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ABSTRACT

The present study was designed to investigate the role of rutin in the management of chronic constriction injury (CCI) of sciatic nerve induced neuropathic pain in
rat. The neuropathic pain was induced by four loose ligation of right sciatic nerve (i.e., CCI) in rat. The batteries of behavioural tests i.e., Von Frey hair filament,
Hargreaves, pin prick, D’ Aemour and Smith test, tail pinch tests were performed to assess the degree of mechanical allodynia, thermal hyperalgesia and mechanical
hyperalgesia in paw and tail respectively. In addition, the biochemical tests i.e., thiobarbituric acid reactive substances (TBARS) and reduced glutathione (GSH)
were also estimated in sciatic nerve tissue sample. The administration of rutin (25 and 50 mg/kg, p.o.) for 16 consecutive days significantly attenuated CCI induced
rise in peripheral as well as central (thermal and mechanical) pain sensitivity. Further, it also produces the ameliorative effect on CCI induced raise in TBARS and
decrease in GSH levels when compared to sham control group. Treatment of gabapentin (10 mg/kg, p.o. for 16 consecutive days) also produced similar effects.
Hence, it may be concluded that, rutin may be a useful medicine for the management of neuropathic pain.
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INTRODUCTION

Traditionally neuropathic pain is considered as nociceptive pain disorders. The epidemiology of neuropathic pain revealed that 1 % and 2 % neuropathic
pain patients from overall world population are present in the United Kingdom?® and United States of America, respectively?. The world-wide diabetic
neuropathic pain was noted 2.8% in 2000 and second most cases of neuropathic pain is due to herpes zoster infection which is observed in 24% at 2004°,
In addition, 37.0% neuropathic pain was observed with chronic lower back pain*. The older age above 70 are more prone to develop the neuralgia as
compared to below 60 years old, the difference is observed almost 3% of postherpetic neuralgia patients®. Recent report suggested that, prevalence of
neuropathic pain is 1-2% lower than that of classic symptoms rate 6-8% after treatment?. The females are superior to male species for development of
neuropathic pain due to the hormonal variability®. Neuropathic pain has been cured with aid of various allopathic medications morphine, oxycodone,
tramadol, codeine and dihydrocodeine’. Whereas, these agents has been reported to produce serious toxic reactions due to chronic administration schedule
in neuropathic patients®. Currently various herbal approach proved that, phytomedicines such as curcumin, berberine and vitamin E are play a promising
role in the amelioration of neurodegeneration and neuropathic pain®.

Rutin is a bioflavonoid available in several medicinal plants'°. It has potent neuroprotective action on prion peptide-induced dopaminergic neuronal cells
by inhibiting apoptotic pathway**. The rutin has been reported to produce antioxidant, anti-apoptotic, reduction of p53 expression, regulation of TNF-a
& Bcl-2 protein expressions'?, antianxiety®®, antiamnesic¢, antistress'® and anticonvulsant. However, the role of rutin in entrapment neuropathy has not
been studied so far. Therefore, this protocol is designed to explore role of rutin in the amelioration of chronic constriction injury of sciatic nerve induced
neuropathic pain in rat.

MATERIALS AND METHODS

Animals

Male Sprague Dawley rat of 200-250 g were procured from Sanjay Biological, Amritsar, Punjab, India. The present protocol was sanction by Institutional
Animal Ethics Committee (IAEC No.: ATRC/01/15; Dated: 19/12/15).

Induction of Peripheral Neuropathic Pain
Neuropathic pain was induced in rats by standard protocol reported in scientific literature such as chronic constriction injury (CCI) of sciatic nerve',

Behavioral Evaluation
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Evaluation of behavioral parameters was carried out at different time span i.e., 0, 4, 8, 12 and 16" day between 09.00 am to 03.00 pm. The
order of behavioural observation was performed from low intense stimuli to high intense stimuli (allodynia followed by hyperalgesia) in paw as well as
in tail using various experimental models such as Von Frey hair filament test'’, Hargreaves test?, pin prick test', D’ Aemour and Smith test?® and tail
pinch test?,

Biochemical Analysis

All groups of animals were sacrificed after 16" day of behavioural observation by cervical dislocation and complete right sciatic nerves were
isolated immediately. The sciatic nerve was homogenated (10 % wi/v) with phosphate buffer (pH 7.4) and centrifuged at 3500 rpm for 10 min. The
supernatant was used for the estimation of tissue thiobarbituric acid reactive substances (TBARS)? and reduced glutathione (GSH)%.

Experimental Protocol

In the present study, eight groups were introduced; each consists of six rats. All the behavioral and biochemical evaluations were carried out as described
in group | for groups 11-VI11. Group | (Normal control): In this group rats were subjected to study of neuropathic pain sensitivity without involvement of
any surgical procedure and drug administration. All six animals were under observation for 16 successive days. After the behavioural assessment all the
animals were sacrificed on 16" day for the presence of TBARS and (GSH). Group 11 (Sham control): Rats were allowed to pursue for a surgical procedure
to expose right sciatic nerve without any nerve ligation in order to distinguish the pain originating from the CCI of sciatic nerve group. Group Il (CCI
group): Neuropathic pain by CCI of sciatic nerve was induced in all the rats. The detailed elaboration regarding the technique was mentioned in
preliminary section. Group IV & V (Rutin per se & gabapentin per se): For 16 consecutive days, rats were administered rutin (50 mg/kg, p.o.) and
gabapentin (10 mg/kg, p.o.) respectively. Group VI & VII (Rutin therapy): Rutin (25 and 50 mg/kg, p.0.) was provided for 16 consecutive days to all the
rats. Group VIII (Gabapentin therapy): Rats were allowed for gabapentin (10 mg/kg, p.o.) treatment for 16 consecutive days.

Statistical Analysis

Data were expressed as mean+SD, n=6 rat per group. *P<0.05 Vs sham control group; °P<0.05 Vs CCI control group; °P<0.05 Vs gabapentin treated
group. The results were analyzed statistically using two-way analysis of variance (ANOVA) followed by Bonferonni’s post-hoc analysis using Graph
pad prism Version-5.0 software.

RESULTS AND DISCUSSION

Peripheral mechanical allodynia was developed in the CCI of sciatic nerve, indicated by elevation in the percentage withdrawal latency of the paw as
comparison to sham control group. Treatment of rutin (25 and 50 mg/kg, for 16 consecutive days) produces a remarkable response in CCl rising of
peripheral mechanical nociceptive pain sensation and statistically equal to gabapentin. Further, rutin per se and gabapentin per se treated groups did not
show any notable changes of CCl induced mechanical allodynia in rat (Fig. 1).

Decrease in right hind paw withdrawal threshold in CCI of sciatic nerve indicates the development of thermal hyperalgesia when compared to sham
group. The dose of 25 and 50 mg/kg of rutin, for 16 consecutive days significantly attenuate the CCI induced decrease in the thermal nociceptive pain
threshold and statistically equal to gabapentin. Moreover, rutin per se and gabapentin per se treated group did not express any significant changes of CCl
induced thermal hyperalgesia in rat (Fig. 2).

The development of peripheral mechanical hyperalgesia in the CCI of sciatic nerve causes a desirable raising of the percentage paw withdrawal response
in contrast to sham control group. Raising of peripheral mechanical nociceptive pain sensation due to CCI was highly marked with the dose of 25 and 50
mg/kg of rutin for 16 consecutive days and statistically equal to gabapentin. However, rutin per se and gabapentin per se treated groups did not
demonstrate changes in the CCI induced mechanical hyperalgesia in rat (Fig. 3).

Progress in the thermal hyperalgesia due to CClI of sciatic nerve was marked by decrease in tail withdrawal threshold as comparison to sham
group. The dose of 25 and 50 mg/kg of rutin, significantly attenuated CCI induced reduction in the thermal nociceptive pain threshold and statistically
equal to gabapentin. However, rutin per se and gabapentin per se treated group did not show any significant changes of CCl induced thermal hyperalgesia
in rat (Fig. 4).

Outcome of central mechanical hyperalgesia in CCI of sciatic nerve was demonstrated by elevation in the number of dislodgements attempt as compare
to sham group. Further, 25 and 50 mg/kg, of rutin treatment attenuated CCI caused raise in the central mechanical nociceptive pain sensation in a dose
dependent manner. Gabapentin also induces identical effects. However, rutin per se and gabapentin per se treated group did not cause any remarkable
alteration in CCl induced mechanical hyperalgesia (Fig. 5).

CCI of sciatic nerve resulted in a remarkable elevation in TBARS; drop in reduced glutathione content as comparison to sham group. Administration of
rutin (25 and 50 mg/kg) significantly attenuate CCI induced changes of tissue biomarkers in a dose dependent manner in compassion to standard group.
However, rutin per se and gabapentin per se treated groups did not express notable changes in CCl induced tissue biomarker changes in rat (Table 1).

The CCI of sciatic nerve model is very commonly employed for the development mononeuritic neuropathic pain in rat®. It is clinically mimics the work-
related musculoskeletal disorders such as carpal and tarsal tunnel syndrome?*. The generation of free radicals, cytokines and alteration of ionic movements
are involved as primary changes in the peripheral nerve injury induced neuropathic pain and lipid peroxidation in the nervous system. The accumulation
of free radical, tumour necrosis factor and calcium in sciatic nerve is well established in CCl induced neuropathic pain®?¢. These changes are responsible
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to produce the ischemic environment in the peripheral nervous system and it undergoes the enhancement of neurodegeneration at peripheral site?’.
Subsequently, peripheral nerve injury also alters the GABAnergic signaling processes in brain leads to produce the central neuropathic pain®.

Rutin has great potential to scavenge the free radicals and it also produces the regulatory effects of vascular integrity**. In addition, the molecular
mechanism of rutin had shown that, it has regulatory role in oxidative stress, glucose uptake, activation of mitogen-activated protein kinases (MAPK)
and nuclear factor kappa-activated B cells (NF-kB) pathway?, including the regulation of ATPases®. These factors are also contributed to development
of painful neuropathy. In this study, rutin plays a role in the amelioration of CCI of sciatic nerve induced peripheral neuropathic pain along with reduction
tissue oxidative stress marker. Gapapentin is one of the anti-convulsant agents and is reported to relieve the pain associated with neuropathy in laboratory
rodents and in human being®. Furthermore, rutin has neuroprotective action via allosteric modulation of GABAA receptor by interaction of benzodiazepine
binding site'*. Based on this study and other literature, rutin has multi-targeted therapeutic potential in various neurological diseases**. Hence, it produces
the neuroprotective action in various neurological diseases such as stress induced anxiety®®, cerebral hypoperfusion induced vascular dementia and
Alzheimer's disease'* and cerebral ischemic disease like stroke®®. In agreement to the present studies, it can be concluded that various flavonoids are used
to treat neuropathic pain such as chrysin®, naringenin® and p-coumaric acid®.

CONCLUSION

Finally, it can be concluded that rutin is produce the ameliorative effect in CCI induced neuropathic pain via reduction of free radical generation and lipid
peroxidative action.

ACKNOWLEDGEMENT

The reaserch facilities provided by Akal College of Pharmacy & Technical Education, Mastuana Sahib, Sangrur are duly acknowledged.

REFERENCES

[1] Bowsher D.: Neurogenic pain syndromes and their management. Br. Med. Bull. 1991, 47, 644-666.

[2] Smith B.H. and Torrance N.: Epidemiology of neuropathic pain and its impact on quality of life. Curr. Pain Headache Rep. 2012, 16, 191-
198.

[3] Wild S., Roglic G., Green A., Sicree R. and King H.: Glabal prevalence of diabetes: estimates for the year 2000 and projections for 2030.
Diabetes Care 2004, 27, 1047-1053.

[4] Freynhagen R., Baron R., Gockel U. and Tolle TR.: Pain detect: a new screening questionnaire to identify neuropathic components in patients
with back pain. Curr. Med. Res. Opin. 2006, 22, 1911-1920.

[5] Arnstein P.: Assessment of nociceptive versus neuropathic pain in older adults. Medsurg. Nurs. 2012, 21, 388-389.

[6] RahnE.J., lannitti T., Donahue R.R. and Taylor B.K.: Sex differences in a mouse model of multiple sclerosis: neuropathic pain behavior in
females but not males and protection from neurological deficits during proestrus. Biol. Sex Differ. 2014, 5, 4-6.

[7] Stanos S.P. and Galluzzi K.E.: Topical therapies in the management of chronic pain. Postgrad. Med. 2012, 125, 25-33.

[8] YanP.Z., Butler P.M., Kurowski D. and Perloff M.D.: Beyond neuropathic pain: Gabapentin use in cancer pain and perioperative pain. Clin.
J. Pain. 2014, 30, 613-629.

[9] Venkatesan R., Ji E. and Kim S.Y.: Phytochemicals that regulate neurodegenerative disease by targeting neurotrophins: A comprehensive
review. Biomed. Res. Int. 2015, 2015, 814068.

[10] Hafez M.M., Al-Harbi N.O., Al-Hoshani A.R., Al-Hosaini K.A., Al Shrari S.D. and Al Rejaie S.S.: Hepato-protective effect of rutin via IL-
6/STAT3 pathway in CCl4-induced hepatotoxicity in rats. Biol. Res. 2015, 48, 30-33.

[11] NaJ.Y., Kim S., Song K. and Kwon J.: Rutin alleviates prion peptide-induced cell death through inhibiting apoptotic pathway activation in
dopaminergic neuronal cells. Cell Mol. Neurobiol. 2011, 34, 1071-1079.

[12] Shahid A., Ali R., Ali N., Kazim H.S., Rashid S. and Majed F.: Attenuation of genotoxicity, oxidative stress, apoptosis and inflammation by
rutin in benzo(a)pyrene exposed lungs of mice: plausible role of NF-kappaB, TNF-alpha and Bcl-2. J. Complement Integr Med. 2016, 13,
17-29.

[13] Machawal L. and Kumar A.: Possible involvement of nitric oxide mechanism in the neuroprotective effect of rutin against immobilization
stress induced anxiety like behaviour, oxidative damage in mice. Pharmacol. Rep. 2014, 66, 15-21.

[14] QulJ., Zhou Q.,Du Y., Zhang W., Bai M. and Zhang Z.: Rutin protects against cognitive deficits and brain damage in rats with chronic cerebral
hypoperfusion. Br. J. Pharmacol. 2014, 171, 3702-3715.

[15] Rodrigues A.M., Marcilio F.S., Frazao M.M. and Giraldi-Guimaraes A.: Therapeutic potential of treatment with the flavonoid rutin after
cortical focal ischemia in rats. Brain Res. 2013, 1503, 53-61.



International Journal of Research Publication and Reviews, Vol 5, no 12, pp 3826-3832 December 2024 3829

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Bennett G.J. and Xie Y.K.: A peripheral mononeuropathy in rat that produces disorders of pain sensation like those seen in man. Pain 1988,
33, 87-107.

Chaplan S.R., Bach F.W., Pogrel J.W., Chung J.M. and Yaksh T.L.: Quantitative assessment of tactile allodynia in the rat paw. J. Neurosci.
Methods 1994, 53, 55-63.

Hargreaves K., Dubner R., Brown F., Flores C. and Joris J.: A new and sensitive method for measuring thermal nociception in cutaneous
hyperalgesia. Pain 1988, 32, 77-88.

Erichsen H.K. and Blackburn-Munro G.: Pharmacological characterisation of the spared nerve injury model of neuropathic pain. Pain 2002,
98, 151-161.

D'Amour F.E. and Smith D.L.: A method for determining loss of pain sensation. J. Pharmacol. Exp. Ther. 1941, 72, 74-79.
Takagi H., Inukai T. and Nakama M.: A modification of Haffner's method for testing analgesics. Jpn. J. Pharmacol. 1966, 16, 287-294.

Ohkawa H., Ohishi N. and Yagi K.: Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. Anal Biochem. 1979, 95, 351-
358.

Ellman G.L.: Tissue sulfhydryl groups. Arch. Biochem. Biophys. 1959, 82, 70-77.

Keppel-Hesselink J.M. and Kopsky D.J.: Palmitoylethanolamide, a neutraceutical, in nerve compression syndromes: efficacy and safety in
sciatic pain and carpal tunnel syndrome. J. Pain Res. 2015, 8, 729-734.

Muthuraman A. and Singh N.: Attenuating effect of Acorus calamus extract in chronic constriction injury induced neuropathic pain in rats: an
evidence of anti-oxidative, anti-inflammatory, neuroprotective and calcium inhibitory effects. BMC Complement. Altern. Med. 2011, 11,
24,

Patel S.N., Pandya K., Clark G.J., Parikh M.C. and Lau-Cam C.A.: Comparison of taurine and pantoyltaurine as antioxidants in vitro and in
the central nervous system of diabetic rats. Exp. Toxicol. Pathol. 2016, 68, 103-112.

Akdemir O., Akdemir 1., Cavusoglu T., Lineaweaver W.C., Ates U. and Zhang F.: Impact of aortic cross-clamping time on peripheral nerves:
experimental model. Ann. Thorac. Cardiovasc. Surg. 2015, 21, 72-77.

Arai M., Genda Y., Ishikawa M., Shunsuke T., Okabe T. and Sakamoto A.: The miRNA and mRNA changes in rat hippocampi after chronic
constriction injury. Pain Med. 2013, 14, 720-729.

Yeh C.H., Yang J.J.,, Yang M.L., Li Y.C. and Kuan Y.H.: Rutin decreases lipopolysaccharide-induced acute lung injury via inhibition of
oxidative stress and the MAPK-NF-kappaB pathway. Free Radic. Biol. Med. 2014, 69, 249-257.

Dhanya R., Arun K.B., Syama H.P., Nisha P., Sundaresan A., Santhosh K.T.R. and Jayamurthy P.: Rutin and quercetin enhance glucose
uptake in L6 myotubes under oxidative stress induced by tertiary butyl hydrogen peroxide. Food Chem. 2014, 158, 546-554.

Miranda H.F., Noriega V., Prieto J., Zanetta P., Castillo R. and Aranda N.: Antinociceptive Interaction of Tramadol with Gabapentin in
Experimental Mononeuropathic Pain Basic. Clin. Pharmacol. Toxicol. 2016, 119, 210-214.

Hussain, S, Kaur, J, Bola, SS, Kumar, D. Evaluation of Chronic Constriction Injury Induced Neuropathic Pain using Chrysin in Rats. Indian
J of Pharmaceutical Education and Research, 2022;56(s2):s1-s7.

Dhir, V, Kaur, J, Bola, SS, Kumar, D. Evaluation of chronic constriction injury induced neuropathic pain using flavonoid naringenin in rats.
Plant Archives, 2020, 20(2), 7120-7126.

Bharti, A, Kaur, J, Kumar, A, Bola, SS, Kumar, D. Efficacy of p-coumaric acid in chronic constriction injury induced neuropathic pain in rats.
Indian Drugs, 2021, 58(09), 52-58.



International Journal of Research Publication and Reviews, Vol 5, no 12, pp 3826-3832 December 2024

3830

Percentage withdrawal response

-
(=)
=)

L
—

=
=

-
=}

o
=]

Time intervals (in day)

——Normal ——Sham —=-CCI
-»Rutin (50) per se —O—-Gabapentin (10) per se -@-CCI +Rutin (25)
~@-CCI +Rutin (50) ——CCI + Gabapentin (10)

Fig.1: Effect of rutin on VVon Frey hair filament test
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Fig. 2: Effect of rutin on Hargreaves test
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3: Effect of rutin on pin prick test
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4: Effect of rutin on D’Amour and Smith test



5: Effect of rutin on tail pinch test

Table 1: Effect of rutin on cci induced oxidative stress marker changes

Groups TBARS GSH
(nM / mg of protein) (UM / mg of protein)
Normal 2.96 +0.72 75.42 +2.82
Sham 2.98+0.91 77.02+291
CCl 9.04 £1.03% 32.79 £ 3.041°
Rutin (50) per se 2.89+0.99 74.48 £2.21
Gabapentin (10) per se 331+0.74 73.84+2.73
CCI + Rutin (25) 472 +1.03° 66.94 + 1.94°
CCI + Rutin (50) 4,05 +0.86° 69.52 + 2.63°
CCl + Gabapentin (10) 3.32+0.97° 72.63 + 2.59°
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