al., 2018). Sirtuin signaling is also 

closely linked to adipokines, such as adiponectin and 

leptin, which are important regulators of glucose and lipid 

metabolism. Adiponectin enhances insulin sensitivity and 

promotes lipid utilization through adenosine 

monophosphate-activated protein kinase (AMPK) 

activation, which in turn modulates SIRT1 and SIRT2, 

especially via its adiponectin receptor 1 (AdipoR1) and 

adiponectin receptor 2 (AdipoR2). These mechanisms 

facilitate glucose uptake, fatty acid oxidation and improve *Corresponding author: e-mail: komal.ch@hotmail.com 
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lipid homeostasis. However, leptin, a hormone that 

regulates appetite and energy expenditure, is often resistant 

in diabetes, exacerbating insulin resistance and lipid 

imbalance (Kitada et al., 2019; Tagieva, 2023; Zhuge et al., 

2021). 
  

Considering these molecular insights, it is clear that there 

is an increasing need for more integrated, multi-targeted 

approaches in the management of T2DM. Botanical 

mixtures, which contain a diverse array of bioactive 

compounds, may offer a synergistic solution to address the 

multifaceted nature of the disease. Thus, the present study 

aimed to investigate the antidiabetic potential of Bergenia 

stracheyi and Rheum spiciforme mixtures in streptozotocin 

(STZ)-induced diabetic rats, with a particular focus on 

glycemic control, lipid metabolism, adipokine modulation 

and sirtuin (SIRT1 and SIRT2) signaling. The study also 

compared these effects with those of standard antidiabetic 

treatments. The selection of Bergenia stracheyi (B.s) and 

Rheum spiciforme (R.s) for this study was influenced by 

their long-established ethnomedicinal use in the Himalayan 

region, particularly in Gilgit (Pakistan), where both plants 

are traditionally utilized to treat diabetes and associated 

metabolic disorders. Bergenia stracheyi has demonstrated 

antioxidant, antilipidemic and hypoglycemic effects (Hou 

et al., 2021; Koul et al., 2020) while Rheum spiciforme is 

known for its antidiabetic, laxative, hepatoprotective and 

metabolic regulatory properties  (Bhat et al., 2019). Given 

their complementary pharmacological activities and shared 

traditional uses, their combination was anticipated to 

produce synergistic antidiabetic effects by targeting 

multiple metabolic pathways, thus justifying their 

inclusion in a combined botanical decoction.  By exploring 

both metabolic and molecular outcomes, this study sought 

to establish the therapeutic value of botanical mixtures as 

safer, multi-targeted alternatives for managing type 2 

diabetes mellitus. 
 

MATERIALS AND METHODS 
 

Drugs and chemicals used 

Streptozotocin was purchased from Sigma-Aldrich. 

Glibenclamide and metformin (standard drugs) were 

kindly provided by Martin Dow and PharmEvo, 

respectively. All other commercial reagents used were of 

analytical grade. 
 

Plant collection and authentication 

Roots of Rheum spiciforme and Bergenia stracheyi were 

collected in June–July from local markets and Gilgit 

Baltistan, respectively. Both were authenticated by Dr. 

Amin Shah (Associate Professor, Head of Herbarium, 

Botany Dept., University of Sargodha) and voucher 

specimens (KC-755, KC-756) were deposited in the 

SARGU Herbarium for future reference. 
 

Preparation of botanical mixtures 

Roots of both plants were shade-dried (8–10 days), 

cleaned, powdered and stored. Decoctions were prepared 

following a modified method  (Ennaifer et al., 2018; 

Pepato et al., 2002) using a total of 1 g of plant material per 

preparation, combined according to the specified ratios. 

Specifically, 0.75 g B. s+ 0.25 g R. s for Mixture A (75:25), 

0.50 g B. s + 0.50 g R. s for Mixture B (50:50) and 0.25 g 

B. s + 0.75 g R. s for Mixture C (25:75). Each mixture was 

boiled in 16 mL distilled water at 90 °C for 10 min with 

constant stirring, then left to stand for 30 min, filtered and 

stored at 4°C. 
 

Experimental animals and induction of diabetes 

Sprague-Dawley rats (150–200g, 6 weeks old) were 

obtained from the experimental animal unit, College of 

Pharmacy, University of Sargodha, and housed under 

standard conditions (23 ± 2°C; 12 h light/dark cycle) with 

free access to pellets and water. After 2 weeks of 

acclimatization, diabetes was induced by intraperitoneal 

injection of STZ (45 mg/kg, freshly prepared in normal 

saline). The diabetic state was confirmed when fasting 

blood glucose (FBG) levels exceeded 200 mg/dL, which is 

a widely accepted threshold for hyperglycemia in STZ-

induced diabetic rat models. This criterion is consistent 

with previously published studies, including (Ahmad and 

Ahmad, 2018), who used a similar cutoff to define diabetes 

in STZ-induced rats.  Animals were randomly divided into 

seven groups (n=6): normal control, diabetic control, three 

botanical mixture groups (A, B, and C); 10 mL/kg p.o. for 

28 days (Min et al., 2024) and two standard drug groups 

(glibenclamide 10 mg/kg; metformin 500 mg/kg) (Irfan et 

al., 2017). All procedures were approved by the 

Institutional Biosafety and Ethical Review Committee 

(SU/ORIC/2081). 
 

In-vivo antidiabetic effect 

The in-vivo antidiabetic effect was evaluated through 

acute, subacute, sub-chronic and chronic studies. Blood 

glucose levels were measured using a glucometer (On-Call 

Plus). In the acute test, blood glucose levels were measured 

at 0, 2, 4, 6, and 8 h post-treatment (Pandey et al., 2014), 

while in the subacute study, fasting blood glucose (FBG) 

was assessed on days 0, 3, 5, 7, and 14 (Kumar et al., 2010). 

Sub-chronic evaluation involved daily administration for 

21 days with FBG recorded on days 0, 7, 14, and 21, 

whereas in the chronic study, treatment was extended to 28 

days with FBG measured weekly days (Kumar et al., 2012; 

Pandey et al., 2014).  
 

Measurements of animal body weight and sample 

collection 

Body weight was recorded at baseline and sacrifice, while 

food and water intake were monitored throughout the 

study. Body mass index (BMI) was calculated as body 

weight (g)/length² (cm²) (Novelli et al., 2007), with length 

measured from nose to anus. Percentage change in body 

weight was determined as [(final–initial weight)/initial 

weight] × 100 (Rahman et al., 2017). The Lee index, 

calculated as naso-anal length (mm)/cube root of body 

weight (g), was used to assess obesity (Bastías-Pérez et al., 
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2020). At the end of the experiment, animals were 

anesthetized with ketamine (60 mg/kg, i.p.) and blood 

samples were collected in EDTA, gel and serum separator 

tubes (Ergün et al., 2010). The latter were allowed to clot 

for 30 min at room temperature, centrifuged at 2000 rpm 

for 10 min and the separated serum was stored at −20 °C 

for further analysis. 
 

Estimation of hyperlipidemic parameters 

Rat serum was used to quantify total cholesterol (TC), 

triglycerides (TG), low-density lipoprotein (LDL) and 

high-density lipoprotein (HDL), by conventional 

enzymatic kits (DiaSys diagnositic systems, Germany) in 

accordance with the manufacturer's protocol by an 

automatic Microlab 300 biochemistry analyzer (Ahmad et 

al., 2020). Whereas very low-density lipoprotein (VLDL) 

was calculated by using the following Friedewald formula: 

VLDL= TG/5 (Divi et al., 2012). The formula for 

calculating total cholesterol, based on the third report of the 

expert panel for the National Cholesterol Education 

Program (NCEP) 2002, was:  

Total cholesterol HDL+LDL+20% triglycerides. 
 

Serum adiponectin and leptin levels 

Serum adiponectin (ADP) and leptin (LEP) levels were 

quantified using rat ELISA kits (ADP: CSB-E07271r; 

LEP: CSB-E07433r; Cusabio Biotech Co., Ltd., Wuhan, 

China) following the manufacturer’s instructions (Sakr, 

2013; Nishida et al., 2003). The detection ranges were 

0.156–10 ng/mL (sensitivity 0.039 ng/mL) for ADP and 

0.78–50 ng/mL (sensitivity <0.195 ng/mL) for LEP. The 

assay employed a quantitative sandwich enzyme 

immunoassay, where target proteins bound to antibody-

coated wells, followed by biotin-conjugated antibody, 

HRP-avidin, substrate addition and colorimetric detection. 

Absorbance was measured at 450 nm using an ELISA plate 

reader. 
 

Gene expression analysis of sirtuins by quantitative, 

real- time polymerase chain reaction (qRT-PCR) 

Total RNA was extracted from whole blood using the 

HiPure Total RNA Kit (IVD4121, Magen Biotech, China) 

following the manufacturer’s protocol. Purified RNA was 

quantified and stored at −20°C until use. cDNA was 

synthesized from 3 µg RNA using the Thermo First cDNA 

kit (Zokeyo, China) with oligo(dT) primers. qRT-PCR was 

performed in 15 µL reactions containing 300 ng cDNA, 10 

µM primers (SIRT1, SIRT2; sequences listed in Table 1; 

Macrogen, Korea) and SYBR Select Master Mix (Zokeyo, 

China) on a SLAN-96P system (Sansure Biotech, China). 

Cycling conditions were 95 °C for 10 min, followed by 40 

cycles of 95 °C for 30 s and 60 °C for 1 min. GAPDH was 

used as the internal control and relative expression levels 

were determined using the 2^−ΔΔCt method (Arab 

Sadeghabadi et al., 2018).  
 

Data analysis and statistical insights 

Data were presented as Mean ± S.E.M. Body weight and 

blood glucose variations were analyzed using two-way 

ANOVA with Dunnett’s post-test, while one-way ANOVA 

with Dunnett’s test (GraphPad Prism 8.0) assessed 

adiponectin, leptin, sirtuins (SIRT1, SIRT2), and lipid 

profiles. Statistical significance was set at p < 0.05. 
 

RESULTS 
 

Evaluation of weight dynamics in STZ-administered 

diabetic rats 

STZ-diabetic rats in the diseased control group showed 

progressive weight loss, confirming insulin resistance, 

while normal controls gained 19.07 ± 0.44% body weight. 

In contrast, groups treated with botanical mixtures A, B, 

and C showed reduced weight loss (−12.38%, −9.25% and 

−13.42%, respectively) compared with diseased controls 

(−25.10%). Standard drug groups also showed milder 

declines (metformin −11.06%; glibenclamide −7.54%). 

These results indicate that treatment partially prevented 

STZ-induced weight loss (Fig. 1). 
 

Effects of botanical mixtures on blood glucose 

regulation in STZ-diabetic rats 

Acute study (8 h) 

In the acute phase, baseline blood glucose (BG) levels were 

elevated across all groups (~328 mg/dL). Within 2 h post-

treatment, botanical mixture B (50 B.s: 50 R.s) showed the 

most pronounced decline (206.5 ± 10.08 mg/dL; −18.27%, 

p<0.05), comparable to metformin (−32.90%) and 

glibenclamide (−35.58%). At 4 h, mixture B maintained 

BG reduction (p<0.01), though less than standard drugs. 

By 6–8 h, BG levels plateaued or rebounded, indicating a 

transient effect as shown in fig. 2 (a). 
 

Subacute study (14 days) 

At day 3, mixtures A and B significantly reduced BG 

(209.17 ± 4.58 and 208.17 ± 5.35 mg/dL, p<0.01), 

comparable to metformin and glibenclamide, while 

mixture C showed only minor effects. Progressive 

improvement was observed, with mixture B achieving a 

41.81% reduction (p<0.01) by day 14, nearly equivalent to 

metformin (42.03%) and glibenclamide (45.80%) as 

illustrated in Fig. 2 (b). 
 

Subchronic study (21 days) 

Fig. 2 (c) illustrates that all groups showed progressive BG 

reduction. On day 21, mixture B again demonstrated a 

marked effect (49.60% reduction; p<0.05), closely 

paralleling metformin (50.24%) and glibenclamide 

(53.08%). Mixture A showed moderate efficacy, while 

mixture C remained less effective. 
 

Chronic study (28 days) 

Weekly assessments confirmed sustained BG reduction in 

treated groups. On day 28, mixture B (53.78%, p<0.001) 

produced reductions comparable to metformin (53.77%) 

and glibenclamide (57.09%), exceeding 50% efficacy. 

Mixture A (41.16%) and C (43.09%) were less potent but 

still significantly improved glycemic status relative to 

diseased controls as shown in fig. 2 (d). 
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Botanical mixture B (50 B.s: 50 R.s) consistently 

demonstrated the most effective glucose-lowering 

potential across acute, subacute, subchronic, and chronic 

studies, showing effects comparable to standard 

antidiabetic drugs as evident in fig. 2. In the acute phase, 

only botanical mixture B showed significant glucose 

reduction at 2 h (*), 4 h (**), 6 h (***), and 8 h (**). In the 

subacute phase, both A and B showed significant glucose 

reduction at day 3 (**), day 5 (*), and day 7 (*), while at 

day 14, all three mixtures showed a significant difference. 

In the subchronic phase, * at day 7 and 21 indicated 

mixture A and B showed significant differences, while ** 

at day 14 the p-value for three mixtures was **(p<0.01).  

In chronic phase: * (Day 7), ** (Day 14) indicated for all 

mixtures. The value was * for (A, C), ** for (B) at day 21, 

and indicated *** (at day 28) for mixtures A, B, and C. All 

treatment comparisons were against diseased control. 
 

Evaluation of SIRT1 and SIRT2 expression 

STZ-induced diabetic rats showed markedly reduced 

SIRT1 (1.01±0.06) and SIRT2 (1.03±0.12) compared with 

healthy controls (3.25±0.31 and 2.61±0.20, respectively). 

Botanical mixtures A, C, metformin and glibenclamide 

significantly restored (p<0.05) SIRT1 levels, while 

mixture B (50 B.s: 50 R.s) produced the highest increase 

(3.60±0.66, p<0.01), exceeding standard drugs as depicted 

in fig 3 (a). For SIRT2, only mixture B showed a significant 

rise (2.49±0.48, p<0.05), comparable to metformin 

(2.47±0.36) and glibenclamide (2.39±0.54) as shown in 

fig. 3 (b). 
 

Leptin and adiponectin modulation 

In STZ-diabetic rats, adiponectin decreased (0.78±0.27 vs. 

4.41±0.27 ng/mL in healthy) while leptin increased 

(27.31±1.26 vs. 10.59±1.96 ng/mL). Botanical mixtures A, 

B and C significantly restored adiponectin, with mixture B 

(2.36±0.32 ng/mL, p<0.01) showing the strongest effect, 

comparable to metformin (2.63±0.36 ng/mL, p<0.001) as 

indicated in fig 4 (a). Leptin levels were markedly reduced 

in mixture B, metformin and glibenclamide groups 

(12.55±2.35, 11.14±1.05 and 21.28±1.00 ng/mL, 

respectively), indicating improved leptin sensitivity as 

demonstrated in fig. 4 (b). 

Table 1: Forward-reverse primer sequences used in real RT-PCR with respect to gene markers. SIRT1 = Sirtuin 1 and 

SIRT2 = Sirtuin 2. 
 

Gene 

indicator 

Sequence (5'->3') Forward 

-Reverse 

Base pair 

(Product length) 

Gene accession 

number 

SIRT1 AGGGAACCTCTGCCTCATCTAC Forward 99 NM_001372090.1 

GGCATACTCGCCACCTAACCT Reverse 

SIRT2 CGAAGGAGTGACACGCTACATG Forward 143 

 

NM_001399630.1 

GGTGGTACTTCTCCAGGTTTGC Reverse 
 

 
 

Fig. 1: Impact of treatment on a) body weight and b) body mass index variation in streptozotocin induced diabetic rats.  
Values articulated as Mean ± SEM (n=6). Note: - sign indicated the decrease in body weight. B.s = Bergenia stracheyi and R.s = 

Rheum spiciforme.  
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Fig. 2: Effect of botanical mixtures on blood glucose levels in STZ-induced diabetic rats at different treatment durations: 

(a) Acute, (b) Subacute, (c) Sub-chronic, and (d) Chronic study. 
Asterisks denote significance vs. diseased control (STZ): **** (p<0.0001), ***(p<0.001), **(p<0.01) and * (p<0.05); Result 

articulated as Mean ± SEM followed by Two way ANOVA (Dunnett’s test) where n= 6. B.s = Bergenia stracheyi and R.s = Rheum 

spiciforme. 
 

 
 

Fig. 3: Post treatment impact of botanical mixtures on a) Sirtuin 1 (SIRT1) and b) Sirtuin 2 (SIRT2) expression in STZ 

diabetic rats. 
Result expressed as Mean ± SEM, followed by One way ANOVA (Dunnett’s test). Where n= 6, ns= non-significant, **(p<0.01) and * 

(p<0.05) vs. diseased control group. B.s = Bergenia stracheyi and R.s = Rheum spiciforme 
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Diabetes and dyslipidemia relationship 

STZ-induced diabetes markedly increased TC, LDL, 

VLDL, TG, and total lipids while reducing HDL, 

confirming the strong association between diabetes and 

dyslipidemia.  

Treatment with botanical mixtures A, B and C significantly 

(p<0.0001) improved lipid profiles, lowered harmful lipids 

and elevated HDL toward near-normal values. Mixtures A 

and B showed effects comparable to metformin and 

glibenclamide, highlighting their potential in restoring 

lipid homeostasis, as shown in Table 2. 
 

DISCUSSION 
 

Type 2 diabetes mellitus (T2DM) is a prevalent metabolic 

disorder characterized by hyperglycemia, dyslipidemia, 

and disrupted sirtuin signaling, all of which play crucial 

roles in its progression and complications (Galicia-Garcia 

et al., 2020). The side effects associated with conventional 

 
 

Fig. 4: Influences on a) adiponectin and b) leptin concentrations in STZ diabetic rats following botanical mixtures 

administration.  
Result expressed as Mean ± SEM followed by One way ANOVA (Dunnett’s test). Where n= 6, **** (p<0.0001), ***(p<0.001), 

**(p<0.01) and * (p<0.05) vs. diseased control group. B.s = Bergenia stracheyi; R.s = Rheum spiciforme and STZ= Streptozotocin. 
 

Table 2: Assessment of the botanical mixtures’ treatment on the relationship between diabetes and dyslipidemia 

parameters in streptozotocin-induced diabetic rats. 
 

Parameters 

(mg/dL) 

Normal 

control 

Diseased 

control 

(STZ) 

Botanical 

mixture A (75 

B.s: 25 R.s) 10 

mL/kg 

Botanical  

mixture B  

(50 B.s:  

50 R.s)  

10 mL/kg 

Botanical 

mixture C (25 

B.s: 

75 R.s) 10 

mL/kg 

Metformin 

500 mg/kg 

Glibenclamide 

10 mg/kg 

HDL 46± 

0.58**** 

26.83 

±0.60 

44± 

1.44**** 

48± 

0.52**** 

37.50± 

1.09** 

47.50 

±1.26**** 

44.83 

±0.60**** 

LDL 35.83 

±1.72**** 

69.83 

±1.25 

37.83 

±1.01**** 

36.50± 

1.18**** 

39.50± 

1.28**** 

37.67 

±1.76**** 

39.17 

±1.30**** 

VLDL 12.45 

±0.17**** 

40.08 

±0.27 

15.50 

±0.20**** 

14.41± 

0.17**** 

16.03± 

0.32**** 

13.97 

±0.17**** 

15.83 

±0.14**** 

TG 61.17 

±1.08**** 

198.17 

±1.72 

77.50 

±0.99**** 

72.05± 

0.63**** 

80.17± 

1.60**** 

69.83 

±0.83**** 

79.17 

±0.70**** 

Total 

cholesterol 

73.67 

±1.12**** 

151 

±1.92 

100.50 

±1.34**** 

93± 

1.16**** 

101.17± 

0.54**** 

97.96 

±1.52**** 

101.67 

±1.73**** 

Total lipids 320.31 

±5.36**** 

905.83 

±27.67 

489.42 

±9.14**** 

414.2 

±8.31**** 

491.40± 

18.55**** 

389.60 

±13.28**** 

425.93 

±15.48**** 
Result expressed as Mean ± SEM followed by One way ANOVA (Dunnett’s test). Where n= 6, **** (p<0.0001) vs. diseased control 

group. B.s = Bergenia stracheyi; R.s = Rheum spiciforme; STZ = Streptozotocin; HDL= high density lipoproteins; LDL = Low density 

lipoproteins; VLDL = very low density lipproteins and TG = triglycerides.  
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treatments have driven the search for safer, more effective 

alternatives. In this context, botanical mixtures have 

attracted significant attention for their potential to manage 

T2DM. This study evaluated the antidiabetic effects of 

Bergenia stracheyi and Rheum spiciforme in STZ-induced 

diabetic rats, focusing on glycemic control, lipid 

metabolism, sirtuin activation and modulation of 

adipokines such as adiponectin and leptin. The results 

suggest that these botanical mixtures offer promising 

therapeutic benefits in the management of T2DM, as 

evidenced by their impact on glycemic control, lipid 

profiles and the regulation of key adipokines, aligning with 

previous studies (Divi et al., 2012; Sundaram, 

Nandhakumar and Haseena Banu, 2019). 
 

STZ-diabetic rats exhibit reduced body weight, likely due 

to muscle deterioration and decreased tissue protein 

content from impaired carbohydrate utilization. Treatment 

with botanical mixtures of Bergenia stracheyi and Rheum 

spiciforme partly prevented this decline, similar to the 

previous plant-based studies, which demonstrates a 

reduction in STZ-induced weight loss (Divi et al., 2012; 

Patel et al., 2011; Sundaram et al., 2019). The 

improvement in body weight in STZ-treated groups 

indicated that treatment might have a protective impact in 

reversing gluconeogenesis or muscle wasting. 
 

The evaluation of the botanical mixtures across different 

time frames provided deeper insights into both their 

immediate and prolonged antidiabetic effects. In the acute 

studies (up to 8 hours), the 50:50 decoction (mixture B) 

was the only combination that led to a significant reduction 

in blood glucose (p<0.01), comparable to metformin, while 

mixtures A (75:25) and C (25:75) showed comparatively 

minimal effects. This rapid response likely stemmed from 

a synergistic interaction between Bergenia stracheyi and 

Rheum spiciforme, enhancing insulin secretion and glucose 

uptake. In the subacute phase (14 days), both mixtures A 

and B reduced blood glucose significantly (p<0.01), with 

responses aligning more closely with glibenclamide than 

metformin, suggesting improved insulin release and 

sensitivity. By day 14, blood glucose reductions with all 

mixtures were comparable to metformin (42.03%) and 

glibenclamide (45.80%). These complementary actions of 

the mixtures can be attributed to R. spiciforme’s potential 

to enhance β-cell function, while B. stracheyi likely 

contributed to improving peripheral glucose uptake and 

overall metabolic regulation (Bhat et al., 2019; Hou et al., 

2021). Subchronic and chronic studies (21–28 days) 

confirmed sustained efficacy, with mixture B showing 

results similar to metformin (50.24%) and glibenclamide 

(57.09%), indicating β-cell protection and enhanced 

insulin sensitivity, similar to effects reported for other 

plant-based therapies that  showed a decline in BG level  in 

the STZ diabetic group (Kumar et al., 2012; Pandey et al., 

2014).  Overall, mixture B consistently demonstrated the 

most robust antihyperglycemic effects across all study 

durations, likely due to synergistic actions between both 

species, improving β-cell function and peripheral glucose 

regulation in diabetic rats. 
  

Beyond glycemic control, botanical mixture B 

significantly enhanced SIRT1 (p<0.01) and SIRT2 

(p<0.05) expression, surpassing conventional drugs. This 

finding parallels with many other studies reporting lower 

SIRT1 expression in diabetic rats compared to healthy 

controls, with some also noting similar changes in SIRT2 

expression (Abedimanesh et al., 2021; Agrawal and 

Kulkarni, 2023; Oza and Kulkarni, 2020; Peredo-

Escárcega et al., 2015).  Several plant-derived polyphenols 

are recognized as natural sirtuin activators.  Both Bergenia 

stracheyi and Rheum spiciforme are rich in polyphenolic 

constituents (including gallic acid, catechins and 

anthraquinones), which are known to influence oxidative 

stress and metabolic regulation  (Bhat et al., 2018; 

Chauhan et al., 2016; Hou et al., 2021). Thus, the observed 

upregulation of SIRT1 and SIRT2 in our study may be 

attributed, at least in part, to the action of these bioactive 

polyphenols present in the combined decoction. 
 

Adipose tissue secretes leptin, an insulin-sensitizing 

hormone that enhances peripheral insulin sensitivity, which 

eventually results in insulin resistance and disease 

progression (Ghanbari et al., 2022)  . In our study, the 

botanical mixture B significantly increased (p<0.01) 

adiponectin and decreased (p<0.0001) leptin, suggesting 

improved leptin sensitivity, comparable to metformin. 

Several studies have also demonstrated similar effects in 

STZ/HFD diabetic animals (Chandran et al., 2019; 

Ghanbari et al., 2022). 
 

Cholesterol balance is disrupted in type 2 diabetes, with 

elevated LDL and triglycerides and reduced HDL, 

contributing to increased cardiovascular risk. Dyslipidemia 

accelerates atherosclerosis and heart disease, but correcting 

lipid imbalances by lowering LDL and triglycerides while 

increasing HDL can reduce cardiovascular complications, 

enhance insulin sensitivity, and stabilize atherosclerotic 

plaques, thus lowering CVD risk in diabetic patients 

(Aghajanyan et al., 2018; Jayakumari et al., 2020; Ngwen 

et al., 2018). All mixtures improved dyslipidemia by 

reducing TC, LDL, VLDL, TG, and elevating HDL. This 

indicated that decoctions had played a significant 

antihyperlipidemic role in type 2 diabetic animals. Jia-Wei-

Jiao-Tai-Wan (JWJTW) decoction demonstrated dose-

dependent antihyperlipidemic and antidiabetic effects in 

STZ-induced diabetic rats, improving glucose tolerance, 

insulin sensitivity, and serum lipid levels. These effects are 

similar to those observed with our botanical mixture, 

highlighting the potential of multi-component herbal 

formulations in regulating glucose and lipid metabolism 

(Chen et al., 2017).  
 

Limitations and future directions 

The study did not isolate or quantify individual bioactive 

compounds, and only one diabetic model was used. Future 
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work should identify active constituents, clarify underlying 

mechanisms-especially insulin signaling and β-cell 

regeneration, assess efficacy and safety in diet-induced and 

clinical settings. 
 

CONCLUSION 
 

Previous studies have reported the individual antidiabetic 

activities of Rheum spiciforme and Bergenia stracheyi, 

with the former enhancing insulin secretion and 

antioxidant defense (Bhat et al., 2019) and the latter 

improves glucose uptake and lipid regulation (Hou et al., 

2021). However, no prior research has explored their 

combined or decocted form. The present study is therefore 

the first to evaluate the combined decoction of Bergenia 

stracheyi and Rheum spiciforme, demonstrating that the 

50:50 mixture (B) effectively improved glycemic control, 

lipid profile, adipokine balance, and sirtuin expression in 

diabetic rats. These findings highlight its synergistic and 

multi-targeted potential as a natural adjunct for managing 

type 2 diabetes. 
 

Acknowledgement 

The authors acknowledge the Higher Education 

Commission, Pakistan, for providing an indigenous PhD 

scholarship. 
 

Author’s contributions 

Hafiz Muhammad Irfan conceptualized and supervised the 

study. Komal Chaudhry designed the methodology and 

conducted the experimental work. Faiqa Chaudhry drafted 

and initially wrote the manuscript and Muhammad Omer 

performed the formal data analysis. 
 

Funding 

The project was funded by Higher Education Commission, 

Pakistan under the Indigenous PhD Scholarship Program 

(Pin No. 520-139458-2MD6-109 
 

Data availability statement  

The datasets generated during and/or analyzed during the 

current study are available from the corresponding author 

on reasonable request. 
 

Ethical approval 

The study procedure was approved by the Biosafety and 

Ethical Review Committees of the University of Sargodha 

(Approval No. SU/ORIC/2081) and all animal handling 

was conducted in accordance with the approved guidelines. 
 

Conflict of interest 

All the authors declare no conflict of interest 
 

REFERENCES 
 

Abedimanesh N, Asghari S, Mohammadnejad K, 

Daneshvar Z, Rahmani S, Shokoohi S and Noubarani M 

(2021). The anti-diabetic effects of betanin in 

streptozotocin-induced diabetic rats through modulating 

AMPK/SIRT1/NF-κB signaling pathway. Nutr. Metab, 

18: 1-13.  

Aghajanyan A, Nikoyan A and Trchounian A (2018). 

Biochemical activity and hypoglycemic effects of 

Rumex obtusifolius L. seeds used in Armenian 

traditional medicine. Biomed Res. Int., 2018(1): 

4526352.  

Agrawal OD and Kulkarni YA (2023). Treatment with 

Terminalia chebula extract reduces insulin resistance, 

hyperglycemia and improves SIRT1 expression in type 

2 diabetic rats. Life., 13(5): 1168.  

Ahmad U and Ahmad RS (2018). Anti diabetic property of 

aqueous extract of Stevia rebaudiana Bertoni leaves in 

Streptozotocin-induced diabetes in albino rats. BMC  

Complement Altern Med., 18(1): 1-11.  

Arab Sadeghabadi Z, Ziamajidi N, Abbasalipourkabir R 

and Mohseni R (2018). Garlic (Allium sativum) 

increases SIRT1 and SIRT2 gene expressions in the 

kidney and liver tissues of STZ-and STZ+ niacinamide-

induced diabetic rats. J. Basic 

Clin. Physiol. Pharmacol., 29(5): 463-467.  

Azeem S, Khan U and Liaquat A (2022). The increasing 

rate of diabetes in Pakistan: A silent killer. 

Ann. med. surg., 79:  103901. 

Bastias-Perez M, Serra D and Herrero L (2020). Dietary 

options for rodents in the study of obesity. Nutr, 12(11): 

3234.  

Bhat A, Dar K, Sofi M, Dar S, Zargar M, Masood A and 

Ganie S (2018). Rheum spiciforme Royle-the medicinal 

herb with positive modulatory effect on controlled in 

vitro oxidative stress. Indian J. Exp. Biol., 56: 556-564.    

Bhat AH, Dar KB, Zargar MA, Masood A and Ganie SA 

(2019). Modulation of oxidative stress and 

hyperglycemia by Rheum spiciformis in alloxan induced 

diabetic rats and Characterization of isolated compound. 

Drug Res (Stuttg)., 69(04): 218-226.  

Bitwell C, Indra SS, Luke C and Kakoma MK (2023). A 

review of modern and conventional extraction 

techniques and their applications for extracting 

phytochemicals from plants. Sci. Afr., 19: e01585.  

Chandran RT, Vishnupriya V, Ponnulakshmi R, Gayathri 

R, Madhan K, Shyamaladevi B and Selvaraj J (2019). 

Effects of β-sitosterol on serum, adiponectin and leptin 

levels in high-fat diet and fructose-induced diabetic rats. 

DIT., 12(5): 917-919. 

Chauhan R, Ruby K and Dwivedi J (2016). Antioxidant, 

lipid peroxidation and astringency study of 

hydroethanolic root extracts of Bergenia ligulata, 

Bergenia ciliata and Bergenia stracheyi. EJMP., 15(1): 

1-10.  

Chen G, Yang X, Yang X, Li L, Luo J, Dong H and Zou X 

(2017). Jia-Wei-Jiao-Tai-Wan ameliorates type 2 

diabetes by improving β cell function and reducing 

insulin resistance in diabetic rats. BMC 

Complement. Altern. Med., 17: 1-11.  

Divi SM, Bellamkonda R and Dasireddy SK (2012). 

Evaluation of antidiabetic and antihyperlipedemic 



Komal Chaudhry et al. 

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.647-656 655

potential of aqueous extract of Moringa oleifera in 

fructose fed insulin resistant and STZ induced diabetic 

wistar rats: A comparative study. Asian J Pharm Clin 

Res., 5(1): 67-72.  

Ennaifer M, Bouzaiene T, Chouaibi M and Hamdi M 

(2018). Pelargonium graveolens aqueous decoction: A 

new water-soluble polysaccharide and antioxidant-rich 

extract. BioMed Res. Int., 2018(1): 2691513. 

Ergun Y, Darendeli S, Imrek S, Kilinc M and Oksuz H 

(2010). The comparison of the effects of anesthetic 

doses of ketamine, propofol and etomidate on ischemia–

reperfusion injury in skeletal muscle. Fundam Clin 

Pharmacol., 24(2): 215-222.  

Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-

Sebal A, Siddiqi H, Uribe KB and Martin C (2020). 

Pathophysiology of type 2 diabetes mellitus. Int. J. 

Mol. Sci., 21(17): 6275.  

Ghanbari M, Lamuki MS, Habibi E and Sadeghimahalli F 

(2022). Artemisia annua L. extracts improved insulin 

resistance via changing adiponectin, leptin and resistin 

production in HFD/STZ diabetic mice. J. 

Pharmacopunct., 25(2): 130.  

Hidayat R and Wulandari P (2021). Methods of extraction: 

Maceration, percolation and decoction. EHI., 2(1): 68-

74.  

Hou Y, Ali I, Li Z, Sulaiman A, Aziz S, Chen L and Zheng 

X (2021). Separation of constituents from Bergenia 

stracheyi (Hook. F. & Thoms.) Engl. by high‐speed 

countercurrent chromatography with elution mode and 

its antidiabetic and antioxidant in vitro evaluation.  J. 

Sep. Sci., 44(3): 767-776.  

Irfan HM, Asmawi MZ, Khan NAK, Sadikun A and Mordi 

MN (2017). Anti-diabetic activity-guided screening of 

aqueous-ethanol Moringa oleifera extracts and 

fractions: Identification of marker compounds. Trop. J. 

Pharm. Res., 16(3): 543-552.  

Jan HA, Jan S, Bussmann RW, Wali S, Sisto F and Ahmad 

L (2020). Complementary and alternative medicine 

research, prospects and limitations in Pakistan: A 

literature review. Acta Ecol. Sin., 40(6): 451-463.  

Jayakumari C, Jabbar PK, Soumya S, Jayakumar R, Das 

DV, Girivishnu G and Nair A (2020). Lipid profile in 

Indian patients with type 2 diabetes: The scope for 

atherosclerotic cardiovascular disease risk reduction. 

Diabetes Spectr., 33(4): 299-306.  

Kitada M, Ogura Y, Monno I and Koya D (2019). Sirtuins 

and type 2 diabetes: role in inflammation, oxidative 

stress and mitochondrial function. Front. Endocrinol., 

10: 187.  

Koul B, Kumar A, Yadav D and Jin JO (2020). Bergenia 

genus: Traditional uses, phytochemistry and 

pharmacology. Mol., 25(23): 5555.  

Kumar S, Kumar V and Prakash O (2012). Antidiabetic 

and hypolipidemic activities of Kigelia pinnata flowers 

extract in streptozotocin induced diabetic rats. 

Asian.Pac. J. Trop. Biomed., 2(7): 543-546.  

Min SE, Gu EY, Jung J, Back SM, Kim W, Min BS and 

Han KH (2024). Evaluating the toxicity of the roots of 

Asarum heterotropoides var. mandshuricum extracted 

using the decoction method: Genotoxicity, single-dose 

toxicity and 13-week repeated-dose toxicity studies. J. 

Ethnopharmacol.,  325: 117783.  

Ngwen A, Mohammed A, Japheth C, Mhya H and Omale 

O (2018). Evaluation of the effects of  methanol extracts 

of leaf and stem bark of Buchholzia coriacae 

(Wonderful Kola) on some biochemical parameters of 

streptozotocin-induced diabetic rats. J.Biotech. 

Biochem.,  4(2): 01-08.  

Novelli E, Diniz Y, Galhardi C, Ebaid G, Rodrigues H, 

Mani F and Novelli Filho J (2007). Anthropometrical 

parameters and markers of obesity in rats. Lab Anim,, 

41(1): 111-119.  

Oza MJ and Kulkarni YA (2020). Trifolium pratense (Red 

Clover) improve SIRT1 expression and glycogen 

content in high fat diet‐streptozotocin induced type 2 

diabetes in rats. Chem. Biodiversity., 17(4): e2000019.  

Pandey AK, Gupta PP and Lal VK (2014). Hypoglycemic 

effect of Rhizophora mucronata in streptozotocin 

induced diabetic rats. JCIM., 11(3): 179-183.  

Pang GM, Li FX, Yan Y, Zhang Y, Kong LL, Zhu P and 

Lu C (2019). Herbal medicine in the treatment of 

patients with type 2 diabetes mellitus. Chin. Med. J., 

132(1): 78-85.  

Patel D, Kumar R, Prasad S, Sairam K and Hemalatha S 

(2011). Antidiabetic and in vitro antioxidant potential of 

Hybanthus enneaspermus (Linn) F. Muell in 

streptozotocin–induced diabetic rats. Asian Pac. J. 

Trop. Biomed.,  1(4): 316-322.  

Pepato MT, Keller E, Baviera AM, Kettelhut IdC, 

Vendramini RC and Brunetti IL (2002). Anti-diabetic 

activity of Bauhinia forficata decoction in 

streptozotocin-diabetic rats. J.Ethnopharmacol., 81(2): 

191-197.  

Peredo-Escarcega AE, Guarner-Lans V, Pérez-Torres I, 

Ortega-Ocampo S, Carreón-Torres E, Castrejón-Tellez 

V and Rubio-Ruiz ME (2015). The combination of 

resveratrol and quercetin attenuates metabolic syndrome 

in rats by modifying the serum fatty acid composition 

and by upregulating SIRT 1 and SIRT 2 expression in 

white adipose tissue. Evid. Based Complementary 

Altern. Med., 2015(1): 474032.  

Rahman HA, Sahib NG, Saari N, Abas F, Ismail A, 

Mumtaz MW and Hamid AA (2017). Anti-obesity effect 

of ethanolic extract from Cosmos caudatus Kunth leaf 

in lean rats fed a high fat diet. BMC Complement Altern 

Med., 17: 1-17.  

Song J, Yang B, Jia X, Li M, Tan W, Ma S and Feng L 

(2018). Distinctive roles of sirtuins on diabetes, 

protective or detrimental? Front.Endocrinol., 9: 724.  

Sundaram R, Nandhakumar E and Haseena Banu H (2019). 

Hesperidin, a citrus flavonoid ameliorates 

hyperglycemia by regulating key enzymes of 



Antidiabetic and metabolic regulatory effects of Bergenia stracheyi and Rheum spiciforme mixtures via sirtuin modulation in STZ- 

Pak. J. Pharm. Sci., Vol.39, No.3, March 2026, pp.647-656 656

carbohydrate metabolism in streptozotocin-induced 

diabetic rats. Toxicol. Mech. Methods., 29(9): 644-653.  

Tagieva F (2023). Pathogenetic significance of 

adiponectin, leptin and resistin in the development of 

insulin resistance in pregnant women with obesity and 

type 2 diabetes. World. Med. Biol., 19(83): 165-168.  

Zhuge F, Ni Y, Wan C, Liu F and Fu Z (2021). Anti-

diabetic effects of astaxanthin on an STZ-induced 

diabetic model in rats. Endocr.J.,  68(4): 451-459.  
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 


