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ABSTRACT 
The most prevalent microvascular consequence of diabetes mellitus (DM) is diabetic neuropathy (DN), a neuropathic 
condition that damages nerves. Barleria buxifolia is a member of the Acanthaceae family of plants. B. buxifolia is used in 
Indian traditional medicine to treat a variety of ailments. Investigating B. buxifolia leaf methanolic and aqueous extracts in 
rats with Streptozotocin (STZ)-induced DN is the aim of this study. Rats were given 60 mg/kg of STZ to cause diabetes. 
On 3rd, 28th and 42nd day of therapy, normal and diabetic rats were administered methanolic and aqueous extracts of B. 
buxifolia orally at 200 and 400 mg/kg. Body weight, blood glucose level, and behavioral characteristics were evaluated. 
Significant (P<0.01) increases in blood glucose levels and decreases (P<0.01) in other behavioral indices, such as muscular 
coordination, swimming endurance tests, and tail flick response, were seen in diabetic rats. Body weight, muscle 
coordination activity, and analgesic response were all improved by the methanolic and aqueous extract of B. buxifolia, 
which also decreased elevated glucose levels. Our findings suggest that B. buxifolia can be helpful in the treatment of 
diabetic neuropathy. Hence concluded that B. buxifolia is useful in treatment and management of neuropathic pain induced 
by DM. 
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INTRODUCTION 
Diabetes Mellitus (DM) is a metabolic disorder 
characterized by high blood sugar levels. An estimated 463 
million people worldwide (8.8% of the total population) 
have diabetes as of 2019, with type 2 DM having 90% of 
cases. The rates of occurrence of DM is same both in males 
and women. The DM was caused around 4.2 million deaths 
in 2019.1 
Diabetic neuropathy (DN), the most prevalent type of 
neuropathy that affects half of DM patients, is associated 
with higher rates of morbidity and mortality. The most 
prevalent type of DN is peripheral neuropathy, which 
affects the limbs' outer nerves, especially the feet. It 
primarily changes how the senses work, leading to strange 
sensations and increasing numbness, which promotes the 
growth of ulcers.2 
Increased production of free radicals in DM leads to 
development of oxidative stress. These free radicals are 
responsible for the progress of DN.3 Rats with DM 
produced by Streptozocin (STZ) are frequently utilized to 
investigate the causes of excruciating DN and assess 
possible therapeutic herbal medicine. Now a days treatment 
available for DN are limited due to their serious adverse 
effects.4 Plants with antioxidant phytochemicals can 
scavenge free radicals, hence modify oxidative stress and 
associate degenerative illnesses.5 

One of the ancient therapies that people have utilized is 
herbal medicine. Since herbal medicines are less 
complicated and have less side effects than synthetic 
medicine, people are ready to employ them in the current 
day.6-8 Acorus calamus, Artemisia dracunculus, Butea 
monosperma, and Salvia officinalis are among the 
medicinal plants that have been shown to help with diabetic 
neuropathic pain.9 
The plant B. buxifolia, grown in western part of India. 
Earlier studies claim that B. buxifolia leaves have 
antioxidant, hepatoprotective, antidepressants and anti-
inflammatory. Numerous phytochemicals, including 
flavonoids, amino acids, alkaloids, phenols, saponin, 
terpenoids, and anthraquinone, were reported to be present 
in B. buxifolia. 10 It has not yet been tested for its potential 
to prevent diabetic neuropathic pain. Thus, present project 
focus on evaluation of B. buxifolia leaves methanolic and 
aqueous extracts in the management of STZ-induced 
diabetic neuropathic pain. 
 
MATERIALS AND METHODS 
Collection and Authentication 
The plant B. buxifolia was collected from Thiruvalla, 
Kerala, India and authenticated by Mrs. A. M. Gaharwar, 
Asst. Professor at VNCOAB, Yavatmal, Maharashtra, India 
with specimen no. VNCABT/Ytl/Hort/946/2022. 
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Preparation of Plant Extracts 
The B. buxifolia leaves that had been shade-dried were 
ground into a coarse powder. The coarse powder was 
macerated with methanol and water. The solvent was 
vacuum-evaporated to concentrate the extracts. For further 
research, the dried B. buxifolia methanolic and aqueous 
extract was diluted in 2% Tween-80 to create the 
methanolic and aqueous extract. 
Animals 
The male sprague dawley rats in good health approximately 
8 weeks of age weighing about 200-210 gm were procured 
from NIN Hyderabad, India. The animals were housed in 
animal house of PW College of Pharmacy, under general 
environmental conditions (22 ± 2 0C) in polypropylene 
cages with husk bedding and a cable mesh top, relative 
humidity 55-60% and 12h/12h light and dark cycle. The 
animals were fed a typical rodent diet and water ad labium. 
The IAEC approve the protocol 
(650/PO/Re/S/2002/CPCSEA/2022/08). 
Experimental Design 
The rats were divided in to seven groups of six rats each as 
follows.  
Group-I (Normal Control) = Animals were treated with 
normal saline solution 
Group-II (Negative Control) = Diabetes was induced in rats 
using STZ (60 mg/kg) 
Group-III (MEBB 400 mg/kg) = Diabetic rats receive 
methanolic extract of B. buxifolia 400 mg/kg 
Group-IV (MEBB 200 mg/kg) = Diabetic rats receive 
methanolic extract of B. buxifolia 200 mg/kg 
Group V (AEBB 400 mg/kg) = Diabetic rats receive 
aqueous extract of B. buxifolia 400 mg/kg 
Group VI (AEBB 200 mg/kg) = Diabetic rats receive 
aqueous extract of B. buxifolia 200 mg/kg 
Group VII (Standard) = Diabetic rats receive Glibenclamide 
5 mg/kg. 
Induction of Diabetic Neuropathy 
A single intraperitoneal dose of 60 mg/kg of STZ caused 
diabetes in rats. For 24 hours, rats were housed in cages 
with bottles of 5% dextrose glucose solution to prevent the 
deadly hypoglycemia caused by a large release of insulin 
from the pancreas. Animals used in the study are classified 

as diabetic if their blood glucose levels reach 200 mg/dl 
after 72 hours. Throughout the study period, diabetic rats 
were housed in regular laboratory settings to stabilize their 
blood glucose levels. 11 
Drug and Chemical 
The Streptozotocin (STZ) and Glibenclamide were 
purchased from local market of Yavatmal, Maharashtra, 
India. Remaining chemical and reagents used in this project 
were of analytical grade. 
Estimation of Blood Glucose Level 
Rats blood was taken by retro-orbital plexus for the 
assessment of blood glucose levels. Plasma was obtained 
after centrifugation (3000 rpm for 20 min, 4°C). The 
glucose kit was used to estimate blood glucose levels.12 
Estimation of Body Weight 
Body weight of each rat among each group were measured 
with the help of digital weighing balance. 
Estimation of Behavioral Parameters 
Tail Flick Model 
The animals were housed in restraining cages with their 
tails hanging loosely. The animals were allowed to settle 
into their enclosures for thirty minutes prior to the test. The 
rat's tail's lower 5 cm section was marked, and it turned out 
to be troublesome in the direction of the warmth produced 
by the electric stimulation. The basal tail flick latency was 
determined. The cut off time was kept 10 sec.13 
Swimming Endurance Test Model 
The rats were submerged in an 18 cm diameter by 40 cm 
high water tank that was 25 cm deep and filled with water 
at 25 °C. The rats were carefully placed in the water for a 
15-minute habituation period on the first day. To dry, the 
rats were housed in a different chamber for half an hour. 
They were altered within the tank and set for 15 minutes the 
next day. The total amount of time spent immobile, doing 
the necessary actions to stay afloat—was calculated during 
this time. It turns out that the removal time was limited to 
15 minutes.13 
Rota Rod Model 
The neuromuscular functions were evaluated using the Rota 
rod equipment. The rats were placed atop a horizontal rod 
that rotated at a rate of 25 revolutions per minute. Rats that 
could stay on the top for at least 25 seconds in three 

Table 1: Phytochemical screening of Methanolic and Aqueous Extract of B. buxifolia 
S. No. Plant Constituents Test Performed and Reagents B. buxifolia 

Methanolic Extract 
B. buxifolia 
Aqueous Extract 

1. Test for Alkaloids Hager’s Reagent + + 
2. Test for Carbohydrates Molisch Test + + 
3. Test for Glycosides Killer Killani Test + + 
4. Test for Amino acid Ninhydrin Test - - 
5. Test for Tannins Ferric Chloride Test 

Lead Acetate Test 
+ 
+ 

+ 
- 

6. Test for Steroids Salkowski Test + + 
7. Test for Phenols Ferric Chloride Test + + 
8. Test for Flavonoids Ferric Chloride Test 

Lead Acetate Test 
+ 
+ 

+ 
- 

9. Test for Terpenoids Salkowski Test + + 
10. Test for Saponins Foam Test + + 
11. Test for Anthraquinone Borntrager's Test - - 
Present = + or Absent = - 
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consecutive trials were selected and employed in the study. 
The amount of time spent at the rod was computed.13 
Statistical Analysis 
One-way analysis of variance (ANOVA) was used to 
statistically assess the data. Dunnett's comparison test with 
equal sample size and student t-test were then compared 
with unpaired groups. The difference was considered 
significant when **p<0.01. All the values were expressed 
as mean + standard deviation (S.D.) 
 
RESULTS 
Preliminary Phytochemical Screening 
The methanolic and aqueous leaves of B. buxifolia were 
subjected to an initial phytochemical screening. Numerous 
phytochemical elements, including alkaloids, 
carbohydrates, glycosides, amino acids, tannins, steroids, 
phenols, flavonoids, terpenoids, and saponins, were found 
in the data (Table 1). 
Effect of STZ on Blood Glucose Levels 
On the 3rd, 28th and 42nd day of treatment, the rats in the 
negative control group had significantly higher blood 
glucose levels (p<0.01) than the rats in the normal control 

group, indicating the development of diabetes mellitus. 
Rats' blood glucose levels dropped significantly (p<0.01) 
when given B. buxifolia methanolic and aqueous extracts 
compared to the negative control group (Table 2). 
Effect of STZ on Body Weight 
Table 3 shows that on days 28th and 42nd day of therapy, the 
rats in the negative control group had considerably lower 
body weights (p<0.01) than the rats in the normal control 
group. This implies that STZ is having a toxic effect on 
animals. Rats given B. buxifolia methanolic and aqueous 
extract saw a significant (p<0.01) increase in body weight 
compared to the negative control group. 
Effect of Methanolic and Aqueous Extract of B. 
buxifolia on Thermal Hyperalgesia 
On the 28th and 42nd day of treatment, the analgesic effect 
on rats in the negative control group was significantly 
(p<0.01) less than that of the rats in the normal control 
group. The rats' hyperalgesia is confirmed by this reduction 
in the analgesic effect. Table 4 indicates that rats given B. 
buxifolia methanolic and aqueous extract had a significantly 
higher tail flick response (p<0.01) than the negative control 
group. 

Table 2: Effect of STZ on blood glucose level of rats 
Groups Glucose level (mg/dl) 

3rd day 28th day 42nd day 
Control 96.58 ± 2.85 98.07 ± 1.76 96.21 ± 2.71 
Negative control 261.85 ± 7.79$ 279.03 ± 13.85$ 297.73 ± 11.65$ 
MEBB 400 mg/kg 153.71 ± 5.88** 140.14 ± 5.02** 129.2 ± 5.44** 
MEBB 200 mg/kg 171.47 ± 12.24** 163.57 ± 10.44** 151.91 ± 11.42** 
AEBB 400 mg/kg 148.54 ± 9.18** 138.58 ± 4.55** 126.01 ± 1.79** 
AEBB 200 mg/kg 175.29 ± 13.81** 164.04 ± 14.64** 155.75 ± 12.11** 
Standard 98.25 ± 1.74** 99.06 ± 2.29** 101.42 ± 3.39** 
The values are presented as Mean ± SD (n = 6), $ p<0.01 in comparison to the normal control group, ** p<0.01 in 
comparison to negative control group. 

Table 3: Effect of STZ on Body weight of rats 
Groups Body Weight (gm) 

3rd day 28th day 42nd day 
Control 204.67 ± 6.4 206.17 ± 4.53 204.17 ± 3.18 
Negative control 197.5 ± 2.73ns 160.33 ± 3.32$ 137.33 ± 1.75$ 
MEBB 400 mg/kg 203.5 ± 6.47ns 198.5 ± 3.08** 203.17 ± 2.48** 
MEBB 200 mg/kg 201.67 ± 6.71ns 195.67 ± 1.75** 201.5 ± 1.87** 
AEBB 400 mg/kg 200.67 ± 6.71ns 197.17 ± 1.94** 200.17 ± 1.47** 
AEBB 200 mg/kg 199.17 ± 1.72ns 194.83 ± 3.76** 199.67 ± 1.86** 
Standard 202.67 ± 6.28ns 203.5 ± 1.87** 202.5 ± 1.87** 
The values are presented as Mean ± SD (n = 6), ns p>0.05, $ p<0.01 in comparison to the normal control group, ** 
p<0.01 in comparison to negative control group.  

Table 4: Effect of methanolic and aqueous extract of B. buxifolia on Tail flick response 
Groups Tail flick response (sec) 

3rd day 28th day 42nd day 
Control 5.42 ± 0.11 5.66 ± 0.03 5.70 ± 0.04 
Negative control 5.39 ± 0.01ns 5.61 ± 0.04$ 5.65 ± 0.01$ 
MEBB 400 mg/kg 5.37 ± 0.06ns 3.20 ± 0.08** 2.15 ± 0.01** 
MEBB 200 mg/kg 5.38 ± 0.06ns 3.33± 0.03** 2.31 ± 0.03** 
AEBB 400 mg/kg 5.36 ± 0.08ns 3.28 ± 0.04** 2.16 ± 0.01** 
AEBB 200 mg/kg 5.37 ± 0.06ns 3.39 ± 0.01** 2.27± 0.04** 
Standard 5.35 ± 0.12ns 3.14 ± 0.02** 2.24 ± 0.02** 
The values are presented as Mean ± SD (n = 6), ns p>0.05, $ p<0.01 in comparison to the normal control group, ** 
p<0.01 in comparison to negative control group. 
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Effect of Methanolic and Aqueous Extract of B. 
buxifolia on Mechanical Hyperalgesia 
The rats in the negative control group had significantly 
(p<0.01) less muscle strength than the rats in the normal 
control group on days 28th and 42nd of treatment, as shown 
in Table 5. The diabetic rats' decreased muscle strength, 
which further points to the onset of diabetic neuropathy, is 
supported by this deterioration in muscular coordination. 
Animals given B. buxifolia methanolic and aqueous extract 
demonstrated a significant (p<0.01) improvement in muscle 
coordination when compared to the negative control group. 
Effect of Methanolic and Aqueous Extract of B. 
buxifolia on Swimming Endurance Test 
Rats in the negative control group showed a significant 
(p<0.01) decrease in immobility on days 28th and 42nd of 
treatment as compared to the normal control group. This 
decrease in immobility confirms the beginning of diabetic 
neuropathy by confirming the rats' muscle weakness. When 
compared to the negative control group, rats treated with B. 
buxifolia methanolic and aqueous extract showed a 
substantial increase (p<0.01) in the force swim test (Table 
6). 
 
DISCUSSION 
The DN is the major complications of DM, that have an 
impact on 50 % of diabetic patient and indicates increased 
mortality and morbidity. The Middle East has a 53.7% 
prevalence of PDN, while Rochester, Minnesota, has an 
11% prevalence. PDN affects 21.5% of people with type 2 
diabetes and 13.4% of people with type 1 diabetes, which 
means that 21% of people have it daily, according to a 2011 
UK study.1 The two drugs that are most frequently used to 
cause diabetes mellitus in animals are STZ and Alloxan 
(ALX), and this model has proven helpful in the 
investigation of several aspects of the illness. These 

medications have the same diabetogenic effect whether they 
are given parenterally (subcutaneously, intraperitoneally, or 
intravenously). STZ has longer half of-life (15 min 
withinside the course of one.5 min of alloxan).14 Animal 
mortality is lower because the mechanism of STZ 
diabetogenicity is less linked to cellular damage. However, 
the mechanism by which Alloxan causes diabetes is 
characterized by high death rates, ROS toxicity, and ketosis, 
which is particularly troublesome for research on 
experimental diabetes.15 STZ is more selective for as 
compared to alloxan towards islet beta cells.16 All things 
considered, STZ diabetogenicity is more potent and varies 
less in among animal.17 Therefore, it is preferable to use the 
STZ-induced diabetic model to develop diabetes in rats, at 
60 mg/kg. 
Prolong DM outcomes in DN. For confirmation of diabetic 
neuropathy Tail flick model, Rota rod model and 
Swimming staying power test models are typically used.18 
Hence we used this models that confirms DN in rats. 
The most significant factor to be concerned about in DN is 
the likelihood of neuropathic pain. It is well known from 
the literature that estimates of the prevalence of DN vary 
greatly depending on the level of research and the 
diagnostic requirements; most studies indicate that between 
30 and 50 % of all diabetics are afflicted.19 Pain associated 
with diabetic neuropathy occurs spontaneously resulting 
into hyperalgesia or allodynia and are of different in 
character to that common type due to an injury, burn, 
pressure, etc.20 
B. buxifolia consists of amino acid, alkaloids, 
anthraquinone, phenol, saponin, terpenoids, flavonoids. 
Hence this plant was screen for beneficial effect in Diabetic 
Neuropathic pain. B. buxifolia showed the improvement in 
pain response, body weight and in muscle co-ordination. It 
moreover minimized the increased blood glucose level. 

Table 5: Effect of methanolic and aqueous extract of B. buxifolia on Muscle Co-ordination response 
Groups Mean falling time (sec) 

3rd day 28th day 42nd day 
Control 73.50 ± 2.76 74.30 ± 3.08 73.13 ± 1.83 
Negative control 65.76 ± 1.59ns 60.86 ± 1.26$ 55.87 ± 2.13$ 
MEBB 400 mg/kg 67.71 ± 1.09ns 72.06 ± 1.96** 71.18 ± 2.17** 
MEBB 200 mg/kg 66.17 ± 1.71ns 68.82 ± 0.93** 70.24 ± 0.92** 
AEBB 400 mg/kg 68.94 ± 1.71ns 72.85 ± 1.79** 71.05 ± 1.74** 
AEBB 200 mg/kg 68.41 ± 1.65ns 70.15 ± 0.87** 69.98 ± 2.25** 
Standard 72.70 ± 2.38ns 73.13 ± 1.75** 72.02 ± 1.47** 
The values are presented as Mean ± SD (n = 6), ns p>0.05, $ p<0.01 in comparison to the normal control group, ** 
p<0.01 in comparison to negative control group. 

Table 6: Effect of methanolic and aqueous extract of B. buxifolia on Swimming Endurance test (SET) 
Groups Swimming Endurance test (Min.) 

3rd day 28th day 42nd day 
Control 6.06 ± 0.44 5.47 ± 0.19 4.22 ± 0.18 
Negative control 5.72 ± 0.10ns 9.34 ± 0.32$ 9.28 ± 0.36$ 
MEBB 400 mg/kg 5.60 ± 0.17ns 4.45 ± 0.17** 3.56 ± 0.20** 
MEBB 200 mg/kg 5.50 ± 0.19ns 4.34 ± 0.23** 3.33 ± 0.23** 
AEBB 400 mg/kg 5.49 ± 0.29ns 4.17 ± 0.32** 3.47 ± 0.38** 
AEBB 200 mg/kg 5.35 ± 0.49ns 4.00 ± 0.44** 3.26 ± 0.24** 
Standard 5.98 ± 0.38ns 2.88 ± 0.32** 3.10 ± 0.42** 
The values are presented as Mean ± SD (n = 6), ns p>0.05, $ p<0.01 in comparison to the normal control group, ** 
p<0.01 in comparison to negative control group. 
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Methanolic and aqueous extract at 200 mg/kg and 400 
mg/kg dose showed significant (p< 0.01) improvement in 
the muscle co-ordination and swimming Endurance as 
compared to negative control group. 
Reports suggest that analgesics like Tramadol, Morphine is 
used in the management of pain caused due to DN.  They 
increase the concentration of Noradrenaline in locus 
coeruleus and improve the condition against paresthesias 
and allodynia. 
Methanolic and aqueous extract at 200 mg/kg and 400 
mg/kg dose indicates significant (p< 0.01) improvement in 
the analgesic response as compared to negative control 
group which might be due to repairing of damage to tissues 
and nerves which sends pain impulses to the brain. 
Our results propose better control in diabetic neuropathic 
pain at 400 mg/kg of B. buxifolia as compared to 200 mg/kg 
in STZ induced rats. This study also reveals that B. buxifolia 
demonstrated better diabetic neuropathic pain control on 
42nd day of treatment as compared to 3rd and 28th day. 
 
CONCLUSION 
Hyperglycaemic condition develops DN, the toxic effects 
on nerves in DN may be due to various complex pathways. 
The most common pathways is oxidative stress. Reduction 
in oxidative stress may prevent the progress of DN. In this 
present study treatment of methanolic and aqueous extract 
of B. buxifolia shows the beneficial effect in diabetic 
neuropathic pain. Hence B. buxifolia play important role in 
preventing early diabetic neuropathic symptoms in DM 
condition. By isolating, characterizing, and biologically 
assessing the active ingredients from B. buxifolia's positive 
effects could be further extended and a new herbal 
medication that is safer than the current synthetic 
pharmaceutical could be developed. 
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