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17beta estradiol ameliorates neuroinflammation 
driven neuropathic pain in 

chronic constriction injury – 
induced peripheral neuropathy in rats

AbstrAct
background. Accumulating evidence illustrates that peripheral nerve injuries ac-tivate glial components of the pe-
ripheral and central cellular circuitry which contributes to neuroinflammation and neuropathic pain. Epidemiological 
surveys suggest that for women the prevalence of pain increases with age with more frequent pain than men. Re-
cently, several studies have found that pain generation, transmission and modulation are under hormonal regulation. 
To this end, 17beta estradiol was used to investigate the modulatory actions on nociceptive thresholds in neuroin-
flammation driven neuropathic pain conditions. 
Methods. Adult female Wistar rats were divided into four groups: Ovariectomised neuropathic untreated and neuro-
pathic 17 beta estradiol treated groups. sham operated and intact control groups. 
results. In treated rats, the results validate an anti-inflammatory action of 17 beta estradiol against chronic constric-
tion injury (CCI) induced neuropathic pain by attenuat-ing complement C3 fractions and anti-neutrophil cytoplasmic 
auto-antibodies (ANCAs) intensity plasma level, an anti-nociceptive action by attenuating ipsilateral, con-trolateral 
allodynia and hyperalgesia developed in treated animals after chronic con-striction injury and at the last day of treat-
ment by increasing the tail flick latency at the last day of treatment. 
conclusions. We conclude that 17beta estradiol might exhibit beneficial effects on peripheral nerve injury conse-
quences.
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IntroductIon 

as nerves leave the spine, they will course 
through the body and are vulnerable to compres-
sion or entrapment anywhere along its course, after 
a nerve is injured in the periphery, a complex and 
finely regulated sequence of events commences to 
remove the damaged tissue and begin the repara-
tive process. injury resulting from a compressive 
force lead to local myelin damage (1) where there 
is growing evidence suggesting that damage to the 
myelin sheath is due to a disturbed schwann cell 
response in conjunction with immune cell partici-
pation (2-4) which contributes to local inflammato-

ry response that consists of a proinflammatory 
phase in which any pathogens are removed, dam-
aged cells and debris cleared, and the local homeo-
stasis restored. after this, there is a phase of resolu-
tion in which there is a local tissue repair and the 
potentially damaging effects of an excessive in-
flammatory response in both the peripheral and the 
central nervous system are dissipated which may 
contribute to the initiation and maintenance of per-
sistent pain (5). the role of peripheral immune cells 
has been highlighted in the last few studies. al-
though not found in healthy nerves, neutrophils (or 
polymorphonuclear leukocytes) are found in high 
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numbers close (< 2 mm) to the site of injury and 
participate in the very early stages following pe-
ripheral nerve injury, peaking at 24 h (6,7). there is 
rapid infiltration and transient presence of neutro-
phils after the lesion (8). therefore, peripheral im-
mune cells significantly contribute to the inflamma-
tory environment (9). Based on available evidence, 
the main elements involved in neuroinflammation 
are microglia and the infiltrating immune cells. 
there is increasing research on the association be-
tween complement activation and neuropathic pain 
(10) where an increased c3a was found to provoke
the production of inflammatory mediators, which
in turn further enhanced synthesis of the comple-
ment. thus, a feedback loop is formed between ac-
tivation of inflammatory cytokines and the comple-
ment system, leading to nerve-immune activation
(11). Peripheral nerve injuries lead to spontanoeus
pain followed by allodynia and hyperalgesia (12,
13). allodynia is a pain elicited by normally non
painfully stimuli (14), it was quantified by Von
Frey filaments, a highly sensitive test in detecting
allodynia in conditions likely to cause neuropathic
pain (15), hyperalgysia refers to a state of increased
intensity of pain sensation induced by either nox-
ious or ordinarily non-noxious stimulation of pe-
ripheral tissue (16), which was assessed using tail
flick test, a thermal hyperalgesia test (17) and a spi-
nal reflex, that subject to supraspinal influences
(18,19).

Pain complaints are commonly reported symp-
toms among women in mid life and later (20-23). 
this phenomenon suggests that ovarian hormones 
might play a role in modulating of pain. neuropath-
ic pain is one of chronic pain conditions with a pre-
dominant number of female sufferers (24, 25). For 
this reason, ovariectomised adult femelle wistar 
rats underwent cci of sciatic nerve and treated 
with 17 beta estradiol were used to investigate the 
effects of neuroinflammatory processes manifested 
in chronic pain.

MAterIAl And Methods

Animals 

this experimental study was performed in fe-
male adult Wister rats from the Pasteur institute of 
algiers. the rats were housed in plastic cages and 
were kept four weeks for adaptation at the environ-

mental conditions of the experiment room (natural 
photoperiod, humidity, temperature etc.). 

experimental design

the animals selected with the closest possible 
weights and weighing approximately 217.1 ± 6.247 
g were divided into four groups: Ovariectomized 
neuropathic untreated rats, (n = 05) which received 
subcutaneously at the dorsal region of the neck 0.1 
ml of sesam oil for seven days. Ovariectomized 
neuropathic treated rats, (n = 06) which received 
orally (1,000 mg/kg of 17beta estradiol for seven 
days). sham operated (n = 05) and intact control (n 
= 04) rats. 

One week before ovariectomy or sham opera-
tion, all rats were tested with Von Frey and tail flick 
tests successively to record the basal measure-
ments, behavioral study was repeated after ovariec-
tomy, after chronic constriction injury, at the first 
and the last day of treatment. chronic constriction 
injury was recorded at the fifth week after ovariec-
tomy. subcutaneous injections of vehicle or treat-
ment were carried out one week later. 

surgery

rats were anesthetized after an intraperitoneal 
injection of ketamine, given a drop orally of largac-
til (chlorpromazin) and an ophthalmic ointment 
was applied to the eyes of animals using a cotton 
swab to avoid increased intra-ocular pressure 
caused by ketamine for gonadectomy, chronic con-
striction injury or sham surgery. the animals were 
placed in a calm and quiet place until fully anesthe-
tized. Rates reflexes were checked by pinching the 
tip of the tail and legs with a pair of tweezers to 
ensure the immobility of animals before any sur-
gery. after every operation, the animals were con-
scious before they were transferred to the cages 
where water and food were easily accessible to the 
animal. 

depletion of ovarian hormones

complete ovariectomy (bilateral ovariectomy) 
was chosen as a common method to deplete ani-
mals of their gonadal hormones, a bilateral (left 
and right) incision after shaving the furs and cleans-
ing with 70% alcohol, including skin, muscle, and 
peritoneum were performed 2 cm below the last 
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rib, and the left and right ovaries were extirpated by 
ligation of the most proximal portion of the oviduct 
before removal. the muscle and the skin were sub-
sequently sealed. The same procedure that bilateral 
ovariectomy was carried out for the sham groups 
except for the removal of the ovaries (1).

Induction of peripheral neuropathic pain

Peripheral neuropathy was induced by chronic 
constriction injury of left sciatic nerve where about 
3-cm long blunt dissection is made into the skin
overlying the area between the gluteus and biceps
femoris muscles. the common sciatic nerve of the
hind paw was exposed at the mid-thigh level where
approximately 7 mm of nerve was freed proximal
to the sciatic trifurcation and four ligatures with a
double knot (about 1 mm spacing) of 4–0 chromic
guts (or 4–0 silk) were placed around the sciatic
nerve until a brief twitch was observed. For sham
group rats, the sciatic nerve was isolated without
ligation.

behAvIorAl MeAsureMents

von Frey test

standard esthesiometers set which contains 20 
nylon monofilaments have been used to assess me-
chanical sensitivity. the Up-and-Down Method 
was chosen to estimate mechanical paw withdrawal 
thresholds. The enabling principle of the Von Frey 
hair methodology for assessing skin sensitivity to 
crude touch is that a hair (or a plastic monofila-
ment) will exert an increasing pressure on the skin 
as it is pressed harder and harder (26), before the 
filament starts to bend. But, after bending, the ver-
tical force is constant. the force is directly propor-
tional to the stiffness, directly related to the thick-
ness of the filament and inversely proportional to 
its squared length (27,28).

Tail flick assay 

a lamp of 50° was chosen for applying a radiant 
heat in direct contact with a small surface of the 
skin to the distal (3.0 cm from the tip) of the rat’s 
tail. the time taken for the withdrawal of the tail 
was taken as “tail flick” response. This latent peri-
od was considered as the index of nociception.

statical analysis

graphs and statistical analyses were performed 
using graphPad Prism 6.01 software. the mean ( ± 
standard error of the mean) values in each compar-
ison were considered significantly different with a 
P value < 0.05.

results 

Figure1 showed a highly significant statical de-
crease when comparing ovariectomised neuropath-
ic untreated group (40.08 ± 2.788, n = 5) with sham 
operated control one (57, 42 ± 4.217, n = 5), (Un-
paired t-test, P = 0.0089). Fisher’s exact test was 
reached a highly significant statical increase in 
comparaison of ovariectomised neuropathic treated 
group (60.45 ± 13.55; n = 6) with ovariectomised 
neuropathic untreated one (42.40 ± 3.114; n = 5), 
(P = 0.0098), where no statical significat (P = 
0.1845) was noted in comparaison of ovariecto-
mised neuropathic treated group (60.45 ± 13.55 ; n 
= 6) with intact control animals (34.68 ± 6.722; n 
= 4), (Unpaired t test).

In figure 2 our data revealed an increase in an-
ti-neutrophil cytoplasmic auto-antibodies (an-
cas) intensity plasma level after chronic constric-
tion injury (95.80 ± 3.072, n = 5) when compared 
with sham operated control rats (99.20 ± 1.855, n = 
5), (Unpaired t test, P = 0.3712). after 17beta estra-
diol we assessed a decrease in that plasma level 
(96.40 ± 3.326, n = 5) in comparison with neuro-
pathic untreated group (98.20 ± 5.970, n = 5), (Un-
paired t test, P = 0.7989). The same finding was 
reached with statical significance (P = 0.0461, Fish-
er’s exact test) in comparison of intact control rats 
(89.00 ± 12.03, n = 4) with treated ones (96.40 ± 
3.326, n = 5).

In figure 3 after chronic constriction injury we 
noted a reduction in the mean of ipsilateral paw 
withdrawal thresholds (0.001541 ± 0.0006616, n = 
6), (Unpaired t test, P = 0.5889) when compared 
with sham operated control rats (0.002284 ± 
0.001156, N = 6) where the same finding was 
reached for controlateral paw withdrawal thresh-
olds (0.003518 ± 0.001414, n = 6) comparing with 
sham operation control animals (0.005883 ± 
0.003084, n = 6), (Unpaired t test, P = 0.5015).

Figure 4 showed a significant increase in the 
mean of ipsilateral paw withdrawal thresholds in 
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FIGURE 1. Variation of plasma 
level of complement C3 fractions 
after chronic constriction injury and 
after 17beta estradiol treatment, (m 
± s; **p < 0.01) 

FIGURE 2. Variation of 
anti-neutrophil cytoplasmic 
auto-antibodies (ANCAs) 
intensity plasma level after 
chronic constriction injury and 
after 17beta estradiol treat-
ment, (m ± s; *p<0.05) 

17 beta estradiol-treated rats (0.002369 ± 0.001368, 
n = 6) when compared with untreated ones 
(0.001779 ± 0.0005020, n = 6), (Fisher’s exact 
test, P = 0.0462). the values of controlateral paw 
withdrawal thresholds remains increased in treated 

animals (0.003382 ± 0.0008553 n = 6) when com-
pared with untreated ones (0.002412 ± 0.001004 n 
= 6), (Unpaired t test, P = 0.4792). 

Figure 5 shows that the time taken to react to 
heat stimulus was reduced in 17 beta estradiol treat-
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ed rats after chronic constriction injury (5.333 ± 
0.5577734, N = 06) and at the first day of treatment 
(4.500 ± 0.341565, n = 06) in comparison with ba-
sal time (7,667 ± 0.9888265, n = 06). For neuro-
pathic untreated rats the tail withdrawal time mean 
was reduced after ovariectomy (6,500 ± 1, 477611, 
n = 06) and after cci (3.333 ± 0.8432741, n = 06) 
in comparison with basal value (8.167 ± 1.327069, 
n = 06). in contrast, at the last day of treatment in 
17beta estradiol treated rats the tail flick latency 

was increased (6.667 ± 0.95, n = 06) than in neuro-
pathic untreated animals (5.333 ± 0.9545214, n = 
06).

dIscussIon

the study enabled us to reveal the major conse-
quences of peripheral nervous system damage us-
ing sciatic nerve chronic constriction injury model 
where all of the findings demonstrated that there is 
a relationship between inflammation and motor 

FIGURE 3. Ipsilateral and 
controlateral mechanical 
allodynia assessement 
after sciatic nerve chronic 
constriction injury 

FIGURE 4. Effects of 17 
beta estradiol on both hind 
paws withdrawal thresholds 
(PWT) to to mecanical 
stimulation
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component of pain and treatment with 17β-estradi-
ol is a modulator of those effects and exerted a neu-
ro-protective action.

initial peripheral nerve injuries, such as chronic 
constriction injury (cci) are often compounded by 
secondary mechanisms, including inflammation 
(28). recently, (29) demonstrated that neuroin-
flammation is originally serves to promote regener-
ation and healing after peripheral nerve injuries. 
the primary site of synthesis of plasma comple-
ment proteins is liver. extra-hepatic complement 
biosynthesis occurs in many tissues and may ac-
count for the rapid and efficient ability of the com-
plement system to initiate and propagate an inflam-
matory response (27). (28) shown endogenous 
synthesis and expression of components of the 
complement pathway in the healthy human periph-
eral nerve by serial analysis of gene expression 
(SAGE), a powerful tool of gene expression profil-
ing. mrnas encoding activating, inhibitory and 
regulatory components of the complement system 
were highly represented in the sage and their ex-
pression was confirmed by northern blot and RT-
PCR. Epithelial cells (30), fibroblasts (31), 
schwann cells (32) and macrophages (33) can syn-
thesize complement in vitro but the high expression 
level, determined by sage, supports the hypothe-
sis than schwann cells are likely the main source of 
complement mrna in the peripheral nerve trunk. 
Moreover, (34) demonstrated that c3 activate as-

trocytes and induce inflammatory signaling 
(TNF-α) and concluded that C3 and other comple-
ment proteins are likely participate in non-tradi-
tional roles as mediators of axon regeneration and 
neuronal survival/adhesion. Our result showed a 
reduction in complement plasma level after nerve 
injury which indicates that c3 is consumed, for the 
reason that a majority of the c3 protein in the hu-
man serum or plasma is in the native (or intact) 
state, however, when c3 is activated (e.g., disease, 
infection, or tissue injury), the native protein is pro-
cessed into various proteolytic cleavage products 
(‘split products’) including c3a, ic3b, c3c, c3d, 
etc (35). Our finding was supported and augmented 
by murings of studies, (28) demonstrated that tran-
section or crush injury to peripheral axons results 
in rapid activation (within 1 hour) of the comple-
ment cascade locally at the site of injury and as a 
retrograde response, in the motor nuclei and senso-
ry projections laying in the cns demonstrated (36-
40). in their study on spinal cord injury (SCI), C1q, 
factor B and c3 are increased in sciatic nerves of 
humans with traumatic nerve lesion-induced pain 
and after spinal cord injury in rodents. in sci mod-
el, the complement cascade has been shown to be 
activated after peripheral nerve injury and to play a 
role in hypersensitivity through the release of the 
anaphylatoxin peptide (c5a) by the terminal mem-
brane attack complex (Mac) complement, itself 
induced by c3 activity. in their study carried out on 

FIGURE 5. 17beta estradiol 
reduces thermal hyperalgesia 
induced after chronic constric-
tion injury in treated rats



Romanian JouRnal of neuRology – Volume XVIII, No. 3, 2019 133

sural nerve biopsy samples taken from patients 
with nonsystemic vasculitic neuropathy (NSVN) 
and microscopic polyangiitis (MPa), complement 
component c3d deposits around epineurial vessels. 
although epineurial vessels that exhibited signs of 
vasculitis, such as destruction of vessel walls ac-
companied by inflammatory cellular infiltration, 
showed some positive anti-c3d antibody staining, 
some epineurial vessels with preserved morpholo-
gy also stained positively. When these vessels were 
assessed with preserved morphology, c3d deposi-
tion was more frequently observed in patients with 
NSVN than in those with microscopic polyangii-
tis-associated neuropathy (MPan). Pain behavior 
was significantly attenuated in SNL rats treated 
with CVF as was complement activity at the ipsi-
lateral dorsal root ganglia which suggest that the 
complement pathway might be a novel target for 
the development of neuropathic pain therapeutics. 
In a modified classical chronic constriction injury 
(mcci) model, once complement is activated, cas-
cade reaction occurs rapidly leading to producing 
end products of terminal complement c5b-9 com-
plex, i.e. c5b-8 complex and Macs, making a pin-
hole in target cell membrane. Moreover, c5a-in-
duced thermal hyperalgesia. Their findings suggest 
that C5a generated in response to injury or inflam-
mation acts via macrophages to initiate an intercel-
lular signaling cascade that ultimately causes sensi-
tization of nociceptors to heat. Estrogens influence 
immune processes, where their effects on metabol-
ic improvement may be a consequence of regula-
tion of inflammation pathways. After 17-beta estra-
diol treatment, we assessed an increase in 
complement plasma level, because of complement 
component c3 plays a central role in the activation 
of complement system. Its activation is required for 
both classical and alternative complement activa-
tion pathways. the encoded preproprotein is prote-
olytically processed to generate alpha and beta sub-
units that form the mature protein, which is then 
further processed to generate numerous peptide 
products. the c3a peptide, also known as the c3a 
anaphylatoxin, modulates inflammation and pos-
sesses antimicrobial activity (10). estrogen induces 
synthesis of complement c3 in the epithelium of 
the immature rat uterus. Moreover, the uterus of the 
immature rat synthesizes and secretes complement 
component c3 in response to estradiol treatment. 

this response occurs in the uterine epithelial cells. 
Uterine luminal epithelial cells synthesized and se-
creted c3 only after e2 administration for 3 days in 
ovariectomised female rats, whereas the uteri from 
control animals did not produce c3. in contrast, the 
ectopic endometrium from control animals pro-
duced and secreted c3, and this expression was 
strongly upregulated by in vivo e2 administration. 
sciatic nerve regeneration involves several over-
lapping stages, including apoptosis and inflamma-
tion, schwann cell activation/proliferation, and 
myelin remodeling and confirmed that steroid hor-
mones, in particular 17β-estradiol, control reactive 
gliosis modifying the number of reactive astrocytes 
and reactive microglia and the expression of proin-
flammatory mediators in sciatic nerve ligation 
model. Expression of C1q subunit B (C1Q), an ini-
tiating factor of the classical complement pathway, 
was higher in males and was suppressed in both 
sexes in response to ee2 and bacterial challenge. 
Moreover, cleavage and post-translational modifi-
cation of c3, the central component of the comple-
ment could be altered by ee2 treatment in males 
(c3dg down; c3g up). in their study carried out on 
sciatic nerve ligation, it has been correlated to a 
higher neuronal survival and also to a functional 
improvement, since the neuroglobin has antioxi-
dant as well as anti-apoptotic and anti-inflammato-
ry properties. the regulation of neuroglobin ex-
pression has been identified as one of the molecular 
mechanisms that mediates estradiol in neuroin-
flammation, in particular its anti-inflammatory 
properties. Inflammation is the process by which an 
organism responds to tissue injury involving im-
mune cell recruitment. The first cells to react to 
damage of the nerve are schwann cells and resident 
immune cells such as mast cells and macrophages 
where resident mast cells degranulate releasing in-
flammatory mediators which can sensitize nocicep-
tors and also contribute to the recruitment of neu-
trophils, the first cells to infiltrate damaged tissue. 
neutrophils have been shown to invade the ipsilat-
eral dorsal root ganglion (Drg) after peripheral 
nerve injury between 7 and 14 days post-surgery 
(depending on the injury) much later than that ob-
served peripherally, and also at lower levels, an-
cas (anti-neutrophil cytoplasmic auto-antibodies) 
are a group of auto-antibodies directed against cy-
toplasmic antigens localized in neutrophils (the 
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most common type of white blood cell), where se-
rum levels of anca are used in the purposes of 
diagnosis, prognosis and in monitoring of inflam-
matory activity. Our data revealed an increase in 
ANCA intensity after nerve injury where the find-
ing was confirmed by a diversity of studies. A case 
of a 19-year-old woman with chronic inflammatory 
demyelinating polyneuropathy (ciDP) with high 
Pr3-anca positivity where they suggested that 
ciDP may accompany high Pr3-anca levels, 
which should be differentiated from axonal neurop-
athy due to vasculitis. aβ2GP I and p-ANCA levels 
may imply the danger of the occurrence of neurop-
athy in (sjogren’s syndrome) sJs patients, and they 
can be considered a biomarker that should be added 
to the panel of conventional autoantibody in sJs 
patients. Positive anti-ro antibody may imply neu-
ropathy in lupus nephritis (ln) patients and can be 
considered a biomarker that should be added to the 
panel of conventional autoantibodies in ln pa-
tients. after 17beta estradiol we revealed a reduc-
tion in ANCA intensity, our finding was supported 
by murings of studies. the patient with chronic in-
flammatory demyelinating polyneuropathy (CIDP) 
responded well to intravenous immunoglobulin 
plus oral steroid. the levels of neutrophil serine 
proteases (nsPs) and myeloperoxidase (MPO) 
were highly upregulated in the splenocytes from 
estrogen-treated mice. Peripheral nerve injuries 
and diseases often lead to pain persisting beyond 
the resolution of damage, indicating an active dis-
ease-promoting process, which may result in chron-
ic pain. this is regarded as a maladaptive mecha-
nism resulting from neuroinflammation. 
neuropathic pain manifests with a range of differ-
ent symptoms such as ongoing burning pain, 
squeezing or pressure pain, paroxysmal electric 
shock-like sensations, stabbing pain, or mechanical 
dynamic allodynia and is characterized by hyperal-
gesia. Our resuts showed a reduction in both ipsi-
lateral and controlateral paw withdrawal thresholds 
after chronic constriction injury when compared 
with those in sham operated rats which reveal a de-
velopment of ipsilateral and controlateral allodynia 
in CCI animals. The finding corroborated with nu-
merous of studies. Mechanical allodynia and func-
tional recovery of the injured paw in sciatic nerve 
chronic constriction injury (cci) model was fol-
lowed for 101 days. in carrageenan-induced mir-

ror-image pain demonstrated that the expression of 
ipsilateral D-serine was up-regulated during the 
early phase of inflammation, while contralateral 
D-serine increased during the later phase of inflam-
mation. in carrageenan-induced mirror-image pain
demonstrated that the expression of ipsilateral
D-serine was up-regulated during the early phase
of inflammation, while contralateral D-serine in-
creased during the later phase of inflammation. In
our study, 17beta estradiol exerted an ipsilateral
and controlateral anti-allodynic actions, this find-
ing extended with other results, (31) investigated
that the hippocampal TRPV1 (transient receptor
potential vanilloid 1) expression in ovariectomized
rats that received 17-β-estradiol substitution and
found that 17-β-estradiol enhanced the mechanical
allodynia of inflamed temporomandibular joint
(tMJ) induced by complete Freund’s adjuvant. in
addition, real-time Pcr and immunoblotting
demonstrated that TMJ inflammation significantly
induced hippocampal TRPV1 expression compared
with the control group but failed to induce it in the
ovariectomized rats that received no estradiol re-
placement. Moreover, estradiol potentiated tMJ
inflammation-induced hippocampal TRPV1 ex-
pression in a dose-dependent manner in the ova-
riectomized rats. (31) demonstrated that Male mice
show a gradual decrease of allodynia and a com-
plete recovery while, in females, allodynia and gli-
osis were still present four months after neuropathy
induction. Administration of 17β-estradiol was
able to significantly attenuate that difference, re-
ducing allodynia and inducing a complete recov-
ery also in female mice. Parallel to pain attenua-
tion, 17β-estradiol treated-mice showed a
functional improvement of the injured limb, a
faster regenerative process of the peripheral nerve
and a decreased neuropathy-induced gliosis. their
results indicated beneficial effects of 17β-estradi-
ol on neuropathic pain and neuronal regeneration
and focuses on the importance of considering go-
nadal hormones also in clinical studies. in Fibro-
myalgia (FM): a musculoskeletal chronic pain syn-
drome, the absence of ovarian hormones (in OVX
rats) increased muscle nociception. 17β-estradiol
produced anti-hyperalgesic and anti-allodynic ef-
fects 24h, but not 8h, after its administration, sug-
gesting a genomic mechanism. the results support-
ed the validity of the reserpine-induced FM model
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for searching alternatives of treatment, particularly 
during endocrine phases when pain is exacerbated 
such as menopause, and that 17β-estradiol replace-
ment might be useful. 

In hyperalgesia assessment and using tail flick 
test, one of the commonly accepted models for 
quantifying analgesic response in animals. Our 
data revealed a hyperalgesia development after 
ovariectomy and chronic constriction injury in neu-
rpopathic untreated rats where the same finding 
was reached after CCI and at the first day of treat-
ment in treated animals, the outcome led after 
17beta estradiol administration was attenuating hy-
peralgesia by increasing the tail flick latency in 
comparison with neuropathic (sesame oil) vehicule 
rats. OVX mice, developed mechanical hyperalge-
sia localized to the abdominal region, the hind 
limbs and at the proximal tail in a model of func-
tional abdominal pain where the estrogen reversed 
both mechanical and thermal hyperalgesia. estradi-
ol could modulate trigeminal ganglionic nav1.7 
expression to enhance hyperalgesia of inflamed 
temporomandibular joint (tMJ). Moreover, estra-
diol is anti-hyperalgesic after carrageenan adminis-
tration by increaseing paw withdrawal latencies 
(PWl) to a thermal stimulus.

sciatic nerve chosed sciatic nerve chronic liga-
tion was chosen as a chronic pain model that made 
a significant contribution in understanding the 
pathophysiological mechanisms in chronic pain, 
which is quite distinct from acute noxious pain. 
One of the most commonly employed animal mod-
el of neuropathic pain. the model produces unilat-
eral peripheral mononeuropathy, and it has been 
observed that symptoms in this rat model corre-
spond to causalgia or complex regional pain syn-
drome in patients. it induces allodynia and hyperal-
gesia in rodents and other symptoms which are 
similar to those of neuropathic pain in humans.

in terms of limitations accompanying diseases, 
malingering and placebo effects were not be taken.

More work is needed for determination of the 
most predictive animal models, removal of user 
bias and introduction of more complex outcome 
measures in behavioral tests. it is important to state 
that in pain research the problem is even more pro-
nounced due to the subjective nature of painful ex-
perience. Only humans have the ability to express 
and describe the emotional aspect of a painful ex-
perience. 

conclusIons

in conclusion, chronic constriction injury (cci) 
animal model is more suitable for the long-term ob-
servation and research of peripheral nerve inju-
ry-induced neuropathic peripheral pain (nPP). in 
this study, CCI induced a significant increase in ex-
pression of complement c3, ancas (anti-neutro-
phil cytoplasmic auto-antibodies) and was consist-
ent with the occurrence of hypersensivity. 
administration of 17 beta estradiol reversed the 
inflammatory reactions involved in the formation 
of hypersensivity induced by cci. 
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