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Pharmacological modulation of TRPV1 receptor is a promising way of producing analgesia in
neuropathic pain models. in the present study we investigated the effect of Tamoxifen, PCK inhibitor ,on
thermal hyperalgesia in rats after sciatic nerve injury induced by vincristine. Vincristine administration
decreased the withdrawal latencies assessed by tail immersion and hot plate tests ,also it increased the
level of inflammatory mediators , spinal NO and serum TNFa levels. Tamoxifen ,administered orally
every 2 days one hour before vincristine injection till 7 times, resulted in the increase in withdrawal
latencies compared to that of vincristine, also showed a decrease in spinal NO and serum TNFa levels.
these findings suggested that TRPV1 receptor has a potential role in vincristine induced painful
neuropathy and open the door for tamoxifen to be used as secondary analgesic in painful neuropathies.

INTRODUCTION

Those agents that have a pain-relieving property as a
secondary nature of their clinical effects are called secondary
analgesics . They can be used as analgesic agents solely in
treatment of various types of pain states (Shiton, 1997).

Persons treated for cancer have a common syndrome
known as neuropathic pain. Its underlying mechanisms are
poorly understood. so, treatment isn't often adequate, and patients
suffer so much. “pain initiated or caused by a primary lesion or
dysfunction in the nervous system” (Portenoy, 2000) is a simple
definition of neuropathic pain. One of the most common
chemotherapeutic drugs used to treat various types of
malignancies is vincristine (Sandler et al., 1969; Postma et al.,
1993). Its major dose-limiting side effect is neurotoxicity that
requires discontinuation of treatment and thus greatly affects the
survival of cancer patients (Sandler et al., 1969; Weiden and
Wright, 1972; Casey et al., 1973).

A promising way of producing analgesia at the level of
the primary sensory neuron is the pharmacological modulation
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of the nociceptor function remains .There are a continuously
increasing experimental evidences demonstrate that the transient
receptor potential vanilloid-1 (TRPV1) receptor is a central
molecular integrator of a variety of noxious stimuli and has a
central function in the transmission of nociceptive information. It is
a nonselective cation channel with significant permeability to
calcium, protons, and large polyvalent cations. It is the most
polymodal TRP channel, it is activated by many stimuli, including
heat, vanilloids, voltage, lipids, and protons/cations (Holzer P
2008).

A new strategy in neuropathic pain relief is the
Pharmacological modulation of TRPV1 represents. by silencing
receptors where pain is generated TRPV1 antagonists relief  pain
rather than stopping the propagation of pain, as many traditional
pain killers do (Van abel etal., 2005; Meyr et al.2006).

At the Subcellular level, TRPV1 is sequestered in
intracellular compartments where it exist in a homomeric complex,
probably as a tetramer (Garcia-sanz et al, 2004). When depolarized,
neurons begin trafficking TRPV1 to the membrane where this
receptor is activated by its agonists, desensitized and then recycled
to the intracellular compartments (Morenilla-palao et al, 2004).
Generally phosphorylation by protein kinases, protein kinase A
(PKA) and protein kinase C (PKC), are vital for both sensitization
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and re-sensitization of TRPV1 involve (Mohapatra and Nau,
2005). Among the PKC isozymes, PKCe is more important
because phosphorylation at Ser800 of TRPV1 by PKC contributes
to the development of inflammatory hyperalgesia (Mandadi et al,
2006). This observation identifies Ser800 as a potential therapeutic
target for compounds that block the development of hyperalgesia
by preventing TRPV1 phosphorylation by PKC.

Tamoxifen (TAM), is a mixed estrogen agonist and
antagonist, has been widely used in the treatment of advanced and
adjuvant estrogen receptor positive breast cancer because of its
antiestrogenic effects in breast tissue. Tamoxifen, has been shown
to interact with protein kinase C¢ (PKC() (Lavie et al., 1998).

Recent animal models showed that various key mediators
of neuropathic pain following peripheral nerve injury (Inoue et al.,
2007; Marchand et al., 2005; Ueda, 2006; White et al., 2005a).
Some inflammatory and immune responses in the injured
peripheral nervous system (PNS) reported to play an important
role in the development and maintenance of neuropathic pain
following peripheral nerve injury (Cui et al., 2000; Scholz and
Woolf, 2007). TNF-a plays a role in the mediation of neuropathic
pain peripherally. Clinically, chemotherapy produces peripheral
neuropathy with massive release of TNF-a in serum (Tonini,
2002) and TNF-a that is used as anticancer treatment clinically
leads to peripheral neuropathy (Drory, 1998).

Synaptic transmission in both the central and peripheral
nervous systems thought to involve nitric oxide (NO) (Garthwaite
et al.,, 1988; Kawamata and Omote, 1999; Vincent, 1994).
localization of neuronal NOS (nNOS) in the superficial dorsal
horn of the spinal cord leads to the notion that NO plays a role in
nociceptive transmission was initially (Dun et al., 1992; Saito et
al., 1994; Terenghi et al., 1993). The release of NO is required for
facilitated synaptic transmission in the spinal cord, since NOS
inhibitors reduce nociception (Coderre and Yashpal, 1994; Haley
et al.,, 1992; Malmberg and Yaksh, 1993; Moore et al., 1993;
Roche et al., 1996). Basing on these findings, it was suggested that
NO may be able to promote or reduce synaptic transmission of
nociceptive stimuli in the spinal cord.

In this study we evaluate the potential analgesic effect of
Tamoxifen through acting on TRPV1 receptor in an animal model
of VCR-induced painful peripheral neuropathy.

MATERIALS AND METHODS

Animals

Fifteen female Egyptian rats (140-160 g).Rats were
housed in groups of five under a 12-h light/dark cycle. Food and
water were available. Experiments were carried out in accordance
with NIH regulations for animal care and with the approval of the
Institutional Animal Care and Use Committee of the
University of California, San Francisco. All efforts were
made to minimize the number of animals used and their suffering.

Drugs
Vincristine-treated group: Vincristine (Vincristine Pierre
Fabrel 1 mg/ml, Boulogne, France) was diluted in normal saline

(NaCl 0.9%, Braun, Melsungen, Germany) just before
administration to give a final concentration between 50 and 100
mg/ml, depending on the animal weight and ensuring that volumes
of less than 1 ml would be injected I.P.

Tamoxifen treated group: Tamoxifen were dissolved in D.W. at
37°C.

Control groups: Injected volumes of saline (NaCl 0.9%) were
calculated according to the weight of the rat.

Experimental Procedures
Animals were classified into 3 groups

Vincristine-treated group: Vincristine was administered
I.P. every 2 days until five injections had been given 150 mg/kg
(cumulative dose: 750 mg/kg). To avoid acute effects the
injections were given after the behavioral tests were performed.
Tamoxifen treated group:, the animals will be injected with
vincristine dose (150ug/kg) ip once every
Control group: animals will be injected with volumes of normal
saline according to body weight.

Behavioral Assessment

2 days till 5 injections with Tamoxifen (1mg/kg) orally
once every 2 days one hour before each vincristine injection till 7
times. 24) Rats were habituated to handling investigator and the
testing Procedures during the week prior to the experiment.

Tail Immersion Test

The tail of the rat was immersed in cold water maintained
at noxious (4°C) temperature, until the tail was withdrawn. The
duration of immersion was recorded and a cut-off time of 15 s was
used. Immersion in a cold (4°C) water bath. Scores were
determined before the first, the third and the fifth injection and 1,
4, 8, 12, 16, 20 days after the last injection of vincristine(Necker
and Hellon,1978)

Hot-plate test

In this test, the animals were placed in a glass cylinder on
a heated metal plate maintained at 55+1°C. The latency of
nociceptive responses such as licking or shaking one of the paws
or jumping was recorded as the reaction time(Woolfre and
Macdonald(1944).

Biochemical studies

Serum were separated by centrifugation after keeping the
samples at 10°c for 30 minute and used for TNFa ELISA assay.
After blood collection the animals were killed by cervical
dislocation, spinal cord and sciatic nerve were excised. The
amounts of TNF-a in serum were measured by ELISA (R&D
Systems)( Engelmann, H. et al. (1990)) Nitric oxide in spinal cord
was determined spectrophotometrically using vanadium (I11)
reduction method (Miranada et al, 2001)

Statistical analysis
The data are expressed as means SE, significance of
differences between groups was assessed with Student’s t-test
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(comparison of two groups) or an analysis of variance (ANOVA)
where scheffe test was performed to compare between each two
means if F value was significant. Significance was adopted at
p<0.05 for interpretation of results of tests of significance.

Histology

Samples of sciatic nerve were processed and paraffin
embedded sections cut at 3-5 mm thickness on glass and charged
slides for routine hematoxylin and eosin staining method for light
microscopy examination.

RESULTS

Behavioral Examinations
Tail Immersion Test

Figure (2) showed that whatever the temperature applied
the Saline treated group did not show modification in the
withdrawal latency at anytime (p>0.05). Treatment of rats with
Vincristine (150ug/kg) resulted in a significant decrease in the
withdrawal latency compared to that of saline treated animals from
the first vincristine injection time till the last one(p<0.05).
Treatment of rats with (Vincristine (150ug/kg + Tamoxifen
1mg/kg ) resulted in first non significant increase at 3rd vincristine
injection time , but at the time of 5th injection the withdrawal
latency was as nearly as before tamoxifen administration. but at 4
day later time there was anon significant increase (p>0.05)
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Fig. 2: Mean withdrawal latency in seconds by tail immersion test among the
control (saline),vincristine(150pg/kg),and tamoxifen(1mg/kg) treated groups at
different times of assessment.

Hot plate test

Figure (3) rats treated with normal saline did not show a
significant modifications in the withdrawal latency, except a
significant Treatment of rats with (Vincristine 150ug/kg) resulted
in a significant decrease in the withdrawal latency compared to
saline treated animals from the 5" vincristine injection time till the
end of the study(p>0.05). Beginning from 12 day later there was a
significant increase in the withdrawal latency till it was as nearly
as the first injection time (p<0.05).

Difference between the beginning and the end of the
study(p=0.0001).

Treatment of rats with (vincristine (150ug/kg
+Tamoxifen 1mg/kg) resulted in a non significant increase in
latency at 3rd vincristine injection time was observed , but at 5th
injection a significant increase observed, then at 4 day later there
was a non significant increase observed
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Fig. 3: Mean withdrawal latency in seconds by tail immersion test among the
control (saline),vincristine (150pg/kg),and tamoxifen(1mg/kg) treated groups
at different times of assessment
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Serum TNF alpha
Figure (4) showed that treatment of rats with vincristine

(150pg/kg) resulted in a significant increase (p=0.000) in serum
TNFa level as compared to that of the control saline group.
Treatment of rats with (vincristine150pg/kg + Tamoxifen 1mg/kg)
resulted in significant decrease (p<0.05) in serum TNFa level as
compared to that of the (vincristine 150ug/kg) treated group.
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Fig. 4: Mean serum TNF alpha level of saline group, vincristine(150
pa/kg),and tamoxifen(1mg/kg) treated groups.

Spinal nitric oxide levels
As shown in figure (5) treatment of rats with vincristine

(150pg/kg) resulted in significant increase(p=0.013) in NO content
in hind paw tissue as compared to that of the control saline group.
Treatment of rats with (vincristine (150pg/kg + tamoxifen
1mg/kg) resulted in non significant difference(p>0.05) in NO
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content in hind paw tissue as compared to that of the (vincristine
150ug/kg) treated group.
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Fig. 5: Mean spinal NO content of saline group, vincristine(150 pg/kg),and
tamoxifen(1mg/kg) treated groups.

Histological examination

Microscopic examination of Vincristine (150ug/kg) treated rats
showed changes in sciatic nerve fibers compared to concurrent
control rats (fig.),showing degenerated and perineuronal
mononuclear cell infiltrations and extensive (+++) nerve fibers
degeneration (fig),concerning sciatic nerve fibers examination of
rats treated with (Vincristine (150ug/Kg)+ Tamoxifen (1mg/kg))
showing mild (+) ballony degeneration(fig.6

L P4 . | .
Fig. 6: (a) sciatic nerve section from normal control group showing apparently
normal nerve fibers.(b) sciatic nerve section from (Vincristine (150ug/kg)
showing extensive degeneration .(c)sciatic nerve section from (Vincristine
(150pg/kg)+ Tamoxifen (1mg/kg)) treated group showing bullony degenerated
nerve fibers.

DISCUSSION

This study describes a new model of treatment of
peripheral nociceptive neuropathy produced after toxic injury of
the peripheral nervous system by the antineoplastic agent,
vincristine. In our study we tried to investigate the potential role of
TRPV 1 receptor in vincristine induced neuropathic pain, and
consequently the role of non competitive receptor antagonist as an
analgesic of the induced pain. Tamoxifen, a synthetic anti-estrogen

has been shown to interact with protein kinase Ce (PKCg) (Lavie
etal., 1998).

Our finding revealed that tamoxifen may have an
analgesic effect on vincristine induced neuropathic pain
.behavioral studies showed that peripheral nerve injury induced by
vincristine leading to significant decrease in withdrawal latency in
both tail immersion and hot plate testes ,these findings agrees with
results of (Nicolas et al.,2003) showing that the maximum
decrease in withdrawal latency was at 3 and 5" vincristine
injection time .Tamoxifen administration resulted in a non
significant decrease in withdrawal latency at 3" and 5" vincristine
injection times.

Upregulated neuroinflammatory cytokines, during tissue
damage, are involved in the pathogenesis of neuropathic pain
syndromes (Marchand F.et al 2005). For example, the expression
of tumor-necrosis-factor-o. (TNFa) is increase in dorsal root
ganglion (DRG) neurons after nerve injury (Schafers m.et al 2003)
.our study results showed that peripheral nerve injury induced by
vincristine resulted in significant increase (p<0.05)in serum TNFa
level whereas tamoxifen treatment resulted in significant decrease
in serum TNFa level this is suggested to be due to acting on
TRPV1 receptor by inhibition of PKC and consequently inhibition
of TRPVL1. In the same way tamoxifen administration resulted in
non significant (p>0.05) in spinal nitric oxide content.

All of these findings were confirmed by histological
studies that showed that vincristine administration resulted in
extensive(+++) sciatic nerve degeneration with perineuronal
mononuclear cell infiltration whereas tamoxifen treatment resulted
in mild nerve degeneration (+)

CONCLUSION

Transient receptor potential vanilloid 1 (TRPV1) may
have a potential role in vincristine induced neuropathic pain,
consequently tamoxifen the protein kinase C inhibitor may act as a
secondary analgesic in chemotherapy induced painful neuropathy.

REFERENCES

Casey EB, Jellife AM, Le Quesne PM, Millet YL . Vincristine
neuropathy. Clinical and electrophy-siological observations. Brain.1973 ;
(96):69-86.

Coderre TJ, Yashpal k. Intracellular messengers contributing to
persistent nociception and hyperalgesia induced by L-glutamate and
substance P in the rat formalin pain model. Eur J Neurosci.1973 ;
(6):1328-34.

Cui J G, Holmin S, Mathiesen T, Meyerson B A, &
Linderoth,B. Possible role of inflammatory mediators in tactile
hypersensitivity in rat models of mononeuropathy.Pain.2000; 88(3):239-
248.

Drory VE, Lev D, Groozman GB, Gutmann M, Klausner JM.
Neurotoxicity of isolated limb perfusion with tumor necrosis factor. J
Neurol Sci.1998; (158):1-4.

Dun NJ, Dun SL, Forstermann U, Tseng LF. Nitric oxide
synthase immunoreactivity in rat spinal cord. Neurosci Lett. 1992 ;
(147):217-20.

Garcia-Sanz N, et al.. Identification of a tetramerization
domain in the C terminus of the vanilloid receptor. J. Neurosci. 2004; (24):
5307-5314

Garthwaite J, Charles SL, Chess-Williams R. Endothelium-
derived relaxing factor release on activation of NMDA receptors suggests
role as intercellular messenger in the brain. Nature. 1988; (336):385-8.



Hussain et al. / Journal of Applied Pharmaceutical Science 2 (11); 2012: 021-025 025

Haley JE, Dickenson AH, Schachter M.Electrophysiological
evidence for a role of nitric oxide in prolonged chemical nociception in the
rat. Neuropharmacology. 1992; (31):251-8.

Holzer P. The pharmacological challenge to tame the transient
receptor potential vanilloid-1 (TRPV1) nocisensor. Br J Pharmacol.2008;
(155): 1145-1162 (this issue).

Inoue K, Koizumi S, Tsuda M. The role of nucleotides in the
neuron-gliacommunication responsible for the brain functions. J.
Neurochem.2007; (102): 1447-1458.

Kawamata T, Omote K.The activation of spinal NMDA
receptors stimulates a nitric oxide/ cGMP/ glutamate release cascade in
nociceptive signaling.Anesthesiol.1999;(91):1415-24.

Lavie Y, Zhang ZC, Cao HT, Han TY, Jones RC, Liu YY,
Jarman M, Hardcastle IR, Giuliano AE, Cabot MC. Tamoxifen induces
selective membrane association of protein kinase C epsilon in MCF-7
human breast cancer cells. Int J Cancer. 1998; (77):928 932.

Malmberg AB, Yaksh TL.Spinal nitric oxide synthesis
inhibition blocks NMDA-induced thermal hyperalgesia and produces
antinociception in the formalin test in rats. Pain.1993 ; (54):291-300.

Mandadi S, et al.Increased sensitivity of desensitized TRPV1 by
PMA occurs through PKCe-mediated phosphorylation at S800.Pain.2006;
(123):106-116

Marchand F, Perretti M, McMahon SB.Role of the immune
system in chronic pain. Nat. Rev. Neurosci. 2005; (6): 521-532.

Meyer MB, et al. .The human transient receptor potential
vanilloid type 6 distal promoter contains multiple vitamin D receptor
binding sites that mediate activation by 1,25-dihydroxyvitamin D3 in
intestinal cells. Mol. Endocrinol. 2006; (20):1447-1461

Miranda KM, Espey MG, Wink DA ().A rapid, simple
spectrophotometric method for simultaneous detection of nitrate and
nitrite. Nitric Oxide. 2001 ; (5):62-71.

Mohapatra DP and Nau C. Regulation of Ca2+-dependent
desensitization in the vanilloid receptor TRPV1 by calcineurin and cAMP-
dependent protein kinase. J. Biol. Chem. 2005; (280): 13424-13432

Moore PK, Babbedge RC, Wallace P, Gaffen ZA, Hart SL.7-
Nitroindazole, an inhibitor of nitric oxide synthase, exhibits
antinociceptive activity in the mouse without increasing blood pressure. Br
J Pharmacol . 1993 ; (108): 296-7.

Morenilla-Palao C, et al. Regulated exocytosis contributes to
protein kinase C potentiation of vanilloid receptor activity. J. Biol. Chem.
2004; (279): 25665-25672

Necker R, Hellon RF.. Noxious thermal input fromthe rat tail:
modulation by descending inhibitory influences. Pain.1978;(4):231-42.

Nicolas Authierl,*, Jean-Pierre Gillet4, Joseph Fialip2, Alain
Eschalier3, Franc,ois Coudorel. A New Animal Model of Vincristine-
Induced Nociceptive Peripheral Neuropathy NeuroToxicol.2003; (24):
797-805

Portenoy R. Pain syndromes in patients with cancer and
HIV/AIDS, Russell Portenoy (ed): Con-temporary diagnosis and
management of pain in oncologic and AIDS patients, 3rd ed. Newton, Pa.
Handbooks in Healthcare2000: 49-7

Postma TJ, Benard BA, Huijgens PC, Ossenkoppele GJ,
Heimans JJ. Long term effects of vincristine on the peripheral nervous
system. J Neuro- Onocol.1993;15:23-27

Roche AK, Cook M, Wilcox GL, Kajander KC. A nitric oxide
synthesis inhibitor (L-NAME) reduces licking behavior and Fos-labeling
in the spinal cord of rats during formalin-induced inflammation.
Pain.1996; (66):331-41.

Saito S, Kidd GJ, Trapp BD, Dawson TM, Bredt DS, Wilson
DA, Traystman RJ, Snyder SH, Hanley DF. (). Rat spinal cord neurons
contain nitric oxide synthase. Neurosci.1994; (59):447-56.

Sandler SG, Tobin W, Henderson ES. Vincristine-induced
neuropathy. A clinical study of fifty leukemic patients. Neurol.1969;
(19):367-374.

Scholz J, Woolf CJ, (). The neuropathic pain triad: neurons,
immune cells and glia. Nat. Neurosci. 2007 ; (10):1361-1368.

Schfers M, Geis C, Svensson Cl, Luo ZD, Sommer C. Selective
increase of tumor necrosis factor-alpha in injured and spared myelinated
primary afferents after chronic constrictive injury of rat sciatic nerve, Eur.
J. Neurosci. 2003 ; (17): 791-804.

Shipton EA . Secondary analgesics Current Anaesthesia and
Critical Care. 1997; (8):68-76

Sousa AM, Prado WA .The dual effect of a nitric oxide donor in
nociception. Brain Res.2001; (897):9-19.

Suh YG and Oh U. Activation and activators of TRPV1 and
their pharmaceutical implication. Curr. Pharm. Des. 2005 ; (11): 2687—
2698

Terenghi G, Riveros-Moreno V, Hudson LD, Ibrahim NB,
Polak JM. Immunohistochemistry of nitric oxide synthase demonstrates
immunoreactive neurons in spinal cord and dorsal root ganglia of man and
rat. J Neurol Sci.1993; (118):34-7.

Tonini G, Santini D, Vincenzi B, Borzomati D, Dicuonzo G, La
Cesa A, Onori N, Coppola R. Oxaliplatin may induce cytokine-release
syndrome in colorectal cancer patients. J Biol Regul Homeost
Agents.2002 ; (16):105-109

Ueda H (). Molecular mechanisms of neuropathic pain-
phenotypic switch and initiation mechanisms. Pharmacol. Ther. 2006;
(109): 57-77.

Van Abel M, et al. The epithelial calcium channels TRPV5 and
TRPV6: regulation and implications for disease. Naunyn Schmiedebergs
Arch. Pharmacol. 2005 ; (371): 295-306

Vincent SR. Nitric oxide: a radical neurotransmitter in the
central nervoussystem. Prog Neurobiol.1994; (42): 129-60.

Weiden PL, Wright SE. Vincristine neurotoxicity. N Eng | J
Med.1972 ; (286):1369-1370.

White FA, Bhangoo SK, Miller RJ. Chemokines: integrators of
pain and inflammation. Nat. Rev. Drug Discov. 2005a ; (4): 834-844.

Woolfre HG, MacDonald AD. The evaluation of the analgesic
action of pethidine hydrochloride. J Pharmacol Exp The.1944; (80):300-7.

How to cite this article:

Thanaa A. El-Masry, Magda E. El Sayaad, Wafaa M. Fouda,
Potential role of Tamoxifen as a secondary analgesic for
chemotherapy- induced neuropathic pain. J App Pharm Sci. 2012;
2 (11): 021-025.




