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Introduction
The prevalence of diabetes mellitus (DM) is rapidly increasing all 

over the globe at an alarming rate and it is now recognized as “silent 
epidemic”.1 India leads the world with the largest number of diabetic 
subjects having a distinction of being termed the “diabetes capital of 
the world”.2 Diabetic neuropathies (DN) are among the most frequent 
complications of DM affecting 50% of the people with diabetes. DN 
is a heterogeneous group of conditions characterized by a progressive 
loss of nerve fiber function involving different components of the 
somatic and autonomic nervous systems.3 Possible causative factors 
include persistent hyperglycemia, oxidative stress‒mediated nerve 
destruction which may lead to pain.4 The progression of DN increases 
with duration of diabetic hyperglycemia and it’s inducing oxidative 
stress resulting activation of multiple pathways which can cause 
damage to the neurons alone or in combination. Despite its prominence 
in today’s society, there is very little therapeutic strategy available to 
treat diabetes and its associated complications. The therapy available 
for diabetes such as insulin and other oral hypoglycemic agents is 
able to lower blood glucose level in different ways. These drugs 
also have certain adverse effects including hypoglycemia at higher 
doses, hepatotoxicity, lactic acidosis and diarrhea. The therapeutic 

implications available for DN are effective only for symptomatic 
relief. Since this complication can occur after 10‒20years after 
diabetes and is present with foot ulcers and amputations, which are 
the only cause of hospital admissions. The primary goal of therapy 
is through improved glycemic control and prevents worsening of 
neuropathy. Various drugs have been used to treat painful symptoms, 
but only duloxetine and pregabalin possess FDA (Food and Drug 
Administration) approval for the treatment of painful peripheral 
diabetic neuropathy.5 Treatment medications limited because have high 
drug side effects, and no single drug is universally effective. Recently 
developing an approach for the treatment of diabetic neuropathy 
alternative therapeutic options by many herbal medicines have been 
recommended. Herbal drugs are prescribed widely because of fewer 
side effects and relatively low cost.6 Therefore, investigation of such 
agents from the traditional use of medicinal plants has become more 
important. India has a rich history of using various potent herbs and 
herbal components for treating diabetes and its complications.7 Plant 
Tectona grandis Linn. (TG) belongs to family Verbenaceae native to 
India, and it is found in the monsoon vegetation forest. It is commonly 
known as sagwan (Hindi), and teak tree (English).8 Phytoconstituents 
of TG present in various parts are Triterpenic hemiterpene compound, 
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Abstract

Tectona grandis (TG) plant belonging to family Verbenaceae, it is medicinally reported 
and claims to cure various diseases in Indian traditional system (Ayurveda) and in 
folklore. The purpose of this study is to examine the methanol extract of Tectona 
grandis leaves (TGME) in Streptozotocin (STZ) induced diabetic neuropathy in rat. 
Initially acute oral toxicity study of TGME was carried out in rats to evaluate the 
dose for animal study. STZ (45mg.kg‒ 1) was used to induce diabetes in rats. TGME 
was given orally dose of 250 and 500mg.kg‒ 1 to normal and diabetic rats from initiate 
7th to 8th weeks (total 14 days). Blood collection for estimation of glucose level, 
biochemical parameters and behavioural parameters were assessed initially up to 8th 
week (every 2nd week interval). At the end of study (after 8th week) rats were sacrificed 
for estimation brain tissue estimations and histopathology of rat paw skin was also 
carried out. In acute oral toxicity study result, TGME do not cause any toxicity 
or death in animals. Diabetic rat’s significant increase in serum glucose and other 
biochemical parameters as well as mechanical allodynia was indicates hyperalgesia 
after 2weeks of diabetes induction. Brain tissue estimations revealed increase in lipid 
peroxidation (LPO) level, a decrease in antioxidant parameters and histopathology 
study of paw skins of rat’s intraepidermal nerve fiber density was decreased in 
diabetic neuropathy STZ treated group. Administration of dose of 250 and 500mg.
kg‒ 1 of TGME significantly (P<0.001) decreased blood glucose level in normal and 
diabetic rats. A dose of 500mg.kg‒ 1 significantly (P<0.01 and P<0.001) increases the 
tail withdrawal latency with hot and cold water tail immersion tests respectively. Both 
the doses of TGME significantly increase the level of glutathione (GSH) and lower 
the levels of LPO, catalase (CAT) and superoxide dismutase (SOD). Histopathology 
study of paw skin of rat intraepidermal nerve fiber density was increased as a result of 
drug administration. The results concluded that TGME possesses potential to combat 
glucose; hypolipidemic effect and scavenge free radicals in diseases associated with 
oxidative stress, suggests its role in preventing diabetes‒related complications. 

Keywords: Tectona grandis, diabetes mellitus, peripheral neuropathy, allodynia, 
hyperalgesia, oxidative stress
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Lignins, Quinones, Phenolic acids and Flavonoids.9,10 Traditional 
and ethnopharmacological uses of TG are in the treatment of various 
disorders like anti‒inflammatory, antioxidant and lipid disorders 
hypoglycemic, antidiabetic, and a diuretic.11 The literature review of 
the plant reported the presence of various phytoconstituents which 
are responsible for the different activities. The slight work has been 
done on the leaves of this plant, whereas maximum studies show 
that ethanolic extracts of bark and methanolic extract of root was 
used for the treatment of diabetes mellitus and produced a gradual 
but significant reduction in blood glucose level and leaves known 
to have tectone, a hypoglycemic constituent. In spite of the above 
activities leaves of the plant also possess analgesic and anti‒ oxidant 
activity was therefore thought to work on leaves of this plant need to 
explore as a potent drug to reverse diabetic neuropathy. In the present 
investigation, the methanolic extract of leaves of TG will be subjected 
to access its activity in diabetic neuropathy against Streptozotocin 
(STZ) induced diabetic rats.12‒14

Materials and methods
Collection of plant material, extraction, and 
pharmacognostic studies

After selection of the plant TG collection from Patiala region, 
Punjab, India, and drying of leaves were done. Authentication of the 
plant was carried out from a voucher specimen no. 1458/Bot. & Env. 
Sci. 1458/ Botany & Environmental Science have been submitted 
to the herbarium of Department of Botanical and Environmental 
Sciences, Guru Nanak Dev University, Amritsar, Punjab, India. The 
leaves of TG were washed with running water in order to remove any 
dust impurities and dried under shade. They were powdered as coarse 
particles with a grinder and are extracted by the successive solvent 
method by using Soxhlet apparatus. The extracts were concentrated 
in a rotary evaporator (Heidolph, Germany) under reduced pressure. 
Preliminary phytochemical screening, antioxidant screening by using 
reducing power assay and 2, 2‒Diphenyl‒1‒picrylhydrazyl (DPPH) 
assay of various extracts was reported. The extract having best 
antioxidant activity was choosing. This preliminary study already 
reported our past research publication on the basis of previous findings 
selected TGME best extract.15

Acute toxicity study of leaves of Tectona grandis and 
dose selection 

An experiment was conducted to find whether an extract of leaves 
produces any toxic sign and dose selection on normal rats. Fifteen 
normal healthy rats starved for 12h were randomly divided into five 
groups (n=3) and were administered orally with TGME starting with 
the dose of 5, 50, 300, 2000 and 5000mg.kg‒ 1 body weight (b.w.). 
Animals were dosed individually and observed continuously for 
8h on the first day and thereafter for 14days their behavioural and 
neurological parameters were observed for a sign of acute toxicity; a 
dose of 2000mg.kg‒ 1 was assessed according to the Organization for 
Economic Cooperation and Development (OECD) guidelines 423. On 
the basis of acute toxicity study, selection of 2 doses of the drug (1/4th 
and 1/8th) was carried out. All rats were allowed to a standard pellet 
diet and tap water ad libitum, and the mortality caused by the extracts 
within this period of time was also observed.

Experimental animals 

Adult fifty‒ one rats (either sex) of the Sprague Dawley strain 
weighing 200–260gm; between 8‒10weeks of age kept in Central 

Animal House Facility of ASBASJSM College of Pharmacy were 
used in this study. They were carefully maintained under the standard 
condition of temperature 25±5°C, relative humidity 35–60% with 
12h light/dark cycles. All experimental animals were allowed to 
acclimatize laboratory ambiance for a period of one week, fed 
with standard pellet diet and purified water ad libitum, prior to the 
experiment as per the Committee for the Purpose of Control and 
Supervision of Experiments on Animals (CPCSEA) guideline. All 
experiment was carried out in according to guidelines and supervision 
of Institutional Animal Ethics Committee (IAEC) with approval no. 
ASCB/IAEC/03/11/054)

Induction of diabetic neuropathy

Diabetes was induced in the rats by single i.p. injection of STZ 
45mg.kg‒1b.w. (procured from Sigma Aldrich USA) in freshly prepared 
cold citrate buffer (pH 4.5). In order to prevent fatal hypoglycemia 
due to massive pancreatic insulin release, rats were treated with 15% 
glucose solution bottles in their cages from 6th hr to a period of 24h. 
After 72h, the animals showing blood glucose level 250mgdL‒1 were 
considered diabetic and are used for the study.16 Diabetic rats were 
kept under standard laboratory condition for the stabilization of blood 
glucose level during the period of study.

Treatment and experiment protocol

The rats were randomly divided in six groups (n=6), Group 1: C‒
Normal control (only saline treated); Group 2: STZ‒Diabetic control 
(untreated); treated with 250mg.kg‒1 b.w. of TGME; Group 6: DDT 
(H)‒Diabetic rats treated with 500mgkg‒1 b.w. of TGME. Methanolic 
extract of TG was dissolved in 2% Carboxy Methyl Cellulose (CMC 
Group 3: ODT (L)‒Normal rats treated with 250mg.kg‒1 b.w. of 
TGME; Group 4: ODT (H)‒Normal rats treated with 500mg.kg‒1 b.w. 
of TGME; Group 5: DDT (L)‒Diabetic rats, and selected dose levels 
administered p.o./daily to animals for 14 days (during 7th to 8th week). 
The dose was prepared freshly every day and given a dose of 250 
and 500mg.kg‒1 to normal as well as diabetic groups. Initially, at 48h 
and then after 2nd, 4th, 6th, and 8th‒week fasting serum glucose levels, 
lipid profile were estimated along with tail flick latency with cold and 
hot water tail immersion. At the end of the experiment, animals were 
sacrificed for the study of biochemical changes in serum and excision 
of brain tissue along with histopathology study of paw skin Figure1.

Figure 1 Flow diagram of experimental study protocol.
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Preparation of serum sample and estimations of 
biochemical parameters

The overnight fasted rats were taken for blood collection after 
48hrs, 2nd week, 4th week, 6th week and an 8th week during the course of 
study in all rats. The blood was collected by puncturing retro‒orbital 
plexus, under ether anesthesia and collected in non‒heparinised 
Eppendorf tubes (1.5ml). Serum was separated by centrifugation at 
3000rpm at 30°C for 15min and utilized for the estimation of various 
biochemical parameters.

The serum glucose concentration was estimated (Microlab 300 
bioanalyzer Merck) based on glucose oxidase‒peroxidase (GOD‒
POD) method; cholesterol and triglyceride concentration was 
estimated by using the commercially available kit (Merck Specialities 
Pvt. Ltd., Goa, India).

Behavioral assessment of diabetic neuropathy (tail 
immersion‒ cold and hot water) test

Tail withdrawal latency measurements were performed initially 
after 48h of STZ treatment and then after every 2nd weeks for 8th 
weeks by tail immersion test in hot and cold water. Cold allodynia tail 
withdrawal latency (sec) was measured by dipping the tail in water 
at a cold temp (10±0.5°C) that is normally innocuous. The latency 
of tail withdrawal to cold stimulation was measured thrice, five min 
apart in each rat. A cut‒off time of 12sec was taken and a decrease 
in tail withdrawal time indicates allodynia.17, 18 The hot water mean 
withdrawal latency of the rat tail measured by immersed in a hot water 
bath (52.5±0.5°C) until tail withdrawal (flicking response) or signs of 
struggle were observed (cut‒off 12sec).18 The tail withdrawal latency 
was measured thrice, five min apart. Shortening of the tail withdrawal 
time indicates hyperalgesia. 

Preparation of brain homogenate and determination 
of antioxidant levels

After collection of blood samples, the rats were sacrificed by 
decapitation and their brain excised, rinsed in ice‒ cold normal saline 
followed by 0.15M Tris‒HCl (pH 7.4) blotted dry and weighed. A 
10% w/v of homogenate was prepared in 0.15M Tris‒HCl buffer and 
processed for the estimation of lipid peroxidation (LPO).19 A part 
of homogenate after precipitating proteins with Trichloroacetic acid 
(TCA) was used for estimation of Glutathione (GSH).20 The rest of 
the homogenate was centrifuged at 15000rpm for 15min at 4°C. The 
supernatant thus obtained was used for the estimation of Super Oxide 
Dismutase (SOD) and Catalase (CAT) and also the estimate brain 
protein content.21‒23 

Histopathological examination of the paw skin 

The animals were sacrificed; their intact skin was taken from the 
paw and was washed with ice‒cold saline. Then the skin was dipped 
in air tight container containing formalin. The samples were sent 
to Sandhu pathology Lab., Sec 34A, Chandigarh for preparation of 
slides of skin. For interpretation, the pictures were taken from the 
prepared slides with the help of computer fitted microscope with 
camera (Motic).

Statistical analysis

All the data expressed as mean±SEM were evaluated by one‒
way analysis of variance (ANOVA), followed by Dunnet’s test for 
multiple comparisons using Prism Graph Pad and values of P<0.05 
were considered as statistically significant.

Results
Pharmacognostic and acute oral toxicity study of 
methanolic extract of Tectona grandis leaves (TGME)

A preliminary phytochemical investigation revealed the presence 
of total phenolic, flavonoid content and in‒vitro antioxidant screening 
by using reducing power assay and DPPH assay of methanolic extract 
of TG was found to be higher than other extracts. Study results 
already reported our past research publication. Acute oral toxicity 
studies (OECD guideline 423) revealed the non‒toxic nature of the 
TGME. No lethality or toxic reaction found at any dose selected for 
the observation duration (14 days). No behavior changes appeared 
except moderate sedation occurs after 1h

Effect of methanolic extract of Tectona grandis leaves 
(TGME) on serum biochemical parameters

Hyperglycaemia in diabetic groups occurred 48hrs after STZ 
administration resulted in significant elevation (P<0.001) when 
compared to normal saline control group. Drug treatment for 14days 
during 7th and 8th week in normal rats significantly decrease (P<0.001) 
glucose level at a dose of 250 and 500mg.kg‒1 b.w. respectively 
when compared with normal saline control group. Drug treatment 
to the diabetic group, during 7th and 8th week (for 14 days) of STZ 
administration showed that glucose level significantly decrease 
(P<0.001) as compared to diabetic control rats at both doses level 
Figure 2. Serum cholesterol level in STZ induced diabetic group rises 
after the first week but revealed that there was remarkably increase 
(P<0.001) on 6th and 8th week as compared to normal saline animals. 
However, administration of TGME for two weeks (7th and 8th week) 
to diabetic rats (500mg.kg‒1 p.o. for 14 days) showed a significant 
reduction (P<0.001) in serum cholesterol level Figure 3. The level 
of triglyceride in serum increased significantly (P<0.001) after 48hrs 
in rats diabetes induced with STZ as compared to normal saline rats, 
and thereafter every week during the course of study. Supplement of 
the drug in normal animals during 7th and 8th week, (for continuous 
14 days) resulted in a decrease (P<0.01) in triglyceride level at a 
dose of 500mg.kg‒1 when compared to normal saline control group. 
Drug treatment with TGME at a dose of 500mg.kg‒1 p.o. to diabetic 
group resulted in significant decrease (P<0.05) in triglyceride level as 
compared to diabetic control group Figure 4.

Figure 2 Effect of TGME at dose 250 and 500mg.kg‒1 on serum glucose level 
in normal and diabetic rats. Values are expressed as Mean±SEM (n=6), βP<0.01 
γP<0.001, Vs Normal control group, λP<0.001 Vs Diabetic control group. One 
Way ANOVA followed by tukey’s test for multiple comparisons.
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Figure 3 Effect of TGME at dose 250 and 500mg.kg‒1 on serum cholesterol 
level in normal and diabetic rats. Values are expressed as Mean±SEM (n=6), 
γP<0.001 Vs Normal control group, δP<0.05 Vs Diabetic control group. One 
Way ANOVA followed by tukey’s test for multiple comparisons.

Figure 4 Effect of TGME at dose 250 and 500mg.kg‒1 on serum triglyceride 
level in normal and diabetic rats. Values are expressed as Mean ±SEM (n=6), 
αP<0.05, γP<0.001, Vs Normal control group, δP< 0.05 Vs Diabetic control 
group. One Way ANOVA followed by tukey’s test for multiple comparisons.

Effect of methanolic extract of Tectona grandis 
leaves (TGME) on behavioral assessment of diabetic 
neuropathy (Tail‒immersion‒ cold and hot water) test

Cold water immersion test revealed that in the 2nd and 4th‒week 
significant reduction (P<0.01) in tail withdrawal latency or struggle 
occurred and a significant reduction (P<0.001) occurred during 6th and 
8th week in STZ group as compared to normal saline control group. 
Diabetic rats supplemented with TGME (500mg.kg‒1) for 14 days 
(during 7th and 8th week) resulted in significant increased (P<0.01) 
tail withdrawal latency as compared to diabetic group Figure 5. Hot 
water immersion test revealed significant reduction (P<0.01) in tail 
withdrawal latency in STZ induced diabetic group, in the 2nd week and 
further study period also showed a significant reduction (P<0.001) 
during 4th‒8th week as compared to the normal saline group. Diabetic 
rats supplemented with TGME at a dose of 500mg.kg‒1 (for 14 days) 
resulted in significant increased (P<0.001) latency of tail flick or 
struggle response compared to diabetic control group Figure 6.

Figure 5 Effect of TGME at dose 250 and 500mg.kg‒1 on tail flick latency in 
cold water tail immersion of normal and diabetic rats. Values are expressed 
as Mean±SEM (n=6), βP<0.01, γP<0.001Vs. Normal control group, εP<0.01Vs 
Diabetic control group. One Way ANOVA followed by tukey’s test for multiple 
comparisons.

Figure 6 Effect of TGME at dose 250 and 500mg.kg‒1 on tail flick latency in 
hot water tail immersion of normal and diabetic rats. Values are expressed as 
Mean±SEM (n=6), βP<0.01, γP<0.001 Vs Control group, λP<0.001 Vs STZ group. 
One Way ANOVA followed by tukey’s test for multiple comparisons.

Effect of methanolic extract of Tectona grandis leaves 
(TGME) on lipid peroxidation and oxidative stress 
level in brain

After 8 weeks of STZ injection, diabetic control rats had a 
significantly higher (P<0.001) TBARS level in brain compared to 
normal saline control rats. However, administration of TGME at dose 
of 250 and 500mg.kg‒1 significantly reduced (P<0.001) TBARS level 
in brain of diabetic rats as compared to diabetic control rats. Diabetic 
control rats had significantly lower (P<0.001) reduced GSH level in 
the brain compared to normal saline control rats. Administration of 
TGME to diabetic rats significantly improved (P<0.001) the reduced 
GSH level of brain, at both the doses (250 and 500mg.kg‒1 p.o.) 
when compared to diabetic control group. Administration of STZ i.p. 
resulted in significant decrease (P<0.001) in SOD level in brain of 
diabetic (STZ) control rats compared to normal saline rats. SOD level 
in diabetic rats treated with TGME (250 and 500mg.kg‒1 p.o. for 14 
days) was increased significantly (P<0.001) and dose‒dependently 
as compared to diabetic control group. STZ treated diabetic control 
group had a significantly lower (P<0.001) CAT level in the brain as 
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compared to normal saline‒treated rats. TGME at dose of 250 and 
500mg.kg‒1 p.o. (14 days) significantly increased (P<0.001) CAT level 

in brain in diabetic rats as compared to diabetic control rats Table1.
Values are represented as mean±SEM (n=6)

Table1 Effect of TGME at dose 250 and 500 mg.kg‒1 on the oxidative stress and antioxidative parameters in brain of normal and diabetic rats

Study groups
Oxidative stress and antioxidant enzymes

GSH (µM mg‒1 of 
protein)

CAT (nM mg‒1 of 
protein/min)

SOD (U mg‒1 of 
protein)

LPO (nM MDA mg‒1 of 
protein)

C 19.59±0.570 4.201±0.027 7.342±0.023 1.389±0.126

STZ 5.111±0.484γ 1.423±0.074γ 6.396±0.066γ 20.99±1.248γ

ODT (L) 18.48±0.601 4.111±0.088 7.234±0.039 1.145±0.134

ODT (H) 18.60±0.693 4.137±0.087 7.325±0.022 1.123±0.105

DDT (L) 9.601±0.617λ 2.385±0.057λ 6.773±0.079λ 13.56±0.642λ

DDT (H) 12.58±0.570λ 2.530±0.079λ 6.861±0.074λ 9.338±0.529λ

Values are represented as mean ±sem (n=6)
γp< 0.001 vs control group, λp<0.001 vs stz group
One way anova followed by tukey’s multiple comparison test
Effect of methanolic extract of Tectona grandis leaves 
(TGME) on the epidermal thickness of the plantar 
surface of the hind paw skin in diabetic rats

In normal control rat (A) showing the normal boundary between the 
epidermis (e) and dermis (d) is marked by a line, layer of keratinocytes 
(k) an outer surface; diabetic control rat (B) remarkably decrease the 
thickness of epidermis in diabetic control as compared to the normal 
control animal. Diabetic rat treated with low dose (250mg.kg‒1) of 
TGME (C) slightly increased the boundary between the epidermis 
(e) and dermis (d) is marked by a line, layer of keratinocytes (k) an 
outer surface; and diabetic rat treated with high dose (500mg.kg‒1) 
of TGME (D) appear normal thickness of epidermis have equal to 
normal saline treated rat Figure 7.

Figure 7 Effect of TGME on epidermal thickness of planter surface of the hind 
paw skin in diabetic rats.

Discussion
The plant under investigation (TG) revealed that it has antidiabetic, 

hypolipidemic, analgesic activity and also have antioxidant activity 

(in‒vitro and in‒vivo). The literature review also supported that 
the leaves of this plant possess a compound, tectone which have 
antihyperglycaemic activity equivalent to that of metformin.24 All 
these activities suggested that the plant TG may have the potential to 
ameliorate the increased glucose, lipid level and oxidative stress in 
diabetic neuropathy. The pharmacognostic study supported that the 
TGME resulted in presence of flavonoid and tannin content in during 
the phytochemical screening. The estimation of total phenolic and 
flavonoid content resulted in highest content in the methanolic extract 
suggesting that antioxidant activity of the plant.25 Flavonoids act as 
scavengers oxidizing species they also act as quenchers of singlet 
oxygen.26 The extract also exhibited well in vitro antioxidant activity 
by DPPH and reducing power assay. The antioxidant activity of the 
plant is attributed to their redox properties, which allow them to act 
as free radical scavengers.27 The diabetic neuropathy is still one of 
the unmet challenges. Streptozotocin (STZ) has been widely used to 
induce type 1 diabetes in animal especially rats and mice.28 The STZ 
induced diabetic rat is the most commonly employed animal model 
of painful diabetic neuropathy because of similar clinicopathological 
symptoms exhibited by them including oxidative stress and metabolic 
changes.29,30 Administration of STZ to rats caused an abnormally 
high level of glucose, triglycerides and total cholesterol in the serum 
of diabetic rats compared to saline control as previously reported 
studies.31 In the present investigation, the glucose level was abnormally 
increased (80.65%) in STZ treated rats in 8th week, drug treatment 
for 14 days (7th & 8th weeks), resulted in decrease of glucose level 
(42.22%) and (46.42%) at dose of 250 and 500mg.kg‒1 respectively in 
normal rats. However, drug treatment in diabetic rats for the same time 
period resulted in decreasing the glucose level (35.71%) and (45.94%) 
at the dose of 250 and 500mg.kg‒1 respectively. Hyperlipidemia due to 
high serum triglyceride and total cholesterol concentration has been 
reported in diabetic and hypertensive patients.32 It is evident from our 
study that the level of cholesterol in STZ treated group raises after six 
weeks of STZ administration, TGME treatment for 14days (7th and 8th 
week) resulted in significant lowering (9.52%) and (14.15%) of the 
cholesterol level in diabetic groups at a dose of 250 and 500mg.kg‒1 

respectively. The serum triglyceride level was found to be higher in 
diabetic group after 48hrs of STZ given, and TGME administration 
(14 days) lowered the triglyceride level in normal rats (25.64%) and 
diabetic rats (14.36%) at a dose of 500mg.kg‒1 suggesting that the plant 
also possess hypolipidemic property in addition to hypoglycaemic. 
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Administration of STZ cause lowered Na+K+ATPase activity 
as supported by previous studies. This lowered activity leads to 
altered neuronal function along with lowered antioxidant level. The 
nociceptive threshold was significantly lower in the diabetic rats. The 
nociceptive stimuli started with sensory receptors in the skin with 
unmyelinated sensory nerves terminal in the epidermis. In diabetic 
animals decrease in epidermal thickness that makes nerve fibers are 
more prominent at the surface of the skin and increased pain perception 
in.33 In the present study, we had observed that diabetic rats show 
cold allodynia and thermal hyperalgesia in by cold and hot water tail 
immersion test respectively after 2nd week of STZ administration. The 
withdrawal threshold decreases in both the tests with the duration of 
diabetes. Results of tail flick latency suggested that after treatment 
with TGME for 2 weeks (7th and 8th week after STZ administration) at 
a dose of 500mg.kg‒1 in diabetic group, there is significant increase in 
nociceptive threshold by cold water immersion (29.15%) and by hot 
water immersion (57.65%) as compared with the diabetic control rats. 
The current study indicates that diabetic control rat exhibit a decrease 
in epidermal thickness of paw skin and thus reduction in epidermal 
nerve fibers compared to control saline rats. The diabetic rats showed a 
thinner skin as compared to control saline animal. This could be due to 
reason that the epidermal fibers are more located on the surface when 
thinning of the skin in diabetic animals occurs. The histopathological 
study demonstrates that thickness of epidermis significantly increased 
in a diabetic rat treated with TGME at a dose of 500mg.kg‒1. These 
findings supported our study that increased epidermal thickness 
was responsible for the decrease of pain perception after treatment 
with TGME at the dose of 500mg.kg‒1 in cold and hot water tail 
immersion tests. Chronic hyperglycemia causes oxidative stress in 
tissues prone to complications in patients with diabetes.34 Persistent 
hyperglycemia leads to the generation of free radicals causing an 
imbalance in the oxidative status of the nervous tissue and damage 
in the brain through a peroxidative mechanism.35 Studies demonstrate 
that the brain contains the comparatively high concentration of easily 
peroxidizable fatty acids.36 It is evident from our study that there is 
an elevation of MDA, an index of lipid peroxidation in rats with 
diabetic neuropathy. Results of our study revealed that MDA level 
was increased (92.78%) in the diabetic control group as compared to 
normal saline control group. Treatment with TGME decreased MDA 
level dose‒dependently (35.39%) and (52.38%), after administration 
of 250 and 500mg.kg‒1 respectively in diabetic rats as compared to 
diabetic control rats. Earlier studies indicated that certain regions of 
the brain are highly enriched in iron that is catalytically involved in 
the production of damaging oxygen free radical species (OH*‒ ).37 
Exposure of brain to oxidative stress induced by oxygen free radicals 
seems to be due to the fact that, decreased activities of CAT and SOD 
may be a response to increased production of H2O2 and O2 by the 
autoxidation of glucose and nonenzymatic glycation.38 Induction of 
diabetic neuropathy in the present study resulted in a reduction of GSH, 
CAT, and SOD in the brain of diabetic control animals as compared 
with the saline control group. Findings of our study revealed that there 
decreased in glutathione (72.64%), SOD (12.88%) and CAT (66.12%) 
in the diabetic control group as compared to normal saline control 
group. The level of all the above parameters were increased GSH 
(48.15%) and (57.45%), SOD (5.56%) and (6.86%), CAT (39.70%) 
and (43.75%) in the brain of the diabetic rats after 14 days treatment 
with TGME at dose of 250 and 500mg.kg‒1 respectively as compared 
to diabetic control group. The increased GSH, SOD, and CAT may be 
a factor responsible for inhibition of lipid peroxidation.

Conclusion
It may be concluded from our study that TGME possesses potential 

to combat glucose by either increasing the utilization of glucose in 
muscles or increasing capability of intact β‒cells to produce insulin; 
the hypolipidemic effect of TGME suggests its role in preventing 
diabetes‒related complications. Continual hyperglycemia increased 
the susceptibility of the brain to oxidative stress and increasing 
pain perceptions by decreasing epidermal nerve fibers. Antioxidant 
potential of TGME exerted a beneficial action against pathologic 
alterations caused by the presence of free radicals in STZ diabetes via 
decreasing the LPO level and increasing the concentration of GSH, 
SOD, and CAT along with increasing thickness of the epidermis. 
Thus, indicating that that plant has the potential to scavenge free 
radicals in diseases associated with oxidative stress. Further study is 
required to isolate the active constituent responsible for improving the 
antioxidant defense in diabetic neuropathy.
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