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Abstract

Understanding pathobiology of neuropathic pain, animal models has been crucial for developing effective therapies for
humans. Common complications of their underlying disorders profoundly diminish the quality of life of affected persons. To
replicate clinical pain disorders with various origins, a battery of neuropathic pain models has been developed. In this review,
methodology, behavioural changes, advantages, and disadvantages of several different animal models of neuropathic pain are
examined in depth. Knowledge about chronic pain, underlying brain and peripheral pathogenic pathways utilized for creation of
these models. The development of innovative medications for the treatment of neuropathic pain has also resulted from research,
and the preclinical knowledge gained from these animal models has progressively been translated into effective pain management
in human settings. Since every animal model was created using a different methodology result in typically diverge dramatically with
even little variations in methodology. Data from numerous models can be presented and interpreted in the relation management of
the specific origin of pain as depicted by each neuropathic pain model. Conclusion: Experimental models of neuropathic pain gives
quick summary of most popular animal models, their characteristics, and their significance for new drug discovery for novel anti-
neuropathic pain agents.

Keywords: Animal models to screen Drugs for Neuropathic Pain; peripheral neuropathy; central pain; cancer pain; anti-cancer
agents; trigeminal neuralgia; HIV, post-herpetic neuralgia

Introduction
long-term diabetes are commonly seen to experience peripheral neu-

ropathic pain [4]. Other disorders that frequently involve discomfort
from peripheral neuropathy include post-thoracotomy, post-hernior-
rhaphy, post-mastectomy, and post-sternotomy [5]. Pharmacotherapy
for neuropathic pain has had very patchy effectiveness, with NSAIDS
and opiates and other regularly used painkillers producing little to
no response [3]. As a result, there is a great need to investigate cut-
ting-edge therapy approaches. Since most of the stimuli needed to

A nerve injury may cause “the most horrific of all tortures,” ac-
cording to one description of neuropathic pain [1,2]. Sensory abnor-
malities such as unpleasant aberrant sensations (dysesthesia), an
enhanced reaction to painful stimuli (hyperalgesia), and pain in re-
sponse to a stimulus that does not typically cause pain are character-
istics of neuropathic pain (allodynia) [3]. Patients with cancer, AIDS,
long-term diabetes, multiple sclerosis, stroke, lumbar disc syndrome,
herpes, traumatic spinal cord injury (SCI), long-term diabetes, and
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create neuropathic pain result in irreparable harm, evaluating neuro-
pathic pain in people is difficult. As a result, only humans may employ
the stimuli that do not cause permanent injury. Additionally, it is quite
challenging to get a big enough human sample size for this kind of
study. To better understand the processes behind neuropathic pain
and to assess the analgesic potential of novel pharmacotherapies for
treating neuropathic pain, there is a need for validated and easily re-
peatable animal models of neuropathic pain. Allodynia, hyperalgesia,
and spontaneous pain should be observable sensory impairments
that can be reproduced over an extended period of time in ideal mod-
els. Thus, several physio-pathological disorders seen in humans may
be replicated by creating sensory defects in animals, allowing for the
assessment of pharmacotherapies. Peripheral nerve damage and
SCl-induced peripheral and central pain models of neuropathy are
only a few examples of the several animal models that have been de-
veloped to address the complex causes and, as a result, the numerous
symptoms of neuropathy. There are models for pain caused by chem-
otherapeutic medications, cancer, HIV, post-herpetic neuralgia (PHN),

Table 1: List of different animal models of neuropathic pain.

diabetes, and chronic ethanol use, trigeminal neuralgia, and orofacial
pain. This review devotes its whole attention to these various and var-
ied animal models of neuropathic pain [1].

Animal models of Neuropathic Pain
Peripheral nerve injury models

The primary complaint in most clinical pain situations is sponta-
neous pain and responsiveness to noxious or harmless stimuli. The
earlier models are therefore only useful for examining acute nocicep-
tive pain and have little use for assessing changes in hypersensitivity
related to chronic pain conditions. Wall and colleagues made a sub-
stantial addition to our knowledge of the pathophysiological mecha-
nisms behind chronic pain, which is distinct from acute noxious pain,
in the 1970s by creating a chronic pain model by injuring a peripher-
al nerve [6]. As a result, efforts were made to create various animal
models of nerve damage as substitutes for human neuropathic pain
(Table 1).

S. no. Name of model Principle of injury Species
1 Axotomy (complete. sclatic nerve tran- Complete transection of sciatic nerve Rats
section)
2 Chronic constriction injury Four loose ligatures around sciatic nerve Rats, mice
3 Partial sciatic r;\;e[z\ézll;gatlon (Seltzer Tight ligation of one-third to half of sciatic nerve Rats, mice
4 (i) Tight ligation of L5, L6 spinal nerves Rats,
Spinal nerve ligation
(ii) tight ligation of L7 spinal nerve Macaca fascicularis
5 Spared nerve injury Axotomy of tibial and common peroneal nerves Rats, mice
6 Tibial and sural nerve transection Axotomy of tibial and sural nerves Rats
7 Ligation of common peroneal nerve Ligation of common peroneal nerve Mice
8 Sciatic cryoneurolysis Freezing of the sciatic nerve Rats
9 Caudal trunk resection Resection of caudal trunk Rats, mice
10 Sciatic inflammatory neuritis Injection of zymosan, HMG, TNF-alpha around sciatic nerve Rats, mice
11 Cuffing-induced sciatic nerve injury Implantation of polyethylene cuff around sciatic nerve Rats, mice
Photochemical-induced sciatic nerve Thrombosis in small vessels supplying sciatic nerve by photosensitizing .
12 . Rats, mice
injury dye and laser
13 Laser-induced sciatic nerve injury Radiation mediated reduction in blood supply to sciatic nerve Rats
14 Weight drop or ic[:;{llil;’swe spinal cord Dropping a weight over the exposed spinal cord Rats, mice
15 Excitotoxic spinal cord injury Intraspinal injections of excitatory amino acids Rats, mice
16 Photochemical spinal cord injury Thrombosis in blood vessel.s supplying the spinal cord by photosensitiz- Rats
ing dye and laser
17 Spinal hemisection Laminectomy of T11-T12 segments. Rats
18 Drugs-induced
(a) Anti-cancer agents (vincristine, cisplatin, Direct injury of drugs to the nerves of peripheral nervous system Rats, mice, guinea pigs
oxaliplatin, paclitaxel) jury & perip y ! '8 Pig
(b) Anti-HIV agen'.cs (2,3-.d1cleoxycyt1d1ne, Rabbits, rats
didanosine)
19 Diabetes-induced neuropathy Persistent hyperglycemia-induced changes in the nerves Rats, mice
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(@) Streptozotocin-induced

(b) Genetic models

20 Bone cancer pain models

(@) Femur, calcancegls,ctei:):)a;,i:umerus bone Inoculation of cancerous cells into respective bones Rats, mice

(b) Neuropathic cancer pain Growing a tumor in vicinity of sciatic nerve Mice

(©) Skin cancer pain Injection of melanoma cells in plantar region of hind paw Mice

21 HIV-induced neuropathy Delivery of HIV-1 protein gp120 to sciatic nerve Rats

22 Post-herpetic neuralgia

(@) Varicella Zoster virus Injection of viral infected cells in the footpad Rats, mice

(b) Herpes simplex virus Depletion of capsaicin-sensitive

(© Non-viral model Afferents with resiniferotoxin Rats

23 Chronic ethanol con:lumption/withdraw- Administration of ethanol over extended period Rats

around 70 days)

24 Pyridoxine-induced Administration of high dose pyridoxine for long period Dogs, rats

25 Trigeminal Neuralgia Compression of trigeminal ganglion Rats
chronic constriction injury to infra-orbital nerve Rats

26 Orofacial pain Injection of formalin, carragenirq’n;r(litl;)atemporomandibular joints and Rats, mice

27 Acrylamide-induced Administration of acrylamide for prolonged period Rats

28 Monoiodoacetate model of osteoarthritis osteoarthritis-related joint degradation Rats

Axotomy model (complete sciatic nerve transection; neuroma model)

Sephancous nerve
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Figure 1: 1 Representation of different peripheral nerve injury models (1) spinal nerve ligation by tightly ligating L5 and L6
spinal nerves, (2) chronic constriction injury by placing four loose ligatures around the sciatic nerve, (3) ligation of common
peroneal nerve, (4) axotomy model by sciatic nerve transection, (5) partial sciatic nerve ligation by tight ligation of one-third to
half of sciatic nerve, (6) tibial and sural nerve transection model by transection of tibial and sural nerve, (7) spared nerve injury

model by transection of peroneal and tibial nerve [10].

Citation: Ashish Kumar Sharma*, Mehvish Bhat, Shivam Singh, Kartik Gill, Mohammad Zaid and Junaid Tantray. New Drug Discovery of
Anti-Neuropathic Pain agents: Insights in Animal Models. Res & Rev Health Care Open Acc ] 8(2)- 2023. RRHOA]J.MS.ID.000282.

DOI: 10.32474/RRHO0AJ.2023.08.000282

N


http://dx.doi.org/10.32474/RRHOAJ.2023.08.000282

Res & Rev Health Care Open Acc]

Volume 8 - Issue 3

Copyrights @ Ashish Kumar Sharma

It involves completely transecting the sciatic nerve at mid-thigh
level and is the first animal model of neuropathic pain [7]. The com-
mon sciatic nerve is exposed when the rat is put to sleep in this sce-
nario. The sciatic nerve is firmly bound by nylon suture, proximal to
its bifurcation into the tibial and the peroneal divisions, at two points
spaced approximately one centimetre apart. The connective tissue
that was linked to the sciatic nerve is removed. The remaining 5 mm
of the nerve between the ligatures are then removed to prevent the
nerve from re-joining owing to regeneration after the nerve has been
entirely transacted between the pair of ligatures. To cause complete
denervation of the distal hind limb, the nearby saphenous nerve is
also injured. Following full nerve transection, a neuroma with regen-
erating nerves sprouting in all direction’s forms at the proximal nerve
stump [8,9]. (Figure 1). Anaesthesia dolorosa, or pain in the region
in the absence of any sensory input in that location, is produced by
the model. In this model, autotomy—self-attack and mutilation of
the denervated limb by injured animals—is seen, and it’s frequently
thought of as a sign of neuropathic pain [11]. The manner and loca-
tion of neurectomy have an impact on the degree of autotomy [12].
Whether autotomy results from excessive grooming in the absence of
sensory feedback or reflects spontaneous pain has been hotly debat-
ed [13]. This model’s main weakness is that full nerve transections
or lesions are very rare in patients and are typically only seen after
amputation, as in the case of phantom limb pain. Clinically, the more
prevalent types of neuropathies include peripheral nerve partial le-
sions. Additionally, as animals exhibit severe autotomy in this scenar-
io, ethical issues are also major concerns [14].

Chronic constriction injury (CCI)

One of the most widely used animal models for neuropathic pain,
Bennett and Xie created a model of peripheral mononeuropathy in
rats by CCI to the sciatic nerve. The common sciatic nerve of the hind
paw is exposed at the mid-thigh level after a 3-cm-long blunt incision
is done into the skin overlaying the region between the gluteus and bi-
ceps femoris muscles under anaesthesia. Near the sciatic trifurcation,
roughly 7 mm of nerve is released, and then four or three loose liga-

tures of 4-0 chromic guts (or 4-0 silk) are wrapped around the sciatic
nerve until a fleeting twitch is seen. It is carefully avoided to disrupt the
epineural circulation [15,16]. A mouse model that exposes the com-
mon sciatic nerve at the level of the mid-thigh and loosely ties it with
three ligatures (4/0 chromic silk, Ethicon), spaced approximately 0.5
mm apart, close to the nerve’s trifurcation has also been developed
[17,18]. This sciatic nerve compression is linked to Wallerian degen-
eration, localised ischemia, and intraneural edoema. There have been
studies on the behavioural indicators of spontaneous pain, including
mild to moderate autotomy, guarding, excessive licking, limping of the
ipsilateral hind paw, and avoiding putting weight on the injured side.
The development of behavioural modifications such as mechanical
and thermal hyperalgesia, chemical hyper-reactivity, and cold allody-
nia has been documented to take place within a week, with the sec-
ond post-operative week showing the most pain-related behaviours
and postural asymmetries [19]. These changes in neuropathic pain
have been shown to last for at least 7 weeks following the procedure
[15,20]. Histopathological investigations imply that myelinated axons
are more damaged than non-myelinated axons, and electrophysiolog-
ical studies have shown a reduction in nerve conduction velocity [21].
Earlier, it has been proposed that the behavioural alterations seen
in this animal following damage are caused by C-fiber sensitization
[21]. The sensitivity of both A- and C-fibers because of partial nerve
injury has now been shown to contribute to the initiation and main-
tenance of pain behaviour [22]. It has been noted that the symptoms
of unilateral peripheral mononeuropathy caused by the CCI model in
rats are like those of complex regional pain syndrome or causalgia in
human patients [15] (Figures 2-5). Research on aberrant sensation
and spontaneous pain has made considerable use of the CCI model.
Additionally, it has helped in the examination of sensory complaints
brought on by entrapment neuropathy [23]. However, there has been
considerable variance seen in the animals that have sustained chronic
constriction damage, which might make quantitative analysis more
difficult. These changes might be brought on by variances in the de-
gree of constriction created by the suture knots [25].

Common
peronecal nerve

Tibial nerve

Sural nerve

Sciatic
nerve

Figure 2: Layout of sciatic nerve and its branches, including manipulations performed for Seltzer and SNI models of neuropathic

pain. The common peroneal, tibial, and sural nerves are the 3 distal branches of the sciatic nerve; 2 of the 3 are ligated and cut in

the SNI model. Partial tight ligation, or Seltzer model, is performed more proximally and involves tying off 1/3 to 1/2 of the sciatic
nerve [42].
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Figure 3: SNI surgery in rats (a - c) and in mice (d - f). The incision (filled double arrow) is made at the middle position of the thigh

at a 60° angle from a fictive axe (dashed double arrow) between trochanter major and iliaca cresta (a, d). Dotted lines in (b) and

(e) show the position of the sciatic trifurcation underneath the artery genus descendes and biceps femoris. In (c) and (f), the three

bared branches of the sciatic nerve are shown (cp common peroneal, t tibial, s sural). The threads aiming at suturing the common
peroneal and tibial nerves are shown in (c) before ligation [43].
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Figure 4: Panel A demonstrates a rat with abnormal ipsilateral tonic hindpaw toe flexion and hyperalgesia, 6 months after 1/3rd
tibial-nerve axotomy. Panel B was photographed from below the mesh floor used for sensory testing. It depicts a rat 4 weeks after
left total tibial axotomy with weak left hindpaw adduction and hyperalgesia [53].

Citation: Ashish Kumar Sharma*, Mehvish Bhat, Shivam Singh, Kartik Gill, Mohammad Zaid and Junaid Tantray. New Drug Discovery of N
Anti-Neuropathic Pain agents: Insights in Animal Models. Res & Rev Health Care Open Acc ] 8(2)- 2023. RRHOA]J.MS.ID.000282.
DOI: 10.32474/RRHO0AJ.2023.08.000282


http://dx.doi.org/10.32474/RRHOAJ.2023.08.000282

Res & Rev Health Care Open Acc] Volume 8 - Issue 3 Copyrights @ Ashish Kumar Sharma

Figure 5: The upper and middle panels are photomicrographs of PGP9.5 immunolabeled, 50-mm thick, vertical sections of tibial-

nerve injured hindpaw skin biopsies. Panels A, B, and C were all taken at week 2 postoperatively to show proportional levels of

loss of cutaneous innervation after 1/3 axotomy (A), 2/3 axotomy (B), and total axotomy (C). Panel D depicts partial reinnervation

of the affected area 6 weeks after total axotomy. The bottom panels depict epoxyembedded, 1 mm sections of injured distal tibial

nerve (1% toluidine blue stained). Panel E depicts Wallerian degeneration 2 weeks after 1/3 axotomy. Panel F depicts widespread
regeneration (axons with disproportionately thin myelin sheaths) 12 weeks after 2/3rd axotomy [53].

Partial sciatic nerve ligation (PSL/Seltzer model)

Figure 6: Effects of the ligation of the branches of sciatic nerve on the form of the hind paw. The photos show typical examples
one day after sham operation (A) and the tight ligation of sural (B), tibial (C), or common peroneal nerve (D) [55].
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One of the more widely used models of neuropathy was created
by Seltzer and is based on his work. In this model, the sciatic nerve
is exposed at the upper thigh level after shaving the left hind leg of
the rat. Just distal to where the posterior biceps semitendinosus nerve
splits off, the dorsal third to half of the sciatic nerve is securely ligated
with an 8-0 silk suture [26,28]. Paw guarding and licking on the side of
the injury are behavioural indications of spontaneous discomfort, ac-
cording to reports. A week following surgery, most of the behaviour-
al abnormalities, including cold allodynia, chemical hyper-reactivity,
and mechanical hyperalgesia, have been seen to occur [20,26,29]. In

the first week following surgery, the PSL model mimics sympatheti-
cally independent pain (SIP) (Figures 6-10). Later weeks, neverthe-
less, see it change to sympathetic-dependent pain [27]. Other species,
such as mice, have also been used, and it has been observed that a
partial sciatic nerve damage in mice results in a similar allodynia and
neurochemical plasticity [30]. Depending on the suture material and
stresses, pain reactions’ intensity and duration might vary greatly
[31]. Since partial nerve injury is the primary contributor to causal-
giform pain syndromes in people, models of partial nerve injury are
pertinent for studying neuropathic pain injury [32,33].

Figure 7: Diagram illustrating the ligation of CPN in mouse. Left panel: Schematic diagram of the left lumbar plexus, sciatic nerve
and its branches. Abbreviations: Sa.N, saphenous nerve; C.P.N, common peroneal nerve; D.P.N, deep peroneal nerve; S.N, sural
nerve; T.N, tibial nerve; S.P.N, superficial peroneal nerve. (a) Shows the area below and lateral to the knee joint before surgery. The
head of the fibula can be palpated at the top of the shaved area. Note the groove between the anterior and posterior compartment of
muscles. (b) Shows the view after dissecting the skin. Removal of the thin subcutaneous fascia will make it clearer. Note the white-
colored fascia separating the anterior and posterior compartment of muscles. Note that the CPN runs 30 to 45° to the horizontal
line and is accompanied by a blood vessel most of the time. The white fascia is lifted up with forceps and a vertical incision is made
along the white fascia. (c) Incision along the white fascia separating the anterior and posterior compartment of muscles. Other
white structures are tendons or connective tissue fascia. (d) Posterior group of muscles is pulled laterally to view the common
peroneal nerve. (e) Suture needle is passed under the nerve. (f) The catgut ligature in place. Only one knot was necessary to
maintain the knot in position. Arrows show the common peroneal nerve [56].
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Figure 8: Surgical procedure of SCN using a modified clinical cryoprobe. The first panel demonstrates dissection of the common
sciatic nerve proximal to its primary trifurcation. Instruments and surgical approaches are standardized to minimize nerve
trauma. The second panel shows the cryoprobe placement on the sciatic nerve using a freeze-thaw-freeze cycle. The third panel
shows the ice-hall formation immediately following the freeze [60].

SRy e Rlad

F-Y Sllmsthe + -S40 5
@ lfmam e by

Fasteur prpiie .—"-'

RIS e

SNilaatbe + -0 &

aeifisan wssermiy Al ineision

axlinhy wamvebe el y i
Fismur s paseval

sl
Tt

e

Blosde b Mo
ol co-Slewve

Blasle bin fHaangeas
ol wo-Sleeye

S baiural paths of
Silmstic + gEelfomm
s gl y

Figure 9: (A) The process of enwrapping the gelfoam portion of silastic + PE-50 + gelfoam assembly around the sciatic nerve, (B)

Ilustrating the exteriorized portion of the silastic + PE-50 catheter after the gelfoam has been implanted and muscle walls have

been closed with sutures. (C) cc-Sleeve attachment to the lower back area after the silastic + PE-50 + gelfoam assembly has been
implanted [74].
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Figure 10: Posture change after laser irradiation. The typical posture includes mild elevation of the hind paw and flexion of the
toes on the operated side particularly when walking on uneven surfaces [87].

Spinal nerve ligation (SNL)

An experimental animal model of peripheral mononeuropathy
caused by SNL was created by Kim and Chung. Rats are sedated in this
model, then their lower backs are shaved while they are lying on their
backs. The left lumbar spinal nerves are then accessed by making a
2-cm-long incision at the level of the posterior iliac crest. Using 6-0
silk suture, the L5 and L6 spinal nerves are carefully identified, sepa-
rated from the neighbouring L4 spinal nerve, and then firmly ligated
distally to the dorsal root ganglia (DRG) [34,35]. Behaviour changes
such mechanical allodynia, cold allodynia, thermal hyperalgesia, and
spontaneous pain have been shown in this model to appear within
24-48 hours and last for 10-16 weeks [34,36,37]. It has been demon-
strated that sympathectomy lessens the behavioural symptoms of
neuropathic pain [38,39]; This paradigm is consequently known as an
animal model of sympathetically mediated pain. The ligation location
and extent are more constant in this model when compared to the CCI
and PSL models [27,40]. By ligating the L5 spinal nerve, Labuda and
Little created an L5 SNL model that is simple, highly repeatable, and
causes less harm to the surrounding tissue and peripheral nerves than
the L5/L6 SNL approach [37]. By tightly ligating the L7 spinal nerve,
which is located just distal to the L7 dorsal root ganglion, Carlton used
primates (Macaca fascicular is) to simulate the state of neuropathic
pain. The monkeys displayed pain behaviours that were strikingly like
those seen in people with peripheral neuropathic pain. When a sig-
nificant and steady amplitude of pain behaviour is required, the SNL
model has traditionally been the model of choice. The neuropathic
pain sensations produced by the SNL model closely resemble those
experienced by people with causalgia, which is caused by damage to
the peripheral nerves [34,41].

Spared nerve injury (SNI)

Decosterd and Woolf created a brand-new animal model of neu-
ropathic pain using this technique [44]. In this paradigm, rats are giv-
en general anaesthesia before having the skin on the left lateral thigh
shaved and the biceps femoris muscle divided. The sural, common
peroneal, and tibial nerves, together with the sciatic nerve, are all
clearly visible. Then, 2 mm of the distal nerve is axotomized after the
tibial and common peroneal nerves are firmly tied with 5-0 silk. The
sural nerve is protected from injury by being avoided at all costs and is
never touched or stretched. This model is known as the “Spared Nerve
Injury (SNI) model” because only one nerve, the spinal, is spared
while the other two nerves, the tibial and common peroneal, are am-
putated. The identical surgical procedures were used to create two
variations of sciatic nerve SNI damage, but with distinct combinations
of nerve transections. In one variant, the common peroneal and the
sural nerves are sectioned, leaving the tibial nerve (t) intact (SNIv(t));
while in another variant, the tibial nerve is injured leaving the sural(s)
and common peroneal (cp) nerves intact (SNIv(s,cp)) [45,46].

Within four days of the damage, mechanical and thermal hyperal-
gesia and allodynia have been seen, and they last for several weeks (up
to six months) after the injury [44,45]. The ipsilateral sural and, to a
lesser extent, the saphenous area exhibit greater reactivity to noxious
and non-noxious stimuli [44,47]. It has been described that mice also
show similar behavioural alterations, subjected to SNI as seen in rats
[45,49]. This model differs from previous models of peripheral nerve
damage, such as CCI, PSL, and SNL, in that it enables the evaluation
of variations in the mechanical and temperature sensitivity of adja-
cent non-injured skin territory. This trait is crucial because it enables
the simultaneous examination of alterations in both damaged main
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sensory neurons and nearby uninjured sensory neurons, allowing for
the exploration of their respective contributions to the pathophysiol-
ogy of pain. Recent studies have emphasised the significant role that
non-damaged neurons play in neuropathic pain, including abnormal
sensory voltage-gated sodium channel expression, increased tran-
sient receptor potential channel (TRPV1), and activation of Schwann
cells. Ectopic C-fiber activity is another example. The mechanical and
thermal sensitivity alterations in this model are large, long-lasting,
and closely resemble several aspects of real neuropathic pain [49]. In
comparison to earlier versions, the surgical method for making this
model is quite simple, and the degree of damage varies less often [44].

Tribal and sural nerve transection model

Lee et al. created a novel model of neuropathic pain called tibial
and sural nerve transection. In order to expose the sciatic nerve and
its three terminal branches, the sural, the common peroneal, and the
tibial nerves, a section is made right through the biceps femoris mus-
cle in this model while the patient is under anaesthesia. The sural and
tibial nerves are then sectioned distally to the ligation to remove 2
mm of the distal nerve, and they are then securely ligated with 5-0
silk. The common peroneal nerve is protected by taking special pre-
cautions to prevent any touch, straining, or injury [50,51]. In this par-
adigm, mechanical allodynia, cold allodynia, chemical allodynia, me-
chanical hyperalgesia, and spontaneous pain have all been described
as significant and dependable neuropathic pain sensations [50,52].

Most of these behavioural alterations begin on the third day following
surgery, peak in 1-2 weeks, and last for 1-12 months. However, in this
neuropathic pain paradigm, heat allodynia has not been proven [20].
According to Han et al., neuropathic pain in this model is SIP [50]. Ad-
ditionally, this kind of model may be created rather easily. Because of
this, this animal model is extremely helpful for understanding the me-
chanics of neuropathic pain, particularly SIP, and testing medications
for its treatment [ 52].

Ligation of the common peroneal nerve

The evaluation of the sensory system is made more challenging
in most animal models of neuropathic pain because both sensory and
motor nerves are damaged, resulting in aberrant sensory and mo-
tor responses. Therefore, model behavioural nociceptive responses
should be elicited in animals under a neuropathic pain scenario that
does not compromise motor function or cause muscle damage (Fig-
ures 11-15). By ligating the common peroneal nerve using chromic
gut suture 5-0 without disrupting the blood vessels, a new mouse
model of neuropathic pain has been created. The nerve is wrapped in
a single knot, which is then gradually tightened. The endpoint of the
ligature’s tightening is determined at the point at which the dorsiflex-
ors of the foot begin to twitch and are visible at the digits. With intact
motor functions, long-lasting behavioural allodynia and thermal hy-
peralgesia have been seen [54].
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Figure 11: Electron micrographs in the irradiated segment of the sciatic nerve 5 min after laser irradiation. (A) The formation

of thrombi was noted in epineurial vessels 5 min after laser irradiation. Endothelial cells of the epineurial vessel were severely

damaged with formation of vacuoles (arrow). The components of the thrombi included red blood cells (R) and granulated (P)

and degranulated (D) platelets. (B) Immediately after laser irradiation, myelinated and unmyelinated axons appear normal in the
central region of the nerve fascicle. (Bar, 2 Am in A and B) [87].
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Figure 12: Schematic of device. The animal’s head and upper spine are immobilized by the stereotaxic frame and clamps fixed
to the top beam. The lower spine is fixed to the lower beam, which is translated to the left to create the injury [98].
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Figure 13: Photograph of rat in device. The beam on the right-hand side undergoes the translation in the direction indicated by
the arrow [98].
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Figure 14: Laminectomy and contusive spinal cord injury at T10 T12 level (under Ketamine [80 mg/Kg] and xylazine [10 mg/kg]).

Contusion created using customized impact device for aneathetized control and experimental animals which were grouped as per

study design. Surgery was performed under highly sterilized condition with extreme post operative care. (a e) Vertebrae exposed;
(f h) Laminectomy; (i j) Injury created with clamp; (k 1) Injury site was sutured and closed [99].

T12-T13Ej ] L3-L4 [0 Wl

Figure 15: Topographic distribution of areas targeted for excessive grooming behaviour as a function of spinal segments injected
with quisqualic acid (QUIS). Excessive grooming behaviour was directed towards skin areas in dermatomes of spinal segments at
or caudal to those receiving QUIS injections. The areas outlined on the line drawing summarize the location of all areas affected
by excessive grooming behaviour (Classes I-IV) following injections in segments shown in the inset. As injection sites moved from
rostral (T10-T11) to caudal (L3-L4), the location of sites targeted for excessive grooming behaviour moved down the body from
thoracic to hind limb dermatomes [107].
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Sciatic cryoneurolysis

The fact that no transection or ligation is performed makes this
type of an intriguing animal model of peripheral neuropathy. Instead
of this, sciatic nerve freezing has been utilised to cause nerve damage.
In this illustration, the sciatic nerve is gently dissected from the sur-
rounding tissue and raised with forceps after a dorsolateral incision is
made at the level of the thigh. The nerve is then chilled to 60 C using
nitrous oxide as a refrigerant, frozen with a cryoprobe [58,59]. Proxi-
mally to its trifurcation. In a 30/5/30 s freeze/thaw/freeze cycle, the
sciatic nerve is probed with a 2-mm cryoprobe tip. The cut is stitched
together, and the nerve is placed back in place after recovering for 20
seconds. This type causes mechanical allodynia and autotomy but not
thermal hyperalgesia as symptoms. In the first seven days following
injury, the cry neurolysis model reveals no variation in pain behav-
iours [59]. In contrast to the significantly longer persistence of pain
behaviours in SNL, PSL, and SNI, behavioural indicators generated by
this model only last for 15-21 days [58].

Caudal trunk resection

The S3 and S4 spinal nerves are separated from the left inferior
caudal trunk of the rat in this model. Mechanical, thermal, and heated
allodynia can develop in the tail and remain for a few weeks. Mechan-
ical and thermal allodynia symptoms can be seen the day following a
nerve damage [61]. In a comparable sort of animal, the S1-S3 spinal
nerve innervations to the tail are removed by exposing and cutting
the left superior caudal trunk between the S3 and S4 spinal nerves
[62]. Alternately, animals can have the S1 spinal nerve, which inner-
vates the tail, removed by unilateral transection of the inferior and
superior caudal nerve trunks between the S1 and S2 spinal nerves.
Pieces of the nerve (approximately 2 mm in length) are excised from
the distal nerve ends to avoid the potential of re-joining of the prox-
imal and distal ends of the severed trunks [63]. Within a day of the

damage, mechanical allodynia and cold/thermal hyperalgesia begin
to manifest and remain for several weeks. Additionally, mouse models
that include cutting the left inferior and superior caudal trunks of the
S1 spinal nerve have been produced [64]. Another model imitates the
damage approach reported by Sung et al. by exposing and transecting
the left superior caudal trunk between the S3 and S4 spinal neurons
[62]. The S1-S3 spinal nerve, which innervates the tail through the
superior caudal trunk;, is removed during surgery [65].

Sciatic inflammatory neuritis (SIN)

According to estimates, inflammation, or infection rather than
trauma account for close to half of all neuropathies in humans [66].
Furthermore, inflammatory processes continue to develop even after
acute nerve damage. As a result, a neuritis model has been created
and is the preferred model for many research teams to cause nerve
injury. The catheter is surgically implanted around the sciatic nerve
while the rats are under anaesthesia. The peri-sciatic catheters are
made of sterile gel foam and aseptically cut into strips, with one end
being split in half to enable silastic tube suturing from the inside (Fig-
ures 16-20). Gel foam is threaded around the left sciatic nerve after it
has been exposed at mid-thigh level by blunt dissection, and the exter-
nal end of the catheter is then inserted subcutaneously to the midline,
just rostral to the tail base. 4-5 days following surgery, the catheter
is utilised for a single injection, which is administered to freely mov-
ing rats by putting PE-50 tubing via the silastic catheter. To eliciting
SIN, a single focused injection of zymosan (yeast cell walls) in dosag-
es ranging from 4 mg (low dose) to 40-400 mg (high dose) is made
around the sciatic nerve [67,68]. The pro-inflammatory gut suture
and pro-inflammatory cytokine production stimulator high mobility
group protein (HMG) and tumour necrosis factor (TNF)-alpha injec-
tions have also been used to activate the peri-sciatic immune system
and cause dose-dependent unilateral and bilateral hind-paw mechan-
ical allodynia [69,70].

Figure 16: Photomicrograph showing the pattern of neuronal loss including spinal regions 1-10 (arrows). Note dilated central
canal (*) and the slender cavity in the dorsal horn (arrowheads). Scale bar, 190 mm, Schematic representation on a standard cross-
sectional drawing of the spinal cord showing the pattern of neuronal loss in first one [107].
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Figure 17: 2 and 5 dpl. At the lesion epicenter the necrotic area extended across most of the spinal cord diameter and from

the dorsal surface to a level near the central canal (a). The degeneration extended to the meninges dorsomedially (b) but, more

laterally, the spinal cord rim was spared (b, far right; ¢, lateral spinal cord, the edge of which is at the top of the panel). In the area

of degeneration, swollen axons (either longitudinally or cross-sectioned) were apparent, and portions of them were surrounded by

myelin debris (arrows) (¢, d). Some axons may have been stripped of myelin (demyelinated) because phagocytic processes (arrows)

we seen in electron micrographs (e) to have surrounded them. The axon in e is adjacent to a debris-laden macrophage. (a, ) 5 dpl;
(b-d) 650%; (c) 600* ; (e) 16,000* [112].

Westral

Figure 18: A schematic of the hemisection surgery. Also shown is a transverse cross section of the hemisected spinal cord. The light
micrograph shows an injured spinal cord. The arrow points toward the injured portion. A representative cross section of the injury
site is also shown [115].
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Figure 19: Oxaliplatin (L-OHP)-induced axonal degeneration in rat sciatic nerve and goshajinkigan (GJG)-ameliorated axonal
degeneration of the sciatic nerve. Histological analysis of the sciatic nerve was performed at 8 wks. (a-c) Representative cross
sections of the sciatic nerve by light microscopy. The sciatic nerves were isolated in vehicle-treated (a), L-OHP+ DW-treated (b) and
L-OHP+ GJG (1 g/kg)-treated rat (c), and then stained with toluidine blue. Scale bar= 100pm. (d-h) Representative pictures of the
sciatic nerve by electron microscopy. (d) Axons of myelinated fiber in vehicle-treated rat. (e) Myelin sheath (a") by atrophy of axon
(b’) in L-OHP+ DW-treated rat. (f) Accumulation of organelles (c), vacuolated and swollen mitochondria (arrows) in degenerative
axon of L-OHP+ DW-treated rat. (g) Infiltration of macrophage (d’) in myelin sheath and phagocytosis of degenerative axon in
L-OHP+ DW-treated rat. (h) A representative cross section of axon treated with GJG. Scale bar= 10pm [151].

Figure 20: 3 Neuropathological analysis of sciatic nerves by electron microscope (A) Naive control, group 1; (B), (C) Docetaxel
treated group, group 2; (D) Pregabalin 30 mg/kg treated group, group 5 (n=2). More severe impairment of nerve fiber is observed
in group 2 as compared to group 5. The black arrows in (B) and (D) show demyelination in myelinated fiber. The black arrow in
(C) shows vacuolation in unmyelinated fiber [164].
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Also found to elicitan immunological response and cause mechan-
ical allodynia is the injection of dead bacteria (the active ingredient
in complete Freund’s adjuvant) or carrageenan (seaweed protein) to
the sciatic nerve. These increases in discomfort were often noticeable
the next day and peaked two to three days following surgery [71]. A
perplexing phenomenon linked to damage or inflammation to the pe-
ripheral nerves, mirror-image pain originates from areas contralater-
al to the site of injury. Atypical face pain, causalgia, reflex sympathetic
dystrophy, idiopathic facial erythromelalgia, and steatopygia are a few
chronic pain syndromes that cause mirror-image discomfort [72,73].
Mechanical allodynia, or discomfort felt in reaction to gentle touch or
pressure stimuli like clothes and bed linens, is a common characteris-
tic. The creation of the sciatic inflammatory neuropathy (SIN) model
has lately made it easier to examine mirror image neuropathic pain
[67,68]. A unilateral mechanical allodynia develops ipsilateral to the
inflamed sciatic nerve due to the low degree of immune activation.
However, higher immune activation results in bilateral allodynia that
affects the ipsilateral and contralateral sides of the inflammatory
nerve condition [67,68].

Cuffing of sciatic nerve-induced pain

In this model, rats’ common branches of the sciatic nerve are sur-
gically implanted with a polyethylene cuff measuring 2 mm in length
and 0.7 mm in inner diameter [75,76,77]. This concept has recently
been reported in mice as well [78]. Heat-hyperalgesia, which lasts for
three weeks, and mechanical allodynia, which lasts for two months,
are characteristics of the neuropathic pain model [79]. Fixed-diame-
ter polyethylene cuff application has been shown to cause nicafenine
reactions in rats as well as changes in the fibre size spectrum in the
peripheral nerves. Inflammatory responses and concurrent antero-
grade Wallerian degeneration are also present. There is also a brief
drop in the number of unmyelinated and tiny myelinated axons. It has
also been shown that the constellation of behavioural and morpho-
logical abnormalities brought on by cuff neuropathy are comparable
to those brought on by Bennett and Xie’s CCI model, with the signif-
icant benefit of a more uniform degree of nerve damage in terms of
fibre spectrum modifications [15, 75]. In this model, standardised cuff
implantation affords a high degree of consistency around the sciatic
nerve. The cuffing-induced neuropathy model has been employed by
several research teams to investigate the molecular causes of central
sensitization [77,80] and the ways in which antidepressant medica-
tions work to treat neuropathic allodynia [78,81].

Photochemical-induced sciatic nerve injury.

In this model, the left sciatic nerve is surgically exposed to an ar-
gon ion laser with an average power of 0.17 W operating at a wave-
length of 514 nm for 30 s to 2 min after receiving an intravenous injec-
tion of the photosensitizing dye erythrosine B (32.5 mg/kg) through
the tail vein. To separate the nerve from the surrounding tissue and
reflect light, aluminium foil is positioned beneath the nerve [82,83].
It has been established that the photochemical reaction that forms
thrombosis and occlusion in the tiny capillaries supplying the nerve,
rather than the heat produced by the laser, is what causes nerve dam-
age. This model has been shown to exhibit highly repeatable mechani-
cal, heat, and cold allodynia, as well as symptoms of spontaneous pain

[83]. By lasering the sciatic nerve after injecting a photosensitizing
dye into it, a mouse model that exhibits demyelination and axonal de-
generation has also been created [84].

Laser-induced sciatic nerve injury

The concurrent necessity of photosensitive dyes is one possible
drawback of the prior concept. However, investigations using laser
irradiation have shown that using a CO2 laser alone might cause
variable degrees of Wallerian degeneration [85]. In this model, a di-
ode-pumped solid-state laser operating at 532 nm with an output
power of 100 mW is used to irradiate the epineurial vasculature of
the sciatic nerve for 30 seconds after marking the portion of the sciat-
ic nerve immediately distal to the gluteus muscle with epineurial su-
tures. There is a significant decrease in the blood flow to the nerve af-
ter laser irradiation [86]. Animals begin to exhibit typical neuropathic
pain symptoms on the second post-operative day, such as mechanical
allodynia, thermal hyperalgesia, and spontaneous pain behaviours.
After surgery, these phenomena reach their height and persist for 3-6
weeks [2].

Central pain models

Several central pain models have been created based on the SCL
Dysesthesia and pain, including spontaneous and evoked, are charac-
teristics of SCI caused by trauma, ischemia, compression, or crushing
[88-92].

Weight drop or contusive SCI (Allen’s Model)

The weight drops or contusion model is the most traditional and
often applied SCI model. The lower thoracic-lumbar spinal cord is ex-
posed in this model, and a steady weight is put over the nerve to cause
an injury that results in severe paraplegia and total segmental necro-
sis [88]. Various researchers have modified this model to consistently
regulate the severity of the damage. Laminectomy is done in the verte-
bral lower thoracic-lumbar region (T-10) level after anaesthesia to ex-
pose the dorsal spinal cord. The exposed cord is supported by a brass
guide tube that is 15 cm long and perpendicular to it (Figures 20-26).
A cylindrical 10 g steel weight with a rounded tip is hung within the
tube. To cause cord damage, the weight is permitted to fall onto the
exposed chord at the segmental level of T12-13. One day after an in-
jury, it has been shown that the skin becomes hypersensitive to mild
mechanical stimulation. This development is like how quickly people
acquire allodynia after suffering a spinal injury [88,93-96]. As an al-
ternative, the paravertebral muscles are divided, and a longitudinal
incision is created in the midline of the back to expose the T8 verte-
brae. To expose the spinal cord, it is followed by a four-level T6-T7
laminectomy. Injury is then caused by extradural compression of the
spinal cord using a 24 g aneurysm clip [97].

Excitotoxic spinal cord injury

a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
metabotropic receptor agonist Quisqualis acid (QUIS) injections into
the spinal fluid have been used to mimic injury-induced increases of
excitatory amino acids, a well-known neurochemical complication
of spinal cord injury [98-100]. The increasing pathological altera-
tions brought on by QUIS injections mimic those documented after
ischemia and traumatic SCI quite a bit [100,101]. They strikingly re-
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semble post-traumatic syringomyelia, a clinical disorder [102,103]. At
levels ranging from T10 to L4, the unilateral injections are adminis-
tered between the dorsal vein and the dorsal root entrance zone at
depths ranging from 300 to 1200 mm below the spinal cord’s surface
[104,105]. The intraspinal injection of QUIS is designed to cause exci-
totoxic damage, which results in neuronal death in certain areas of the
spinal grey matter, and to elicit “spontaneous” and/or “evoked” pain
responses that are comparable to those described in other models

of SCI [89,90,95] and neuropathic pain [15]. Thus, it has been estab-
lished that the excitotoxic model is a useful tool for investigating the
primary mechanism(s) and neural substrate(s) in charge of the onset
and development of altered sensory experiences after SCI. infusions
of glutamate, N-methyl-D-aspartic acid, or kainic acid intravenously
or intrathecally [2-5,6-15]. des-Tyr-dynorphin Serotonin, tryptamine,
and peptides have all been linked to pain-related SCI behaviours
[106].

Figure 21: Radiographs of the tibia bone inoculated with heat-killed Walker 256 cells (A), and live Walker 256 cells 12 and 20

days after inoculation in the ipsilateral (B and C) and contralateral (D) hind limbs. (A0 -D0 ) showing the proximal end of the

bones with a higher magnification. Radiograph of the ipsilateral Walker 256 injected and the contralateral tibia from the same
animal, 20 days after inoculation. Note the lack of any effect on the contralateral side [206].
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Figure 22: Histology of tibial bone destruction (Hematoxylin-eosin stain). The sections (7 Im) were taken from tibial bone 20 days
after surgery. (A) Bone injected with PBS; (B) bone injected with heat-killed cells; (C) showing tumor growth and bone destruction
after injected with 4 -105 Walker 256 mammary gland carcinoma cells (tumor cells are marked by black arrow); (D) showing newly
formed bone after injected with 4 -105 Walker 256 mammary gland carcinoma cells (tumor cells are marked by black arrow while

newly formed bone is marked by hollow arrow) [206].
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Figure 23: Time course of tumor growth and cancer pain development following intraplantar injection of luciferase-transfected
B16-Fluc melanoma cells. (A) Increase of paw volume after inoculation. Inset shows the tumor-bearing hindpaw (left) 15 days after
inoculation. (B) Bioluminescent imaging shows enhanced luminescence intensity over time in an inoculated hindpaw, indicating a
continuous growth of melanoma [219].
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Figure 24: Nerve degeneration in the tumor-bearing hindpaws. (A) Hematoxylin-eosin (HE) staining of hindpaw skin (plantar

surface) 9 days after tumor inoculation. The tumor tissue (indicated with *) was located in the dermis. Scale bar, 400 pm. (B)

PGP-9.5 immunostaining of hindpaw skin (plantar surface) reveals a loss of nerve fibers 9 days after tumor inoculation. Arrows

indicated nerve fibers in the epidermis. (C) ATF-3 immunostaining indicates induction of ATE-3 in the nuclei of many DRG

neurons after tumor inoculation. Scale bar, 100 pm. (D) pJNK immunostaining shows JNK activation in DRG neurons after tumor
inoculation. Scale bar, 50 pm [219].
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Figure 25: Physical dependence syndromes in SD rats withdrawn from chronic ethanol administration. After consuming ethanol
intermittently for 12 weeks, the physical withdrawal syndrome was observed and quantified (on a scale of 0-2) during one week
of alcohol removal. The left panels are representative photographs showing the increased score derived predominantly from
positive signs of lower limb flexion and tail stiffness 12 h after alcohol removal, when comparing to ethanol naive SD rats. Note
that the smaller angle between horizontal axis and longitudinal axis of lower limb indicates an obvious flexion of the hip joint in
withdrawn rats (B) compared to alcohol-naive rats (A). An observation of the rat tail tip wrapped around the observer’s finger
(yellow arrow in D) was found in withdrawn rats but not in alcohol-naive rats (C). The right panel shows the withdrawal scores,
determined by summing the scores for all three symptoms, significantly increased at 4 hr, peaked at 12 hr and lasted for 3 days,
compared to alcohol naive rats. (All P < 0.001, n = 25) [242].
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Figure 26: Severe pyridoxine toxicity after eight days treatment. A rat, deliberately placed on its back (A), corrects its position by a
vigorous swing of the tail and padding movements of the hind legs (B); it is unable to walk (C) [251].

Photochemical SCI

In this model, erythrosine B, a photosensitizing dye, is intrave-
nously administered after which the vertebrae are surgically exposed
to an argon ion laser, which causes excitation and leads to regional
blood artery blockage [107]. It has been established that the nerve
damage is not caused by the laser’s heat, but rather by a photochem-
ical reaction that causes thrombosis in the tiny blood capillaries that
nourish the nerve. It has been demonstrated that after photochemi-
cal irradiation, local blood flow in the spinal cord is significantly de-
creased. At the level of the spinal cord, this spinal ischemia event is
linked to parenchymal tissue necrosis [89,108,109]. These neuropath-
ic pain characteristics, including autotomy, mechanical and cold allo-
dynia, and hyperalgesia, have been seen in this model [89,110,111].

Spinal Hemisection

This model has been used extensively as a central pain model
because it has a variety of benefits, including regular control over
the quantity and kind of damaged fibres in each animal. Second, the
damaged and unharmed sides are entirely divided. Laminectomy is
done at the T11-T12 segments after a longitudinal incision is created
to expose the various spinal cord segments. A blade is used to hemi-
ssect the spinal cord just cranial to the L1 dorsal root entrance zone,
which causes mechanical and thermal allodynia to occur [90]. This

neuropathic pain model substantially develops mechanical and cold
allodynia in the tail as well as the limbs. Additionally, allodynia per-
sists for a very long period after spinal cord hemisection [112,113].
Brown-Sequard Syndrome (BSS), a prolonged state of excruciating ag-
ony, is observed on both sides below the lesion in human spinal cord
hemisection injuries. Ipsilateral hemiplegia and contralateral hyper-
algesia are features of the BSS [11]

Drug-induced neuropathy models
Anti-cancer agents-induced neuropathy models

In most individuals with this dosedependent neuropathy, pain-
ful paresthesias are the initial symptom. More so than the vibration
sense are the pinprick and temperature sensations. The loss of axons
and motor capabilities become more noticeable in the latter stages of
the illness [116], exerts significant effects on the peripheral nervous
system, resulting in endoneurial edoema and microtubule disarray in
both myelinated and unmyelinated sensory axons [117,118] C fibre
nociceptive neurons’ hyperresponsive activity is also seen [119]. To
examine the pathogenic pathways involved in the emergence of neu-
rotoxicity as well as the electrophysiological and histological altera-
tions brought on by chemotherapeutic drugs, many animal models of
vincristine-induced neuropathy have been created. Gottschalk et al.
[120]. Later on, it was shown that receiving vincristine in numerous

Citation: Ashish Kumar Sharma*, Mehvish Bhat, Shivam Singh, Kartik Gill, Mohammad Zaid and Junaid Tantray. New Drug Discovery of N
Anti-Neuropathic Pain agents: Insights in Animal Models. Res & Rev Health Care Open Acc ] 8(2)- 2023. RRHOAJ.MS.ID.000282. 868

DOI: 10.32474/RRHOAJ.2023.08.000282


http://dx.doi.org/10.32474/RRHOAJ.2023.08.000282

Res & Rev Health Care Open Acc]

Volume 8 - Issue 3

Copyrights @ Ashish Kumar Sharma

dosages (20, 75, 100, or 200 lg/kg i.v.) via tail vein injection, followed
by 500 1 of saline to avoid artery degradation (days 1-5, then 8-13,
Monday through Friday for 2 weeks), caused a painful neuropathy
with a sudden start [117,119,121]. Because most rats exhibit relative-
ly little motor impairment and maximum hyperalgesia, the 75 lg/kg
i.v. dose regimen has been chosen. Switzer and others Sweitzer et al.
[122], a study that used vincristine (75 1g/kg, i.v, on days 1-5and 8-11
with nine doses) to treat neuropathy. According to reports, mechani-
cal allodynia begins to appear on the fourth day following vincristine
administration, peaks on the eleventh day, and starts to subside on
the fifteenth. However, at cumulative doses >1000 lg/kg, motor per-
formance and moderate to severe impacts on overall health are seen.
Furthermore, considerable mortality from vincristine at high doses
has also been documented [121,122]. Later, Authier et al., updated the
model once more with a new medication dosage schedule. There have
been no reports of a substantial impact on general health following
the administration of vincristine to rats on an alternate-day schedule
(total five administrations at dosages of 50, 100, 150 lg/kg i.v. with
cumulative doses of 250, 500, 750 lg/kg, respectively). But vincristine
at 150 lg/kg is known to cause behavioural alterations like mechan-
ical and thermal hyperalgesia and allodynia, electrophysiological al-
terations like a decrease in sensory nerve conduction velocity (SNCV),
and histopathological alterations characterised by the degeneration
of axonal parts of myelinated nerve fibres. Because considerable noci-
ceptive signals arise while maintaining good overall health and motor
function, this paradigm has been shown to induce stable neuropathy
[123]. Another animal model that uses a single dosage of vincristine
(50, 100, or 200 lg/kg intravenously) to induce neuropathy has been
described. After 5 days of vincristine treatment, mechanical allodynia
and mechanical hyperalgesia emerge [124,125]. In order to distribute
vincristine sulphate (30 mg/kg/day), rats have been surgically im-
planted with mini-osmotic pumps in the right external jugular vein as
part of an animal model of neuropathy [126]. After a week following
vincristine infusion, there has been an association between the devel-
opment of severe mechanical and cold allodynia, with no impact on
mechanical or thermal nociception. A novel model has recently been
introduced in which vincristine (50 lg/kg i.p.) is given for 10 straight
days while being monitored for 42 days [16,127,128]. Neuropathic
pain has also been demonstrated to be induced by the administration
of vincristine at a constant dose of 0.2 mg/kg or an escalating dose of
0.1 mg/kg by an increment of 0.05 mg/kg/week, given once weekly
for five consecutive weeks with a total cumulative dose of 1 mg/kg.
According to the clinical, electrophysiological, and histological data,
vincristine causes axonal-type peripheral sensorimotor neuropathy,
which is more pronounced in the fixed-dose group than the increas-
ing-dose group [129]. Norido et al. used rabbits as an animal model
for vincristine-induced peripheral neuropathy [130]. Vincristine has
been shown to cause neurotoxicity, axonal swelling, and peripheral
nerve regrowth in rabbits [131]. It is common practise to examine
the effectiveness of neurotrophic factor and analgesic medications in
neuropathic pain with a total of five consecutive doses of vincristine
which is described by Authier et al. [123]. However, Siau and Bennett
model is more useful for analysing electrophysiological research and
histological alterations connected to chemotherapy drugs [127].

Platinum compound-induced neuropathy models. Cisplas-
tin-induced neuropathy:

Cisplatin has demonstrated its efficacy in treating several can-
cers, including ovarian, testicular, colon, head, and neck, as well as
lung cancer [132]. The use of platinum-derived antineoplastic medi-
cines has been linked to emesis, anorexia, myelo-suppression, ototox-
icity, nephrotoxicity, and peripheral neuropathy [133]. Both big and
small diameter sensory fibres are affected by the peripheral sensory
axonal neuropathy caused by cisplatin. After a cumulative dosage of
300 mg/m?2, it typically produces clinical signs and symptoms in the
classic “glove and stocking” way, and neuropathy may last for years
[134,135]. Cisplatin-induced neurotoxicity in rats was investigated by
Koning et al. However, because nephrotoxicity first appeared before
neurotoxicity, it has been extremely challenging to create a cispla-
tin-induced animal model of peripheral neuropathy. Furthermore, it
has been challenging to determine if neuropathy is a direct result of
cisplatin or is a side effect of renal failure [136]. By paying close atten-
tion to water and dosage regimen, this challenge has been lessened. It
has been demonstrated that neuropathy can develop after receiving
cisplatin doses of 1 and 2 mg/kg once weekly for 9 weeks. Preclin-
ical research frequently employs this neuropathy model [137,138].
Another model has been created that calls for administering cisplatin
intravenously twice per week over a period of four weeks at a dosage
of 2 mg/kg [139]. Another model of cisplatin-induced neuropathy has
been created, involving the use of a different cisplatin dosing sched-
ule, such as 1 mg/kg three times weekly or 2/3 mg/kg twice/once
per week for five weeks [140]. The development of mechanical and
cold allodynia, as well as thermal hyperalgesia, have been linked to
cumulative dosages (15 mg/kg) [133]. Large, myelinated nerve fibres
have shown axonal degeneration at dosage levels of 2 and 3 mg/kg, al-
though unmyelinated axons show no signs of being harmed. Recently,
Bianchi et al. showed how cisplatin (1 and 2 mg/kg twice weekly for 4
weeks) can cause the development of neuropathy, which is character-
ised by growth impairment, a decrease in SNCV, and a change in ther-
mal threshold [141]. Mice and guinea pigs have also been employed as
animal models for cisplatin-induced sensory neuropathy in addition
to rats [142,143]. Low dosage models have the benefit of being less
harmful to general health and have been shown to mimic neuropathy.
Rodents treated with cisplatin exhibit behavioural, morphological,
and electrophysiological alterations that closely resemble a variety of
clinical neuropathy symptoms seen in people [144]. The loss in motor
activity and strength shown in animal models, in contrast to human
patients receiving cisplatin, has been a significant distinction between
the human illness and the animal model [132,140,145].

Oxaliplatin-induced neuropathy:

The use of oxaliplatin, a third-generation novel platinum-derived
chemical, in the treatment of advanced metastatic colorectal, ovarian,
breast, and lung cancer has gained significant attention. Compared to
prior platinum compounds, this current drug’s toxicity profile is posi-
tive, meaning it is less harmful. Hematotoxic, nephrotoxic, and ototox-
ic effects. The toxicity it creates for peripheral sensory nerves, how-
ever, is unique. Oxaliplatin causes acute, reversible neurotoxicity (in
up to 90% of cases). It is characterised by paresthesias in the hands,
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feet, and peroral area as well as dysesthesia. Along with shortness of
breath, the patients also have pharyngo-laryngo-dysesthesia [146].
Additionally, it has been seen to cause cumulative distal neurotoxicity,
a kind of peripheral sensory symptomatic neuropathy marked by sen-
sory ataxia, functional impairment, jaw pain, eye discomfort, ptosis,
leg cramps, and changes in voice and vision [147]. Chronic peripheral
oxaliplatin-induced neurotoxicity was documented by Avaletti et al.
as altering electrophysiology [148]. According to their findings, the
DRG’s neuronal cell bodies are damaged by two cumulative dosages
of oxaliplatin (36 and 48 mg/kgi.p.) and this results in a drop in SNCV.
Jamieson et al. did not include any behavioural pain assessments in
their description of a model of neuropathy that involved the repeated
treatment of oxaliplatin for eight weeks in order to evaluate the histo-
logical changes to nerve cells [149]. Ling et al. used oxaliplatin at three
distinct dosage regimens—1, 2, or 4 mg/kg intravenously—to pres-
ent a novel animal model of nociceptive sensory neuropathy. Times a
week for the previous four and a half weeks. Without any symptoms,
mechanical allodynia, cold allodynia and hyperalgesia, heat thermal
hyperalgesia, and allodynia have all been described with sign of motor
function [150].

Taxanes-induced neuropathy models Paclitaxel-induced
neuropathy:

Paclitaxel, a potent anti-neoplastic drug produced from the bark
of the Pacific yew tree (Taxus brevifolia), is frequently used in chemo-
therapy regimens for the treatment of non-small cell lung, breast,
ovarian, head, and neck malignancies. However, it has been noted that
paclitaxel might cause sensory neuropathy, which is characterised by
persistent, spontaneous burning pain in the distal extremities with
tingling, numbness, mechanical allodynia, cold allodynia, and invento-
ry distribution [152]. Sensory complaints often begin symmetrically
in the feet; however they might occasionally strike both hands and
feet at once. The uncomfortable side effects, which may include loss of
vibratory feeling, deep tendon reflexes, and proprioceptive capacities,
become more severe with repeated treatment. However, it has been
shown that these functional anomalies might last for months, years,
or even a lifetime with a reduced quality of life [152]. With paclitaxel
alone, incidence rates of neuropathic pain have been shown to range
from 22 to 100% at dosages of 250 mg/m?2 and higher. Peripheral
neuropathy has been linked to a variety of variables, including dosing
regimen, overall therapy duration, total dose delivered, and co-admin-
istration of other chemotherapeutic drugs [153,154,155], and pre-ex-
isting diseases include alcohol misuse, diabetes, and peripheral nerve
damage [134].

Low doses of paclitaxel (1 or 2 mg/kg i.p.) have been shown to
induce pain syndrome in an animal model of neuropathy without en-
dangering systemic health or impairing mice’ motor function [156-
158]. A peripheral neuropathy characterised by long-lasting tactile
(mechanical) allodynia, endoneural edoema of the sciatic nerve, and
cold allodynia has been observed following paclitaxel treatment on
four alternate days (days 0, 2, 4, and 6; with a cumulative dosage of 4
or 8 mg/kg). On the fifth day of paclitaxel administration, changes in
pain thresholds have been seen, and they endure for about 3 weeks

after the final dosage. Rats treated with vincristine and paclitaxel ex-
hibit strong mechanical and cold hypersensitivity but little to no heat
hyperalgesia [156,157].

Two other dosing regimens, i.e,16 mg/kg ip. have also been
devised for a higher dose model of paclitaxel-induced neuropathy.
Paclitaxel is administered once a week for a total of 5 weeks at a cu-
mulative dosage of 80 mg/kg or as a single injection at a dose of 32
mg/kg [158,159]. Rat models with larger cumulative doses (>15 mg/
kg) than low dosage models have revealed thermal hypoalgesia, a sign
of loss of thermal sensibility that is not present in low dose models.
Another recent high dose paclitaxel model that induces large fibre
sensory neuropathy (two doses of 18 mg/kg given over the course of
three days, total cumulative dosage of 36 mg/kg) has also been cre-
ated [159]. Other models have also been created that involve giving
rats two doses of paclitaxel (18 mg/kg, i.v.) spaced by three days (for
a total of 32 mg/kg) [180,181]. In these animals, neurophysiological
modifications such as decreased sensory nerve conduction velocities
and histological abnormalities have been observed [180,181]. An-
other animal has also shown that weekly intravenous injections of
paclitaxel (5, 10, or 12.5 mg/kg) for 4 weeks can cause neuropathy
[154]. Because these modifications are uncommon or non-existent in
low dosage models of paclitaxel, loss of pain perception, morpholog-
ical abnormalities, neurophysiological disturbances, and changes in
motor function may be successfully examined in higher dose models
[154,159,161,162].

Docetaxel-induced peripheral neuropathy:

Docetaxel, a semi-synthetic taxeme, is a common anti-neoplastic
drug used to treat non-small cell lung, breast, and ovarian cancers. In
a model of docetaxel-induced neuropathy, rats receive weekly intra-
venous injections of the drug (5, 10, or 12.5 mg/kg) to cause neuropa-
thy. Rats given docetaxel have been observed to have slower tail nerve
conduction velocities, altered temperature thresholds, and cutaneous
nerve degeneration in the feeding pad [154,163].

Anti- HIV drugs-induced neuropathy:

The most successful form of treatment for AIDS is called highly
active anti-retroviral therapy (HAART), which includes nucleoside
reverse transcriptase inhibitors (NRTIs) such as ddC (zalcitabine),
ddI (didanosine), and d4T (stavudine) as active ingredients. Howev-
er, it has been seen that these medications exacerbate states of pain
hypersensitivity brought on by HIV-1 infection and cause painful
neuropathies [164-167]. Some NRTIs, such as ddC, are more power-
ful than ddl, which is more effective than d4T in generating senso-
ry neurotoxicity, making them more likely to produce neuropathy
than other NRTIs. Neither zidovudine nor abacavir, the other NRTIs,
produce neuropathy [165]. According to Patterson et al,, prolonged
oral treatment of 415 mg/kg ddI twice day for 20 weeks causes a
peripheral neuropathy that worsens after 15 weeks of dosage and is
dose-dependent [168]. Additionally, Joseph et al. [169] constructed a
brand-new model with a different dosage regimen and route of drug
administration, namely ddC with doses of 25/50 mg/kg p.o. and ddC,
ddl, and d4T with dose ranges of 10, 25, and 50 mg/kg intravenously.
The maximum development of mechanical hyperalgesia is shown in
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the nociceptive tests 5 days after ddC injection [169]. Mechanical hy-
peralgesia and allodynia, as well as thermal hyperalgesia, have been
shown to be produced by oral doses of ddC (25 and 50 mg/kg) as well
as i.v. doses of ddC, dd], and d4T. Additionally, Bhangoo et al. created
a unique animal model by giving ddC (25 mg/kg i.p.) as a single in-
jection to induce mechanical allodynia [166]. Patients receiving large
doses of ddI (30.4 mg/kg/day) for 12 weeks have similarities with pe-
ripheral neuropathy according to the Patterson et al. high oral dosage
model [168, 170].

Disease-induced neuropathy models
Diabetes- induced neuropathy

Diabetic peripheral neuropathy (PDN) is a serious condition that
frequently results in foot amputation. Clinical signs of neuropathy in-
clude higher temperature and vibration sensitivities, which eventual-
ly lead to sensory loss. Along with the loss of normal sensory function,
patients also experience aberrant feelings such paresthesias, allody-
nia, hyperalgesia, and sudden pain [171]. The pancreatic b-cell tox-
ins streptozotocin (STZ) and alloxan are utilised to create the most
popular models for diabetic neuropathy [172,173]. However, in these
models, animals also experience ketoacidosis, changes in lipid metab-
olism, and overall physical debility (lower growth and motor activity,
lethargy, enlarged bladder, polyuria, and diarrhoea), in addition to hy-
perglycemia. Some of these symptoms make it more difficult to inter-
pret the results of nociception investigations. The altered nociception
measurements in diabetic rats caused by STZ have been attributed to
overall debility rather than peripheral neuropathy. STZ has also been
used to make mice develop diabetic neuropathy. The administration
of a single dosage of STZ (200 mg/kg) for 4 weeks results in mice de-
veloping a high degree of hyperalgesia, according to research from
our lab and those of other researchers [169,174,175].

A novel method for inducing diabetes has been devised, which
involves injecting STZ (50 mg/kg) intravenously into the tail vein. It
has been shown that an intravenous injection of STZ causes a notable
early hyperglycaemia and glycosuria without a considerable amount
of ketosis, weight loss, or overall physical weakness. Tactile allodynia,
mechanical and thermal hyperalgesia, and their maximum develop-
ment have all been shown to occur within 3 days. Additionally, it has
been shown that the severity of behavioural changes is comparable to
what was seen at 2- 3 weeks in rats given STZ subcutaneously [176].

The development of type I and type II transgenic animals that dis-
play PDN and other long-term diabetic complications. Goto-Kakiza-
ki (GK) rats, Zucker diabetic fatty (ZDF) rats, Bio-breeding Zucker/
Worcester (BBZDR/Wor) rats, db/db mice, and leptin-deficient (ob /
ob) mice are some of the models used to study type II diabetes. GK
rats display consistent, moderate hyperglycemia without obesity or
ketosis [177]. Studies using a euglycemic hyperinsulinemic clamp
have shown that these animals acquire insulin resistance in their pe-
ripheral tissues [178,179]. In GK rats, the neuropathic changes that
occur with ageing have also been observed [180]. In 8-week-old hy-
perglycemic rats, the decrease in sensory and motor nerve conduc-
tion velocity (MNCV) has been documented. Thermal hyperalgesia
that lasts at least 6 weeks has been seen in ZDF rats that are 8 weeks

old. ZDF rats that are 10 weeks old have been proven to develop me-
chanical hyperalgesia [181]. Instead of type 2 diabetes, Goto-Kakizaki
and Zucker obese rats serve as experimental models of the neurop-
athy of prediabetes because neither group exhibits overt fasting hy-
perglycemia [182] or does so only very late (40 weeks of age) after a
decline in beta-cell function [182,183]. A slight impairment in MNCV
has been seen in BBZDR/Wor-rats after 5 weeks of diabetes, but there
has been no change in SNCV [184]. Additionally, it has been demon-
strated that these rats lack sympathetic autonomic neuropathy and
display milder axonal atrophy and fibre loss. [185]. Leptin binding is
imperfect in db/db mice, which results in obesity, insulin resistance,
hyperglycemia, and hypertriglyceridemia. It has been shown that dia-
betes individuals have fewer cutaneous nerve fibres on average and a
lower average area density of nerve in the epidermis [186]. Morpho-
metric analysis has shown that at the age of 6 months, sensory and
motor neurons lack large, myelinated fibres and exhibit increasing ax-
onal atrophy [187]. Obesity and mild type 2 diabetes are modelled in
leptin-deficient (ob/ob) mice, who also develop moderate hypergly-
cemia, hyperinsulinemia, and obesity [188,189]. These animals have
been shown to develop PDN (11-week-old), which is characterised by
sensory deficits as well as MNCV deficits, thermal hypoalgesia, tactile
allodynia, and epidermal sensory fibre loss—features that are typi-
cal in diabetic people [190,191]. Thermal hypoalgesia, a syndrome
seen in humans with diabetic neuropathy, has been demonstrated
in these animals [171]. However, persistent thermal hyperalgesia,
which is a temporary symptom of neuropathy in humans, has been
shown in other models, including BBZDR/Wor-rats and ZDF rats
[181,182,192,193]. Considering this, the model is a useful example of
an animal PDN for type 2 diabetes and obesity.

Hyperglycaemia first manifests in the non-obese diabetic (NOD)
mouse, a type Il diabetes model, between 12 and 30 weeks of age. Very
little research has been done to examine the complications of diabetes
since they often develop at a late and unknown age and require more
intense therapy, such as daily exogenous insulin delivery. According
to studies, 18-week-old NOD mice exhibit thermal hypoalgesia [194].
Additionally, it has been demonstrated that diabetic NOD mice ex-
perience substantial hyperalgesia that begins to manifest at 8 to 10
weeks along with their diabetes and can endure for up to 32 weeks
[195]. A close replica of type 1 diabetes in humans, the bio-breeding/
Worcester rat (BB/Wor rat) experiences hyperglycemia and insulin-
openia around the time of 12 weeks of age. Beginning at the age of
4 months, neuropathy symptoms such as hyperalgesia, a decrease in
the number of unmyelinated fibers, mean axonal size, and decreased
nerve conduction velocity appear [196- 198]. After 5 weeks of diabe-
tes, there is a higher decline in MNCV than SNCV in BB/Wor-rats. The
nodal and paranodal axonal enlargement in myelinated fibres, which
causes perturbed axonal transport and gradual axonal atrophy, is one
of the earliest noticeable alterations [184].

Cancer pain models

Patients who are suffering from advanced cancer pain have seri-
ous challenges, and the causes of cancer pain are yet unknown. Bone
cancer pain has been modelled in a variety of animal models of can-
cer pain [199-201], neuropathic cancer pain [202], and skin cancer
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pain [203]. The specific pharmacological and neurochemical charac-
teristics of cancer pain have been shown in these models, pointing to
the participation of inflammatory, neuropathic, and tumorigenic ele-
ments in the pathophysiology of pain [204].

Bone cancer pain models.

One of the most frequent cancer-related aches is bone cancer
pain, which can originate from bone cancer or spread from breast,
prostate, ovarian, or lung malignancies [205].

Mouse femur bone cancer pain.

Initially, Schweich et al. created a model based on the painful os-
teosarcoma that was produced when osteolytic fibrosarcoma (NCTC
2472) cells were injected into the femur of C3H/HeJ mice. In this
model, the patellar ligament is severed, and the condyles of the distal
femur are exposed by a 1 cm superficial incision in the hind leg [200].
In order to create a cavity for the injection of the cells, a 23-gauge
needle is then inserted at the level of the intercondylar notch and the
intramedullary canal of the femur. Approximately 2.5 106 osteolytic
murine sarcoma cells, NCTC2472, are injected into the bone cavity in
a 20microliter volume [200,207-209]. Cancer-induced bone loss and
osteoclastogenesis have been shown to occur within 5 days following
sarcoma injection, resulting in both spontaneous (nocifensive behav-
iour, spontaneous flinching) and prompted pain (palpation-evoked
flinching) [210,211].

Calcaneus bone cancer pain (CBC).

The only difference between this model and the prior model is
that NCTC2472 cells are injected into the calcaneus bone [201,212].
Osteolysis, induced pain (mechanical and cold allodynia), and spon-
taneous pain (paw licking) have all been shown to start 6 days after
implantation and persist for at least 16 days. Additionally, it has been
proven that the spontaneous activity and heat sensitivity of C-fibers
are related to the development of tumours [213].

Tibial bone cancer pain:

In this model, rats’ tibial bones are injected with rat mammary
gland carcinoma cells (MRMT-1) [214,215]. Within 10 to 12 days fol-
lowing the injection of tumour cells, bone degradation, the onset of al-
lodynia, and mechanical hyperalgesia have all been seen. Mechanical
hyperalgesia and spinal nociceptive neuron sensitization are brought
on by the injection of these MRMT-1 cells in rats, which results in the
formation of bone tumours. Another model has shown that intratibial
injection of NCTC 2472 cells causes an osteosarcoma and a decrease
in heat responsiveness within the first two weeks following cell im-
plantation. The fourth and fifth weeks following the implantation of
NCTC 2472 cells, on the other hand, have been associated with an in-
crease in nociceptive heat responsiveness [199].

Humerus bone cancer pain (CBC).

Bone cancer frequently exhibits movement-related hyperalgesia,
also referred to clinically as a particular sort of “breakthrough pain.”
Finding the peripheral and central processes underlying the pain that
comes along with bone metastases may be made easier with the es-
tablishment of an animal model of movement-related hyperalgesia.

Additionally, it could be useful in separating it from the discomfort
brought on by muscle inflammation. Injecting NCTC2472 cells into
the humerus’ medullary cavity has been used to create an animal
model of this, which results in forelimb hyperalgesia but not evident
mechanical hyperalgesia in the forepaw. The histological analysis
shows a direct link between behavioural hyperalgesia and tumour
growth-induced bone damage [216,217].

Neuropathic cancer pain model.

To create a mouse model of neuropathic cancer pain, a cancerous
tumour was grown close to the sciatic nerve. The right sciatic nerve
is exposed at the level of the gluteus while under anaesthesia, and
ascites containing 50,000 tumour cells (Meth A sarcoma cells) are in-
jected near the sciatic nerve. Thermal hyperalgesia and mechanical
allodynia gradually develop in the ipsilateral hind paw because of a
tumor’ s growth compressing the sciatic nerve over time. The raising
of the paw is one of the reported indications of spontaneous pain.
Thermal hyperalgesia and symptoms of spontaneous pain continue,
but subsequent tumour development reverses the mechanical hyper-
sensitivity and results in mechanical hyposensitivity. Histologically,
both myelinated and unmyelinated axons are gradually damaged as a
result of the tumor’ s steady compression [202,208].

Skin cancer pain model.

A particularly intrusive kind of Lung metastasis and cancer pain
have been developed using B16 melanoma, or B16-BL6 cells. These
melanoma cells (2 105 cells, 20 1L) are subcutaneously injected into
the mouse’s unilateral hind paw [203,218]. It has been documented
that an orthotropic injection of B16-BL6 melanoma cells into the hind
paw causes moderate and significant hyperalgesia on days 7 to 10
(early phase) and day 14 (late phase) post-inoculation, respectively
[203].

Human immunodeficiency virus (HIV)-induced neuropathy.

Among the most common presentation of chronic pain in patients
infected with HIV is distal symmetrical polyneuropathy characterized
by painful sensory abnormalities, which may affect up to 30% of AIDS
patients [219,220]. The exterior envelope protein of HIV-1, gp120, is
thought to bind to the chemokine receptors CXCR4 and CCR5 that are
found on neurons and glial cells, mediating its apparent interactions
with the neurological system [165] that results in neurotoxicity [220]
and peripheral axonal damage [221]. The effects of HIV infection-in-
duced neuropathy have been duplicated in rats by anaesthetizing the
animals and isolating the left sciatic nerve without harming the peri-
neurium. The HIV-1 envelope protein gp120 is saturated with either
20 or 400 ng in the oxidised cellulose (oxycel), which is employed as
a carrier matrix to deliver proteins directly to the sciatic nerve. The
muscle layer is closed, and the oxycel containing viral glycoprotein is
loosely wrapped around the sciatic nerve, 2-3 mm proximal to the tri-
furcation. Peripheral neuropathy that is chronically painful is caused
by epineural exposure to the HIV-1 envelope protein gp120. Follow-
ing gp 120 exposures, allodynia and hyperalgesia have been shown
to emerge within 1-3 days and last for a considerable amount of time
[222,223].
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Post-herpetic neuralgia model

The extremely contagious neurotropic virus varicella zoster
(VZV) initially infects individuals with varicella (chickenpox), and
then establishes a latent infection by travelling retrogradely down
sensory neurons’ axons. in the peripheral nerve system’s sensory
ganglia [224]. Viral reactivation often happens because of cellular im-
munity ageing and manifests as acute herpes zoster (AHZ) (shingles)
[224,225]. The development of PHN, a neuropathic pain condition
marked by persistent pain and different degrees of sensory deficien-
cies at least three months following healing of skin lesions, compli-
cates the recovery from AHZ [226]. Sadzot-Delvaux et al. developed
the first in vivo animal model of latent VZV infection, which involved
injecting infected Mewo cells with virus subcutaneously into the foot
of healthy adult rats. In this rat model, the presence of viral particles
in the DRG and the humoral immune response to VZV have both been
characterised [227,228]. Based on this paradigm, a novel model has
been created with typical sensory alterations in rats that are compa-
rable to those seen in PHN patients [229]. The model calls for spread-
ing VZV on CV-1 cells, which are kidney fibroblasts from an African
green monkey, and then collecting the virus-infected cells (with an
80% cytopathic impact). Rats are then put to sleep, and a subcuta-
neous injection of virally infected cells (4 106 infected cells; 50 1L) is
administered to the left globous footpad. According to reports, there
are noticeable behavioural changes, such as mechanical allodynia and
hyperalgesia, that start to manifest three days after injection, peak be-
tween 10 and 21 days later, last for more than 60 days, and then go
away after 100 days [229,230].

Herpes simplex virus-induced neuropathy.

The type 1 herpes simplex virus (HSV-1) is a neurotropic virus
that can cause following infection, latent in the sensory ganglia. Fol-
lowing infiltration into the host, the virus proceeds through initial
replication in the skin or mucosa before being transported down ax-
ons to reach the peripheral terminals of sensory neurons. According
to their clinical complaints, HSV-infected individuals experience par-
aesthesia, dysesthesia, hypoalgesia, tingling, and formication [231].
Prior to eruption, there is discomfort, and some patients continue to
experience pain in the form of PHN long after the vesicles have disap-
peared [231]. HSV-1 (1 106 plaque-forming units) is injected into the
shin of the hind paw to mimic the symptoms of PHN in mice. On day
5, the hind paw on the infected side shows the onset of allodynia and
hyperalgesia, which last for at least 8 days. In addition, HSV-1 DNA
was found in the DRG from days 2 to 8 after the vaccination, with the
highest impact occurring on day 5 [232,233].

Non-viral model of PHN.

The drawbacks of using virally infected cells to create an animal
model of PHN include the need for specific, separate chambers for the
virus to grow as well as the development of tissue inflammation, skin
sores, and paralysis because of the virus spreading to the central nerv-
ous system [232,233]. Resiniferous toxin (RTX), an extremely potent
TRPV1 agonist, has been reported to produce long-lasting changes in
adult rats’ mechanical and thermal sensitivity, simulating the distinct

clinical feature of PHN. As a result, a new animal model has been cre-
ated to overcome these limitations [234,235]. It has been shown that
a single i.p. injection of RTX (200 lg/kg) decreases heat sensitivity but
causes a significant and long-lasting increase in mechanical sensitivi-
ty. Capsaicin-sensitive afferent neuron loss has been suggested as the
cause of RTX's reduced thermal sensitivity. On the other hand, myeli-
nated afferent fibre injury and their aberrant sprouting into the spinal
lamina II have been connected to the delayed and prolonged tactile
allodynia in RTX-treated rats [236].

Miscellaneous models

Chronic ethanol consumption/ withdrawal-induced neurop-
athy:

Long-term alcohol use has been shown to cause small-fiber painful
neuropathy, also known as dying back neuropathy, which is character-
ised by distal axonal degeneration. Alcohol use initially causes some
analgesia, but with time, induction of pain overcomes analgesia and
causes neuropathic pain syndrome, which has been characterised as
feeling “like pulling skin from the bones.” Rats are given 6.5% ethanol
daily for a period of 12 weeks to create the animal models of chronic
alcohol intake and withdrawal-induced neuropathy [236,237], based
on the guidelines for feeding rats a diet containing alcohol [236,238].
The liquid ethanol diet is progressively increased for the rats, as fol-
lows: from the first to third day, 2.5 w/v%; from the fourth to sixth
day, 4 w/v%; from the seventh to 16th day, 4.5 w/v%; and from the
seventeenth to the seventieth day, 5 w/v%. Rats are given a liquid
meal containing ethanol on a decreasing ethanol dose schedule, with
2.5 w/v% ethanol for the first day, 1.25 w/v% ethanol for the sec-
ond day, and 0 w/v% ethanol for the third day, after receiving ethanol
therapy for 70 days. The liquid diets are then replaced with regular
meals [239,240]. There is evidence that the mechanical hyperalgesia
starts to develop after 12 weeks of alcohol use and continues long af-
ter ethanol abstinence [236,237,241].

Pyridoxine (vitamin B6)- induced neuropathy

Numerous animal species, including dogs, have exhibited the
sensory neuropathy associated with pyridoxine poisoning that occurs
in humans. It has been proven that giving pyridoxine orally for 112
days at a level between 50 and 300 mg/kg/day causes sensory anom-
alies indicative of neuropathy [242-244]. These models are run over
a lengthy period; however, they are based on extremely high pyridox-
ine dosages. In the more recent model, it has been demonstrated that
giving dogs 150 mg/kg of pyridoxine once a day for seven days causes
them to exhibit signs of neuropathy [245]. Rat models of neuropathy
brought on by pyridoxine have also been created [246,247]. In rat
models, three intraperitoneal dosage regimens with short-term/high
doses of 1200 mg/kg/day for 1-15 days have been used [248,249],
a middle dosage of 600 mg/kg/day for 1 to 15 days [246,249], addi-
tionally long-term/low dosage, 100-300 mg/kg/day for as long as 12
weeks [247-249]. At low and intermediate levels, a reversible senso-
ry nerve axonopathy has been characterised as the secondary cause
of neuropathy, while at high doses, an irreversible sensory ganglion
neuropathy [244,246,247]. With ip. treatment of pyridoxine (400
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mg/kg twice daily for 14 days), neuropathy may be induced in rats
using the intermediate dosage technique [250]. During the first week,
no evidence of pyridoxine-induced functional impairment has been
noted. The functional deficiencies manifest in all four limbs during the
second week, impairing coordination. The functional deficits become
more noticeable [250].

Trigeminal neuralgia models

Trigeminal neuralgia is a severe kind of chronic pain condition
marked by paroxysmal pain that feels like an electrical shock for a
limited period [251]. The trigger zone, which is typically on the face
or in the oral cavity, is stimulated gently by touch to cause the pain,
which is typically unilateral [252]. Due to various etiologies, the dis-
ease’s pain may be classified as central or peripheral. Patients with
multiple sclerosis frequently get trigeminal neuralgia [253], and the
central pain is the kind of discomfort reported in multiple sclerosis
[254]. The stereotaxic frame is attached to the sedated rats, and a tiny
hole in the skull is created before a guide cannula (21 gauge) is insert-
ed into the left trigeminal ganglion. The trigeminal ganglion is then
compressed by injecting 4% agar solution through a stainless-steel
injector (24 gauge), extending 1 mm above the tip of a guide cannula,
into the dorsal side of the left trigeminal ganglion. The 10 IL of agar
solution is progressively pumped into the injector over the course
of 5 s, and it is then kept in place for 10 min before being removed.
The trigeminal ganglion is compressed without suffering any damage
when the agar is applied to its dorsal surface [255,256]. Mirror-image
mechanical allodynia has been seen to result from compression of the
trigeminal ganglion. The reactions to mechanical stimulation of the
face, particularly the vibrissa pad, including the mouth angle or the
mandibular region, have dramatically increased, and this is one of the
most noticeable behavioural alterations that occur after the compres-
sion of the trigeminal ganglion [256].

Secondary trigeminal neuralgia (STN) or reflex sympathetic dys-
trophy are two different diagnoses for persistent neuropathic pain
syndromes that can occasionally be brought on by trauma, dental
procedures, and orofacial surgery [257]. STN has been characterised
as significantly different from idiopathic trigeminal neuralgia, even
though the two conditions share some characteristics. The devel-
opment of heat-hyperalgesia has been seen in an experimental rat
model of secondary trigeminal neuropathic pain caused by a CCI to
the infra-orbital nerve (CCI-ION) [258]. Intraoral incisions are done
while the patient is under anaesthesia, preserving the vibrissae and
snout hair. Just beyond the first tooth, a 1-cm-long incision is made
along the gingivobuccal edge. One infra-orbital nerve (ION), which is
about 0.5 cm long and covered with adherent tissue, is released, and
two ligatures (4.0 chromic gut) are wrapped loosely around it to cause
neuropathic pain resembling secondary trigeminal neuralgia. Dynam-
ic mechanical allodynia, which is clinically more applicable than static
allodynia, is one benefit of this model of trigeminal neuropathic pain
[259].

Orofacial pain models

Orofacial discomfort has been studied in a variety of animals to
better understand the underlying processes and to shed light on po-

tential treatment options. Eisenberg and colleagues established an
experimental model of orofacial pain in which rats’ whiskers were
subcutaneously injected with formalin, causing a biphasic grooming
response. Rats exhibit a reaction, which is a nociceptive activity [260].
A biphasic grooming response, which is a nociceptive activity in rats,
is produced by subcutaneous formalin injection at the base of the
whiskers of rats. A mouse model that involves injecting carrageenan
under the skin over the right maxilla has been developed [261,262].

Acrylamide-induced neuropathy model

Acrylamide is a well-known water-soluble vinyl monomer with
several industrial uses, including the manufacturing of polymers (po-
lyacrylamide), the processing of ores, the creation of dyes and fibres,
and the purifying of paper and water [263]. The creation of acryla-
mide from asparagine, which is contained in potato chips and French
fries when cooked at high temperatures, increases the amount of
acrylamide that humans are exposed to [264-266]. Both in humans
and animals, acrylamide has been shown to have neurotoxic effects
on both the peripheral and central nervous systems [263]. Flaccid pa-
ralysis and ataxia are symptoms of acrylamide-induced behavioural
neurotoxicity, a central-peripheral distal (dying back type) axonopa-
thy that indicates axon degeneration [266]. Using various dosages of
acrylamide, a mouse model of acrylamide-induced neuropathic pain
has been created [263,266,267]. It has been demonstrated that neu-
ropathy symptoms can be induced by administering acrylamide i.p.
three days a week for eight weeks at doses between 20, and 40 mg/kg
[267]. Rats exposed to lesser doses acquire an unstable gait pattern
with hind limb abduction and external rotation, whereas rats subject-
ed to larger doses exhibit foot dragging when walking, foot splay, bent
toes, and obvious ataxia [266]. In the sciatic nerve and dorsal root
ganglion cells of rats, morphological changes have been documented
at higher doses (>40 mg/kg) [263].

Monoiodoacetate model of osteoarthritis

Numerous histological characteristics of the clinical state are
shared by the osteoarthritis-related joint degradation shown in the
rat monoiodoacetate (MIA) model. The model has been extensively
utilised to study the biology of osteoarthritis pain and for preclinical
screening of analgesic drugs because to the associated pain phenome-
nology. the pathophysiological effects of MIA utilised at low (1 mg) or
high (2 mg) doses were examined. ATF-3, a sensitive marker for pe-
ripheral neuron stress/injury, was primarily expressed in small and
large diameter DRG cell profiles at levels L4 and 5, as opposed to L3
(levels mostly by neurons innervating the hindpaw). ATF-3 signal in
rats treated with 1 mg of MIA compared well to those treated with 2
mg at the 7-day timepoint. In addition to producing spinal cord dorsal
and ventral horn microgliosis, 2 mg of intra-articular MIA, but not 1
mg, was linked to a substantial decrease in intra-epidermal nerve fi-
bre density in the skin of the plantar hindpaw. Compared to the 1 mg
treatment, the 2 mg treatment significantly increased the hindpaw’s
mechanical pain-related hypersensitivity. Weight bearing asymmetry
and cold hypersensitivity were side effects of MIA therapy that were
identical at both dosages. Pregabalin substantially decreased deep
dorsal horn evoked neuronal responses in rats treated with 2 mg MIA,
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but this effect was greatly diminished or nonexistent in animals given
with 1 mg or sham. These findings show that intra-articular 2 mg MIA
induces severe axonal damage to DRG cells, including those innervat-
ing targets outside of the knee joint, such as the skin on the back of
the paw. Studies employing this paradigm need to be interpreted with
this strong neuropathic component in mind, especially at dosages
higher than 1 mg MIA [268,269].

Conclusion

Numerous animal models of neuropathic pain have been devel-
oped because neuropathic pain has numerous etiologies. Models
based on peripheral nerve damage caused by ligation have been used
increasingly often. However, models based on transection of peripher-
al nerve branching have clear benefits and are used more frequently
today. The preferred models for SCI are excitotoxin-induced SCI and
spinal hemisection are the models of choice for understanding cen-
tral pain mechanisms. In addition, other research groups have used
the pain models caused by chemotherapeutic drugs, diabetes, HIV,
alcoholism, and others to comprehend the pathogenesis and control
the pain that has different respective etiologies in clinical settings and
that reflects in new drug discovery for neuropathic pain in humans.
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