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ABSTRACT 
Aqueous extract of Ficus exasperata leaves was investigated for its antinociceptive and anti-oxidant activities in 
streptozocin (STZ)-induced diabetic peripheral neuropathic rats. 36 male albino rats weighing between 120 and 170 
g were randomly assigned into four groups of nine animals each. Rats in group 1 (non-diabetic) received normal 
saline 1.0 ml/kg b.w., group 2 (diabetic untreated) received normal saline 1.0 ml/kg b.w., group 3 were treated with 
pregabalin 0.71 mg/kg b. w. and group 4 were treated with F. exasperata 200 mg/kg b. w. following onset of peripheral 
neuropathy after induction of diabetes, rats received drug treatment orally, once daily for 21 days. They were then 
sacrificed ad blood, brain, skin, and sciatic nerve samples were collected. The plasma was assayed for glutathione 
and superoxide dismutase, the brain was assayed for malondialdehyde and nitric oxide, and the skin was assayed for 
Calcitonin gene-related peptide and Substance P, while the sciatic nerve was assayed for brain-derived neurotrophic 
factor and nerve growth factor. Pain threshold was assessed by testing for thermal allodynia using ice cold and hot 
plate tests. Aqueous leaf extract of F. exasperata reversed hyperglycemia, allodynia, and oxidative stress induced by 
STZ.

INTRODUCTION
Diabetes mellitus is a worldwide public health condition 

with a growing prevalence and an urgent global concern (Glovaci 
et al., 2019). From slightly over 100 million in 1980 to over 420 
million in 2017, projected to reach over 629 million in less than 
three more decades, the prevalence has more than tripled in the last 
several decades (Global Burden of Disease Collaborative Network, 
2015). Possible causes of the rather drastic rise in prevalence 
might be increased urbanization, a sedentary lifestyle, increased 

consumption of processed diets, and many other socioeconomic 
factors (Basu et al., 2013). Diabetes mellitus usually goes 
undetected for many years in patients, and complications arise due 
to this delay in making a diagnosis. These complications, either 
microvascular or macrovascular though varied, are a significant 
reason why the global deaths attributable to diabetes mellitus is 
over 5 million annually (Glovaci et al., 2019). An example of a 
microvascular complication of diabetes is diabetic neuropathy, a 
significant cause of disability, diabetic foot ulcer, and amputation 
in hospitals. Diabetic peripheral neuropathy (DPN) accounts 
for about 75% of diabetic neuropathy, with pain being its most 
common symptom (Selvarajah and Tesfaye, 2012; Zheng et al., 
2017). 

There is still much uncertainty surrounding the 
development of DPN at the molecular level. However, there is 
evidence that hyperglycemia is crucial in initiating and accelerating 
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the course of diabetes mellitus and diabetic  neuropathy. In the 
nervous system, uncontrolled hyperglycemia targets both the 
axon (due to its access to the blood supply of the nerve) and the 
Schwann cells that cover it, thereby destroying axonal integrity 
and damaging the peripheral fibers of sensory nerve cells leading 
to pain (Edwards and Vincent, 2008; Zabihi et al., 2021). 
Hyperglycemia causes a rise in the metabolic activities of the 
mitochondria and initiates oxidative stress by overwhelming the 
normal endogenous antioxidants like glutathione, catalase, and 
superoxide dismutase (SOD) (Prabodha et al., 2018).

Furthermore, hyperglycemia also adversely drives other 
metabolic mechanisms, such as the polyol route, which result in 
excessive/inappropriate stimulation of the protein kinase C pathway 
and the buildup of advanced glycation end products (Prabodha et 
al., 2018). Historically, neuropathic pain has been managed by 
using anticonvulsants like gabapentin and pregabalin, as well as 
tricyclic antidepressants like amitriptyline and nortriptyline, and 
serotonin-norepinephrine reuptake inhibitors such as  duloxetine 
and venlafaxine (Singh et al., 2014). There is, however, a paucity 
of literature on natural plant extracts that can control underlying 
hyperglycemia, mitigate free radicals, and modulate neuropathic 
pain. Ficus exasperata, commonly known as “sandpaper tree,” is 
a deciduous shrub or tree that can grow up to 20 m in height; it 
has smooth gray bark and very rough leaves. Flavonoids, tannins, 
saponins, alkaloids, and cyanogenic glycosides have all been 
identified by phytochemical and toxicological investigations of 
F. exasperata leaf and stem extracts (Ijeh and Ukweni, 2007). 
Diabetes treatment with F. exasperata has been previously 
described (Deepa et al., 2018). The antioxidant property and 
antinociceptive effect of its bioactive compounds have also been 
investigated (Anigboro et al., 2019; Popwo et al., 2020). However, 
the role of F. exasperata  in streptozocin (STZ)-induced diabetic 
neuropathic pain has not been reported. Hence, this study sought 
to investigate the possible role of  F. exasperata  in modulating 
neuropathic pain and alleviating oxidative stress in male Wistar 
rats.

MATERIALS AND METHODS

Experimental design
This study compared healthy normal rats with treated and 

untreated diabetic rats with neuropathy. Pregabalin, a commonly 
used medication, and an aqueous extract of F. exasperata were 
given to the treated rats. In the experiment, there were a total of 
36 male Wistar rats that ranged in weight from 120 to 170 g. The 
animals were housed in the animal house of the College of Health 
Sciences at the University of Ilorin. There, they were given access 
to natural light and dark cycles, a suitable room temperature, 
sufficient ventilation, and adequate spacing between them. During 
the acclimatization period of 2 weeks, rats were given free access 
to regular rat pellets and purified water. Following acclimatization, 
the baseline blood glucose level and thermal allodynia (measured 
by the ice-cold test and the hot plate test) were examined. After 
this, a single injection of STZ into the intraperitoneal cavity 
at a dose of 50 mg/kg b.w. was used to induce type 2 diabetes. 
Following successful induction of diabetes as confirmed by 
fasting blood glucose level of at least 13.9 mmol/l, a period of 
30 days was observed to allow signs of peripheral neuropathy to 

set in. This was confirmed by a repeated pain threshold test via 
assessment of thermal allodynia using ice-cold and hot plate tests. 
The animals in groups 3 and 4 were then treated with pregabalin 
0.71 mg/kg b.w. and aqueous extract of F. exasperata 200 mg/kg 
b.w., respectively. All drugs were administered orally using an oral 
cannula once daily for 21 days.

Animal grouping
Using random selection, the animals were divided into 

four groups of nine animals each. Group 1 (healthy rats) was 
treated with normal saline 1 ml/kg b.w., group 2 (diabetic rats) 
was treated with normal saline 1 ml/kg b.w., group 3 (diabetic rats) 
was treated with pregabalin 1.5 mg/kg b.w., and group 4 (diabetic 
rats) was treated with F. exasperata 200 mg/kg b.w.

Estimation of plasma glucose
The rats fasted 10–12 hours before induction of diabetes 

with STZ, and their blood glucose was estimated before and after 
(72 hours) induction of diabetes. The estimation was carried 
out using a blood glucose test strip (ACON laboratories). The 
on-call plus visual test system was used to measure the glucose 
concentration in the capillary whole blood. A diabetic state was 
confirmed at a fasting plasma glucose level of ≥13.9 mmol/l.

Induction of diabetes mellitus
After baseline fasting plasma glucose had been checked, 

diabetes mellitus was induced by a single intraperitoneal injection 
of 50 mg/kg of STZ. Rats were observed for 30 days for features 
of DPN to set in.

Confirmation of DPN
The onset of DPN was confirmed by assessing the pain 

threshold via thermal allodynia using ice-cold and hot plate tests.

Ice cold test
Cold allodynia was assessed using the ice-cold test. A 

block of ice was placed directly on the center of the left hind paw 
of each rat for 60 seconds. The latency (time taken to observe a 
nocifensive behavior and generate responses like paw withdrawal/
licking and jumping) was recorded accordingly using a stopwatch. 
The test was aborted if the rat did not show any response after the 
60 seconds elapsed.

Hot plate test
Rats were placed individually in a chamber on a hot plate 

whose temperature was regulated at 55°C ± 2°C. The time it took 
for responses like jumping, paw licking, scratching at the walls of 
the chamber, and so on to occur was recorded using a stopwatch. 
The test also lasted for 60 seconds per rat and was aborted if the 
rat did not show any response.

Plant extraction
Local farmers in Ilorin, Kwara State, Nigeria, provided 

the fresh leaves of the F. exasperata plant used in this study. The 
Herbarium of the Department of Plant Biology at the University 
of Ilorin was responsible for the identification and authentication 
of the leaves and the assignment of the voucher number: 
UIL/001/1296. The leaves were air-dried for 12 days, pounded 
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into the powdery form using a ceramic mortar and pestle, and then 
soaked in three and a half liters of distilled water for 12 hours. 
The solution was then extracted by filtration using filter paper as 
the filter medium. A water bath was used in order to evaporate the 
filtrate until it was completely dry at 60°C. The aqueous extract 
was then dissolved in normal saline for daily administration.

Drug and extract administration
Following successful induction of diabetes mellitus 

and the onset of diabetic peripheral neuropathic pain, a standard 
drug, pregabalin, and the aqueous extract of F. exasperata were 
administered orally once daily for 3 weeks at doses of 0.71 mg/
kg b.w. and 200 mg/kg b.w., respectively, using an oral cannula.

Animal euthanasia
At the completion of the experiment, a single 

intraperitoneal injection of ketamine/xylazine 100/12.5 mg/kg 
b.w. was used to humanely euthanize the animals. Immediately 
after euthanasia, under sterile conditions, a plain bottle was used 
to collect the blood that was taken after a heart puncture and was 
allowed to coagulate. Clotted blood sample was centrifuged at 
1,500 rpm for 5 minutes, and serum was collected in a plain bottle. 
The serum was stored at 4°C until it was assayed for glutathione 
(GSH) and SOD.

Brain sample collection
Under sterile conditions, the brain was excised, and 

the hippocampus was collected on ice. It was then homogenized 
in a 0.25 M sucrose buffer solution. The homogenates were 
then centrifuged at 2,000 rpm for 5 minutes and assayed for 
malondialdehyde (MDA) and nitric oxide (NO).

Sciatic nerve collection
The left sciatic nerve of each rat was excised under 

sterile conditions and homogenized in 0.25 M sucrose buffer 
solution. The homogenates were then centrifuged at 2,000 rpm 
for 5 minutes and assayed for brain-derived neurotrophic factor 
(BDNF) and nerve growth factor (NGF).

Skin sample collection
Under sterile conditions, skin snip was excised from the 

back, midway between the head and the tail, after shaving the fur 
of each rat. It was then homogenized in a 0.25 M sucrose buffer 
solution. The homogenates were then centrifuged at 2,000 rpm for 
5 minutes and assayed for calcitonin gene-related peptide (CGRP) 
and substance P (SP).

Statistical analysis
Data were expressed as mean ± SE of the mean on bar 

charts. Comparison between different groups was analyzed using 
one-way analysis of variance with GraphPad Prism version 5.0. 
The level of significance was set at p < 0.05.

RESULTS

Plasma glucose
Figure 1 shows the effect of the aqueous extract of 

F. exasperata leaf on the plasma glucose level of rats in the 
experimental groups before and after induction of DPN, as well as 
after treatment. There was a significant (p < 0.05) increase in the 
plasma glucose level after induction of diabetes when compared to 
the baseline. This was reversed following treatment, with a more 
pronounced decrease in plasma glucose in the group treated with an 

Figure 1. Effect of aqueous extract of Ficus exasperata leaf on plasma glucose level (mmol/l) of diabetic peripheral neuropathic 
male Wistar rats. Data expressed are mean ± SEM, n = 7. Data were analyzed by one-way ANOVA followed by Bonferroni’s 
multiple post-hoc test. a, p < 0.05 versus baseline glucose level.
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aqueous extract of F. exasperata leaf than in the pregabalin-treated 
group.

Pain threshold (thermal allodynia)

Ice-cold test
Figure 2a shows the pain threshold across the four groups 

using the ice-cold test on day 21 and day 28 after induction of 
diabetes. On day 21, group 1 showed a significant increase in pain 
threshold (7.61 ± 0.43 seconds) compared with group 2 (3.51 ± 
0.46 seconds) (p = 0.0014). Group 2 showed a significantly lower 
pain threshold than groups 3 (9.9 ± 0.54 seconds) and 4 (9.04 ± 
0.72 seconds) (p = 0.0011 and p < 0.0030, respectively). On day 
28 after induction of diabetes, group 1 showed a significantly 
lower pain threshold (6.44 ± 0.36 seconds) than group 4 (9.26 
± 0.63) (p = 0.0314). Group 2 also showed a significantly lower 
threshold (2.16 ± 0.36) than groups 3 and 4 (p = 0.0006 and p = 
0.0004, respectively).

Hot plate test
The results of the pain threshold on the hot plate test across 

the four groups are shown in Figure 2b. The baseline measurement 
on day 1 showed no significant difference across the four groups. 
On day 28, the result showed that there was a significantly raised 
pain threshold in groups 1, 3, and 4 compared with group 2 (p 
= 0.0008, p < 0.00001, and p < 0.0001, respectively), and there 
was a significant higher pain threshold in group 3 than that in 
group 4 (p = 0.0150). The result seen on day 35 was similar to that 
observed on day 28.

Serum biomarkers

Super-oxide dismutase
Figure 3a shows the serum concentration of SOD among 

the four groups. There was a significantly higher level of SOD in 
groups 1 and 4 (4.26 ± 0.53 and 4.48 ± 0.64 U/mg, respectively) 
than that in group 2 (0.65 ± 0.59 U/mg) (p = 0.0145 and p = 
0.0434, respectively).

Glutathione
Figure 3b shows a significantly higher serum level of 

GSH in group 1 (4.12 ± 0.53 μmol/l) than that in groups 2 and 
3 (1.18 ± 0.19 and 1.69 ± 0.14 μmol/l, respectively) (p = 0.0107 
and p = 0.0421, respectively). The serum level of GSH in group 
4 (3.23 ± 0.42 μmol/l) was significantly higher (p < 0.0106) than 
that in group 2.

Brain biomarkers

Malondialdehyde
Figure 4a shows that the brain homogenate concentration 

of MDA in group 2 was significantly higher than that in groups 1 
and 4 (p = 0.0036 and p = 0.0220, respectively).

Nitric oxide 
Figure 4b shows that the brain NO concentration was 

significantly lower in groups 1, 3, and 4 than that in group 2 (p = 
0.0007, p = 0.0018, and p = 0.0003, respectively).

Sciatic nerve biomarkers 

Brain-derived neurotrophic factor 
Figure 5a shows that the concentration of brain BDNF 

was significantly higher in groups 1 and 4 than in groups 2 and 3 
(p = 0.0005, p < 0.0001, p = 0.0011, and p < 0.0248, respectively).

Nerve growth factor 
Figure 5b shows that the concentration of NGF was 

significantly higher in group 2 than that in groups 1 and 4 (p = 
0.0049 and p = 0.0018, respectively). Similarly, there was a 
significant elevation of NGF in group 3 compared with groups 1 
and 4 (p = 0.0009 and p = 0.0145, respectively). 

Skin biomarkers

Calcitonin gene-related peptide 
Figure 6a shows that the concentration of skin CGRP in 

groups 1, 3, and 4 was significantly lower than that in group 2 (p 
= 0.0028, p = 0.0155, and p = 0.0109. respectively). Similarly, the 

Figure 2. (a) Analgesic effect of aqueous extract of Ficus exasperata leaf on 
pain threshold of diabetic rat using ice cold test. Values are expressed as mean ± 
SEM, n = 7. Data were analyzed by one-way ANOVA followed by Bonferroni’s 
multiple post-hoc test. p < 0.05. (b) Analgesic effect of aqueous extract of Ficus 
exasperata leaf on pain threshold of diabetic rat using hot plate test (Seconds). 
Data expressed are mean ± SEM, n= 7. Data were analyzed by one-way ANOVA 
followed by Bonferroni’s multiple post-hoc test. p < 0.05.
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concentration of CGRP in groups 1 and 4 was significantly lower 
than that in group 3 (p < 0.0137 and p = 0.0413, respectively).

Substance P
Figure 6b shows that the concentration of skin substance 

P in group 2 was significantly higher than that in the other three 
groups (p = 0.0013, p = 0.0064, and p = 0.0019, respectively).

DISCUSSION
Different combating pathways have been documented 

for the etiology of diabetic neuropathy. They range from the role 
of increased reactive oxygen species (Vats et al., 2004) to the role 
of the polyol pathway (Gabbay, 2004), development of advanced 
glycation end products, the elevation of proinflammatory 
cytokines like interleukin (IL-6), and tumor necrosis factor-α 
(Akintoye et al., 2018; Bishnoi et al., 2011), downregulation of 
anti-inflammatory cytokines like IL-10 (Akintoye et al., 2018), 
and increase of insulin resistance (Akintoye et al., 2020; Alzamil, 
2020), among others. This research was aimed at investigating the 
possible role of F. exasperata in modulating neuropathic pain of 
STZ -induced neuropathic pain in male Wistar rats. 

The underlying mechanism of F. exasperata’s 
hypoglycemic impact is unknown at this time, but plausible theories 
include insulin effect enhancement, either by increasing pancreatic 
insulin secretion from cells of the islet of Langerhans or its release 
from bound insulin (Peri and Satheesh, 2004). According to a study 
conducted by Kazeem et al. (2013), aqueous F. exasperata extract 
(FEE) is a moderate inhibitor of amylase and a potent inhibitor 
of glucosidase. Inhibition of these enzymes delays carbohydrate 
digestion, which in turn lowers the rate of glucose uptake and, 
subsequently, the postprandial blood glucose spike (Kwon et al., 
2007). Furthermore, the polyol pathway, which is at the center of 
many diabetic neuropathy complications pathways (Lu et al., 2018; 
Niimi et al., 2018), will be greatly reduced since the serum glucose 
level is under control by reducing the entry of glucose into the 
vascular compartment via its gastric entry route. This study showed 
that aqueous FEE has a potent hypoglycemic effect as seen in Figure 
1 when compared with other treatment groups. This is similar to the 
reports by Adewole et al. (2011) and Deepa et al. (2018). Deepa 

Figure 3. Effect of Ficus exasperata leaf aqueous extract on serum SOD (a) 
and GSH (b) concentration of streptozocin-induced diabetic male Wistar rats. 
Values are expressed as mean ± SEM with n = 5. Data were analyzed by one-
way ANOVA followed by Bonferroni’s multiple post-hoc test.

Figure 4. Effect of Ficus exasperata leaf aqueous extract on brain MDA (a) 
and NO (b) concentrations of streptozocin-induced diabetic male Wistar rats. 
Values are expressed as mean ± SEM with n = 5. Data were analyzed by one-way 
ANOVA followed by Bonferroni’s multiple post-hoc test. 

Figure 5. Effect of Ficus exasperata leaf aqueous extract on sciatic nerve BDNF 
(a) and NGF (b) concentrations of streptozocin-induced diabetic male Wistar 
rats. Values are expressed as mean ± SEM with n = 5. Data were analyzed by 
one-way ANOVA followed by Bonferroni’s multiple post-hoc test.

Figure 6. Effect of Ficus exasperata leaf aqueous extract on skin CGRP (a) 
and SP (b) concentrations of streptozocin-induced diabetic male Wiatar rats. 
Values are expressed as mean ± SEM with n = 5. Data were analyzed by one-
way ANOVA followed by Bonferroni’s multiple post-hoc test.
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postulated that the hypoglycemic property of aqueous FEE is via 
its insulin secretion enhancement, which may result from one of its 
phytochemical constituents: alkaloids, flavonoids, saponins, tannins, 
and glycosides (Adewole et al., 2011; Obatomi et al., 1996). Though 
previous research reports had suggested a correlation between 
hyperglycemia and increased pain perception (DPN), which is the 
commonest diabetic complication (Akintoye et al., 2020), this was 
also noticed in this study as presented in Figure 1. Compared with 
the standard drug pregabalin, an antidepressant drug that is legally 
used in the management of DPN, aqueous FEE showed a better 
antinociceptive property that is likely to be time-dependent, as 
noticed in Figure 2a, as well as its effect in Figure 2b, which showed 
the effect of aqueous FEE in the hot plate pain threshold model. 
The results in Figures 3a and b demonstrate the strong antioxidant 
property of FEE as reported in previous scientific journals (Abotsi 
et al., 2010; Enogieru et al., 2015; Kazeem et al., 2013; Sirisha et 
al., 2010). As the disease progresses, antioxidant potential decreases 
depending on the level of glycemic control, which reverted toward 
the normal glycemic range in the result. Both serum SOD and 
GSH levels were significantly higher than those of the diabetic 
and pregabalin-treated rats. SOD is an enzyme that helps maintain 
antioxidant molecules such as GSH, and it detoxifies free radical 
entities in cells, tissues, and extracellular fluids. Decreased SOD 
expression leads to decreased mitochondrial GSH and increased 
oxidative stress. This is consistent with the observation of Sirisha et 
al. (2010) that F. exasperata and other Ficus sp. increase the serum 
GSH level (Sirisha et al., 2010). 

A hydroxyl group in flavonoids gives them scavenging 
power and aids in limiting lipid peroxidation, making flavonoids 
one of the most diverse and ubiquitous classes of natural substances 
(Mayur et al., 2010). In contrast, tannin is made up of a core 
glucose molecule derivative at its hydroxyl groups with one galloyl 
residue, and it serves as an antioxidant by inhibiting the generation 
of hydroxyl radicals in the presence of copper ions  (Andrade et 
al., 2005). The result in Figures 4a and b shows the antioxidative 
property of aqueous FEE in the brain homogenate. There was a 
significantly lower MDA level in the aqueous FEE-treated group 
than that in the diabetic rats. However, the finding of NO in the 
brain homogenate showed a significantly lower concentration in the 
aqueous FEE-treated group than that in the diabetic and pregabalin-
treated rats. Likewise, this study demonstrated that aqueous FEE 
preserved the BDNF secretion in the nerve when compared to that 
of the other groups. The concentrations of CGRP in the skin and 
NGF in the nerve of aqueous FEE-treated rats were significantly 
lower than those of the diabetic and pregabalin-treated rats, while 
the skin concentration of SP was only significantly lower than that 
of the diabetic, untreated rats. Previous researchers have reviewed 
the possible roles of these cytokines in the pathogenesis of DPN 
(Iyengar et al., 2019). As such, they are used as neuropathy makers 
(Choi and Nardo, 2018; Shillo et al., 2021). The ameliorating effect 
of aqueous FEE is probably due to its high content of flavonoids, 
which is a strong, natural, antioxidant compound.

CONCLUSION
The findings of this study suggest that the aqueous extract 

of F. exasperata  leaves has potent hypoglycemic, antiallodynic, 
and antioxidant properties. Thus, it is a potential remedy for the 
complication of diabetes mellitus DPN, particularly in males.
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