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Abstract:

Neuropathic pain is the discomfort brought on by a condition that affects the sensory
nerves. Dysesthesia and allodynia can both be brought on by damaged nerves. Zopiclone is a
nonbenzodiazepine, regulating the GABA receptor, thus relaxes the nerves and brain. The role of
glycinergic and y-aminobutyric acid (GABA)ergic neurons in this process has been widely
described. Benzodiazepine-sensitive GABAAa receptors contain at least one of the following o
subunits al, a2, a3 or a5. In animals, al-sparing (non-sedative) agonists showed an
antihyperalgesic activity in inflammatory and neuropathic pain models without losing efficacy
after repeated treatment. In the current investigation, zopiclone decreased allodynia and
hyperalgesia brought on by models for Disease-Induced Neuropathy Pain (DINP), Paclitaxel-
Induced Neuropathic Pain (PINP), and Chronic Constriction Injury (CCI). Its effect was dose-
dependent, and one of its mechanisms of action was probably the sequential activation of spinal
neurons at the supraspinal site of action. The current study further supports the likelihood that
zopiclone will be helpful in the management of neuropathic pain, even if additional preclinical and
clinical investigations are unquestionably necessary.

Introduction

Neuropathic pain is the discomfort brought on by a condition that affects the sensory nerves.
Dysesthesia (abnormal or altered sensations) and allodynia (pain from stimuli that don't typically
induce pain) can both be brought on by damaged nerves. The pain could be constant or sporadic.
It may feel like a burning, stinging, tingling, or prickling pain (1)(2). Available treatments
essentially provide only symptomatic relief and may include nonpharmacological,
pharmacological, and interventional therapies. Most extensive evidence is available for
pharmacological treatment, and currently recommended first-line treatments include
antidepressants (tricyclic agents and serotonin-norepinephrine reuptake inhibitors) and
anticonvulsants (gabapentin and pregabalin) (3,4).

Current treatments are usually dispensed without precision, and calcium-channel-acting
modulators (pregabalin, gabapentin), tricyclic antidepressants, and serotonin-noradrenalin
reuptake inhibitors (duloxetine, venlafaxine) represent first-line treatment options for neuropathic
pain (5,6). Glutamate mediates its effects via ionotropic and metabotropic glutamate (mGlu)
receptors. mGlu receptors are G protein-coupled receptors that are classified into three clusters,
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group I-III. It is well established that glutamate is a critical neurotransmitter in peripheral and
central pain signaling pathways. mGlu5 receptors are expressed throughout these pathways from
the skin, spinal cord, dorsal horn neurons and the spino-thalamic tract and are, therefore,
strategically located to modulate pain signaling at distinct levels of the nervous system (7).

As a nonbenzodiazepine that controls the GABA receptor, zopiclone calms the nerves and the
brain. Glycinergic and GABAergic neurons have been extensively documented as playing a part
in this process (8,9). At least one of the following subunits—1, 2, 3, or 5—as well as two subunits
and a 2 subunit are present in benzodiazepine-sensitive GABAA receptors in a 2:2:1 stoichiometry
(10,11). GABAA receptors with 1 subunit were discovered to have anxiolytic capabilities (12),
but 2- and 3 subunit-containing GABAA receptors were found to be substantially in charge of the
spinal antihyperalgesic effects (13,14). (15).

In experimental model, al-sparing (non-sedative) in inflammatory and neuropathic pain models,
BDZ agonists demonstrated antihyperalgesic effects without diminishing effectiveness following
repeated administration (15,16) . Such compounds are under clinical development but are not yet
available for use in human beings (17). Clobazam is a 1-5 BZD prescribed in all forms of anxiety
and in epilepsy. It seems to exert less cognitive and psychomotor side effects compared with
clonazepam and lorazepam in a wide range of pharmacodynamic tests in man (18,19). Therefore,
Zopiclone is a nonbenzodiazepine may be a suitable compound to test the antihyperalgesic effect
of GABAA agonists in exploratory pain studies in human beings. Although an antihyperalgesic
action of Zopiclone is a nonbenzodiazepine in rats is likely, it has not been proven so far. In a set
of experiments, we therefore investigated the antihyperalgesic and sedative effects of Zopiclone is
a nonbenzodiazepine in a neuropathic pain model in rats and correlated this to its
pharmacodynamic activity properties with Pregabalin.

2. Materials and Methods

The trials were carried out on 25 Wistar rats (150-250 g). The tests were conducted according to
the guidelines established by the institution's animal welfare committees. The animal housing
procedure was carried out at 23 2 °C, 50 1% relative humidity, and 23 2 °C, with a 12-12 h light-
dark cycle. At the School of Pharmacy, Bharat Institutional of Technology Meerut, studies
involving animals were approved by the animal care committee and met CPCSEA requirements.
Rats underwent a 3-day adaption period before to the test. All investigators were kept secret from
the randomization and treatments. Three males and three females out of a total of six animals were
distributed evenly among the two groups.

2.1. Drugs

Zopiclone or Vehicle suspended in 0.5% methyl cellulose and 0.9% NaCl and administered orally
in a total volume of 5ml/Kg. Doses of 5,10 and 20 mg/kg were tested.

2.2. Neuropathic pain

2.2.1. Chronic Constriction Injury (CCI) model

The CCI surgery was carried out as reported earlier in order to produce NP models. All operations
were performed in a clean setting. Sodium pentobarbital (50 mg/kg) was used to anaesthetize the
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rats before the left sciatic nerve was loosely ligated in four places with 4-0 chromic gut sutures.
Sham surgery comprised a similar technique without closure of the sciatic nerve.

Rats aged 7 to 8 weeks were subjected to the chronic constriction injury (CCI) model. A unilateral
CCI to the left sciatic nerve close to the trifurcation was carried out. By bluntly cutting through
the biceps femoris, the sciatic nerve was exposed at the mid-thigh level close to the sciatic
trifurcation. Three chromic gut ligatures were loosely tied around the nerve with roughly 1 mm of
spacing after 5 to 7 mm of the nerve had been cleared of adherent tissue. The ligatures were
tightened until the hindlimb twitched momentarily. Layers were used to seal the incision. These
rats' postoperative behaviour suggested that they experienced hyperalgesia, allodynia, and
potentially even spontaneous pain (or dysesthesia) (20).

2.2.2. Paclitaxel-induced neuropathic pain (PINP)

Low doses of paclitaxel (1 or 2 mg/kg i.p.) have been shown to evoke pain syndrome in an
experimental model of neuropathy without causing systemic toxicity or motor impairment in mice.
A peripheral neuropathy characterised by long-lasting tactile (mechanical) allodynia, endoneural
edoema of the sciatic nerve, and cold allodynia has been observed following paclitaxel
administration on four alternate days (days 0, 2, 4, and 6; with a cumulative dose of 4 or 8 mg/kg).
On the fifth day of paclitaxel treatment, changes in pain thresholds have been seen, and they endure
for about 3 weeks after the last dose (21-23). Rats treated with vincristine and paclitaxel exhibit
strong mechanical and cold hypersensitivity but little to no heat hyperalgesia.

2.2.3. Disease-induced neuropathy models

In rat model of subcutaneous STZ-induced diabetes, hyperalgesia and hyper-responsivity of C-
fibers develop during a period of approximately 2-3 weeksv (24,25). significant degree of
hyperalgesia develops in mice after 4 weeks of single dose STZ (200 mg/kg) administration.

2.2.4. Mechanical sensitization

We measured mechanical sensitization before and seven days after surgery. The mechanical
sensitivity of von-Frey filaments was examined. Paw withdrawal thresholds (PWTs) were
averaged over five or four assessments for each time point. Depending on the amount of pressure
used, the system may measure, store, and display the test readings in grammes. PWT
measurements were taken alternately on the injured paw and the uninjured paw.

Mechanical sensitization was tested for 4 hours following oral administration of zopiclone (5, 10,
or 20 mg/kg) or a vehicle (n = 6 rats/dose). Rats were secrifized immediately following the
behavioural testing to evaluate the brain concentration of zopiclone. After being dissected, brains
were frozen at -20°C for later processing.

2.2.5. von Frey Test

It is usual practise to measure mechanical allodynia in rodents using the von Frey test (26). Each
animal in this study underwent the von Frey test seven days after CCI. Rats were put in a plastic
box with a mesh bottom and given 30 minutes to get used to it. The middle plantar surface of the
paw was then subjected to a series of tactile stimuli consisting of von Frey filaments (0.4, 0.6, 1,
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2,4,6,8, and 15 g), beginning with the 2-g filament. The “up-down method” was used, and the
withdrawal threshold was computed as 50% withdrawal threshold (g)=(10%*%)/10,000, where Xf
is the value of the von Frey stimulus last applied (in log units), k is a tabular value for the response
pattern, and d is the distance between consecutive filaments applied (in log units) (26). For the
following studies, only animals meeting the requirements for mechanical allodynia (50%
withdrawal threshold <4g) were chosen. Animals were divided into groups so that the average
body weight on Day 7 and the 50% withdrawal threshold were the same for each group. The von
Frey test was performed both before and two hours after the medication was administered.

3. Results & Discussion

3.1. Zopiclone Produces Antiallodynic Effect in Neuropathic Pain Evoked by PINP

The Randall-Selitto test revealed that oral Zopiclone had a stronger antiallodynic effect than
pregabalin in PINP-induced mechanical allodynia as evidenced by a decline in rat paw pressure
thresholds (PPTs). Neuropathic pain frequently exhibits the sign of mechanical allodynia (16).
Zopiclone in oral doses of 25, 50, and 100 mg/kg restored the developed mechanical allodynia in
the tested time points namely 60, 120, and 180 min after treatment (Figure 1). Only at higher tested
doses (50 and 100 mg/kg) did pregabalin, used as a positive control, have a consistent antiallodynic
effect that persisted for 180 minutes (Figure land 2). However, rats given the vehicle showed
mechanical allodynia, as evidenced by a substantial reduction in the PPT of operated paws
compared to unoperated ones (Figure 1and 2). The dosages of these drug used in this study had no
significant effects on the withdrawal threshold and did not elicit abnormal behavior in rats.

s Effect of GABA receptor modulator in PINP Model
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Fig:1 Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal threshold
(PWT) Mechanical allodynia evoked by Paclitaxel-Induced Neuropathic Pain (PINP) in rats.
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Fig:2 Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal threshold
(PWT) Von Frey evoked by Paclitaxel-Induced Neuropathic Pain (PINP) in rats.

3.2. Zopiclone Produces Antiallodynic Effect in Neuropathic Pain Evoked by CCI

Although the difference between 7.5 and 11.5 was not statistically significant, zopiclone increased
withdrawal threshold and withdrawal latency at doses between 3.5, 7.5, and 11.5 and the impact
was dose-dependent in Figures 3 and 4. The maximum effect of zopiclone on withdrawal threshold
and withdrawal latency was only partially effective in bringing the threshold back to the levels
seen in the sham operation. The antiallodynic effect of p.o. administration of zopiclone at 3.5, 7.5,
and 11.5 was attenuated by GABAAa receptor modulator Figures 3 and 4. Both the withdrawal
threshold and aberrant behaviour in rats were unaffected by the dosages of these modulator utilised
in this investigation.

© ICAS 2022 10555



Ann. For. Res. 65(1): 10551-10561, 2022 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 https://www.e-afr.org/

Effect of GABA receptor modulator in CII-NP Model
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Fig. 3: Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal threshold
(PWT) Von Frey evoked by chronic constriction injury (CCI) in rats.
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Fig. 4: Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal threshold
(PWT) Mechanical allodynia evoked by chronic constriction injury (CCI) Pain in rats.
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3.3. Zopiclone Produces Antiallodynic Effect in Neuropathic Pain Evoked by DINP

All rats entered into this study displayed a significant decrease in the magnitude of the mechanical
stimulus (in the range of 1.0-3.0 g) necessary to evoke a brisk withdrawal response in the injured
hind paw in response to von Frey hair stimulation. Antiallodynic effect of GABA agonists, The
time course of the increase in threshold produced by oral drug administration illustrated in Fig. 5
and 6. Threshold was maximally increased and then gradually decreased to control over a 2-5-h
period, depending upon the dose. A somewhat shorter anti-allodynic time course was observed
after the effective doses 3.5, 7.5, and 11.5, as shown in Fig. 5and 6.

Effect of GABA receptor modulator in DNP Model
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Fig. 5: Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal threshold
(PWT) Von Frey evoked by Disease-Induced Neuropathic Pain in rats.
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Fig. 6: Effects of Zopiclone on paw withdrawal latency (PWL) and paw withdrawal
threshold (PWT) Mechanical allodynia evoked by Disease-Induced Neuropathic Pain in rats.

In this study, we demonstrated the antiallodynic efficacy of pregabalin in combination with other
teat drug, namely Zopiclone regulating the GABA receptor, in the rat CCI, PINP& Disease induced
neuropathic pain model. The antiallodynic effect was most prominent of zopiclone, when
pregabalin was slandered drug analysis of this effects. Consistent with the findings reported in the
literature regarding the use of pregabalin (anticonvulsant), Zopiclone (regulating the GABA
receptor), for neuropathic pain, the results from our single-drug experiment indicated antiallodynic
effects of Zopiclone of these drugs. The von Frey test showed reduced mechanical allodynia in
most subgroups.

4. Conclusions

This study showed that, when compared to pregabalin, the effects of zopiclone may be a viable
neuropathic pain treatment. With this combination method, it is possible to get the same
therapeutic benefit as high-dose monotherapy while utilising lower dosages of each component
medicine and perhaps with fewer side effects. In the present study, Zopiclone inhibited both
allodynia and hyperalgesia induced by Chronic Constriction Injury (CCI) model, Paclitaxel-
induced neuropathic pain (PINP) and Disease-Induced Neuropathy Models. Its effect was dose-
dependent and probably involved the supraspinal site of action and the sequential activation of
spinal neurons as one of its mechanisms of action. Although further preclinical and clinical studies
are clearly required, the present study further reinforces the probable usefulness of zopiclone in
the treatment of neuropathic pain.

© ICAS 2022 10558



Ann. For. Res. 65(1): 10551-10561, 2022 ANNALS OF FOREST RESEARCH

ISSN: 18448135, 20652445 https://www.e-afr.org/
References:
1. Neuropathic pain: View Causes, Symptoms and Treatments | Img [Internet]. [cited 2023

Jan 2]. Available from: https://www.1mg.com/diseases/neuropathic-pain-159

2. Pisciotta C, Shy ME. Neuropathy. In 2018. p. 653-65. Available from:
https://linkinghub.elsevier.com/retrieve/pii/B9780444640765000429

3. Babu A, Prasanth KG, Balaji B. Effect of curcumin in mice model of vincristine-induced
neuropathy. Pharm Biol [Internet]. 2015 Jun 3;53(6):838-48. Available from:
http://www.tandfonline.com/doi/full/10.3109/13880209.2014.943247

4. Gilron I, Baron R, Jensen T. Neuropathic Pain: Principles of Diagnosis and Treatment.
Mayo Clin  Proc [Internet]. 2015  Apr;90(4):532-45.  Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0025619615001056

5. Rosenstock J, Tuchman M, LaMoreaux L, Sharma U. Pregabalin for the treatment of painful
diabetic peripheral neuropathy: a double-blind, placebo-controlled trial. Pain [Internet].
2004 Aug;110(3):628-38.  Available from: https://journals.lww.com/00006396-
200408000-00016

6. Gierthmiihlen J, Baron R. Neuropathic Pain. Semin Neurol [Internet]. 2016 Sep
23;36(05):462—8. Available from: http://www.thieme-connect.de/DOI/DOI1?10.1055/s-
0036-1584950

7. Jaeschke G, Wettstein JG, Nordquist RE, Spooren W. mGlu$5 receptor antagonists and their
therapeutic potential. Expert Opin Ther Pat [Internet]. 2008 Feb 22;18(2):123—42. Available
from: http://www.tandfonline.com/doi/full/10.1517/13543776.18.2.123

8. Zeilhofer HU. The glycinergic control of spinal pain processing. Cell Mol Life Sci
[Internet]. 2005 Sep 15;62(18):2027-35. Available from:
http://link.springer.com/10.1007/s00018-005-5107-2

9. Zeilhofer HU. Loss of glycinergic and GABAergic inhibition in chronic pain—
contributions of inflammation and microglia. Int Immunopharmacol [Internet]. 2008
Feb;8(2):182-7. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1567576907002056

10.  Barnard EA, Skolnick P, Olsen RW, Mohler H, Sieghart W, Biggio G, et al. International
union of pharmacology. XV. Subtypes of y-aminobutyric acid(A) receptors: Classification
on the basis of subunit structure and receptor function. Pharmacol Rev. 1998;50(2):291-
313.

11.  Bowery NG, Smart TG. GABA and glycine as neurotransmitters: a brief history. Br J
Pharmacol [Internet]. 2006 Jan;147(S1):S109-19. Available from:
http://doi.wiley.com/10.1038/sj.bjp.0706443

12.  Rudolph U, Crestani F, Benke D, Briinig I, Benson JA, Fritschy J-M, et al. Benzodiazepine
actions mediated by specific y-aminobutyric acidA receptor subtypes. Nature [Internet].
1999 Oct;401(6755):796-800. Available from: http://www.nature.com/articles/44579

13. McKernan RM, Rosahl TW, Reynolds DS, Sur C, Wafford KA, Atack JR, et al. Sedative
but not anxiolytic properties of benzodiazepines are mediated by the GABAA receptor al

© ICAS 2022 10559



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ann. For. Res. 65(1): 10551-10561, 2022 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 https://www.e-afr.org/

subtype. Nat Neurosci [Internet]. 2000 Jun;3(6):587-92. Available from:
http://www.nature.com/articles/nn0600 587

Low K, Crestani F, Keist R, Benke D, Briinig I, Benson JA, et al. Molecular and Neuronal
Substrate for the Selective Attenuation of Anxiety. Science (80- ) [Internet]. 2000 Oct
6;290(5489):1314. Available from:
https://www.science.org/doi/10.1126/science.290.5489.131

Knabl J, Witschi R, H6sl K, Reinold H, Zeilhofer UB, Ahmadi S, et al. Reversal of
pathological pain through specific spinal GABAA receptor subtypes. Nature [Internet].
2008 Jan;451(7176):330—4. Available from: http://www.nature.com/articles/nature06493
Di Lio A, Benke D, Besson M, Desmeules J, Daali Y, Wang Z, et al. HZ166, a novel
GABAA receptor subtype-selective benzodiazepine site ligand, is antihyperalgesic in
mouse models of inflammatory and neuropathic pain. Neuropharmacology [Internet]. 2011
Mar;60(4):626-32. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0028390810003254

Atack JR. GABAA Receptor 02/a3 Subtype-Selective Modulators as Potential Nonsedating
Anxiolytics. In 20009. p. 331-60. Available from:
http://link.springer.com/10.1007/7854 2009 30

Hindmarch I, Gudgeon A. The effects of clobazam and lorazepam on aspects of
psychomotor performance and car handling ability. Br J Clin Pharmacol [Internet]. 1980
Aug;10(2):145-50. Awvailable from: https://onlinelibrary.wiley.com/doi/10.1111/1.1365-
2125.1980.tb01731.x

Oblowitz H, Robins A. The effect of clobazam and lorazepam on the psychomotor
performance of anxious patients. Br J Clin Pharmacol [Internet]. 1983 Jul;16(1):95-9.
Available from: https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2125.1983.tb02149.x
Jaggi AS, Jain V, Singh N. Animal models of neuropathic pain. Fundam Clin Pharmacol
[Internet]. 2011 Feb;25(1):1-28. Available from:
https://onlinelibrary.wiley.com/doi/10.1111/5.1472-8206.2009.00801.x

Polomano RC, Mannes AJ, Clark US, Bennett GJ. A painful peripheral neuropathy in the
rat produced by the chemotherapeutic drug, paclitaxel. Pain [Internet]. 2001
Dec;94(3):293-304. Available from: https://journals.lww.com/00006396-200112000-
00008

Flatters SJL, Bennett GJ. Studies of peripheral sensory nerves in paclitaxel-induced painful
peripheral neuropathy: Evidence for mitochondrial dysfunction. Pain [Internet]. 2006
Jun;122(3):245-57. Available from: https://journals.lww.com/00006396-200606000-
00005

Ledeboer A, Jekich BM, Sloane EM, Mahoney JH, Langer SJ, Milligan ED, et al.
Intrathecal interleukin-10 gene therapy attenuates paclitaxel-induced mechanical allodynia
and proinflammatory cytokine expression in dorsal root ganglia in rats. Brain Behav Immun
[Internet]. 2007 Jul;21(5):686-98. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0889159106003527

© ICAS 2022 10560



Ann. For. Res. 65(1): 10551-10561, 2022 ANNALS OF FOREST RESEARCH
ISSN: 18448135, 20652445 https://www.e-afr.org/

24.  Courteix C, Eschalier A, Lavarenne J. Streptozocin-induced diabetic rats: behavioural
evidence for a model of chronic pain. Pain [Internet]. 1993 Apr;53(1):81-8. Available from:
https://journals.lww.com/00006396-199304000-00012

25.  Lee JH, Cox DJ, Mook DG, McCarty RC. Effect of hyperglycemia on pain threshold in
alloxan-diabetic rats. Pain [Internet]. 1990 Jan;40(1):105-7. Available from:
https://journals.lww.com/00006396-199001000-00014

26. Deuis JR, Dvorakova LS, Vetter I. Methods Used to Evaluate Pain Behaviors in Rodents.
Front Mol  Neurosci  [Internet]. 2017 Sep  6;10.  Available from:
http://journal.frontiersin.org/article/10.3389/fnmol.2017.00284/full

© ICAS 2022 10561



