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Papain, an active constituent of Carica Papaya ameliorates neuropathic pain in rats subjected to 
sciatic nerve ligation by mitigating oxidative damage and excitotoxicity
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Abstract
Neuropathic pain (NP) is a disability disorder mainly affects one’s quality of life. Excitotoxicity due to Sodium channel opening, 

oxidative stress and inflammation has been implicated in the pathogenesis of NP. Carica papaya, a neutraceutical with wide range 
of medicinal properties. Papain (PN) is the active constituent of Carica papaya with potent antioxidant and anti-inflammatory 
properties. Hence, we aimed to evaluate the protective role of PN in sciatic nerve ligation (SNL) induced neuropathic pain in rats. We 
assessed a battery of behavioral and biochemical changes after SNL in rats. Briefly, male wistar rats were divided into four groups 
of eight rats in each group; Sham control, SNL control, PN 50 mg/kg/p.o and PN 100 mg/kg/p.o treated groups. The drug or vehicle 
were administered orally by gavage once daily for 14 days. Nociceptive threshold was assessed on 15th day using a battery of tests 
such as foot deformity score, cold allodynia, motor coordination test, spontaneous locomotor activity and transfer latency time. 
Biochemical markers namely glutamate, calcium, tissue protein, lipid peroxides, reduced glutathione, and superoxide dismutase 
levels were measured in sciatic nerve homogenate. PN 100 mg/kg significantly (p<0.001) attenuated the SNL induced nociceptive 
threshold, oxidative stress and excitotoxicity changes which was supported by histological studies in sciatic nerve. These findings 
suggested that PN attenuated neuropathic pain in rats through mitigating oxidative stress and excitotoxicity.
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Introduction

Neuropathic pain (NP) is considered as one of the neurological 
disorder due to dysfunction of peripheral or central nervous sys-
tem characterized by allodynia, hyperalgesia and persistant pain 
[1,2]. The management of neuropathic pain is extremely difficult 
due to complexity in its pathophysiology, which is unclear [3,4]. 
Many researchers reported that NP is due to activation of immune 
cells, release of proinflammatory cytokines such as tumor necro-
sis factor – α (TNF- α), Interleukin 1β (IL-1β), Interleukin-6 (IL-6) 
[5,6], opening of calcium channels [7,8], sodium channels opening 
[9], oxidative stress (overwhelming of free radicals) [6,10]. This 
implies that multiple cascade events occur in NP, which is chal-
lenging to manage. Largely, neuropathic pain affects the quality of 

life. The currently available allopathic drugs or treatments provide 
symptomatic relief from the pain and are associated with severe 
adverse effects. Therefore, it is necessary to search for novel alter-
native therapeutic strategies from herbal source for neuropathic 
pain [11,12].

Now-a-days, various medicinal plants and their compounds 
have been reported effective for the management of neuropathic 
pain. This indicates the importance of Indian system of Medicine. 
Isolated plant compounds [11] such as α-β- Amyrin, β- Caryoph-
yllene, Cannabidiol, Genistein, Hhesperitin, Kaempferol, Lappa-
conitine, Linalool, Liquiritigenin, Luteolin, Mangiferin, Naringin, 
Rutin, Quercetin, Silibinin, Oxymatrine, Triptolide, Verbacoside, 
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Tormentic acid were scientifically reported their effectiveness 
against neuropathic pain through mitigation of various pathways 
such as inflammation, oxidative stress, inhibiting sodium channels, 
inhibiting calcium channels, inhibiting glutaminergic system. Pro-
teolytic enzymes from medicinal plants such as bromelain, papain, 
pancreatin, trypsin, chymotrypsin, rutin play an essential role in 
inflammation and other functions of the immune system [13,14]. 
They can degrade pathogenic complexes, which are the principal 
causes of certain kidney diseases, nerve inflammation, rheumatoid 
arthritis. They can modulate the inflammatory process through dif-
ferent mechanisms. There is no scientific report of papain against 
neuropathic pain. Hence, we made an attempt to evaluate the ef-
ficacy of papain (PN) against partial sciatic nerve ligation induced 
neuropathic pain in rats.

Material and Methods

Papain (PN) was obtained as a free gift sample from Enzyme 
Biosciences, Gujarat, India. All the chemicals used were of ana-
lytical grade and were procured from Merck or Sigma or S.D. Fine 
Chemicals.

Drugs and chemicals

Swiss Albino male rats of weighing approximately 120–130 g 
were used for the study. Animals were acclimatized under labora-
tory condition for 2 weeks prior to the experiments. They were 
maintained under standard conditions of temperature (23 ± 2°C) 
and humidity (50 ± 10%) with an alternating 12 h light/dark cy-
cles. The animals had free access to tap water and fed standard 
pellet diet (Agro Corporation Private Ltd., Bangalore, India). 

Animals

The rats were subjected to SNL surgery under general anesthe-
sia with intramuscular injection of ketamine 100 mg / kg and 10 
mg /kg xylazine. Briefly, the rats were placed in prone position, hair 
was shaved from the hind limb and mid back. The sciatic nerve was 
exposed at the dorsa caudal region. An incision was made starting 
0.5 cm laterally from the animal’s midline and extended laterally 
for 3cm towards the tibio femoral articulation. The femoral biceps 
and gluteus muscles were separated using blunt dissection forceps 
to allow access to provide exposure to sciatic nerve and half of the 
left sciatic nerve was ligated at the upper thigh level using an 8-0 
nylon suture. Sham surgery was done by exposing the sciatic nerve 

Surgical procedure

without ligation [15]. Nociceptive threshold was assessed on 15th 
day. Then the animals were sacrificed by cervical decapitation, sci-
atic nerve was collected, homogenized and supernatant was used 
for biochemical studies.

Forty rats were randomly divided into five groups of six animals 
in each group and they were treated as follows. 

Experimental protocol

•	 Group 1 (Sham control group) – animals received vehicle 
only.

•	 Group 2 (Sciatic nerve ligation group - SNL) - animals re-
ceived vehicle only.

•	 Group 3 (PN pre-treatment group) – received PN (50 mg/
kg) orally by gavage once daily for 14 days prior to SNL 
surgery.

•	 Group 4 (PN pre-treatment group) – received PN (100 
mg/kg) orally by gavage once daily for 14 days after SNL 
surgery.

Pain threshold assessment

The foot deformation in ligated and drug treated groups were 
assessed by deformation score. The rat was placed on a plate with a 
neutral temperature and the posture of the foot was observed. The 
foot deformation was scored as follows: [16]

•	 Score 0 if the paw is in normal position with fanned toes.
•	 Score 1 if the toe is ventroflexed.
•	 Score 2 if the paw is everted so that only the internal edge 

	 of the paw touches the floor.

Foot deformity score

Cold allodynia test was performed as per the method described 
by Naik., et al. [17]. In this method, the left hind paw of the rat was 
gently submerged in ice cold water (4 ± 10C) in a beaker. The paw 
withdrawal latency was observed with a maximum cutoff time of 
20 s.

Cold allodynia test

Motor co-ordination was evaluated by a rota rod device as de-
scribed by Jones and Roberts [18]. Briefly, rats were placed individ-
ually for one minute on the rotating rod (25 rpm). The time taken 
by the rat to fall off from the rod during one minute was recorded.

Motor co-ordination test 
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Photoactometer test was employed to assess the effect of drug 
treatment on spontaneous motor activity by using actophotom-
eter. Each animal was observed for a period of 5 min in a square 
closed field area (30×30×30 cm) equipped with 6 photocells in the 
outer wall. Interruptions of photocell beam were recorded by digi-
tal counter [19].

Test for spontaneous locomotor activity

The Elevated plus maze consists of two open and two enclosed 
arms. The animals were placed individually at the end of either 
of the open arm and the time by the animals to move from open 
to enclosed arm (transfer latency) was noted on the first day. The 
transfer latency is again recorded 24hrs after first exposure. The 
transfer latency on the first day trial serves as acquisition (learn-
ing) and the retention consolidation (memory) is examined 24hrs 
later. Each animal was used only once. One hour administration of 
the drug the test was carried out and the memory was assessed. 

Transfer latency test by elevated plus maze

After 14 days of surgery, animals were sacrificed by cervical dis-
location and sciatic nerve was immediately isolated, homogenized 
with 0.1 M Tris–HCl buffer (pH 7.4,) and supernatant of homog-
enate was employed to estimate the levels of total protein content, 
lipid peroxides, reduced glutathione (GSH), Superoxide dismutase 
(SOD) were measured.

Biochemical analysis

Glutamate level was measured according to the method de-
scribed by Bernt and Bergmeyer [20], with minor modifications. 
To 1 ml of supernatant, 2 ml of perchloric acid was added and pH 
was adjusted to 9.0 with phosphate buffer. The resulting mixture 
was subjected to centrifugation at 1500×g for 15 min and was al-
lowed to stand for 10 min in an ice bath and then filtered through 
fluted filter paper. Absorbance was measured at 340nm. The gluta-
mate level was expressed as μmol/g tissue.

Estimation of glutamate

Total calcium levels were estimated using commercially avail-
able kits (Span diagnostics, India).

Estimation of total calcium

Tissue protein content was estimated in the sciatic nerve ac-
cording to the method of Lowry et al. [21], using BSA (bovine se-
rum albumin) as a standard.

Estimation of tissue protein

Estimation of lipid peroxides was done by measuring the lev-
els of malondialdehyde (MDA) [22]. The concentration of MDA in 
sciatic nerve homogenates was expressed in terms of nM MDA/mg 
protein.

Estimation of lipid peroxides

GSH was measured according to the method of Ellman [23]. 
Equal quantity of sciatic nerve homogenate was mixed with 10% 
trichloroacetic acid and centrifuged to separate proteins. To 0.01 
ml of this supernatant, 2 ml of phosphate buffer (pH 8.4), 0.5 ml 
of 5,5′-dithio, bis (2-nitrobenzoic acid) and 0.4 ml double-distilled 
water was added. Mixture was vortexed and the absorbance was 
measured at 412 nm within 15 min. The concentration of reduced 
glutathione was expressed as μg/mg of protein.

Estimation of reduced glutathione levels

SOD activity was measured according to the method of Misra 
and Fridovich, [24] by monitoring the auto-oxidation of (-) – epi-
nephrine at pH 10.4 for 4 min at 480 nm. Briefly, 100 µl of superna-
tant was added to 880 µl of 0.05 M carbonate buffer containing 0.1 
mM disodium edentate (pH 10.4), and 20 µl of 30 mM epinephrine 
(in 0.05% acetic acid) was added to the mixture and the optical 
density values were measured at 480 nm for 4 min on a UV-Visible 
Spectrophotometer, activity was expressed as the amount of en-
zyme that inhibits the oxidation of epinephrine by 50% which is 
equal to 1 unit. The SOD activity is expressed as U/mg protein.

Estimation of superoxide dismutase levels 

Samples of sciatic nerve were kept in the fixative solution (10% 
formalin) and cut into 4-μm thickness. Staining was done by using 
hematoxylin and eosin as described by Yukari., et al. [25]. Nerve 
sections were analyzed qualitatively under light microscope for 
axonal degeneration.

Histopathology

All the results were expressed as mean ± standard error of mean 
(S.E.M). Data was analyzed using one-way ANOVA followed by post 
hoc analysis of Dunnetts test. A value of p <0.05 was considered to 
be statistically significant.

Statistical analysis

Results

SNL induced foot deformity in all animals. The rats with induced 
pain developed abnormal gait and posture. The foot was ventro-

Effect of PN on foot deformity
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flexed, with the toes held tightly together and rats were unwilling 
to place weight on the foot of the injured side. Foot positioning and 
toe spread rating was significantly (p<0.001) different between 
control and experimental groups. PN 50 and 100 mg/kg pre-treat-
ed rats significantly (p<0.001) prevented the SNL induced foot de-
formity when compared with SNL control group (Figure 1).

Figure 1: Effect of PN on Foot deformity score.
Values are expressed as mean ± standard error of mean  
(SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc  
Dunnetts test.
***(p<0.001) vs sham control group.
+++(p<0.001) vs SNL control group.

SNL group showed significantly (p<0.001) tail withdrawl time 
when compared with sham control group. However PN 50 and 100 
mg/kg pre-treated rats significantly (p<0.001) prevented the SNL 
induced increased tail withdrawl time when compared with SNL 
control group (Figure 2).

Effect of PN on cold allodyna 

SNL induced significantly (p<0.001) decreased motor perfor-
mance when compared with sham control group. PN 50 and 100 
mg/kg pretreated groups significantly (p<0.01) prevented the SNL 
induced decrease in motor performance when compared with SNL 
control group (Figure 3).

Effect of PN on motor co-ordination 

Figure 3: Effect of PN on motor coordination.
Values are expressed as mean ± standard error of mean 
 (SEM, n=6). 
Analyzed by one-way ANOVA followed by post hoc  
Dunnetts test. 
*(p<0.05), ***(p<0.001) vs sham control group. 
+++(p<0.001) vs SNL control group.

Spontaneous locomotor activity in SNL control group was sig-
nificantly (p<0.001) decreased when compared with sham control 
group. The decrease in spontaneous locomotor activity was signifi-
cantly (p<0.001) attenuated in PN 50 and 100 mg/kg pretreated 
groups (Figure 4). 

Effect of PN on spontaneous locomotor activity
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Figure 2: Effect of PN on cold allodynia.
Values are expressed as mean ± standard error of mean  
(SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc  
Dunnetts test.
*(p<0.001), **(p<0.01), ***(p<0.001) vs sham control group.
+++(p<0.001) vs SNL control group.

Figure 4: Effect of PN on spontaneous locomotor activity.
Values are expressed as mean ± standard error of mean  
(SEM, n=6). 
Analyzed by one-way ANOVA followed by post hoc Dunnetts 
test. 
***(p<0.001) vs sham control group.
 +++(p<0.001) vs SNL control group
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Compared with sham control group, the animals in SNL group 
showed significant (p<0.001) increment in transfer latency time. 
Whereas transfer latency time was significantly (p<0.001) attenu-
ated by PN 50 and 100 mg/kg pretreated groups (Figure 5). 

Effect of PN on transfer latency time 

A significant elevation (p< 0.001) of glutamate levels was ob-
served in SNL groups as compared to the sham groups. PN pre-
treatment significantly (p< 0.001) prevented the increase in gluta-
mate levels and values reached normal (Figure 6).

Effect of PN on glutamate levels

Calcium levels were found to be increased in SNL control group 
when compared with sham control group. However, PN pre-treat-
ment significantly (p<0.001) prevented the SNL induced increase 
in calcium levels when compared with SNL control group and val-
ues reached normal (Figure 7).

Effect of PN on total calcium

Lipid peroxidation was assessed in terms of MDA levels. A sig-
nificant increase (p<0.001) in the content of MDA was observed in 
SNL group as compared with sham group. PN 50 and 100 mg/kg 
pretreated groups has significantly restored (p<0.05) the MDA lev-
els as compared with SNL group (Figure 8).

Effect of PN on lipid peroxidation
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Figure 5: Effect of PN on transfer latency time.
Values are expressed as mean ± standard error of mean 
 (SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc 
 Dunnetts test.
**(p<0.01) ***(p<0.001) vs sham control group.
+(p<0.05), +++(p<0.001) vs SNL control group.

Figure 6: Effect of PN on glutamate levels.
Values are expressed as mean ± standard error of mean 
 (SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc  
Dunnetts test.
***(p<0.001) vs sham control group.
+(p<0.05), ++(p<0.01), +++(p<0.001) vs SNL control group.

Figure 7: Effect of PN on calcium levels.
Values are expressed as mean ± standard error of mean  
(SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc Dunnetts 
test.
**(p<0.01), ***(p<0.001) vs sham control group.
+++(p<0.001) vs SNL control group.

Figure 8: Effect of PN on malondialdehyde levels.
Values are expressed as mean ± standard error of mean  
(SEM, n=6).
Analyzed by one-way ANOVA followed by post hoc Dunnetts 
test.
***(p<0.001) vs sham control group.
+(p<0.05), ++(p<0.01), +++(p<0.001) vs SNL control group.
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GSH levels were found be decreased significantly (p<0.001) in 
SNL group, which was significantly (p<0.001) attenuated with PN 
50 and 100 mg/kg pretreated groups when compared with SNL 
control group (Figure 9).

Effect of PN on reduced glutathione levels

SOD levels were found to be decreased significantly (p<0.001) 
in the SNL group as compared with the sham group. PN 50 and 100 
mg/kg pretreated groups significantly (p<0.01) prevented the SNL 
induced decrease in SOD levels when compared with SNL control 
group (Figure 10). 

Effect of PN on superoxide dismutase levels

SNL resulted in significant histological changes in the sciatic 
nerve. Axonal degeneration was observed in SNL group as evident 
by high vacuolization and decrease in number of Schwann cells. 
However, PN 50 and 100 mg/kg pretreated groups significantly at-
tenuated these histological changes when compared with SNL con-
trol group (Figure 11).

Histological studies

Discussion

In the present study, we have evaluated the protective effect of 
PN in sciatic nerve ligation induced neuropathic pain in rats. Pre 
treatment of PN significantly decreased the behavioral and bio-
chemical changes after SNL in rats. However, it is the first report 
indicating the protective role of PN against SNL induced neuropa-
thy in rats. SNL is the widely used neuropathic pain model in rats 
which mimics the pain in humans [26]. Nerve injury is studied by 
electrophysiological and histological methods but functional evalu-
ation is important to know the degree of injury and recovery. Foot 
positioning and toe spread are useful in assessing degree of injury 
[27]. SNL induced neuropathic pain has been assessed by measur-
ing nociceptive threshold, allodynia, transfer latency time, foot de-
formity, motor coordination, exploratory behavior [28,29], which 
were significantly attenuated by PN treatment.

Nerve injury induced development of neuropathic pain is ei-
ther sequential and/or collective function of cellular events. The 
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Figure 9: Effect of PN on reduced glutathione levels.
Values are expressed as mean ± standard error of mean (SEM, 
n=6).
Analyzed by one-way ANOVA followed by post hoc Dunnetts 
test.
**(p<0.01), ***(p<0.001) vs sham control group.
+++(p<0.001) vs SNL control group.

Figure 10: Effect of PN on superoxide dismutase levels.
Values are expressed as mean ± standard error of mean 
 (SEM, n=6). 
Analyzed by one-way ANOVA followed by post hoc  
Dunnetts test.
 ***(p<0.001) vs sham control group. 
++(p<0.01), +++(p<0.001) vs SNL control group

Figure 11: Effect of PN on SNL induced histological changes in 
sciatic nerve.
(A) Sham control group. (B) SNL control group. (C) PN 50 mg/
kg pre-treated group. (D) PN 100mg/kg pre-treated group.  
SC- Schwann cell nuclei, NF- Nerve fibres, Ax- Axon,  
DC- degenerative changes, V- Vacuolation.
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primary steps are increase of calcium ion concentration, release 
of proinflammatory mediators, myeloperoxidase, tumor necrosis 
factor-alpha from the resident macrophages. Generation of free 
radical and enzymatic changes eventually leading to enhancement 
of neuronal damage and nociceptive pain sensation [10]. SNL in-
duced neuropathic pain has been demonstrated to produce a rise 
in tissue total calcium and free radicals [7,8]. Calcium ion accu-
mulation has further been reported to trigger various secondary 
messengers, i.e., MPO enzyme; inflammatory cytokine (TNF-a); 
activation of calcium binding protein; calcium dependent kinase 
and phosphatase and expression of toxic proteins leading to long 
term potentiation, long term depression and neuronal hyper exci-
tation [4,5,11]. Disturbance of calcium ion homeostasis has been 
shown to be responsible for the axonal degeneration by alteration 
of stability of axonal cytoskeleton proteins [30,31]. In congruent 
with this, our study observed increased levels of calcium in SNL 
induced rats, which was significantly prevented and attenuated by 
PN pre-treatment, respectively the calcium induced axonal degen-
eration and thereby alleviated the pain, which is supported with 
our histological findings.

An increase in calcium level triggers free radical generation and 
hence increases the oxidative stress [32-34]. Existing evidence has 
indicated involvement of oxidative stress in the pathogenesis of 
neuropathic pain [10]. Superoxide is produced at a relatively high 
rate by cells during normal metabolism / its low intra cellular level 
is maintained by spontaneous dismutation and/or catalytic break-
down by the enzyme superoxide dismutase (SOD). This enzyme is 
implicated as an essential defense against the potential toxicity of 
oxygen [35]. The radical scavenging activity of SOD is effective only 
when it is followed by actions of catalase and glutathione peroxi-
dase as SOD generates hydrogen peroxide as a metabolite, which 
is more toxic than oxygen radical and requires to be scavenged 
by, catalase/glutathione peroxidase [36]. Considerable evidence 
convinces antioxidants having a vivid role in the management of 
neuropathic pain in rats [37-39]. In support of this, in the present 
study, SOD, Catalase, GSH levels were decreased and MDA levels 
were increased after SNL in rats which were significantly attenu-
ated with PN pretreatment indicating the antioxidant role of PN in 
in alleviation of SNL induced neuropathic pain.

Conclusion

In conclusion, the present study demonstrated the protective 
effect of PN against SNL induced neuropathic pain as evident by 

improving the nociceptive threshold, attenuating the behavioral 
changes, and biochemical changes. The anti-allodynia, anti-hyper-
algesia and antioxidant’s potential may be contributed to the PN in 
alleviating the SNL induced hyperalgesia, allodynia, inflammation 
and oxidative stress. Thus, it appears to be a therapeutic alternative 
approach to the patients suffering from neuropathic pain.
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