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Vincristine-induced peripheral neuropathy is a major dose limiting side effect and thus, effective
therapeutic strategy is required. In this study, the antinociceptive effect of Matricaria chamomilla (MC)
hydroalcoholic extract and morphine on vincristine-induced peripheral neuropathy model in mice has
been investigated. Experiments were performed on 60 Naval Medical Research Institute (NMRI) male
mice. Mouse subsequently received daily intraperitoneal and intravenal injections of vincristine sulfate,
saline and MC hydroalcoholic extract over 12 days, immediately following behavioral testing. For
assessment of pain, formalin test was preformed. The effects of MC, morphine and vehicle (saline) 30
min before formalin test on vincristine-induced neuropathy were evaluated. Administration of MC
before formalin injection showed significant (P < 0.05) decrease of pain responses in both phases.
Administration of vincristine produced significant (Pm < 0.05) increase in pain response in second
phase of formalin test. Injection of MC and vincristine together has shown that MC is able to decrease
the vincristine induced pain significantly (P < 0.05). Morphine decreased vincristine induced pain test
significantly (P < 0.05). In comparison, morphine has analgesic effects in the first phase and MC has
anti-inflammatory effects in the second phase of formalin test significantly (P < 0.05). These results
suggest that MC may be an alternative approach for the treatment of vincristine-induced peripheral
neuropathic pain.
Key words: Matricaria chamomilla, vincristine, antinociception, neuropathic pain.
INTRODUCTION
Painful peripheral neuropathy is one of the main side
effects induced by diverse classes of chemotherapeutic
agents, including vincristine (Namvaran et al., 2011b;
Postma et al., 1993; Quasthoff and Hartung, 2002).
Vincristine is one of the most common chemotherapeutic
drugs used to treat a wide variety of malignancies,
including leukemia and lymphoma, and prevents tumor
cell replication through alteration of cytoskeletal structure
and disorientation of microtubules (Himes et al., 1976;
Owellen et al., 1976). However, vincristine may also
induce painful peripheral neuropathy. The chief clinical
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manifestation of vincristine induced peripheral neuropathy
is disturbance in both sensory and motor function (Casey
et al., 1973; Weiden and Wright, 1972). Sensory
disturbances range from mild tingling to spontaneous
painful burning paresthesia and hypersensitivity to painful
stimuli (Forman, 1990). Vincristine-induced painful
peripheral neuropathy is the major dose-limiting side
effect and requires discontinuation of treatment, greatly
impacting on the survival of cancer patients (Sandler et
al., 1969). Moreover, the resulting symptoms, which
frequently include moderate to severe pain, can often be
disabling and cause significant loss of functional abilities
and decreased quality of life (Wolf et al., 2008).
Although it has been hypothesized that vincristine
induced neuropathic pain is due to neuronal toxicity
and/or neurological disorder (Ogawa et al., 2000; Topp et
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al., 2000), the exact mechanism responsible is still
unknown. Recently, Weng et al. (2003) suggested a state
of central sensitization develops in spinal wide dynamic
range neurons with repeated vincristine treatment that
contributes to the neuropathic pain (2003).
Unfortunately, neither prophylactic strategies nor
symptomatic treatments of this chemotherapy-induced
peripheral neuropathy (CIPN) have proven useful yet.
Aspirin, ibuprofen and celebrex are commonly prescribed
to patients to treat CIPN but show limited efficacy (Lynch
et al., 2004). Furthermore, gabapentin, lamotrigine,
nortriptyline and amitriptyline studies were disappointing
in treating CIPN (Kaley and Deangelis, 2009), and there
have been no trials of opioids in patients with CIPN.
Data concerning the effectiveness of opioids on
neuropathic pain have been controversial (Arner and
Meyerson, 1988). However, animal models (Dellemijn,
1999) and controlled patient trials (Obara et al., 2007)
suggest that µ-opioid receptor agonists are effective at
attenuating neuropathic pain. Recently, opioid analgesics
were recommended as second-line treatment that can be
considered for first-line use in certain clinical
circumstances (Eisenberg et al., 2005).
Nowadays herbal treatment including usage of
supplement and total extract is common around the
world. Increasing number of patients uses medicinal
herbs or seeks the advice of their physician regarding
their use. More than one third of Americans use herbs for
health purposes, yet patients (and physicians) often lack
accurate information about the safety and efficacy of
herbal remedies (Khayat Nouri, 2011; O'Hara et al.,
1998). Previous study have shown that Matricaria
Chamomilla could be useful in Cisplatin-induced
neurotoxicity (Namvaran et al., 2011a)
Matricaria Chamomilla (MC) is the herb that is used for
sedation, pain management, antispasmodic, anticonvulsant, anti inflammatory, antipyretic, wound healing,
and antioxidant agent in traditional medicine (Berry,
1995; Kyokong et al., 2002; Mills, 1991; Namvaran and
Khayate, 2011; Namvaran et al., 2011c; Norman, 2001;
Trease and Evans, 1982; Wong et al., 1998). MC powder
is aromatic, yellowish green in color and bitter taste. Its
essence called chamazulene is the reason of smelling.
Apigenin and Trihydroxyflavone are glycosides that
cause bitter taste. They also contain two important
flavonoids called Cyranosid and Pituitrin (Berry, 1995;
Norman, 2001; Trease and Evans, 1982). It seems that
flavonoids are important in antispasmodic effects and
main parts of essence such as bisabolol, chamazulene
and α– Bisabolol have anti-inflammatory effects (Viola et
al., 1995).
Therefore, because of synthetic and chemical drug’s
unwanted side effects, nowadays finding new analgesic
agents especially herbal drugs is popular (Coderre et al.,
1990; Ivey, 1986; Murray and Brater, 1993).
In this study, the antinociceptive effect of Matricaria
Chamomilla and morphine on the vincristine induced
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peripheral neuropathy model in mice was investigated.
MATERIALS AND METHODS
Animals
Experiments were performed on 25 to 30 g adult male Naval
Medical Research Institute (NMRI) male mice in their 8 to 9 week,
purchased from Razi Institute. Animals were acclimated to the
laboratory environment for 5 to 7 days before being used in the
study. Animals were housed 6 per cage in a temperature and
humidity controlled environment under a 12-hour light/dark cycle
(lights on at 7 am). Food and water were available ad libitum. The
National Institutes of Health guidelines for care and use of animals
and Guidelines on Ethical Standards for Investigation of
Experimental Pain in Animals were followed (Zimmermann, 1983).
All efforts were made to minimize the number of animals which
were used and their suffering degree.
The vincristine-induced peripheral neuropathy model induced by
intravenal (IV) injection was used in this experiment. Animals
subsequently received daily IV injections of either vincristine sulfate
(100 µg/kg/day), saline (0.1 ml/kg/day) MC hydroalcoholic extract
(25 mg/kg/IP), immediately following behavioral testing. The
treatment paradigm consisted of five daily injections, followed by a
2-day interval where no injections were administered, followed by
five subsequent daily injections, as described previously (Weng et
al., 2003).
Animals were divided into 6 groups randomly, the first group
received saline normal (saline group), the second group received
MC hydroalcoholic extract (25 mg/kg/IP) (MC group) (Gomaa et al.,
2003), the third group received vincristine (100 µg/kg/IV/day) (Vin
group) (Bujalska and Gumulka, 2008), the forth group received MC
hydroalcoholic extract and vincristine, fifth group received morphine
(10 mg/kg/IP 30 min before formalin test ) and sixth group received
vincristine and morphine, and then formalin test was preformed.
Formalin test
Behavioral experiments were done in a quiet, temperature
controlled (20 to 22°C) at room between 10 am and 4 pm. Formalin
test was preformed based on Dubission and Dennis method. They
were placed in observation container for 15 min to get used to the
new environment, then 20 µl of attenuated formalin (5%) was
injected in hind paw skin with insulin syringe in restrainer. After
injection, animals were returned to observation container
immediately and were viewed, the time of injected hind paw biting
and licking time were measured in 5 min interval for an hour
(Namvaran et al., 2011b; Shibata et al., 1989).
Chemicals
Formalin was purchased from Merck Company. Vincristine was
purchased from Tocris Cookson Ltd., Bristol, Avon, UK.

Administration of test agent
Vincristine (100 µg/kg) was administered intravenously via tail vein.
Formalin used in the study was administered into the hind paw via
the intradermal route. The volume was adjusted to 1 ml/kg for
intravenous and 5 ml/paw for intradermal administration. Dose
selection of each agent was based on the results of previous
studies (Aley and Levine, 2002; Joseph and Levine, 2004, 2006;
Park et al., 2010).
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Figure 1. Time course of paw licking and biting response to formalin injection. Comparison between MC, morphine,
vincristine and MC- vincristine, morphine-vincristine administration in formalin hind paw injection first and second
phase of pain responses. Each line represents mean ± SEM of 10 mice. *P < 0.05, versus control group.

Extracting method
A dry MC flower (Matricaria chamomilla) from Esfahan
pharmaceutical company was purchased and drenches method
was used for extraction. For this purpose, flowers were mildly
powdered. 20 g of MC powder and 200 ml of 70% ethylic alcohol
were mixed and after 48 h (container were motivated for 5 min with
12 h withdrawal time). The mixture was leached and solvent
extracted in rotary was adjusted in 70°C in medium round speed.
The caliginous fluid was spread on a window and in 50°C oven, and
after drying, the powder was gathered and was used in this
experiment (Norman and Max, 2001).

Data analysis
Group data are presented as mean ± standard error of the mean
(SEM) and are analyzed statistically using student test. Time course
data for vincristine was analyzed using one-way ANOVA followed
by Tukey’s post hoc test. The level for statistical significance was
set at a P value of < 0.05.

RESULTS
Formalin injection to hind paw after intraperitoneal
injection of normal saline induced significant (P < 0.05)
pain response in the first, second, third, fourth, fifth, sixth,
seventh and eighth 5 min in comparison with other 5 min
(Figure 1), as results show formalin induces biphasic

pain response (the first phase: 0 to 5 min and the second
phase 15 to 40 min after injection).
Intraperitoneal injection of MC, 30 min before hind paw
injection of formalin showed significant (P < 0.05)
decrease of pain responses (time of licking and biting of
injected paw), in the first phase (first 5 min) and the
second phase (third, fourth, fifth, sixth and seventh5 min)
(Figure 1).
Intraperitoneal injection of morphine, 30 min before
hind paw injection of formalin showed significant (P <
0.05) decrease of pain responses (time of licking and
biting of injected paw), in the first phase (first 5 min) and
the second phase (third, fourth, fifth, sixth and seventh 5
min) (Figure 1).
Intravenous administration of vincristine caused
significant (P < 0.05) increase in second phase of
formalin test (Figure 1).
Injection of MC and vincristine together (MC and Cis
group), before formalin test have shown that there is
significant change in the second phase of vincristine
induced pain significantly (P < 0.05). This decrease was
similar to MC group and they do not have significant
change, this means that MC could decrease vincristine
induced pain response as we have in MC group (Figure
1) Injection of morphine and vincristine together as
described in the method, before formalin test have
shown.
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that there is significant decrease in first and second
phase (P < 0.05). In comparison, morphine has analgesic
effects (first and second phase) and MC has
antiinflammatory effects in second phase of formalin test,
that is, MC has anti-inflammatory effects more than
morphine significantly (P < 0.05) (Figure 1).
DISCUSSION
Treatment with many cancer chemotherapies is limited by
their dose-related peripheral nervous system toxicity, a
small-fiber painful peripheral neuropathy. The most
frequently reported agents include many older commonly
used chemotherapeutic agents, such as platinum drugs,
taxanes, epothilones and vinca alkaloids, but also newer
agents, such as bortezomib and lenolidamide (Abrey and
Correa, 2005; Kaley and Deangelis, 2009; Stillman and
Cata, 2006; Sul and Deangelis, 2006; Wolf et al., 2008).
The choice of chemotherapeutic agent, dosing schedule,
type of cancer and presence of concomitant medical
problems all affect the incidence and severity of
chemotherapy-induced neuropathy (Cata et al., 2006;
Polomano and Bennett, 2001). Better understanding of
the underlying mechanisms is critical to allow
identification of therapeutic targets, especially if these
drugs produce their neurotoxic effects by mechanisms
different from those by which they kill tumor cells (Park et
al., 2010). Thus, although it is generally held that the
therapeutic effects of vincristine is preventing tumor cell
replication through alteration of cytoskeletal structure and
disorientation of microtubules (Himes et al., 1976;
Owellen et al., 1976), the mechanism by which they
produce painful peripheral neuropathy, a major doselimiting side effect for this class of therapeutic agents, is
not well understood (Park et al., 2010).
Results of the present study have shown that
vincristine increases the second phase of formalin pain
test responses. Formalin test has two phases; early
phase and delayed phase. It seems that early phase is
induced by C-fiber activation and peripheral stimulates.
But inflammatory reactions in peripheral tissues and
action change in dorsal root of spine are the main
reasons of delayed phase. The main reason of pain in
second phase is because of inflammatory reactions
(Sahley and Berntson, 1979; Shibata et al., 1989).
In this study, we examined if two compounds would
have an antinociceptive effect on neuropathic pain
induced by vincristine. These analgesic compounds were
selected because morphine is the reference opioid
compound, and is the most effective drug in pain
especially in formalin test for both phases, while MC
extract has antiinflammation effects.
Recently, animal models and controlled patient trials
suggest that µ-opioid receptor agonists are effective at
attenuating neuropathic pain (Dellemijn, 1999; Obara et
al., 2007). In this study, systemic morphine significantly
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decreased pain responses in both phases of formalin in
vincristine induced neuropathic test of 10 mg/kg, that is,
similar results have been published with other models of
neuropathic pain (Bulka et al., 2002; Erichsen et al.,
2005; Park et al., 2010). In contrast, another study found
opioid agonists, such as morphine (5 mg/kg, i.p.)
administered alone on 5 consecutive days, did not modify
hyperalgesia (Bujalska et al., 2009). This discrepancy
could be due to differences in study protocol and animal
model.
The results of this study have shown that MC extract
can induce analgesia in mice. Also, it shows that MC has
analgesic effects in both phases of formalin test that
indicate that MC could have central nervous system
(CNS) and local effects (Aceto et al., 1980; Murray and
Brater, 1993; Phan et al., 1973; Sahley and Berntson,
1979). Studies on laboratory animals have shown that
MC extract has antiinflammatory, antispasmodic and
antidisquiet effects that are predicted in traditional
medicine (Besson and Chaouch, 1987; Viola et al.,
1995). In other studies, scientists have shown that MC
extract has sedative and antianxiety effects (Nmecz,
2000).
MC contains apigenin, that is, a kind of flavonoid, and it
has efficacy to attach to benzodizepin receptors (Viola et
al., 1995). It can interact with histaminergic system (Miller
et al., 1996). Apigenin can control dose dependant
dermal inflammation (Gerritsen et al., 1995), and prevent
drug, stress and alcohol dependent gastric ulcer
(Szelenyi et al., 1979). In vitro studies have shown that
MC oil extract has antioxidant activities (Rekka and
Kourounakis, 1996). Main mechanism of extracts and
essences in controlling the lipids oxidative stress and
peroxidation is not well understood, but it is possible they
act in starting stage of none stratified fatty acids
(Chevalier et al., 1999; Joseph et al., 2008).
The result of the present study is same as that of the
previous study on tail flick test (Carstens and Wilson,
1993). Studies have shown that systemic administration
of MC extract could decrease the pain responses in
sacral spinal part to tail heating and chronic pain
response related to formalin test. This is almost like
morphine analgesic effects that act in sensory part of
lumbar spinal cord that is in accordance with previous
studies (Douglass and Carstens, 1997; Einspahr and
Piercey, 1980; Wheatley, 2005).
Results of the present study and previous researches
proved that MC extract has analgesic effects on
inflammatory pain (second phase) of formalin test.
Preventing in syntheses of prostaglandin and decrease of
formalin induced inflammation are suggested for MC
analgesic mechanism (McCall et al., 1996). Aley and
Levine (2002) have shown that apigenin that is extracted
from MC can decrease production of cytokines from
lipopolysaccharides in vivo and in vitro, so it can control
inflammation. Also it is possible that an analgesic effect
of MC is due to reducing inflammatory parameters

28

Afr. J. Pharm. Pharmacol.

production (Aley and Levine, 2002).
Our results showed that morphine has the ability to
decrease the first and second phase of formalin test, but
MC has antiinflammatory effects more than morphine in
the second phase. Also, MC extract has less analgesic
effects in comparison with morphine, but it was able to
control the inflammatory effects of vincristine.
Analgesic and antiinflammatory effects of MC extract is
proved in human. Results of Ramos-e-Silva et al. (2006)
have shown that MC aqueous extract could be useful for
mouth ulcer and other mouth painful ulcers without any
side effects reported. They reported that after 5 to 15 min
analgesic, effects of MC extract begin and it has 82%
remarkable and in the other 18% it has fine analgesic
activity. They found that it is useful in 97% of patients and
could improve life quality of mouth ulcer patients (Ramose-Silva et al., 2006). Burns et al. (2000) have shown that
MC essence can decrease pain during parturition in 8058
pregnant women.
Conclusion
Conclusively, systemic MC extract and morphine have an
analgesic effect on the vincristine induced peripheral
neuropathy model in mice. MC extract and morphine may
therefore offer an alternative approach to the treatment of
vincristine induced neuropathic pain states. However,
similar studies on various animal models are required to
obtain a reliable oversight of the effect of these drugs on
vincristine induced neuropathic pain in a clinical setting.
REFERENCES
Abrey LE, Correa DD (2005). Treatment-related neurotoxicity. Hematol.
Oncol. Clin. North. Am., 19: 729-738.
Aceto MD, Tripathi, BR, May HL, Jacobson AE (1980). Antinociceptive
effects of the optically purestereoisomers of nicotine. Pharmacology,
22: 302.
Aley KO, Levine JD (2002). Different peripheral mechanisms mediate
enhanced nociception in metabolic/toxic and traumatic painful
peripheral neuropathies in the rat. Neuroscience, 111: 389-397.
Arner S, Meyerson BA (1988). Lack of analgesic effect of opioids on
neuropathic and idiopathic forms of pain. Pain, 33: 11-23.
Berry M (1995). The chamomiles. Pharm. J., 254: 191-193.
Besson JM, Chaouch A (1987). Peripheral and spinal mechanisms of
nociception. Physiol. Rev., 67: 67-186.
Bujalska M, Gumulka SW (2008). Effect of cyclooxygenase and nitric
oxide synthase inhibitors on vincristine induced hyperalgesia in rats.
Pharm. Rep., 60: 735-741.
Bujalska M, Makulska-Nowak H, Gumulka SW (2009). Magnesium ions
and opioid agonists in vincristine-induced neuropathy. Pharm. Rep.,
61: 1096-1104.
Bulka A, Plesan A, Xu XJ, Wiesenfeld-Hallin Z (2002). Reduced
tolerance to the anti-hyperalgesic effect of methadone in comparison
to morphine in a rat model of mononeuropathy. Pain, 95: 103-109.
Burns E, Blamey C, Ersser SJ, Lloyd AJ, Barnetson L (2000). The use
of aromatherapy in intrapartum midwifery practice an observational
study. Complement Ther. Nurs. Midwifery, 6: 33-34.
Carstens E, Wilson C (1993). Rat tail flick reflex: magnitude
measurement of stimulus-response function, suppression by
morphine and habituation. J. Neurophysiol., 70: 630-639.
Casey EB, Jellife AM, Le Quesne PM, Millett YL (1973). Vincristine

neuropathy. Clinical and electrophysiological observations. Brain, 96:
69-86.
Cata JP, Weng HR, Lee BN, Reuben JM, Dougherty PM (2006). Clinical
and experimental findings in humans and animals with
chemotherapy-induced peripheral neuropathy. Minerva Anestesiol.,
72: 151-169.
Chevalier H, Los F, Boichut D, Bianchi M, Nutt DJ, Hajak G, Hetta J,
Hoffmann G, Crowe C (1999). Evaluation of severe insomnia in the
general population: Results of a European multinational survey. J.
Psychopharm., 13: S21-24.
Coderre TJ, Vaccarino AL, Melzack R (1990). Central nervous system
plasticity in the tonic pain response to subcutaneous formalin
injection. Brain Res., 535: 155-158.
Dellemijn P (1999). Are opioids effective in relieving neuropathic pain?
Pain, 80: 453-462.
Douglass DK, Carstens E (1997). Responses of rat sacral spinal
neurons to mechanical and noxious thermal stimulation of the tail. J.
Neurophysiol., 77: 611-620.
Einspahr FJ, Piercey MF (1980). Morphine depresses dorsal horn
neuron responses to controlled noxious and non-noxious cutaneous
stimulation. J. Pharm. Exp. Ther., 213: 456-461.
Eisenberg E, McNicol ED, Carr DB (2005). Efficacy and safety of opioid
agonists in the treatment of neuropathic pain of nonmalignant origin:
systematic review and meta-analysis of randomized controlled trials.
Jama, 293: 3043-3052.
Erichsen HK, Hao JX, Xu XJ, Blackburn-Munro G (2005). Comparative
actions of the opioid analgesics morphine, methadone and codeine in
rat models of peripheral and central neuropathic pain. Pain, 116: 347358.
Forman A (1990). Peripheral neuropathy in cancer patients: incidence,
features, and pathophysiology. Oncology, 4: 57-62.
Gerritsen ME, Carley WW, Ranges GE, Shen CP, Phan SA, Ligon GF,
Perry CA (1995). Flavonoids inhibit cytokine-induced endothelial cell
adhesion protein gene expression. Am. J. Pathol., 147: 278-292.
Gomaa A, Hashem T, Mohamed M, Ashry E (2003). Matricaria
chamomilla extract inhibits both development of morphine
dependence and expression of abstinence syndrome in rats. J.
Pharm. Sci., 92: 50-55.
Himes RH, Kersey RN, Heller-Bettinger I, Samson FE (1976). Action of
the vinca alkaloids vincristine, vinblastine, and desacetyl vinblastine
amide on microtubules in vitro. Cancer Res., 36: 3798-3802.
Ivey KJ (1986). Gastrointestinal intolerance and bleeding with nonnarcotic analgesics. Drugs, 32 Suppl., 4: 71-89.
Joseph EK, Chen X, Bogen O, Levine JD (2008). Oxaliplatin acts on
IB4-positive nociceptors to induce an oxidative stress-dependent
acute painful peripheral neuropathy. J. Pain, 9: 463-472.
Joseph EK, Levine JD (2004). Caspase signalling in neuropathic and
inflammatory pain in the rat. Eur. J. Neurosci., 20: 2896-2902.
Joseph EK, Levine JD (2006). Mitochondrial electron transport in
models of neuropathic and inflammatory pain. Pain, 121: 105-114.
Kaley TJ, Deangelis LM (2009). Therapy of chemotherapy-induced
peripheral neuropathy. Br. J. Haematol., 145: 3-14.
Khayat Nouri MH, Namvaran-Abbas-Abad A (2011). Gabaergic system
role in aqueous extract of Valeriana officinalis L. root on PTZ-induced
clonic seizure threshold in mice. Afr. J. Pharm. Pharm., 5: 1212 1217.
Kyokong O, Charuluxananan S, Muangmingsuk V, Rodanant O,
Subornsug K, Punyasang W (2002). Efficacy of chamomile-extract
spray for prevention of post-operative sore throat. J. Med. Assoc.
Thai. 85 Suppl., 1: S180-185.
Lynch JJ, Wade CL, Zhong CM, Mikusa JP, Honore P (2004).
Attenuation of mechanical allodynia by clinically utilized drugs in a rat
chemotherapy-induced neuropathic pain model. Pain, 110: 56-63.
McCall WD, Tanner KD, Levine JD (1996). Formalin induces biphasic
activity in C-fibers in the rat. Neurosci. Lett., 208: 45-48.
Miller T, Wittstock U, Lindequist U, Teuscher E (1996). Effects of some
components of the essential oil of chamomile, Chamomilla recutita,
on histamine release from rat mast cells. Planta Med., 62: 60-61.
Mills S (1991). The Essential Book of Herbal Medicine, 2nd Edition, pp.
623- 677.
Murray MD, Brater DC (1993). Renal toxicity of the nonsteroidal antiinflammatory drugs. Annu. Rev. Pharm. Toxicol., 33: 435-465.

Nouri et al.

Namvaran AAA, Kayate NMH, Gharjanie A, Tavakkoli F. (2011a). Effect
of Matricaria chamomilla Hydroalcoholic Extract on Cisplatin-induced
Neuropathy in Mice. Chinese J. Nat. Med., 9: 126-131.
Namvaran AAA, Khayate NMH (2011). Interactions between Matricaria
recutita and cisplatin on PTZ-induced seizure threshold in mice.
Feyz, 15: 188-193.
Namvaran AAA, Khayate NMH, Tavakkoli F (2011b). Effect of Salvia
officinalis Hydroalcoholic Extract on Vincristine-induced Neuropathy
in Mice. Chinese J. Nat. Med., 9: 354-358.
Namvaran AAA, Khayate NMH, Tavakkoli F (2011c). Study of Matricaria
recutita and Vincristine effects on PTZ-induced seizure threshold in
mice. Res. J. Med. Sci., 5: 247-251.
Nmecz G (2000). Herbal pharmacy: chamomile,this widely available
herb has diverse therapeutic uses, including antiphlogistic, sedative
and antimicrobial effects. U.S. Pharmacist, 23: 115-123.
Norman GB, Max W (2001). Herbal Drugs and Phytopharmaceuticals,
2nd Edition, pp. 322-325.
O'Hara M, Kiefer D, Farrell K, Kemper K (1998). A review of 12
commonly used medicinal herbs. Arch. Fam. Med., 7: 523-536.
Obara I, Makuch W, Spetea M, Schutz J, Schmidhammer H, Przewlocki
R, Przewlocka B (2007). Local peripheral antinociceptive effects of
14-O-methyloxymorphone
derivatives
in
inflammatory
and
neuropathic pain in the rat. Eur. J. Pharm., 558: 60-67.
Ogawa T, Mimura Y, Kato H, Ootsubo S, Murakoshi M (2000). The
usefulness of rabbits as an animal model for the neuropathological
assessment of neurotoxicity following the administration of vincristine.
Neurotoxicology, 21: 501-511.
Owellen RJ, Hartke CA, Dickerson RM, Hains FO (1976). Inhibition of
tubulin-microtubule polymerization by drugs of the Vinca alkaloid
class. Cancer Res., 36: 1499-1502.
Park BY, Park SH, Kim WM, Yoon MH, Lee HG (2010). Antinociceptive
Effect of Memantine and Morphine on Vincristine-induced Peripheral
Neuropathy in Rats. Korean J. Pain, 23: 179-185.
Phan DV, Doda M, Bite A, Gyorgy L (1973). Antin ociceptive activity of
nicotine. Acta Physiol. Acad. Sci. Hung, 44: 85-93.
Polomano RC, Bennett GJ (2001). Chemotherapy-evoked painful
peripheral neuropathy. Pain Med., 2: 8-14.
Postma TJ, Benard BA, Huijgens PC, Ossenkoppele GJ, Heimans JJ
(1993). Long-term effects of vincristine on the peripheral nervous
system. J. Neurooncol., 15: 23-27.
Quasthoff S, Hartung HP (2002). Chemotherapy-induced peripheral
neuropathy. J. Neurol., 249: 9-17.
Ramos-e-Silva M, Ferreira AF, Bibas R, Carneiro S (2006). Clinical
evaluation of fluid extract of Chamomilla recutita for oral aphthae. J.
Drugs Dermatol., 5: 612-617.
Rekka EA, Kourounakis PN (1996). An approach to QSAR of 16substituted pregnenolones as microsomal enzyme inducers. Eur. J.
Drug Metab. Pharmacokinet., 21: 7-11.
Sahley TL, Berntson GG (1979). Antinociceptive effects of central and
systemic administrations of nicotine in the rat. Psychopharmacology
(Berl), 65: 279-283.

29

Sandler SG, Tobin W, Henderson ES (1969). Vincristine-induced
neuropathy. A clinical study of fifty leukemic patients. Neurology, 19:
367-374.
Shibata M, Ohkubo T, Takahashi H, Inoki R (1989). Modified formalin
test: characteristic biphasic pain response. Pain, 38: 347-352.
Stillman M, Cata JP (2006). Management of chemotherapy-induced
peripheral neuropathy. Curr. Pain Headache Rep., 10: 279-287.
Sul JK, Deangelis LM (2006). Neurologic complications of cancer
chemotherapy. Semin. Oncol., 33: 324-332.
Szelenyi I, Isaac O, Thiemer K (1979). Pharmacological experiments
with compounds of chamomile. III. Experimental studies of the
ulcerprotective effect of chamomile (author's transl). Planta. Med., 35:
218-227.
Topp KS, Tanner KD, Levine JD (2000). Damage to the cytoskeleton of
large diameter sensory neurons and myelinated axons in vincristineinduced painful peripheral neuropathy in the rat. J. Comp. Neurol.,
424: 563-576.
Trease GE, Evans WC (1982). Pharmacognosy, 12th Edition. Bialliere
Tindall, London, 225: 367- 483.
Viola H, Wasowski C, Levi de Stein M, Wolfman C, Silveira R, Dajas F,
Medina JH, Paladini AC (1995). Apigenin, a component of Matricaria
recutita flowers, is a central benzodiazepine receptors-ligand with
anxiolytic effects. Planta. Med., 61: 213-216.
Weiden PL, Wright SE (1972). Vincristine neurotoxicity. N. Engl. J.
Med., 286: 1369-1370.
Weng HR, Cordella JV, Dougherty PM (2003). Changes in sensory
processing in the spinal dorsal horn accompany vincristine-induced
hyperalgesia and allodynia. Pain, 103: 131-138.
Wheatley D (2005). Medicinal plants for insomnia: a review of their
pharmacology, efficacy and tolerability. J. Psychopharm., 19: 414421.
Wolf S, Barton D, Kottschade L, Grothey A, Loprinzi C (2008).
Chemotherapy-induced peripheral neuropathy: prevention and
treatment strategies. Eur. J. Cancer, 44: 1507-1515.
Wong AH, Smith M, Boon HS (1998). Herbal remedies in psychiatric
practice. Arch. Gen. Psychiatry. 55: 1033-1044.
Zimmermann M (1983). Ethical guidelines for investigations of
experimental pain in conscious animals. Pain, 16: 109-110.

