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ABSTRACT

Objectives: The purpose of this research study was to assess the effect for the simultaneous administration of quercetin and rutin and their 
combination in neuropathic pain (NP) caused by alcohol.

Methods: Rats were given ethanol (35% v/v, 10 g/kg, p.o.) for 10 weeks to induce alcoholic NP. Ingested Rutin (100 and 50 mg/kg, p.o.) and Quercetin 
(40 and 20 mg/kg, p.o.) individually and at their lower doses in combination (50 mg/kg Rutin and 20 mg/kg Quercetin, p.o.) to examine differences 
in mechanical and thermal hyperalgesia, allodynia, and histopathological parameters. Biochemical measurements of glutathione, thiobarbituric acid 
reactive species, and protein are used to assess the oxidative stress in alcoholic neuropathy.

Results: The results of the study demonstrated that rats given alcohol for 10  weeks experienced severe mechanical and thermal hyperalgesia, 
allodynia, and an increased degree of oxidative stress. Lower and greater dosages of both medications alone were used to reduce the symptoms of NP 
brought on by alcohol. However, simultaneous low-dosage treatment of quercetin and rutin has been proven to significantly improve neurological, 
histopathological, and metabolic functions when compared to their individual administration. Histopathological studies, which show that nerve 
regeneration occurs, have provided strong support for the treatment of NP.

Conclusion: Therefore, it is hypothesized that giving quercetin and rutin at the same time may help reduce NP and offer an alternate therapeutic 
strategy.
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INTRODUCTION

Pain is an undesirable emotional and sensory sensation that typically 
results from real or possible tissue injury; however, it can also happen 
when there is no physical impairment [1]. It is a multifaceted experience 
that combines bodily sensations, emotional reactions, and personal 
interpretations influenced by social, cultural, and psychological 
elements [2]. The most troubling sign of peripheral nerve system 
lesions, which can take many different forms, is chronic Neuropathic 
pain (NP) [3]. NP is defined as pain that is due to injury or malfunction 
in either the peripheral (nerves) or central (brain and spinal cord) 
nervous systems [4]. Features: Frequently described as tingling, 
burning, firing, or acute are its features [5]. Duration; Furthermore, it 
may trigger hypersensitivity, in which even slight pressure or touch can 
be painful [6]. Diabetes, sciatica, phantom limb pain (pain following 
limb amputation), and postherpetic neuralgia (pain after shingles) are 
a few examples of NP [7,8]. There are various disorders that can lead to 
cause severe traumatic injury. These injuries cause damage of various 
neurons, which can develop the progression of NP, NP caused by mainly 
somatosensory nerve fibers damage [9,10]. NP has different types of 
symptoms from common pain and characterized by (I) ALLODYNIA 
(Painful response to non-painful stimulus), (II) HYPERALSESIA 
(Increased sensitivity to pain), (III) DYSTHESIA (Unpleasant sensation) 
and (IV) PARESTHESIA (Abnormal sensation of skin) [11]. The 
prevalence of NP, which has an enormous effect on the majority of the 
community worldwide, is estimated to be between 7% and 10% [12]. 
The reason for this wide range is that different studies have different 
diagnostic standards, study populations, and techniques. In India’s 
major cities, the incidence of NP is impacted by city lifestyles, healthcare 

accessibility, and an increase in diabetes patients [13,14]. Despite the 
absence of significant city-specific NP data, research provides insights 
into trends in NP incidence across urban populations in India’s largest 
cities. One of the essential features of NP is the presence of pain without 
an identifiable stimulus. Random pain is caused by ectopic impulses 
and low-threshold wide myelinated afferents, and VGSC is more 
responsible for this ectopicity [11,15]. Patients with persistent 
neuralgia exhibit damage or reduction of sensory axons, which has 
been positively interpreted with sensory impairment and 
pain [16], [17]. Therefore, trauma for peripheral nerve results in 
biochemical and functional alterations at the injured site as well as to 
further areas of the injured nerve [18,19]. Cytostatic drugs, such as 
vincristine or Taxol alter a patient’s characteristics because they cause 
axonal trauma or blockade of axonal transport [20]. One significant 
indicator of nerve damage is the degeneration of Schwann cells. 
Eventually, it impacts nearby damaged or uninjured neurons by 
changing the synthesis and production of myelin to growth factors [21]. 
NP may be caused by a genetic component, channelopathy, hereditary 
migraine syndrome, and calcium channel mutation. Thus, NP is not 
caused by a single element. This type of syndrome affects both the 
sensory and somatic mechanisms [22]. Alcohol is a widely consumed 
euphoric and addictive drug in society, and its intake causes 
approximately 3 million deaths globally [23,24]. It also rapidly enters 
bodily tissues and passes through the blood–brain barrier. It works 
through impairing with the actions of multiple neurotransmitters, 
likewise inhibiting the action of glutamate, an excitatory 
neurotransmitter, as well as increasing the action of γ-amino butyric 
acid, an inhibitory neurotransmitter [25]. Regular alcohol consumption 
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can also have negative impacts on the central as well as peripheral 
nervous systems. Effects caused by excessive alcohol consumption 
upon peripheral nerves have been investigated using the alcohol-
induced NP model [23]. Given the complexity of NP and its several 
underlying causes, combination therapy is becoming more and more 
recognized as being crucial to its effective management [8]. A  single 
medication might not adequately treat NP since it frequently involves 
inflammation, altered neurotransmission, and both peripheral and 
central sensory impairment. Physicians can target different pathways 
involved in NP by combining medications with supplementary 
mechanisms, such as an antidepressant to modulate neurotransmitters 
and an anticonvulsant to stabilize nerve cells [26]. This can lead to 
improved pain relief as well as reduced dosages of each drug, minimizing 
side effects [4]. Furthermore, each person responds differently to NP 
management, and the type of NP resulting from diseases, such as 
diabetes, chemotherapy, or nerve damage also ranges significantly. In 
addition to treating the psychological and physical aspects of NP, drugs 
can be combined with non-pharmacological methods including as 
acupuncture, physical therapy, as well as cognitive behavioral therapy 
to recover patient results also quality of life [24]. NP is a complicated 
disorder caused by abnormal sensory processing caused on by nervous 
system damage or malfunction. Despite advances in pharmacotherapy, 
the clinical challenge of effectively managing NP remains because 
limited efficacy and adverse effects associated with present 
treatments [27,28]. Fruits, vegetables, and medicinal herbs have a 
widespread-ranging diversity of naturally occurring chemicals called 
flavonoids, which have become of demand for their potential therapeutic 
effects for the alleviation for NP [29]. This comprehensive investigation 
focuses at the pre-clinical data about flavonoids’ potency for various NP 
experimental models [20]. The molecular findings behind the analgesic 
are the advantage of flavonoids, including their neuroprotective, anti-
inflammatory as well as antioxidant actions, through a review of the 
literature [30]. Furthermore, a review of the bioavailability and 
pharmacokinetic properties of flavonoids, emphasizes their potential 
and challenges for their therapeutic implementation. By management 
of several molecular pathways associated with nociceptive processing 
and neuroinflammation, the investigation highlighted potential 
outcomes of flavonoids to alleviate NP [31]. The many groups of 
flavonoids, including flavones, flavanols, flavanones, and flavanols, are 
investigated to understand the structure-activity relationships and 
possible synergistic interactions with traditional analgesics 
management Apples, buckwheat, citrus fruits, and many other plants 
contain rutin, a naturally occurring flavonoid that has demonstrated 
potential within the management of NP [32]. The mechanisms by which 
it minimizes NP are associated through its neuroprotective, anti-
inflammatory, as well as antioxidant properties. Because oxidative 
stress is a significant etiology of nerve injury in NP, rutin’s antioxidant 
property helps reduce its levels in nerve cells [33]. The rutin eliminates 
free radicals, preventing oxidative damage to nerves. Since its anti-
inflammatory properties, it lowers pro-inflammatory agents, such as 
cytokines (including interleukin-6 [IL]-6 and tumor necrosis factor-
alpha [TNF-α]) that are enhanced within NP and contribute to pain and 
damage nerves. Furthermore, anti-apoptotic characteristics proven by 
rutin contribute in preventing nerve cell death and promoting systemic 
nerve health. According to studies, rutin could possibly be able to 
reduce NP symptoms likewise hyperalgesia (raised pain sensitivity) 
and allodynia (pain from non-painful stimulant). This suggests it a 
potentially useful substance for NP management, particularly when 
used in combined with traditional therapies [34]. A flavonoid exhibiting 
potent anti-inflammatory, antioxidant, and neuroprotective 
characteristics that quercetin has shown efficacy to alleviate NP. This is 
how it’s beneficial [35]. Quercetin relieves NP, where damage from 
oxidation is the primary source of nerve injury, by declining oxidative 
stress through neutralizing free radicals [36]. Through performing 
these factors, nerve cells are protected from injury and dysfunction. 
Pro-inflammatory agent cytokines, which include TNF-α as well 
as IL-1β, which are frequently increased within NP, are inhibited by 
quercetin [37]. NP can be alleviated by reducing inflammation, which 
also lowers nerve irritation and pain sensitivity. Quercetin affects the 

number of pain-related paths, inclusive of the suppression of nuclear 
factor kappa B (NF-κB) as well as MAPK signaling, which are engaged in 
inflammatory and pain responses. This diminishes chronic pain 
signaling and modifies pain perception. Quercetin’s neuroprotective 
actions delay the progression of nerve injury by regulating and 
protecting neurons. Nerve degeneration in chronic NP can be prevented 
or slowed down with this neuroprotection. Research has demonstrated 
that quercetin can reduce NP symptoms, including hyperalgesia 
(elevated pain sensitivity) as well as allodynia (pain from light touch), 
indicating that it may be an effective way to minimize pain-related 
behaviors in NP. These characteristics make quercetin a promising 
natural adjunct therapy for NP that targets the basic sources along with 
signs of NP [38].

Based to an updated literature review on NP and present medications 
for it, NP is growing rapidly in many different kinds of disease 
conditions, including diabetes, cancer, alcoholism, renal or hepatic 
failure, cardiac arrhythmia, psychiatric patients, and geriatric 
individuals. Low backache can also result from somatosensory nervous 
system problems, direct nervous system injury, or neuronal damage. 
The medical condition is unable to completely eliminated by currently 
available treatments [39,40]. Numerous pathways that follow the 
pathophysiology of disorders may represent the reason of this. They 
have their own mechanism and cannot be blocked by the use of only 
drugs. Research has also shown that some combination treatments may 
perform better than single therapies. Non-steroidal anti-inflammatory 
drugs, analgesics, opioids, trichloroacetic acid (TCAs), SNRI, 
gabapentinoids, and other synthetic or not natural medications that 
are currently used for nociceptive pain have also had poor success [41]. 
Due to prevalent adverse effects, such as nausea, headaches, dizziness, 
and vomiting, a safe and effective solution that may perform through 
many pathways in conjunction with NP is required. It was shown that 
natural sources based on bioactive substances, such as flavonoids, 
were genuinely effective in helping NP due to their significance that 
they perform their function by blocking various channels linked to NP 
and reliable credentials. The primary objective of this investigation is 
to investigate the individual and combination therapeutic actions of 
quercetin and rutin on alcohol-induced NP model. Hence, the present 
investigation was intended to evaluate the pharmacological effects of 
quercetin and rutin within a rat NP model [20,32].

METHODS

Procurement of chemicals and drugs
We received Quercetin (QU, 99) and Rutin (RU, 99) from Yucca 
Enterprises, WADALA (E), MUMBAI 400  037, INDIA. Himedia Labs 
provided the thiobarbituric acid (TBA), Loba Chemie provided the 
ethylenediaminetetraacetic acid and TCA, and Erba Mannheim provided 
the protein kit. This study was performed by use of pregabalin from 
Torrent Pharmaceutical Pvt. Ltd. The standard DMSO was collected 
from the Pharmaceutics Department of Ashokrao Mane College of 
Pharmacy in Peth-Vadgaon, Kolhapur. All other chemicals as well as 
biochemical reagents were of the highest quality for analysis.

Procurement of animals for experimentation
Wistar rats weighing (180–270  g) were used and their housing took 
place at the Central Animal House Facility, Ashokrao Mane College of 
Pharmacy, Peth-  Vadgoan, Maharashtra, India, accompanied for 12  h 
dark/light environment and an unchanging temperature of 25–2°C.

The Committee for Control and Supervision of Experiments on Animals 
(CCSEA) granted its approval for this study under protocol number 
IAEC/AMCP/01/2022–23, and every step of the process was exactly 
followed as per CCSEA.

Alcohol-induced neuropathy
An established and reproducible lab animal model for pre-clinical 
medication assessment for pain-induced neuropathy for a long time of 
alcohol use serves alcohol-induced NP. Hyperalgesia, allodynia, oxidative 
stress reduction, decreased nerve conduction velocity, cytokine surge, 
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overproduction of mediators of inflammation and damage to DNA, an 
imbalance in the OXPHOS pathway, and dysregulated metabolism of 
energy impair antioxidant as well as electron transfer homeostasis 
in nerve fibers and axons are established. Rats had been divided into 
10 distinct groups containing six rats in every group (n=6), as shown 
in Table 1. Group I was given distilled water and it was served as the 
Normal Control. Rutin 100 mg/kg [42] was given to Group II, Quercetin 
40 mg/kg [43] to Group III, and ethanol 10 g/kg of 35% (v/v) was given 
to Group  IV as an experimental control (EC). As the standard group, 
Group V was given Pregabalin (30 mg/kg) plus ethanol, while Groups VI 
to X were given various doses of drugs with ethanol in accordance with 
the design. All behavioral assessments were conducted through a blind 
observer on the 1st, 2nd, 4th, 6th, 8th, and 10th  weeks, and dosing was 
carried out for 10 weeks [44].

Behavioral tests, such as the Rota rod test for motor co-ordination study, 
the Hot Plate test for paw heat hyperalgesia, the Paw Heat Allodynia 
test, the Acetone Drop test for Paw Cold Allodynia, the Pinprick test for 
mechanical hyperalgesia, as well as Tail Cold-Hyperalgesia test (Tail 
Immersion), were implemented by a blind observer on the 1st, 2nd, 4th, 
6th, 8th, and 10th week before surgery. After isolating the sciatic nerve cell, 
its homogenate was produced by using 0.1 M tris HCl buffer (pH 7.4) on 
the last day of the experiment. After combining 1 mL of the homogenate 
supernatant with 2  mL of cold 10% (w/v) TCA to precipitate protein, 
the mixture was analyzed using a centrifuge for 20 min at 2,000 g. After 
completion of centrifugation, two milliliters of the supernatant were 
removed and it stirred for 10 min over a boiling water bath containing an 
equivalent amount of (w/v) 0.67% TBA until it turned pink. Then analysis 
was performed to estimate reduced glutathione (GSH), malondialdehyde 
(MDA), serum total protein within sciatic nerve tissue, also activity of 
myeloperoxidase in the surrounding sample of muscle tissue [4,44,45].

Behavioral examinations
Motor co-ordination test (rota rod test)
Rats were placed upon the revolving rod and falling duration was 
investigated from the roller using a 1-min time limit as part of the Rota-
rod apparatus, which were used to assess motor coordination test (grip 
muscle strength) [46].

Paw heat hyperalgesia (hot plate test)
Eddy’s hot plate were utilized to assess thermal hyperalgesia in relation 
with the thermal nociceptive threshold, as previously reported. Before 
being used, the plate will be pre-heated and kept at 52.5±2.0°C. The 
nociceptive threshold was evaluated in seconds through monitoring the 
rats’ hind paw licking after they had been put on the hot plate. The 20-s 
cutoff will be followed [4,47].

Paw heat allodynia test
The sensitivity to non-noxious thermal stimuli was recorded to evaluate 
the hind paw’s heat allodynia utilizing Eddy’s hot plate. Allodynia was 

evaluated by placing rats on over a plate that had been pre-heated to a 
controlled temperature of 45±0.5°C. Rats were utilized to evaluate the 
extent of the nociceptive threshold through withdrawing their left hind 
paw. The 30-s cutoff was maintained [48].

Paw cold allodynia test (acetone drop test)
Using an acetone drop test, like reported by Muthuraman et al. (2011), 
the sensitivity of the hind paw toward non-noxious cold chemical 
stimulus was estimated. One hundred microlitres of Acetone has 
been sprayed on the rat’s hind paw’s plantar surface. The withdrawal 
response was recorded by licking, shaking, or rubbing the hind paw for 
a maximum duration of 20 s [46,49].

Mechanical hyperalgesia
Following certain modifications, the Kaur et al. (2010) were used to 
assess mechanical hyperalgesia. By using a bent gauge needlepoint 
at a 90° angle to the syringe, the damaged hind paw was touched. 
The strength was adjusted thus it doesn’t penetrate the skin, but was 
strong enough to cause a withdrawal reflex reaction within healthy, 
non-operated rats. With a 20-s maximum cut-off period, the hind paw 
withdrawal was observed as a sign of the nociceptive threshold [23,46].

Tail cold-hyperalgesia test (tail immersion test)
Cold hyperalgesia was assessed using, with certain modifications to, 
the test of tail immersion as explained by Kaur et al. (2010). In simply, 
cold water which is kept between 0 and 4°C was used to immerse the 
tail’s terminal end (1 cm). The response time of the tail withdrawal was 
measured, with a 20-s maximum cut-off period [50].

Biochemical estimations
MDA estimation
After isolating the sciatic nerve, 0.1 M tris HCl buffer (pH  7.4) was 
used for make its homogenate. To precipitate the protein, 1 mL of the 
homogenate supernatant was mixed to 2  mL of cool TCA 10% (w/v) 
(TCA), and the mixture was centrifuged to 20 min at 2,000 g. Following 
centrifugation, 2 mL of the supernatant were removed and mixed along 
with an equivalent volume of TBA 0.67% (w/v) within the boiling 
water bath up to 10 min, or until a pink tint appears. At 532 nm, the 
supernatant’s absorbance was tested with a blank [51].

Reduced GSH estimation
The sciatic nerve homogenate of tissue was undergone a 10-min 
centrifugation at 3,000  g. 0.4  mL of double distilled water, 0.5  mL of 5, 
5-dithio, bis (2-nitrobenzoic acid), and 2 mL of phosphate buffer (pH 8.4) 
will be mixed to 0.01 mL of this supernatant. Within 15 min of the process 
completion, the mixture was vortexed, and then absorbance at 412 nm was 
measured. The ratio of decreased GSH to was represented as μg/mg [52,53].

Serum total protein estimation
The Lowry et al. (1951) method was utilized to determine the protein 
concentration within the sciatic nerve, with bovine serum albumin 
served as a standard. Then absorbance was measured at 750 nm using 
spectrophotometry [36,54].

Histopathological examination
The distal sciatic nerve samples were cut into 4 μm thick pieces and 
preserved within the (10% formalin) as a fixative solution. As explained 
by the technique, hematoxylin and then eosin was used for staining. 
Axonal degeneration was qualitatively examined in nerve sections [4,44].

Statistical analysis
Graph Pad Prism 5.01 software was used to analyze the data and express 
it as mean±standard error of the mean. Two-way analysis of variance 
(ANOVA) was utilized to analyze behavioral test data, followed by 
Bonferroni’s multiple range test. One-way ANOVA was used to analyze 
biochemical test data, followed by Dunnett’s multiple range test. The 
significance level was set at 0.05 for the p-value [45,55].

Table 1: Rat groups and doses of drugs for alcohol induced NP

Groups Treatment Doses
Animals without ethanol administration

I Normal control ______
II Rutin 100 mg/kg I P
III Quercetin 40 mg/kg I P

Animals with ethanol administration
IV Experimental control/

ethanolic control (EC)
10 g/kg, 35% v/v, bis in die, p.o

V Pregabalin+ethanol 30 mg/kg
VI Rutin‑L+ethanol 50 mg/kg, 35% v/v bis in die, p.o
VII Rutin‑H+ethanol 100 mg/kg, 35% v/v bis in die, p.o
VIII Quercetin‑L+ethanol 20 mg/kg, 35% v/v bis in die, p.o
IX Quercetin ‑H+ethanol 40 mg/kg, 35% v/v bis in die, p.o
X Rutin L+Quercetin 

L+ethanol
50 mg/kg (Rutin)+20 mg/kg 
(Quercetin)+35% v/v bis in die, p.o
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RESULTS

Alcohol-induced NP in experimental animals
Effect of RUT, QUE, and pregabalin on motor coordination
By a period of 10  weeks of treatment, rats in groups  I, II, and III did 
not exhibit any changes in motor coordination whether given the 
vehicle, Rutin and Quercetin alone. Furthermore, throughout the 
course of 10 weeks, no remarkable changes in the normal rats’ motor 
coordination were noticed. Rats within the group that was given alcohol 
(EC, group IV) showed a progressive decline in motor function from day 
0 (21.00±0.89 s) to the end of the 10th week (3.83±0.75 s). Groups VI to 
X treated with Rutin and Quercetin showed a dose-dependent effects 
and increased time spent on the rotating rod. Meanwhile, groups  VII 
and X that received Rutin H and Rutin L+Quercetin L+E showed 
statistically substantial attenuation (p<0.001). Rats in V (Pregabalin+E) 
and group  X (Rutin L+Quercetin L+E) showed significantly increased 
performance from the 6th  week (15.50±0.89 s), (14.67±0.51 s) to the 
10th week (19.33±1.03 s), (18.83±0.75 s), respectively (Fig. 1).

Effect of RUT, QUE, and pregabalin on hot plate test
The administration of ethanol significantly increased the progress 
of thermal hyperalgesia. Rats within groups  VI to X showed a dose-
dependent reduction in the nociceptive threshold for thermal 
hyperalgesia after receiving drug therapy. When rats in groups I, II, and 

III were given vehicle, Rutin, and Quercetin, their threshold for thermal 
hyperalgesia did not change throughout the course of the 10th week. At 
low dosages, the combination of both medications, Rutin + Quercetin+E 
(group X), significantly (p<0.001) counteracted the effects of alcohol-
induced hyperalgesia. The paw withdrawal thresholds for the groups 
administered with Rutin L+E (group  VI), Rutin H+E (group  VII), 
Quercetin L+E (group  VIII), and Quercetin H+E (group  IX) were 
10.50±1.04, 12.50±1.04, 9.66±0.81, and 12.17±0.75 s, respectively, at 
the last day of the 10th  week. By the conclusion of the 10th  week, the 
paw withdrawal threshold of rats in groups V and group X treated with 
Pregabalin+E and Rutin L+Quercetin H+E had significantly decreased 
(p<0.001) by 0.83 and 0.50 s (i.e., the response was 14.33±0.81, 
13.50±1.04 s on the 0th day and 13.50±0.83, 13.00±0.89 s by the finish 
of the 10th  week, respectively). Furthermore, it showed that group  V 
(EC) rats were unable to perform picking up their paws (Fig. 2).

Effect of RUT, QUE, and pregabalin on paw heat allodynia test
The rats in group IV (Experimental Control), which were given simply 
ethanol, reported a consistent and steady reduction within the paw 
withdrawal threshold rate from 0 day until the study completion. The 
result of the paw withdrawal threshold was 23.00±0.63 s on day 0, but 
as the days proceeded through, it finally reduced to 9.00±0.89 s by the 
end of the 10th week. The alcohol was subsequently shown to produce a 
considerable (p<0.001) rise in allodynia. After at the end of the 10th week, 

Fig. 1: Effect of drugs treatment on motor coordination. Data have been expressed as mean±standard error of the mean (n=6). One-way 
analysis of variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control 

group; *(p<0.001), **(p<0.01), and ***(p<0.05) in comparison with a normal group

Fig. 2: Effect of drug treatment on hot plate. Data have been expressed as mean±standard error of the mean (n=6). One-way analysis of 
variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control group; 

*(p<0.001), **(p<0.01), and ***(p<0.05) in comparison with a normal group



179

Asian J Pharm Clin Res, Vol 18, Issue 5, 2025, 175-183
	 Kumbhar et al.

groups that received Rutin L+E (group  VI, 13.50±0.54 s), Rutin H+E 
(group  VII, 17.00±0.63 s), Quercetin L+E (group  VIII, 12.67±0.81 s), 
Quercetin H+E (group IX, 15.00±0.63 s), as well as Rutin L+Quercetin 
L+E (group X, 20.67±1.03 s) showed a dose-dependent diminution of 
alcohol-induced allodynia. Rats within groups I, II, and III were given 
vehicle, Rutin, and Quercetin did not affect heat allodynia during the 
same time period. Rats in group  V and group  X (Pregabalin+E and 
Rutin L+Quercetin L+E) showed the most noticeable change between 
weeks 6 (19.33±0.81, 17.67±0.51 s) and 10 (21.00±1.09, 20.67±1.03 s), 
respectively. Similar findings were detected through various behavioral 
tests. While it was lower than that of groups V and X (Fig. 3).

Effect of RUT, QUE, and pregabalin on acetone drop test
The significant progression of cold allodynia was caused by alcohol, 
designated by the rise in paw lifting time caused by the drop of acetone. 
The treatment of Rutin (50 and 100  mg/kg) and Quercetin (20 and 
40  mg/kg) significantly minimized the dose-dependent elevation 
in paw lifting timing caused by alcohol. The rats in groups  V and X 
(Pregabalin+E and Rutin L+Quercetin L+E) showed the most prominent 
and positive effects, respectively. In group  V and X rats, a significant 
decline of paw raising reply was noted at the end of the 6th  week 
(2.21±0.02 and 2.37±0.01 s), the 8th week (5.83±0.00 and 1.80±0.01 s), 

and the 10th week (6.05±0.00 and 1.19±0.00 s), respectively. However, 
throughout the entire time period, rats within groups I, II, and III that 
accepted vehicle, Rutin, and Quercetin did not exhibit any changes in 
cold allodynia (Fig. 4).

Effect of RUT, QUE, and pregabalin on pinprick test
During the pinprick testing, alcohol-induced mechanical hyperalgesia, 
as shown by a significantly longer hind paw lifting period of time. 
The administration of Rutin L+E (group  VI) (1.42±0.01), Rutin H+E 
(group VII) (1.08±0.01), Quercetin L (group VIII) (1.48±12), Quercetin 
H (group  IX) (1.35±1.00) and higher doses and a mixture of drugs 
(group X) (0.86±1.011) reduces the elevation in hind paw lifting time 
caused by alcohol, that is, mechanical hyperalgesia. Rats in groups I, II, 
and III did not exhibit any changes in mechanical hyperalgesia during 
the same interval (10th  week) when given vehicle (0.46±0.01), Rutin 
(0.43±1.21), and Quercetin (0.41±0.12) (Fig. 5).

Effect of RUT, QUE, and pregabalin on tail cold hyperalgesia
However, it showed that treatment with Rutin (50  mg/kg groups  VI 
[10.82±1.32] and 100  mg/kg; group  VII [14.25±1.32]), Quercetin 
(20 mg/kg groups VIII [9.12±1.21] and 40 mg/kg group IX [12.38±1.25]), 

Fig. 3: Effect of drug treatment on paw heat allodynia. Data have been expressed as mean±standard error of the mean (n=6). One-way 
analysis of variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control 

group; *(p<0.001), **(p<0.01), and ***(p<0.05) in comparison with a normal group

Fig. 4: Effect of drug treatment on paw cold allodynia. Data have been expressed as mean±standard error of the mean (n=6). One-way 
analysis of variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control 

group; *(p<0.001), **(p<0.01), and ***(p<0.05) in comparison with a normal group
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and a both together medication by pregabalin group  V (16.24±1.12) 
and lower doses of both drugs group  X (15.95±1.11) attenuated the 
decrease in withdrawal latency caused by alcohol in reply to noxious 
stimuli by 10th week. Drugs received by following the pattern of effect 
on alcohol-induced neuropathy: RUTIN L+QUERCETIN L+E > RUTIN 
H+E > QUERCETIN H+E > RUTIN L+E > QUERCETIN L+E (Fig. 6).

Effect of treatment upon oxidative biomarkers
While ethanol was administered, the tissue’s protein as well as MDA 
levels elevated also its GSH level dropped indicating an increase 
in molecular oxidative stress compared with the normal group. 
It was noticed that using rutin and quercetin at both dosages 
significantly lowered the biochemical impact of oxidative stress. 
The co-administration of rutin as well as quercetin at low doses and 
pregabalin possessed a significantly (p<0.001) greater effect upon 
reducing ethanol-induced oxidative stress than all other treatments. 
The levels of oxidative stressors were not altered by the alone vehicle, 
rutin, and quercetin treatment groups. Rats in group X, who received 
both medications, showed a decrease in protein levels with 4.89±0.13–
4.51±0.34  mg/mL, which was comparable with the normal group 
(group I), which was 4.57±0.24 mg/mL. However, the tissue MDA level 
of group X rats were 2.28±0.41 nmol/mg of protein, which was much 

less than that of EC rats (p<0.001). Similarly, in rats in group X, the GSH 
level had been protected to 66.34±0.35 μg/mg of protein (Table 2).

DISCUSSION

Neurotoxicity of the central and peripheral nervous systems, as well 
as complex neurological defects, are frequently caused by chronic 
ethanol consumption. Rats’ NP caused by alcohol is thought to be the 
most relevant model because the blood levels of these substances that 
cause neuropathic changes are equivalent to those in human clinical 
conditions. One example of the defining symptom is “like tearing the 
flesh off the body.” The present study assessed a number of parameters, 
including the motor coordination test, mechanical hyperalgesia 
(pinprick test), paw cold-hyperalgesia (tail immersion test), paw 
heat-hyperalgesia (hot plate test), and paw cold-allodynia (acetone 
drop test). Ethanol was effective in this study in inducing neuropathy 
symptoms in rats. The signs of alcohol-induced NP were alleviated by 
the use of individual medications, rutin and quercetin at both dosages, 
as well as pregabalin prescribed as standard. It may be due to the well-
established pharmacological effects of rutin, which include acting as an 
antioxidant, treating diabetic-induced NP, inhibiting mitogen protein 
kinase, inhibiting the COX-2 pathway, and having anti-inflammatory, 

Fig. 6: Effect of drug treatment on tail cold hyperalgesia. Data have been expressed as mean±standard error of the mean (n=6). One-way 
analysis of variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control 

group; *(p<0.001), **(p<0.01), and *** (p<0.05) in comparison with a normal group

Fig. 5: Effect of drug treatment on pinprick test. Data have been expressed as mean±standard error of the mean (n=6). One-way analysis 
of variance followed by Bonferroni’s test where α (p<0.001), β (p<0.01), and γ (p<0.05) compared with the experimental control group; 

*(p<0.001), **(p<0.01), and ***(p<0.05) in comparison with a normal group
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anti-rheumatic, anti-cancer, antifungal, and antidepressant effects. 
Whereas quercetin was found to possess anti-inflammatory, anti-
cancer, cardiovascular, neurological, antiviral, hepatoprotective, anti-
oxidant, and anti-obesity properties. To alleviate the pain caused by 
chronic alcohol use, the combination of both of the medications has 
been decided.

In the present study, every evaluated parameter showed that all treated 
groups showed attenuation of NP. In alcohol induced NP model found 
that rats within the group those received a higher dosage of rutin 
had improved treatment results than the rat’s received quercetin. 
Rutin targets important pathological mechanisms, such as oxidative 
stress, inflammation, and neuronal dysfunction to produce significant 
molecular-level effects in reducing NP caused by alcohol. SOD and 
GPx, both antioxidant enzymes that decrease reactive oxygen species-
induced nerve damage, have been elevated as a result of the Nrf2 
pathway being activated, boosting the protective effects of antioxidants. 
Rutin also suppresses the NF-κB signaling pathway, which lowers 
neuroinflammation through preventing pro-inflammatory cytokines, 
such as TNF-α, IL-1β as well as IL-6. Furthermore, it restricts the 
production of advanced glycation end products, which are significant 
causes of neuronal damage within diabetic neuropathy, and it 
modifies the polyol pathway. By maintaining membrane potential, 
lowering cytochrome c release, and lowering the Bax/Bcl-2 ratio and 
caspase-3 activity, rutin stabilizes mitochondrial function and inhibits 
apoptosis. Furthermore, rutin reduces neuronal hyperexcitability and 
pain hypersensitivity by inhibiting voltage-gated sodium channels 
and TRPV1 channels. Along with these molecular mechanisms make 
rutin a powerful neuroprotective component for the management of 
alcoholic NP. Here we also observed that quercetin at their higher doses 
also alienated the symptoms of NP. In this investigation an interesting 
finding was observed regarding the potential therapeutic benefit of 
rutin was better than quercetin. Their combination provided very fast 
with respect to rats of the group received individual treatment.

In alcohol-induced NP low dose combination of rutin as well as quercetin 
provided equal results as pregabalin. Because rutin and quercetin have 
antidepressant and antioxidant properties, co-administration of low 
doses to rats significantly enhanced the mentioned effect. An earlier 
study found that co-administration of quercetin and rutin showed 
notable preventing of obesity is the strategy to inhibit pancreatic lipase, 
which also inhibits oxidative stress and lowers the formation of pro-
inflammatory agent cytokines. Overall, tests of motor coordination, 
hot plate, paw heat allodynia, acetone drop, pinprick, and tail cold 
hyperalgesia showed that the combination of low doses of quercetin 
and rutin, along with pregabalin as a standard, was more effective to 
their individual doses for attenuating alcohol induced NP. Reduced 
GSH content in rats fed ethanol and a high-fat diet shows that oxidative 
stress is likely participated within alcohol-induced neuropathy. Chronic 
ethanol administration raises the level of MDA (lipid peroxidation 
product) in the sciatic nerve significantly, which damages tissue by 
rearranging the double bond in the unsaturated fatty acids and causing 
lipid membrane destruction. The present study found that groups 

treated with quercetin and rutin, as well as those receiving pregabalin 
as standard, had significantly lower MDA and higher GSH. In animals, 
the antioxidant potential was nearly equal to standard when lower 
doses of both medications were administered together. In addition, 
the histopathological evaluation results demonstrate improved sciatic 
nerve regeneration in drug-treated groups, supporting the attenuation 
of NP. These studies suggest that in vivo administration of both Rutin 
and Quercetin may have effects resembling to those seen with non-
steroidal anti-inflammatory medication therapy, such as diclofenac. As 
with most non-steroidal anti-inflammatory drugs, that is also proposed 
that the mechanism of action of Rutin and Quercetin may be linked to 
the inhibition of cyclooxygenase, which is responsible for the synthesis 
of prostaglandins. Moreover, when given in combination shows a 
significant synergistic effect.

CONCLUSION

Hence, it can be concluded that both the Rutin and Quercetin were 
successfully elicited their pharmacological actions in the treatment 
of NP. The capacity for both frequent alleviations with attenuation of 
characteristic symptoms of neuropathy in rats makes this a promising 
candidate for further development as a treatment for not only in NP but 
also in neuropathy. Hence, their low-dose combination could be further 
explored for mechanistic studies on a molecular level and clinical trials 
to get an alternative formulation for the effective treatment of NP due 
to different diseases. These findings clearly indicate that NP is caused 
by various chemicals, diseases, surgeries, injuries, etc., as it leads 
to damage somatosensory nervous system. Hence, a multifactorial 
approach for its treatment is also required and our both drugs have 
given evidence for the same. Their combination can be used for further 
investigation as an alternative therapy for NP even they can be used to 
reduce doses and dose frequency of pregabalin.
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