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ABSTRACT 

This study investigated the therapeutic effects of flavonoid-rich Hibiscus sabdariffa L. leaf extracts in rats with 

streptozotocin-induced diabetes. The study evaluated various biochemical parameters, including markers of redox 

stress, inflammation, pancreatic tissue histology, insulin levels, purinergic enzyme functions, lipase activity, and 

homeostasis models for β-cell function and insulin resistance (HOMA-β, HOMA-IR). The results showed that H. 

sabdariffa extracts significantly (P < 0.05) alleviated redox imbalance and inflammation in the diabetic rats. This 

was evidenced by the reduction of malondialdehyde (MDA), interleukins (IL-1β, IL-6), tumor necrosis factor-

alpha (TNF-α), and C-reactive protein (CRP), alongside an increase in antioxidant enzymes such as reduced 

glutathione (GSH), glutathione-S-transferase (GST), catalase (CAT), and glutathione peroxidase (GPx). 

Histological evaluation of pancreatic tissue demonstrated protection against the degeneration of both acinar and 

β-cells. In addition, there was a significant increase in insulin concentration and a decrease in lipase activity. The 

extracts also modulated purinergic enzymes, including ecto-nucleoside triphosphate diphosphohydrolase (E-

NTPDase) and ATPase, while improving both HOMA-β and HOMA-IR indices. Notably, the extracts activated 

the gene expression of insulin and GLP-1 receptors in the treated diabetic rats. These findings highlight the 

potential of H. sabdariffa leaf extracts as a natural therapeutic approach for diabetes management. 
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Excessive consumption of foods rich in fats and sugars heightens the likelihood of developing conditions such as 

dyslipidemia, diabetes, and obesity. Diabetes mellitus (DM), a prevalent global health issue affecting over 500 

million individuals, is marked by abnormal blood glucose levels, which result from inadequate or dysfunctional 

insulin secretion. Factors like a sedentary lifestyle, genetics, and unhealthy eating habits contribute significantly 

to this disease. DM is one of the leading causes of early death, claiming over a million lives annually [1, 2]. The 

condition is primarily divided into type 1 (T1DM), which involves a loss of insulin-producing β-cells in the 

pancreas, and type 2 (T2DM), which is characterized by insulin resistance in the liver, fat, and muscle cells, 

hindering glucose absorption from the blood [1]. Both types are extensively studied to understand their 

progression and explore potential treatments, with hyperglycemia being a central factor in both. This condition 

contributes to processes like glucose autoxidation, protein glycation, and the breakdown of glycated proteins [2]. 

Insulin secretion from the pancreas is critical for regulating blood glucose levels. This process is meticulously 

controlled by dietary factors and hormones such as glucose-dependent insulinotropic peptide and glucagon-like 

peptide-1 (GLP-1) [3]. To counteract oxidative damage, mammals rely on a variety of enzymatic and non-

enzymatic antioxidants, such as catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), and 

glutathione-S-transferase (GST) [4]. In diabetic models, variations in ROS levels are often observed, attributed to 

changes in antioxidant enzyme activity, which may either increase in an attempt to mitigate oxidative stress or be 

suppressed. Excessive oxidative stress, resulting from high ROS levels and insufficient neutralization, can lead to 

significant cellular damage and metabolic disruptions. In many cases, this leads to apoptosis, a form of cell death 

regulated by specific genes and proteins involved in the process [5-17]. 

Given the promising effects of bioactive plant compounds on cellular processes, insulin function, and resistance, 

certain plants have gained attention as potential therapeutic agents for diabetes. However, Hibiscus sabdariffa L., 

known for its bioactive properties, has yet to be fully explored in terms of its influence on insulin and GLP-1 

receptor activation in diabetic rats induced by streptozotocin. Further investigation is needed to assess its viability 

for treating diabetes in humans. 

This research explored the therapeutic effects of flavonoid-rich Hibiscus sabdariffa L. leaf extracts in rats with 

streptozotocin-induced diabetes. 

Materials and Methods 

Source and authentication of plant material 

The leaves of Hibiscus sabdariffa were procured from Oja-Oba Market, Ado-Ekiti, Ekiti State, Nigeria. The plant 

was authenticated by Mr. S.A. Odewo, a senior taxonomist from the Forestry Research Institute of Nigeria (FRIN), 

Ibadan, Nigeria, who assigned voucher number FHI: FHI:113742. 

 

Reagents and enzyme kits 

The chemicals used in this research, including methanol, ammonium hydroxide, fructose, sulfuric acid, absolute 

ethanol, streptozotocin (STZ), formalin, citrate buffer, and phosphate buffer, were obtained from Sigma-Aldrich, 

Germany. The reagents employed were of analytical grade. The enzyme kits utilized in the assays were provided 

by Randox Laboratories, located in Crumlin, United Kingdom. 

 

Preparation of H. sabdariffa and extraction process 

The leaves of H. sabdariffa were air-dried for two weeks before being ground using an electric blender. A 1 g 

sample of the powder was macerated in 80% methanol for 72 hours, followed by filtration through muslin cloth. 

The filtrate was concentrated using a rotary evaporator. The residue was then treated with 200 mL of 10% sulfuric 

acid, heated for 30 minutes at 100 °C in a water bath. The solution was then cooled on ice for 15 minutes to 

facilitate the precipitation of flavonoid aglycones. These aglycones were dissolved in 50 mL of warm 95% ethanol 

and filtered into a 100 mL volumetric flask, which was topped up with 95% ethanol. After further concentration 

by rotary evaporation, ammonium hydroxide was added to precipitate the flavonoids. The precipitate was 

collected and rinsed with dilute ammonium hydroxide. 

 

Induction of diabetes in experimental animals 

The rats were housed in groups of five and allowed to acclimatize for one week. The animals were administered 

a 20% fructose solution for 2 weeks [6]. Afterward, they were injected with streptozotocin (forty mg/kg body 
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weight), while the control group was treated with an equal volume of citrate buffer (pH = 7.4). Three days after 

the injection, rats exhibiting fasting blood glucose levels exceeding 250 mg/dL were considered for the study [7]. 

Grouping and treatment of animals 

The rats were divided into five groups of five rats each based on their weight: 

Group I: Normal (non-diabetic) control 

Group II: Diabetic control (no treatment) 

Group III: Diabetic rats treated with a low dose of H. sabdariffa flavonoid-rich extract (150 mg/kg body weight) 

Group IV: Diabetic rats treated with a high dose of H. sabdariffa flavonoid-rich extract (300 mg/kg body weight) 

Group V: Diabetic rats treated with metformin (200 mg/kg body weight). 

 

Tissue collection and sample processing 

On day 22, the rats were euthanized using cervical dislocation, and blood was collected via cardiac puncture. The 

blood was placed into a plain tube, centrifuged at 1,500 rpm for 15 minutes, and the serum was stored at 4 °C. 

The pancreas was carefully harvested, homogenized in 0.1 M potassium phosphate buffer (pH = 6.5), and 

centrifuged at 4,000 rpm for fifteen minutes to prepare the pancreas homogenate [8]. 

 

Measurement of malondialdehyde (MDA) levels 

MDA levels in the pancreas were assessed following the method of Oloyede et al. [9]. 

 

Assessment of superoxide dismutase (SOD) activity 

SOD activity was measured using the protocol by Misra and Fridovich [10]. 

 

Glutathione-S-transferase (GST) activity 

GST activity was evaluated by the method of Habig et al. [11] with slight modifications. The GST activity was 

measured using CDNB or DCNB as substrates, and the reaction was monitored spectrophotometrically at 340 nm 

(CDNB) and 345 nm (DCNB). 

 

Catalase (CAT) activity 

The method of Beers and Sizer [12] was used to determine catalase activity. 

 

Glutathione peroxidase (GPx) activity 

GPx activity was determined according to the method of Haque et al. [13]. 

 

Measurement of reduced glutathione (GSH) levels 

The concentration of GSH in the pancreas homogenate was quantified using Ellman’s method [14]. 

 

Protein carbonyl content 

The protein carbonyl content was measured using the procedure described by Levine et al. [15]. 

 

Measurement of inflammatory cytokines (IL-1β, IL-6, TNF-α, and CRP) 

The concentrations of pro-inflammatory cytokines, including IL-1β, IL-6, TNF-α, and CRP, were quantified using 

commercial ELISA kits, following the procedure outlined by Bergqvist et al. [16]. 

 

Pancreatic lipase activity determination 

Pancreatic lipase activity was analyzed by monitoring the hydrolysis of p-nitrophenol in a colorimetric assay. P-

Nitrophenyl butyrate (PNPB), dissolved in acetonitrile, was used as the substrate at a final concentration of 100 

µM, replacing the original 5 mM concentration. A volume of 0.10 mL of the pancreatic lipase solution was added 

to the reaction mixture, and the total volume was brought to 1 mL with tris-HCl buffer. The assay was carried out 

at 37 °C, and absorbance was measured at 410 nm across several time points (1–5 minutes) to track the release of 

p-nitrophenol. 

 

Quantification of pancreatic insulin levels 
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Pancreatic insulin concentration was determined using an ELISA kit, following the methodology described by 

Thevis et al. [18]. 

 

Activity measurement of membrane ATPases 

The activities of Na+/ K+-ATPase, Ca2+/Mg2+-ATPase, and Mg2+-ATPase were measured according to the 

protocol established by Bewaji et al. [19]. 

 

ENTPDase activity measurement 

The activity of ecto-nucleoside triphosphate diphosphohydrolase (ENTPDase) was determined following the 

method described by Akomolafe et al. [20]. 

 

Assessment of Ecto-5'-nucleotidase activity 

Ecto-5'-nucleotidase enzyme activity was measured using the procedure outlined by Freundlieb et al. [21]. 

The evaluation of insulin resistance (HOMA-IR) and beta cell function (HOMA-β) is based on the basal levels of 

glucose and insulin, as described by Matthews et al. [22]. Both HOMA-IR and HOMA-β are strongly correlated 

with diabetes risk across different ethnic groups. The following formulas are used to compute the HOMA-IR and 

HOMA-β values: 

HOMA-IR = [fasting insulin (µU/mL) × fasting plasma glucose (mg/dl)] / [405] (1) 

HOMA-β = [20] × [fasting insulin (µU/ml)] / [fasting plasma glucose (mg/dl) – 63] (2) 

 

RNA isolation 

Tissue samples were used to extract total RNA using the Quick-RNA MiniPrep™ Kit (Zymo Research). The RNA 

was treated with DNase I (NEB, Cat: M0303S) to eliminate DNA contamination. RNA concentration was assessed 

at two hundred sixty nm, and its purity was determined by measuring the absorbance at two hundred sixty nm and 

two hundred eighty nm using an A&E Spectrophotometer (A&E Lab. UK). 

 

cDNA synthesis 

One microgram of purified RNA underwent reverse transcription to synthesize complementary DNA (cDNA) 

with the ProtoScript II first-strand cDNA synthesis kit (New England BioLabs). The reaction protocol included 

incubation at 65 °C for 5 minutes, followed by 42 °C for 1 hour, and a final 5-minute step at 80 °C [23]. 

 

PCR amplification and gel electrophoresis 

PCR amplification of the gene of interest was carried out using OneTaqR2X Master Mix (NEB) and primers from 

Inqaba Biotec (Hatfield, South Africa). The PCR reaction was carried out in a total volume of 25 μL, containing 

cDNA, primers, and Ready Mix Taq PCR master mix. The thermal cycling conditions consisted of an initial 

denaturation at 95 °C for five minutes, followed by 30 amplification cycles (95 °C for 30 seconds, annealing for 

30 seconds, and extension at 72 °C for 1 minute). A final extension at 72 °C for ten minutes concluded the process. 

The amplified products were then resolved on a 1.0% agarose gel, with GAPDH used as a reference gene for 

normalization, and the band intensities were quantified using “Image J” software [23]. 

 

Histopathology analysis 

Histopathological analysis was conducted using hematoxylin and eosin (H&E) staining according to the method 

described by Blume et al. [24]. 

 

Data analysis 

All results are presented as mean ± standard deviation (n = 5). For statistical evaluation, ANOVA was used, 

followed by Tukey’s post-hoc test for multiple comparisons, with significance defined at P < 0.05 using GraphPad 

Prism software (Version 5.0). 

Results and Discussion 
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Effects of H. sabdariffa extract on redox stress biomarkers in the STZ-diabetic rat pancreas 

The impact of the flavonoid-rich extract from H. sabdariffa leaves on pancreatic redox stress markers in STZ-

diabetic rats is illustrated in Figure 1. The findings revealed a notable rise (P < 0.05) in both lipid peroxidation 

and protein degradation (assessed via MDA and protein carbonyl concentrations, respectively) alongside a 

significant drop (P < 0.05) in the activity of antioxidant enzymes, including glutathione-S-transferase (GST), 

catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD), as well as a reduction in the 

level of reduced glutathione (GSH) in the untreated diabetic group (DC) compared to the normal group. However, 

these disturbances were substantially mitigated (P < 0.05) in a dose-dependent manner following administration 

of both low and high doses of the extract, showing effects similar to the metformin-treated group. This highlights 

the antioxidant efficacy of H. sabdariffa, which aids in alleviating oxidative stress and the accumulation of free 

radicals linked to diabetes, corroborating earlier studies in the domain [25]. 

In this investigation, the normal control rats did not show elevated antioxidant enzyme activities since they didn't 

produce reactive oxygen species (ROS). On the other hand, the STZ-treated diabetic rats demonstrated significant 

pancreatic β-cell damage, resulting in insulin deficiency and an increase in ROS levels [26]. Enhancing the 

function and gene expression of antioxidant enzymes is vital for counteracting such oxidative stress. Previous 

studies have similarly shown an increase in MDA activity in the pancreas of STZ-induced diabetic rats, a process 

that damages several biological structures such as enzymes, proteins, lipids, cell membranes, and nucleic acids 

[27]. Diabetic patients experience a notable level of oxidative stress because of the accumulation of oxidation by-

products and decreased clearance of free radicals. Reducing lipid peroxidation, preserving the integrity of cell 

membranes, and ensuring normal cellular activity are essential for safeguarding the organism against oxidative 

damage. Notably, maintaining the integrity of cell membrane structures is especially crucial for insulin receptor 

function, as these receptors are embedded in the membrane [28]. 

  

a) b) 

  

c) d) 
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e) f) 

 
g) 

Figure 1. Redox stress biomarkers in STZ-diabetic rats after treatment with flavonoid-rich extract from H. 

sabdariffa leaves; each value is the mean of eight determinations ± SD; # P < 0.05 vs NC, * P < 0.05 vs DC; 

NC: normal control, DC: diabetic control, LDHSFL: STZ-diabetic rats treated with a low dose (150 mg/kg 

body weight) of extract, HDHSFL: STZ-diabetic rats treated with a high dose (300 mg/kg body weight) of 

extract, MET: STZ-diabetic rats treated with 200 mg/kg of metformin, MDA: malondialdehyde, GSH: 

reduced glutathione, GST: glutathione-S-transferase, CAT: catalase, GPx: glutathione peroxidase, and SOD: 

superoxide dismutase. 

 

Effects of H. sabdariffa extract on pro-inflammatory markers in the pancreas of STZ-diabetic rats 

The data presented in Figure 2 highlights that treatment with STZ led to a marked (P < 0.05) increase in pro-

inflammatory biomarkers such as interleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), 

and C-reactive protein (CRP) in the pancreas of untreated diabetic rats (DC) when compared to control rats (NC). 

These results are consistent with earlier studies [29] and further reinforce the well-established view that 

inflammatory cytokines like TNF-α contribute significantly to the development of insulin resistance. In obesity, 

where there is a decrease in adiponectin and an increase in fat tissue, cytokines such as TNF-α and IL-6 are 

released by adipocytes and macrophages, promoting a state of chronic low-grade inflammation that exacerbates 

insulin resistance and encourages the development of type 2 diabetes [30]. Recognizing these inflammatory 

pathways is vital to understanding the intricate relationship between obesity, inflammation, and insulin resistance. 

STZ-induced inflammation also induces pancreatic inflammation, which is a common consequence of diabetes. 

CRP, an important inflammation marker, has become more closely linked to T2DM due to its role in fostering 

insulin resistance through low-grade inflammation. Additionally, elevated CRP levels are commonly associated 

with an increased risk of cardiovascular diseases in diabetic patients, making it a crucial marker for assessing 

cardiovascular risk in individuals with diabetes [31]. 

The elevated levels of pro-inflammatory biomarkers were notably reduced (P < 0.05) by the treatment with both 

low and high doses of H. sabdariffa extract (150 mg/kg and 300 mg/kg body weight) and 200 mg/kg of metformin 

as the reference drug. The extract’s administration suppressed the release of TNF-α, IL-1β, IL-6, and CRP, 

possibly influencing insulin secretion through direct or indirect modulation of hepatic enzymes involved in 

glucose regulation. This finding indicates that H. sabdariffa extract possesses anti-inflammatory effects, 

contributing to the reduction of inflammation in the pancreas associated with diabetes [32]. 
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Effects of H. sabdariffa extract on histological changes in the pancreas of STZ-diabetic rats 

Figure 3 illustrates the impact of H. sabdariffa’s flavonoid-rich extract on the pancreas of STZ-diabetic rats. As 

expected, the untreated diabetic rats (DC) displayed significant histological damage, such as the destruction of 

acidophilic pancreatic acinar cells and severe degeneration of β-cells in the islets of Langerhans, which led to a 

decrease in insulin secretion and elevated blood glucose levels. These findings align with other studies 

documenting similar pathological changes, which are important for understanding the cellular damage associated 

with diabetes and its complications. This damage is primarily due to sustained hyperglycemia and toxicity from 

STZ [33]. Histopathological alterations like inflammation, fibrosis, and vascular changes are commonly observed, 

which suggest that the pancreas is responding to STZ-induced injury. Vascular sclerosis might hinder blood flow, 

while amyloid deposits and ductal alterations affect pancreatic exocrine function [34]. 

However, upon examining the tissue sections, it was found that both low and high doses of H. sabdariffa extract, 

as well as the metformin treatment, led to a significant restoration of pancreatic architecture. The damage to 

pancreatic acinar cells and β-cells was notably reversed, suggesting that H. sabdariffa may aid in the partial 

recovery of pancreatic function in diabetic rats [25]. 

 

  

a) b) 

  

c) d) 

Figure 2. Levels of pro-inflammatory markers in STZ-induced diabetic rats following treatment with 

flavonoid-enriched extract from H. sabdariffa leaves; the data presented are the mean values of eight 

separate measurements ± SD; statistical significance is indicated by # P < 0.05 compared to NC and * P < 

0.05 compared to DC; NC: normal control, DC: diabetic control, LDHSFL: STZ-diabetic rats treated with a 

low dose (150 mg/kg body weight) of extract, HDHSFL: STZ-diabetic rats treated with a high dose (300 

mg/kg body weight) of extract, MET: STZ-diabetic rats treated with 200 mg/kg of metformin, IL-1β: 

interleukin-1 beta, IL-6: interleukin-6, TNF-α: tumor necrosis factor-α, CRP: C-reactive protein. 
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a) b) c) 

  
d) e) 

Figure 3. Histological evaluation of pancreatic tissue in STZ-induced diabetic rats post-treatment with the 

flavonoid-rich extract from H. sabdariffa leaves, using H&E staining at x800 magnification; NC: normal 

control, DC: diabetic control, LDHSFL: low-dose extract: 150 mg/kg of body weight, HDHSFL: high-dose 

extract: 300 mg/kg of body weight, MET: metformin: 200 mg/kg. 

 

The NC group exhibited normal pancreatic acinar cells (indicated by a green arrowhead), healthy blood vessels 

(marked with a star), and evenly distributed β-cells in the endocrine regions. The DC group showed significant 

damage, including the loss of pancreatic acinar cells (green arrowhead) and the degeneration of β-cells in the 

islets. In the LDHSFL group, there was moderate damage to the exocrine pancreatic acinar cells (green arrowhead) 

and moderate degeneration of the endocrine region. The HDHSFL group demonstrated almost normal pancreatic 

acinar cells (green arrowhead) and a balanced distribution of β-cells within the endocrine region. In the MET 

group, there was moderate degeneration of the exocrine cells (green arrowhead) and some degeneration within 

the endocrine region. 

 

Impact of H. sabdariffa extract on insulin and lipase activity in the pancreas of STZ-diabetic rats 

In untreated diabetic rats, STZ administration led to a notable (P < 0.05) elevation in pancreatic lipase activity, 

alongside increased pancreatic insulin levels, which suggests enhanced lipolysis and impairment of insulin 

signaling pathways [35]. 

As depicted in Figure 4, treatment with both high and low doses of H. sabdariffa extracts significantly mitigated 

(P < 0.05) this abnormal trend in a dose-dependent manner, ultimately bringing the levels closer to normal, 

resembling the effects of metformin. These findings highlight the extract’s protective effects on the pancreas and 

its potential in enhancing insulin sensitivity, supporting previous research [36]. 
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a) b) 

Figure 4. Measurement of pancreatic insulin levels and lipase activity in STZ-diabetic rats after 

administering the flavonoid-rich extract from H. sabdariffa leaves; values represent the average ± standard 

deviation of eight samples; statistical significance is indicated as # P < 0.05 when compared to NC, and * P < 

0.05 when compared to DC; NC refers to the normal control group, DC refers to the diabetic control group, 

LDHSFL denotes STZ-diabetic rats receiving a low dose (150 mg/kg of body weight) of the extract, 

HDHSFL represents STZ-diabetic rats treated with a high dose (300 mg/kg of body weight) of extract; MET 

refers to STZ-diabetic rats treated with 200 mg/kg of metformin. 

 

The management of diabetes requires a deep understanding of pancreatic insulin levels and lipase activity. In type 

1 diabetes mellitus (T1DM), the immune system attacks and destroys insulin-producing cells, resulting in a severe 

insulin deficiency. In contrast, type 2 diabetes mellitus (T2DM) is characterized by initial insulin production, but 

insulin resistance in body cells leads to elevated blood sugar and associated complications [37]. Treatment for 

T1DM involves insulin replacement through injections or pumps, while managing T2DM focuses on improving 

insulin sensitivity, controlling blood glucose levels, and, when needed, using insulin-enhancing drugs, alongside 

lifestyle modifications such as a balanced diet and regular physical activity [38]. In diabetes, lipase, which is 

crucial for fat digestion, can be compromised due to related digestive issues. Adjusting the diet according to the 

specific type of diabetes can support lipase function, and medications might be prescribed to manage digestive 

symptoms [39]. 

 

Effect of H. sabdariffa extract on purinergic enzyme activities in STZ-diabetic rats' pancreas 

Figure 5 reveals that administration of STZ caused a marked reduction (P < 0.05) in the activities of purinergic 

enzymes, including ecto-nucleoside triphosphate diphosphohydrolase (E-NTPDase), Na+/K+ATPase, 

Ca2+/Mg2+ATPase, and Mg2+ATPase, while a significant rise (P < 0.05) in 5'-nucleotidase activity was observed 

in diabetic rats compared to the normal control group. These enzymes are vital for regulating energy production 

and purinergic signaling processes [40]. E-NTPDase acts by breaking down ATP and ADP into AMP, thus 

influencing immune responses and neurotransmission, while ATPase catalyzes the conversion of ATP to ADP 

and inorganic phosphate, providing energy for metabolic functions. The altered activities of these enzymes 

contribute to a significant reduction in nucleotide levels and energy within the pancreas [41]. 

Notably, treatment with H. sabdariffa extract at both low (150 mg/kg body weight) and high (300 mg/kg body 

weight) doses significantly reversed (P < 0.05) these changes, restoring enzyme activities to near-normal levels, 

similar to the effect of metformin (200 mg/kg body weight). These results indicate that H. sabdariffa extract has 

the potential to improve purinergic signaling and may positively influence the neurological functions of diabetic 

rats [42]. 
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a) b) 

  
c) d) 

 
e) 

Figure 5. Enzyme activity in STZ-induced diabetic rats following treatment with H. sabdariffa extract; the 

data presented in Figure 5 show the purinergic enzyme activities in the pancreas of STZ-induced diabetic rats 

treated with a flavonoid-rich extract from H. sabdariffa leaves; values are expressed as the mean ± SD of 

eight separate measurements. Statistically significant differences were observed at P < 0.05, comparing 

treated groups to the normal control (NC) and the untreated diabetic control (DC); the following groups are 

indicated: NC = normal control, DC = diabetic control, LDHSFL = low dose H. sabdariffa extract, 150 

mg/kg body weight, HDHSFL = high dose H. sabdariffa extract, 300 mg/kg body weight, and MET = 

metformin-treated, 200 mg/kg body weight. 

The enzymes analyzed include ecto-nucleoside triphosphate diphosphohydrolase (E-NTPDase), a key regulator 

in energy transfer, and other ATPases essential for cellular energy production. Results indicate that treatment with 

the extract in both doses resulted in significant alterations in enzyme activity, mirroring the effects of metformin 

treatment. 

 

Effects of H. sabdariffa extract on insulin resistance and β-cell function in STZ-induced diabetic rats 

The induction of diabetes through STZ administration in rats caused a significant rise (P < 0.05) in the homeostasis 

model assessment of insulin resistance (HOMA-IR), while HOMA-β values were significantly reduced (P < 0.05), 

and pancreatic insulin concentrations were elevated in the untreated diabetic group compared to the normal 
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controls (Figure 6). However, treatment with H. sabdariffa extract at doses of 150 mg/kg and three hundred mg/kg 

body weight led to a notable improvement (P < 0.05) in both HOMA-IR and HOMA-β, with these improvements 

resembling those seen in rats treated with the standard drug metformin (200 mg/kg body weight) (Figure 6). The 

extract-treated rats showed a marked reduction in HOMA-IR, confirming its potential to aid in β-cell function 

restoration and improving insulin resistance, which aligns with findings from prior research [43, 44]. 

  

a) b) 

Figure 6. Assessment of insulin resistance (HOMA-IR) and β-cell functionality (HOMA-β) in STZ-induced 

diabetic rats following treatment with flavonoid-rich extract from H. sabdariffa leaves; data represents the 

average of eight measurements ± standard deviation; # P < 0.05 compared to NC, * P < 0.05 compared to 

DC; NC: normal control, DC: diabetic control, LDHSFL: STZ-diabetic rats treated with a low dose (150 

mg/kg of body weight) of extract, HDHSFL: STZ-diabetic rats treated with a high dose (300 mg/kg of body 

weight) of extract, MET: STZ-diabetic rats treated with 200 mg/kg of metformin. 

 

Impact of H. sabdariffa extract on gene expression of IR and GLP-1 in the pancreas of STZ-induced diabetic rats 

As illustrated in Figure 7, the gene expression levels of insulin receptor (IR) and glucagon-like peptide (GLP-1) 

were analyzed in the pancreases of rats with STZ-induced diabetes, revealing the beneficial effects of the 

flavonoid-rich extract from H. sabdariffa. Utilizing GAPDH as the reference gene, an important downregulation 

(P < 0.05) of both IR and GLP-1 was observed in the diabetic control (DC) group when compared to the normal 

control (NC) group. Following prior studies [36, 45], the administration of H. sabdariffa extract resulted in a 

substantial (P < 0.05) upregulation of both genes in a dose-dependent manner, bringing their expression back 

toward normal levels. This effect was similar to the one induced by metformin, with the extract likely exerting its 

influence by interacting with the promoter/enhancer regions of the IL and GLP-1 genes, thus inhibiting their 

repressor elements. 

  
a) b) 

Figure 7. Gene expression of insulin receptor and GLP-1 in STZ-induced diabetic rats following treatment 

with H. sabdariffa extract; each value is the mean of eight determinations ± SD; # P < 0.05 vs NC, * P < 0.05 

vs DC; NC: normal control, DC: diabetic control, LDHSFL: STZ-diabetic rats treated with a low dose (150 

mg/kg body weight) of extract, HDHSFL: STZ-diabetic rats treated with a high dose (300 mg/kg body 

weight) of extract, MET: STZ-diabetic rats treated with 200 mg/kg of metformin, GLP-1: glucagon-like 

peptide; note that the grouping of gels/blots was cropped from different gels. 
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Gene expression regulation plays a pivotal role in diabetes control by influencing the activation and suppression 

of genes involved in insulin secretion, glucose metabolism, and other vital processes. Through strategies such as 

lifestyle changes, pharmacological treatments, and novel therapies, gene expression modulation holds promise for 

enhancing blood sugar control, boosting insulin sensitivity, and lowering the risk of complications associated with 

diabetes [46]. In the case of STZ-induced diabetes in rats, drug treatments induce significant shifts in gene 

expression, particularly targeting insulin receptor (IR) and glucagon-like peptide 1 (GLP-1). The decrease in IR 

expression is closely linked to the toxic effects of STZ on the pancreatic β-cells, leading to impaired insulin 

production and reduced gene expression. Moreover, STZ disrupts pancreatic function overall, affecting the 

expression of GLP-1, a critical regulator of glucose homeostasis [47]. These changes in gene expression 

underscore the damage caused by STZ-induced pancreatic injury and insulin deficiency, emphasizing the need for 

strategies that restore normal insulin and GLP-1 activity to improve blood glucose control. Key molecules in liver 

glycogen synthesis and secretion regulation, which are typically expressed in hepatocytes and pancreatic cells, 

play an essential role in insulin signaling. The results from this study suggest that the flavonoid-rich extract from 

H. sabdariffa leaves can enhance insulin signaling in diabetic rats by modulating the expression of important 

insulin-related genes [48]. 

Conclusion 

In conclusion, this study emphasizes the significant therapeutic potential of H. sabdariffa leaf extracts for 

managing streptozotocin-induced diabetes in Wistar rats. The results reveal a wide array of benefits, addressing 

both molecular and physiological aspects of diabetes control. The extracts exhibit a marked ability to reduce 

oxidative stress and inflammation, while supporting pancreatic function and improving β-cell distribution. These 

positive effects suggest potential improvements in diabetes management. Furthermore, the extracts influence 

insulin secretion, lipid metabolism, purinergic enzyme activity, and key markers of β-cell function and insulin 

resistance. Particularly important is their ability to regulate the gene expression of insulin receptor (IR) and 

glucagon-like peptide 1 (GLP-1), indicating their potential role in enhancing glycemic control. Overall, this 

research provides valuable insights and a solid foundation for further investigations into the use of H. sabdariffa 

as a multifaceted therapeutic approach to diabetes and related complications. 
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