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ABSTRACT 

Oxidative stress has a key role in the pathogenesis and progress of diabetic peripheral neuropathy (DPN), one of the most 

common and debilitating complications of diabetes mellitus. Acalypha hispida is a treasure of multiple pharmacological 

properties and presently leaves of this plant have been explored to evaluate the protective effects against Streptozotocin- 

induced diabetic neuropathy in rats. Male Sprague-Dawley rats were injected with Streptozotocin (STZ) (60 mg/kg i.p.) to 

induce diabetes. Post 21 days of STZ induction, animals were treated with ethanolic extract of Acalypha hispida (200 mg/kg, 

and 400 mg/kg of EEAH) for forty two consecutive days. Followed this, all animals were evaluated for the levels of blood 

glucose, cholesterol (CH), lipid peroxidation (LPO), Catalase (CAT), Superoxide Dismutase (SOD). Neuropathic pain 

markers like hyperalgesia, allodynia and motor deficits were assessed before and after the treatment with STZ and EEAH. 

STZ treated rats exhibited elevated levels of blood glucose, CH, LPO, CAT, SOD in comparison to control rats. EEAH 

treatment significantly decreased blood glucose levels, CH, LPO, CAT, SOD levels, and restored pro-oxidants status. 

Further, decrease in hyperalgesia and restorative changes following EEAH treatment suggested the neuroprotective potential 

of Acalypha hispida leaves in diabetic rats. Current study reveals that EEAH exert protective and curative effects against 

STZ-induced diabetic neuropathy in rats which might be due to its antioxidant, anti-inflammatory, and antiapoptotic 

properties. 
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1. INTRODUCTION 

Diabetes mellitus is a major global health concern, characterized by metabolic disorders due to defects in insulin secretion 

or function. [1] Dysregulation of insulin secretion and clearance leads to various metabolic disturbances. Hyperglycemia 

plays a pivotal role in the development and progression of diabetic neuropathy, as well as other microvascular complications 

associated with diabetes. Approximately 20% of individuals with diabetes develop diabetic neuropathy and related 

complications. [2] 

Peripheral neuropathy is one of the most common long-term complications of diabetes mellitus, affecting all peripheral 

nerves, including pain fibers. Several mechanisms contribute to the development of diabetic neuropathy, including metabolic 
disorders, microvascular damage, neurotrophic support deficits, alterations in neuro-immune interactions, apoptosis of neural 

and glial cells, and inflammation. [3] 
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Increased oxidative stress resulting from hyperglycemia is primarily caused by auto-oxidative glycosylation, the formation 

of advanced glycation end-products (AGEs), and heightened activity of the polyol pathway. Given these mechanisms, 

antioxidant supplementation has been suggested as a potential protective strategy against these complications, primarily 

through the scavenging of free radicals.[4] In recent decades, a growing number of natural phenolic compounds with free 

radical-scavenging properties have been identified, showing promise in mitigating oxidative stress.[5] 

The leaves of Acalypha hispida are a rich source of bioactive molecules, which have been traditionally used in Indian folk 

medicine for the treatment of various ailments, including infections, inflammations, and diabetes. Flavonoids, phenolic acids, 

and naphthoquinones are considered the major phenolic compounds in Acalypha hispida leaves. [6] Recent experimental 

studies have explored the hypoglycemic effects of Acalypha hispida leaves extract in diabetes mellitus. These studies have 

demonstrated that administration of Acalypha hispida leaves extract significantly reduced fasting blood sugar (FBS) levels 

and hemoglobin A1c (HbA1c) compared to control groups. [7] In the present study, we aimed to investigate the beneficial 

effects and underlying molecular mechanisms of Acalypha hispida leaves extract in diabetic neuropathy, a common and 

serious complication of diabetes. 

 

2. MATERIALS AND METHOD 

● Procurement & Authentication of Acalypha hispida 

Acalypha hispida plant was collected from Local Area of Shirpur, District- Nashik, Maharastra (India). The plant material 

was identified and authenticated by Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Vasantrao Naik College of Agriculture 

Biotechnology, Yavatmal. The authentication reference number is VNCABT/Ytl/Hort/1245/2022, dated 09/03/2022. 

● Extraction of Acalypha hispida 

The dried leaves of Acalypha hispida were coarsely powdered using a mechanical grinder. A weighed quantity of 500 grams 

of the powder was subjected to continuous hot extraction in a Soxhlet apparatus using ethanol, and the residue marc was 

collected. [8] The extract was then concentrated and dried at a controlled temperature of 60°C on a water bath. The percentage 

yield obtained was 8.7%. The dried extract of the leaves was subsequently used for further investigations. 

● Experimental Animals 

Healthy Sprague Dawley rats (8 weeks of age), weighing between 150-250 grams, were selected for the study.[9] The animals 

were housed in polypropylene cages with wire mesh and husk bedding, and were maintained under standard environmental 

conditions. The study protocol was approved by the Institutional Animal Ethical Committee (IAEC) with reference number 

650/Po/Re/S/2002/CPCSEA/2022/02, dated 16/03/2022. 

● Induction of diabetes in rats by Streptozotocin 

Diabetes was induced in rats by a single intraperitoneal (i.p.) injection of Streptozotocin (STZ) at a dose of 60 mg/kg. A 

single dose of STZ induced hyperglycemia in the rats within 72 hours. To prevent sudden hypoglycemia, a 5% glucose 

solution was administered for 24 hours following the STZ injection. [9] 

● Experimental Design 

For this study, rats were divided into five groups, with each group consisting of six animals: [10] 

 

• Group I: Normal Control Rats (Positive Control) 

Rats were treated with the vehicle alone for 42 days. 

• Group II: STZ-induced Diabetic Control Rats (Negative Control) 

Rats were treated with a single i.p. injection of STZ (60 mg/kg). 

• Group III: STZ + EEAH (200 mg/kg) 

Diabetic rats were treated with EEAH (200 mg/kg) daily via the oral route for 14 days. 

• Group IV: STZ + EEAH (400 mg/kg) 

Diabetic rats were treated with EEAH (400 mg/kg) daily via the oral route for 14 days. 

• Group V: STZ + Glibenclamide 

Diabetic rats were treated with glibenclamide (5 mg/kg) daily via the oral route for 14 days. 

 

● Biochemical Studies 

Blood samples were collected from the retro-orbital plexus under mild anesthesia on day 3, 28, and 42. The collected blood 

samples were then centrifuged in a cooling centrifuge at 2500 rpm for 10 minutes. The serum was analyzed for blood glucose 

levels and lipid parameter, including cholesterol (CH). [11] 
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At the end of the treatment period, the animals were sacrificed, and their livers were isolated. The liver tissues were extracted 

for the estimation of oxidative stress biomarkers, including lipid peroxidation (LPO), catalase (CAT), and superoxide 

dismutase (SOD). [12] 

Motor Deficit StudyMotor function was assessed in rats using two different apparatuses: the Tail Flick Apparatus and the 

Rota Rod Apparatus. [13] 

Tail Flick Apparatus: This method was used to evaluate pain perception and hyperalgesia in the rats. 

Rota Rod Apparatus: After one week of training on the Rota Rod Apparatus, the effect of EEAH was assessed. Rats with 

impaired coordination were unable to maintain balance and fell off the rotating rod. 

● Statistical Analysis of Data 

The results were expressed as mean ± standard deviation (SD). For statistical analysis, the means of the groups were 

compared using one-way ANOVA, followed by Dunnett’s test. A p-value of < 0.01 was considered statistically significant. 

 

3. RESULTS AND DISCUSSION 

● Effect of EEAH on serum Blood Glucose level 

Table No. 1: Estimation of Blood Glucose Level on day3, 28, and 42 in Rats 
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Figure No. 1: Estimation of Blood Glucose Level on day 3,28,and 42 in Rats 

 

Table 1 and Figure 1 depict the effect of Streptozotocin (STZ) on blood glucose levels in rats, measured on days 3, 28, and 

42. A significant increase (p < 0.01) in blood glucose levels was observed in all STZ-treated groups compared to the control 

group on days 3 and 28, confirming the successful induction of diabetes. Following the confirmation of diabetic neuropathy 

on day 28, rats were treated with ethanolic extract of Acalypha hispida (EEAH) for two weeks. Post-treatment analysis 

revealed a significant reduction (p < 0.01) in blood glucose levels in the EEAH-treated groups (200 mg/kg and 400 mg/kg), 

as well as in the Glibenclamide-treated group, compared to the negative control. These results suggest that EEAH possesses 

antihyperglycemic properties, contributing to its potential role in managing diabetic complications. 

• Effect of EEAH on Serum Cholesterol level 

 

Table No. 2: Estimation of Serum Cholesterol Level on day 3, 28, and 42 in Rats 
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Figure No. 2: Estimation of Serum Cholesterol Level on day 3, 28, and 42 in Rats 

 

Table 2 and Figure 2 illustrate the effect of Streptozotocin (STZ) on serum cholesterol levels in rats, measured on days 3, 28, 

and 42. A significant increase (p < 0.01) in serum cholesterol levels was observed in all STZ-treated groups compared to the 

control group on days 3 and 28, indicating the development of metabolic disturbances associated with diabetic neuropathy. 

Following confirmation of diabetic neuropathy, rats were treated with ethanolic extract of Acalypha hispida (EEAH) for two 

weeks. Post-treatment analysis revealed a significant reduction (p < 0.01) in serum cholesterol levels in the groups treated 

with EEAH (200 mg/kg and 400 mg/kg), as well as in the Glibenclamide-treated group, compared to the negative control. 

These findings suggest that EEAH may exert a lipid-lowering effect, contributing to its overall therapeutic potential in 

diabetes-associated complications. 

• Effect of EEAH on Catalase Activity 

 

Table No. 3: Estimation of Catalase activity on day 42 in Rats 
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Figure No. 3: Estimation of Catalase activity on day 42 in Rats 

 

Table 3 and Figure 3 illustrate the effect of Streptozotocin (STZ) on catalase activity in rats, assessed on day 42. STZ-treated 

rats exhibited a significant reduction in catalase activity, indicating compromised antioxidant defense and elevated oxidative 

stress associated with diabetic neuropathy. Following the confirmation of neuropathy, rats were treated with ethanolic extract 

of Acalypha hispida (EEAH) for two weeks. Post-treatment results showed a significant increase (p < 0.01) in catalase 

activity in the groups treated with EEAH (200 mg/kg and 400 mg/kg), as well as in the Glibenclamide-treated group, when 

compared to the negative control. These findings suggest that EEAH may restore antioxidant enzyme function, supporting 

its potential neuroprotective and therapeutic role in diabetic neuropathy. 

• Effect of EEAH on Superoxide Dismutase Activity 

 

Table No. 4: Estimation of Superoxide Dismutase activity on day 42 in Rats 
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Figure No. 4: Estimation of Superoxide Dismutase activity on day 42 in Rats 

 

Table 4 and Figure 4 show the effect of Streptozotocin (STZ) on superoxide dismutase (SOD) activity in rats, measured on 

day 42. A reduction in SOD activity in STZ-treated rats indicated impaired antioxidant defense and the presence of oxidative 

stress associated with diabetic neuropathy. Following confirmation of neuropathy, rats were treated with ethanolic extract of 

Acalypha hispida (EEAH) for two weeks. Post-treatment analysis demonstrated a significant improvement (p < 0.01) in SOD 

activity in the groups treated with EEAH (200 mg/kg and 400 mg/kg), as well as in the Glibenclamide-treated group, 

compared to the negative control. These results suggest that EEAH enhances antioxidant defense mechanisms, potentially 

contributing to its neuroprotective effects. 

• Effect of EEAH on Lipid Peroxidation Activity 

 

Table No.5: Estimation of Lipid Peroxidationactivity on day 42 in Rats 
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Figure No. 5: Estimation of Lipid Peroxidationactivity on day 42 in Rats 

 

Table 5 and Figure 5 illustrate the effect of Streptozotocin (STZ) on lipid peroxidation activity in rats, measured on day 42. 

Elevated lipid peroxidation levels in STZ-treated rats confirmed the presence of oxidative stress associated with diabetic 

neuropathy. Following confirmation of neuropathy, rats received treatment with ethanolic extract of Acalypha hispida 

(EEAH) for two weeks. Post-treatment analysis revealed a significant reduction (p < 0.01) in lipid peroxidation levels in the 

EEAH-treated groups (200 mg/kg and 400 mg/kg), as well as in the Glibenclamide-treated group, compared to the negative 

control. These findings suggest the antioxidant potential of EEAH in mitigating oxidative damage linked to diabetic 

neuropathy. 

• Effect of EEAH on Tail Flick Response 

 

Table No. 6: Estimation of Tail Flick Response on day3, 28 and 42 in Rats 
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Figure No. 6: Estimation of Tail Flick Response on day3, 28 and 42 in Rats 

 

Table 6 and Figure 6 depict the effect of Streptozotocin (STZ) on tail flick latency, used to assess pain sensitivity in rats on 

days 3, 28, and 42. A significant decrease (p < 0.01) in tail flick latency was observed in STZ-treated rats compared to the 

control group, indicating the development of hyperalgesia, a hallmark of diabetic neuropathy. Following confirmation of 

neuropathy, rats were treated with ethanolic extract of Acalypha hispida (EEAH) for two weeks. Post-treatment, a significant 

improvement (p < 0.01) in tail flick response was noted in the groups receiving EEAH at 200 mg/kg and 400 mg/kg, as well 

as in the Glibenclamide-treated group, compared to the negative control. These results suggest that EEAH may alleviate 

neuropathic pain by improving nociceptive thresholds. 

• Effect of EEAH on Muscle Coordination Response 

 

Table No.7: Estimation of Muscle coordination Response on day 3, 28, and 42 in Rats 
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Figure No.7: Estimation of Muscle coordination Response on day 3, 28, and 42 in Rats 

 

Table 7 and Figure 7 illustrate the effects of Streptozotocin (STZ) on muscle strength in rats assessed on days 3, 28, and 42. 

A significant decrease (p < 0.01) in muscle strength was observed in STZ-treated rats compared to the control group, 

indicating the onset of diabetic neuropathy and associated motor impairment. Following two weeks of treatment with the 

ethanolic extract of Acalypha hispida (EEAH), a marked improvement (p < 0.01) in muscle coordination was observed in 

the groups treated with EEAH at both 200 mg/kg and 400 mg/kg doses, as well as in the Glibenclamide-treated group, 

compared to the negative control group. These findings suggest the potential of EEAH in improving motor deficits associated 

with diabetic neuropathy. 

 

4. CONCLUSION 

The results of the present study demonstrate that ethanolic extract of Acalypha hispida (EEAH) effectively alleviates 

symptoms associated with diabetic peripheral neuropathy. EEAH significantly reduced serum glucose and improved lipid 

profile levels in diabetic rats, indicating its potential in mitigating metabolic imbalances commonly linked to diabetes-related 

complications.[14] Furthermore, EEAH exhibited antioxidant properties by enhancing the activity of endogenous enzymes 

such as SOD and CAT, while reducing lipid peroxidation (LPO), thus addressing oxidative stress-an underlying factor in 

diabetic complications. [15] Behavioral assessments also showed improvement in hyperalgesia and motor coordination, 

suggesting a protective effect on nerve function.[16] Overall, these findings support the therapeutic potential of Acalypha 

hispida leaves extract in managing diabetic neuropathic pain, likely through its antioxidant and neuroprotective mechanisms. 
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