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Abstract

Background: Synedrella nodiflora is used by traditional healers in Ghana for the management of epilepsy and pain.
The hydro-ethanolic extract of the whole plant has demonstrated antinociceptive effect in various animal models of
pain. This study investigated the potential benefit of the hydro-ethanolic extract in a rat model of paclitaxel-induced
neuropathic pain.

Methods: Neuropathy was induced in rats by a continuous intraperitoneal administration of paclitaxel (2 mg/kg) for
5 days. Baseline latencies to thermal pain were recorded before the first injection of paclitaxel and during the 5 day

induction period. Following the induction, the rats in designated treatment group were treated with the hydro-etha-
nolic extract (100, 300 and 1000 mg/kg, p.o) or pregabalin (10, 30 and 100 mg/kg) or vehicle (distilled water) and their

responses to thermal hyperalgesia measured every 30 for a total period of 3 h.

Results: There was a significant difference between the baseline reaction latency and what was observed on the
5th day of the induction of neuropathy. Two days after the induction of neuropathy, the extract and pregabalin signifi-
cantly and dose-dependently produced antinociceptive effect during the 3-h test period.

Conclusion: The hydro-ethanolic extract of the whole plant of Synedrella nodiflora possess analgesic effect in

paclitaxel-induced neuropathy in rats.
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Background

Chemotherapy-induced peripheral neuropathy (CIPN) is
a disabling adverse reaction of quite a number of com-
monly used anticancer agents such as paclitaxel, vin-
cristine and cisplatin [1, 2]. The incidence and severity
of paclitaxel-induced neuropathy is associated with
increasing cumulative doses of paclitaxel [3, 4]. Pacli-
taxel, a derivative of the Pacific yew tree (Taxus brevi-
folia), is usually used in the treatment of cancers of the
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cervix, breasts, lungs, head and neck [4, 5]. Peripheral
sensory neuropathy involving numbness and tingling in
the extremities, often accompanied by burning pain is a
common side effect associated with the use of paclitaxel
[6—8]. Treatment of CIPN is often difficult and it has
been estimated that only 40-60% of patients receiving
therapy with conventional treatments including opioid
analgesics, anticonvulsants and tricyclic antidepressants
achieve partial relief [9, 10]. Optimized treatment regi-
men in most patients with complicated neuropathic pain
conditions includes a combination of analgesics from
multiple drug classes to address multiple pain mecha-
nisms and this presents with a myriad of unwanted side
effects.
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In developing countries and some developed countries,
the use of plants and plant-based therapies are gradually
becoming the alternative sources of medicines for ortho-
dox drug-resistant diseases. These agents are usually the
only remedy in areas where access to primary health care
is difficult or expensive. Several plants and isolated com-
pounds being tested against paclitaxel-induced neuro-
pathic pain have proven useful with alternate drugs being
developed [11-15].

Synedrella nodiflora (L.) Gaertn (family Asteraceae) is
a common tropical weed which grows along the banks
of rivers and often under shades of trees [16]. In Ghana,
traditional healers boil the whole plant and the aque-
ous extract drunk for the treatment of epilepsy and pain
[16]. The hydro-ethanolic extract of the whole plant has
demonstrated anticonvulsant, sedative, in vitro antioxi-
dant and free radical scavenging properties, and anti-
nociceptive properties in several murine models of acute
and chronic pain [17-20]. The present study was con-
ducted to provide additional pharmacological informa-
tion regarding the analgesic effect of the hydro-ethanolic
extract of the whole plant of Synedrella nodiflora in pain-
ful paclitaxel-induced peripheral neuropathy.

Results

Qualitative phytochemistry of SNE

Synedrella nodiflora extract contained flavonoids, tannins,
saponins, alkaloids, cardiac glycosides, coumarins, triter-
penes, sterols, anthraquinones and phenolic compounds.

Induction of neuropathy

Clinical observation of the rats during the 5-day induc-
tion of neuropathy with paclitaxel revealed the absence of
any ill-health such as alopecia, diarrhoea or weight loss.
An assessment of the reaction latencies to thermal pain
during the induction period yielded a gradual decline of
the latencies from day O to day 5. There was no significant
difference between the various designated groups during
the induction period (P = 0.9416, F¢ ;5 = 0.2821, Fig. 1a).
However there was significant decline of the paw with-
drawal latencies from day 0 to day 5 suggesting a reduced
pain threshold and an induction of peripheral neuropa-
thy by day 5 (P = 0.02; a two-way ANOVA, Fig. 1b).

Effect of SNE and pregabalin on thermal hyperalgesia

after the paclitaxel-induced neuropathy

Synedrella nodiflora extract produced an overall signifi-
cant increase in the thermal pain threshold of the SNE-
treated rats in comparison to the vehicle-treated group
of rats during the 3-h test period (P = 0.01, F3,4, = 55.28,
one-way ANOVA, Fig. 2a). The analgesic effect of SNE
was significant for dose level 300 mg/kg at 1 h and for
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Fig. 1 The effect of a daily intraperitoneal injection of paclitaxel

(2 mg/kg) on the reaction latency (s) in rats for 5 days. a A time-
course event from day 0, 1, 2, 3,4 and 5. b A comparison of reaction
latency on day 0 and day 5. Data are mean £ SEM (n = 5). **p < 0.01
and ***p < 0.001 compared to vehicle group (two-way ANOVA fol-
lowed by a Bonferroni's post-hoc test)

dose levels 100 and 1000 mg/kg at 1.5 h post-treatment.
However at 2 h post-treatment, none of the doses of SNE
produced any significant effect and at the third hour,
the 300 and 1000 mg/kg were significantly analgesic (A
two-way ANOVA, Fig. 2a). Analysis of the AUCs of SNE
demonstrates significant dose-dependent analgesic effect
(P =0.0002 F; 15 = 12.47, One-way ANOVA, Fig. 2b).
Pregabalin, on day 8, significantly increased the ther-
mal pain threshold over the 3-h test period (P < 0.0001,
F;,6 = 19.88, one-way ANOVA, Fig. 2c). The analgesic
effect was significant for dose levels 30 and 100 mg/kg,
30 min post-treatment and at 100 mg/kg, the effect was
consistently significant at all times when measured up to
the third hour. Additionally, dose level 30 mg/kg produced
significant analgesic effect on the 1.5, 2 and 3 h intervals
of the test period. A significant analgesic effect of the dose
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Fig. 2 The effect of SNE (100-1000 mg/kg, p.o) and PGB (10-100 mg/kg, p.o) on thermal hyperalgesia in paclitaxel-induced neuropathy in rats.

The left panels represent a time-course effects of SNE (a) and PGB (c) on day 8 after the induction of the neuropathy. The right panels also repre-

sent the total antinociceptive effects (calculated from the AUCs) of SNE (b) and PGB (d). Data are mean £ SEM (n = 5). *P < 0.05, **P < 0.01, and
**P < 0001 compared to vehicle group (two-way ANOVA followed by a Bonferroni's posthoc test). /P < 0.05, ''P < 0.01 and "'P < 0,001 compared
to vehicle group (one-way ANOVA followed by a Dunnett’s multiple comparison test)

level 10 mg/kg was observed at time 1.5 h post-treatment
(two-way ANOVA, Fig. 2c). The total anti-nociceptive
effect was significant and dose-dependent (P = 0.0008,
F;3 16 =9.39, one-way ANOVA, Fig. 2d).

The ED;, (mg/kg) of SNE and pregabalin was 152.1 and
13.2 respectively, thus SNE is about 11 times less potent
than pregabalin (Fig. 3).

Discussion

The study described demonstrates that a hydro-ethanolic
extract of the whole plant of Synedrella nodiflora (SNE)
possesses potent analgesic effect in a paclitaxel-induced
peripheral neuropathy in rats. This finding confirms ear-
lier reports of the analgesic effect of this extract in vari-
ous animal models of pain [17, 19].
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Fig. 3 Dose-response curves of SNE (100-1000 mg/kg, p.o) and PGB
(10-100 mg/kg, p.o) on thermal hyperalgesia 2 days-post paclitaxel-
induced neuropathy in rats (day 8)

A 5-day continuous intraperitoneal injection of pacli-
taxel into rats produced peripheral neuropathy dem-
onstrated by a fall in thermal pain threshold from day
0 to day 5 (Fig. 1). Though the exact mechanism by
which paclitaxel causes peripheral neuropathy is yet to
be elucidated, current findings suggest that paclitaxel
may produce nerve damage by disrupting the action
of microtubules needed for axonal transport [24, 25].
Paclitaxel is also known to cause swelling of mitochon-
dria in axons leading to loss of cellular functions and
subsequent alteration of intracellular calcium levels in
the axons and an initiation of apoptosis [26—29]. The
ability of the extract to ameliorate the thermal hyper-
algesia 2-days post induction of neuropathy corrobo-
rates its role in the management of paclitaxel-induced
neuropathic pain [17]. The exact mechanism by which
SNE attenuates thermal hyperalgesia in this model of
peripheral neuropathy is not known and is currently the
subject of concern for future work. However, an earlier
report suggests that SNE’s analgesic effect is centrally
mediated and may be associated with purinergic path-
ways [19]. This may serve as a starting point for the
future elucidation of the anti-neuropathic pain mecha-
nism of SNE. Another area to consider in elucidating
the mechanism of action of SNE, is to investigate the
effect of the extract on glutamatergic neurotransmission
or NMDA receptor activation [30], since this neuro-
transmitter system and its associated NMDA receptors
are implicated in paclitaxel-induced neuropathic pain
[31-34].

Qualitatively, flavonoids, tannins, saponins, alkaloids,
cardiac glycosides, coumarins, triterpenes, sterols, anth-
raquinones and phenolic compounds were detected in
SNE. Some of these classes of compounds are known to
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have analgesic properties in various models of pain [35].
Thus, the analgesic effect of SNE in neuropathy could be
attributed to the presence of these phytochemical con-
stituents. Future research can also focus on isolating and
characterizing the active principle(s) responsible for this
activity.

Pregabalin is used clinically in the pharmacologic man-
agement of CIPN and this effect has been found to exist
experimentally [36, 37]. The analgesic and anti-epileptic
actions of pregabalin are associated with its antagonistic
effect on a,~81 Ca*" channel subunit of N-type voltage
dependent calcium channels [37]. This contributes to
the reduction of excitatory neurotransmitters released,
the inhibition of synaptic transmission and other cellular
enzymatic cascade reactions that lead to pain sensation
[37, 38]. Thus, pregabalin’s potent analgesic effect in the
paclitaxel-induced neuropathy in rats as demonstrated in
this study confirms previous reports [39, 40].

Conclusion

The hydro-ethanolic extract of Synedrella nodiflora pos-
sess analgesic activity against paclitaxel-induced thermal
hyperalgesia in rats.

Methods

Drugs and chemicals

Pregabalin (Lyrica®) was purchased from Pfizer Pharma-
ceuticals, New York, USA and paclitaxel (Taxol®) from
Bristol-Myers-Squibb, New York, USA.

Plant collection and extraction

Samples of the plant were collected from the Botanical
Gardens, University of Ghana, Legon, Accra in August
2012 and the samples were identified and authenticated
at Ghana Herbarium, Department of Botany, University
of Ghana, a where a voucher specimen (PA01/UGSOP/
GH12) was kept. The hydro-ethanolic extract was pre-
pared as previously described [18]. Briefly, the samples
of the collected plant were air-dried for 7 days and pow-
dered. Two kilogram of the powder were cold-macerated
with 70% v/v of ethanol in water. The hydro-ethanolic
extract was then evaporated using a rotary evaporator
(Buchi Rotavapor® R-300, Flawil, Switzerland) under
reduced pressure to remove ethanol. The aqueous por-
tion was frozen at —20 °C and lyophilized (Bench-top
Freeze Dryer, Labfreez Instruments Co., Ltd, Beijing,
China). A 7% yield was obtained and the dried sample
(SNE) was kept in a dessicator.

Qualitative phytochemistry of SNE
Synedrella nodiflora extract was screened for the pres-
ence of flavonoids, tannins, saponins, alkaloids, cardiac
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glycosides, coumarins, triterpenes, sterols, anthraqui-
nones and phenolic compounds using standard protocols
[21].

Experimental animals and housing

Male Sprague—Dawley rats (Hsd:SD strain), weigh-
ing 150-200 g and 6-8 weeks old, were obtained from
and maintained at the Department of Animal Experi-
mentation, Noguchi Memorial Institute for Medical
Research (NMIMR), University of Ghana, Legon, where
all experimental procedures were performed. All ani-
mal procedures and techniques used in these studies
were approved by the Scientific and Technical Commit-
tee (STC) of the Noguchi Memorial Institute for Medi-
cal Research [reference number STC-6 (1) 2012-13]
and also by the Noguchi Institutional Animal Care and
Use Committee (NIACUC), College of Health Sciences,
University of Ghana with protocol number NIACUC-
2012-01-1E. The animals were housed in groups of five
in stainless steel cages (34 cm x 47 cm x 18 cm) with
soft wood shavings as bedding and maintained under
laboratory conditions (temperature 22 + 2 °C, relative
humidity 60-70%, and 12 h light-dark cycle). Addition-
ally, the animals were fed with normal commercial pellet
diet (AGRIMAT, Kumasi), and given water ad libitum. All
experiments were performed during the day between the
hours of 8:00-15:00 GMT.

Induction of peripheral neuropathy with paclitaxel

Paclitaxel-induced neuropathy in Sprague—Dawley rats
were performed as previously described [21]. Briefly, an
intraperitoneal injection of 2 mg/kg of paclitaxel was
administered to the rats daily for 5 days. Baseline meas-
urements of the reaction latency of paw withdrawals or
vocalizations indicative of pain were measured 30 min
after the injection of the paclitaxel using the hotplate test.

Extract/drug treatment of paclitaxel-induced neuropathic
pain

Two days after the induction of neuropathy with pacli-
taxel (day 8), the rats were treated with SNE (100-
1000 mg/kg, p.o), pregabalin (10-100 mg/kg, p.o) or
vehicle (distilled water). Pregabalin was used as the refer-
ence drug because it has both anticonvulsant and anal-
gesic effect in neuropathic pain. The extract also has
demonstrated similar pharmacological characteristics
being anticonvulsant and analgesic [18, 19].

Behavioural assessment of neuropathic pain

Thermal hyperalgesic test was performed in the rats after
the paclitaxel-induced neuropathy using the hotplate test
as previously described [22, 23]. Thirty minutes prior to
this test, the animals in the designated treatment groups
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received the extract (100, 300 or 1000 mg/kg, p.o) or
pregabalin (10, 30 or 100 mg/kg p.o) or distilled water
(0.01 ml/kg). Then, the animals were gently dropped onto
the hot plate (Socrel Hot-plate Model DS37; Ugo Basile,
Comerio VA, Italy) that was preheated to 55 °C and cut-
off latency of 20 s was used. Paw withdrawal latency was
recorded using a timer that was started when the ani-
mal was released onto the preheated plate and stopped
at the moment of withdrawal, shaking, or licking of the
hind paws and this time recorded as the reaction latency.
The determination was repeated every 30 min for a total
period of 3 h. Percentage maximum possible effects (%
MPE) for each animal’s response was calculated based on
the formula:

Post-drug latency — Pre-drug latency

% MPE = 100

Cut-off latency — Pre-drug latency

EDyg, values were determined for the extract and refer-
ence drug to compare their potencies.

Statistical analysis

GraphPad Prism Version 5.0 for Windows was used for
all statistical analyses and EDg, determination. A P < 0.05
was considered statistically significant in all analysis (one
or two-way ANOVA in comparison to vehicle-treated
groups and followed by an appropriate posthoc test). The
graphs were plotted using Sigma Plot for Windows Ver-
sion 11.0 (Systat Software Inc., Germany).

Abbreviations

ANOVA: analysis of variance; CIPN: chemotherapy-induced peripheral neu-
ropathy; EDs: effective dose at 50%; NIACUC: Noguchi Institutional Animal
Care and Use Committee; NMDA: N-methyl-p-aspartic acid; NMIMR: Noguchi
Memorial Institute for Medical Research; SNE: Synedrella nodiflora extract; STC:
Scientific and Technical Committee.

Authors’ contributions

PA and SA participated sufficiently in the intellectual content, conception and
design of this work. PA, SA and DOS performed the experiment. PA analysed
and provided interpretation to the results. PA drafted the initial manuscript
and SA, DOS, KKEK, IAK, JAS and BBN edited the manuscript. All authors read
and approved the final manuscript.

Author details

! Department of Pharmacology & Toxicology, School of Pharmacy, College

of Health Sciences, University of Ghana, P. O. Box LG 43, Legon, Accra, Ghana.
2 Department of Animal Experimentation, Noguchi Memorial Institute

for Medical Research, College of Health Sciences, University of Ghana, P. O Box
LG 581, Legon, Accra, Ghana. > Department of Chemistry, School of Physical
and Mathematical Sciences, College of Basic and Applied Sciences, University
of Ghana, P. O. Box LG 56, Legon, Accra, Ghana. 4 Department of Pharmacy
Practice & Clinical Pharmacy, School of Pharmacy, College of Health Sciences,
University of Ghana, P. O. Box LG 43, Legon, Accra, Ghana. > Department

of Pharmacognosy & Herbal Medicine, School of Pharmacy, College of Health
Sciences, University of Ghana, P. O. Box LG 43, Legon, Accra, Ghana.

Acknowledgements

The authors wish to show their appreciation to the technical staff of the
Department of Animal Experimentation, Noguchi Memorial Institute for Medi-
cal Research, Univeristy of Ghana, Legon, for providing the technical support



Amoateng et al. BMC Res Notes (2017) 10:226

in the laboratory work. The authors also appreciate the contributions of Ms
Diana Lamley Lamptey and Believe Ahedor, for their assistance during the
laboratory work.

Competing interests
The authors declare that they have no competing interests.

Availability of data
The datasets analysed during the current study are available from the cor-
responding author on reasonable request.

Ethics approval

All animal procedures and techniques used in these studies were approved
by the Scientific and Technical Committee (STC) of the Noguchi Memorial
Institute for Medical Research [reference number STC-6 (1) 2012-13] and
also by the Noguchi Institutional Animal Care and Use Committee (NIA-
CUQ), College of Health Sciences, University of Ghana with protocol number
NIACUC-2012-01-1E.

Funding

The research work was jointly supported by the International Foundation
for Science, Stockholm, Sweden, through a grant (# F/5191-1) to Dr. Patrick
Amoateng and School of Pharmacy, University of Ghana.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 4 November 2015 Accepted: 19 June 2017
Published online: 26 June 2017

References

1. Cavaletti G, Cavalletti E, Oggioni N, Sottani C, Minoia C, D'Incalci M,
Zucchetti M, Marmiroli P, Tredici G. Distribution of paclitaxel within the
nervous system of the rat after repeated intravenous administration. Neu-
rotoxicology. 2000;21:389-93.

2. Hershman DL, Lacchetti C, Dworkin RH, Lavoie Smith EM, Bleeker J,
Cavaletti G, Chauhan C, Gavin P, Lavino A, Lustberg MB, et al. Prevention
and management of chemotherapy-induced peripheral neuropathy in
survivors of adult cancers: American Society of Clinical Oncology Clinical
Practice Guideline. J Clin Oncol. 2014;32:1941-67.

3. Akerley W, Glantz M, Choy H, Rege V, Sambandam S, Joseph P, Yee L, Rod-
rigues B, Wingate P, Leone L. Phase | trial of weekly paclitaxel in advanced
lung cancer. J Clin Oncol. 1998;16:153-8.

4. Scripture CD, Figg WD, Sparreboom A. Peripheral neuropathy induced by
paclitaxel. recent insights and future perspectives. Cur Neuropharmacol.
2006;4:165-72.

5. Rowinsky EK, Donehower RC, Jones RJ, Tucker RW. Microtubule changes
and cytotoxicity in leukemic cell lines treated with taxol. Cancer Res.
1988;48:4093-100.

6. Lipton RB, Apfel SC, Dutcher JP, Rosenberg R, Kaplan J, Berger A, Einzig
Al, Wiernik P, Schaumburg HH. Taxol produces a predominantly sensory
neuropathy. Neurology. 1989,39:368-73.

7. Marchettini P, Lacerenza M, Mauri E, Marangoni C. Painful peripheral
neuropathies. Cur Neuropharmacol. 2006;4:175-81.

8. Wasserheit C, Frazein A, Oratz R, Sorich J, Downey A, Hochster H, Cha-
choua A, Wernz J, Zeleniuch-Jacquotte A, Blum R, et al. Phase Il trial of
paclitaxel and cisplatin in women with advanced breast cancer: an active
regimen with limiting neurotoxicity. J Clin Oncol. 1996;14:1993-9.

9. Dworkin RH, O'Connor AB, Audette J, Baron R, Gourlay GK, Haanpaa ML,
Kent JL, Krane EJ, LeBel AA, Levy RM, et al. Recommendations for the
pharmacological management of neuropathic pain: an overview and
literature update. Mayo Clin Proc. 2010;85(Suppl 3):3-14.

10. Dworkin RH, O'Connor AB, Backonja M, Farrar JT, Finnerup NB, Jensen
TS, Kalso EA, Loeser JD, Miaskowski C, Nurmikko TJ, et al. Pharmacologic
management of neuropathic pain: evidence-based recommendations.
Pain. 2007;132:237-51.

20.

22.

23.

24.

26.

27.

29.

30.

31.

32.

Page 6 of 7

. Ameyaw E, Agyei P Boampong J, Kyei S, Koranteng K. Ethanolic root

extract of Jatropha curcas L. ameliorates paclitaxel-induced neuropathic
pain in rats. Res Rev J Pharmacol. 2013;3:10-5.

. Ameyaw E, Boampong J, Kukuia K, Amoateng P, Obese E, Osei-Sarpong C,

Woode E. Effect of xylopic acid on paclitaxel-induced neuropathic pain in
rats. J Med Biomed Sci. 2013;2:6-12.

. HidakaT, ShimaT, Nagira K, leki M, Nakamura T, Aono Y, Kuraishi Y, Arai T,

Saito S. Herbal medicine Shakuyaku-kanzo-to reduces paclitaxel-induced
painful peripheral neuropathy in mice. Eur J Pain. 2009;13:22-7.

. Schréder S, Beckmann K, Franconi G, Meyer-Hamme G, Friedemann T,

Greten HJ, Rostock M, Efferth T. Can medical herbs stimulate regenera-
tion or neuroprotection and treat neuropathic pain in chemotherapy-
induced peripheral neuropathy? Evid Based Complement Altern Med.
2013;39:1-18.

. XuF, XuS,Wang L, Chen C, Zhou X, LuY, Zhang H. Antinociceptive effi-

cacy of verticinone in murine models of inflammatory pain and paclitaxel
induced neuropathic pain. Biol Pharm Bull. 2011;34:1377-82.

. Mshana NR, Abbiw DK, Addae-Mensah |, Adjanohoun E, Ahyi MRA, Enow-

Orock EG, Gbile ZO, Noamesi BK, Odei MA, Adunlami H et al. Traditional
medicine and pharmacopoeia. contribution to the revision of ethnobo-
tanical and floristic studies in Ghana. Scientific, Technical and Research
Commission of the Organization of African Unity; 2000.

. Amoateng P, Adjei S, Osei-Safo D, Ameyaw EO, Ahedor B, N'Guessan BB,

Nyarko AK. A hydro-ethanolic extract of Synedrella nodiflora (L) Gaertn
ameliorates hyperalgesia and allodynia in vincristine-induced neuro-
pathic pain in rats. J Basic Clin Physiol Pharmacol. 2015;26:383-94.

. Amoateng P, Woode E, Kombian SB. Anticonvulsant and related neurop-

harmacological effects of the whole plant extract of Synedrella nodiflora
(L) Gaertn (Asteraceae). J Pharm Bioall Sci. 2012;4:140-8.

. Woode E, Amoateng P, Ansah C, Duwiejua M. Anti-Nociceptive Effects of

an Ethanolic Extract of the Whole Plant of Synedrella nodiflora (L) Gaertn
in Mice: involvement of Adenosinergic Mechanisms. J Pharmacol Toxicol.
2009;4:17-29.

Woode E, Amoateng P, Abotsi WMK. Ethopharmacological analysis of
the effects of the whole plant extract of Synedrella nodiflora (L.) Gaertn
(Asteraceae) in murine models. Der Pharmacia Sinica. 2011;2:54-67.

. Evans WC. Trease and Evans’'pharmacognosy. London: Elsevier Health

Sciences; 2009.

Flatters SJL, Bennett GJ. Ethosuximide reverses paclitaxel- and vincristine-
induced painful peripheral neuropathy. Pain. 2004;109:150-61.

Porreca F, Mosberg H, Hurst R, Hruby VJ, Burks T. Roles of mu, delta and
kappa opioid receptors in spinal and supraspinal mediation of gastroin-
testinal transit effects and hot-plate analgesia in the mouse. J Pharmacol
Exp Ther. 1984;230:341-8.

Pourmohammadi N, Alimoradi H, Mehr SE, Hassanzadeh G, Hadian MR,
Sharifzadeh M, Bakhtiarian A, Dehpour AR. Lithium attenuates peripheral
neuropathy induced by paclitaxel in rats. Basic Clin Pharmacol Toxicol.
2012;110:231-7.

. Ballatore C, Brunden KR, Trojanowski JQ, Lee VMY, Smith AB, Huryn D.

Modulation of protein-protein interactions as a therapeutic strategy for
the treatment of neurodegenerative tauopathies. Cur Top Med Chem.
2011;11:317-30.

Rohena CC, Mooberry SL. Recent progress with microtubule stabilizers:
new compounds, binding modes and cellular activities. Nat Prod Rep.
2014;31:335-55.

Flatters SJL, Bennett GJ. Studies of peripheral sensory nerves in paclitaxel-
induced painful peripheral neuropathy: evidence for mitochondrial
dysfunction. Pain. 2006;122:245-57.

Melli G, Taiana M, Camozzi F, Triolo D, Podini P, Quattrini A, Taroni F, Lauria
G. Alpha-lipoic acid prevents mitochondrial damage and neurotoxicity in
experimental chemotherapy neuropathy. Exp Neurol. 2008;214:276-84.
Xiao WH, Zheng H, Zheng FY, Nuydens R, Meert TF, Bennett GJ. Mitochon-
drial abnormality in sensory, but not motor, axons in paclitaxel-evoked
painful peripheral neuropathy in the rat. Neuroscience. 2011;199:461-9.
Zheng H, Xiao WH, Bennett GJ. Functional deficits in peripheral nerve
mitochondria in rats with paclitaxel- and oxaliplatin-evoked painful
peripheral neuropathy. Exp Neurol. 2011;232:154-61.

Parsons CG. NMDA receptors as targets for drug action in neuropathic
pain. Eur J Pharmacol. 2001;429:71-8.

Jaggi AS, Singh N. Mechanisms in cancer-chemotherapeutic drugs-
induced peripheral neuropathy. Toxicology. 2012;291:1-9.



Amoateng et al. BMC Res Notes (2017) 10:226

33

34

35.

36.

37.

Kumar N, Laferriere A, Yu JSC, Poon T, Coderre TJ. Metabotropic glutamate
receptors (MGIuRs) regulate noxious stimulus-induced glutamate release
in spinal cord dorsal horn of rats with neuropathic and inflammatory
pain. J Neurochem. 2010;114:281-90.

Petrenko AB, Yamakura T, Baba H, Shimoji K. The role of N-methyl-p-aspar-
tate (NMDA) receptors in pain: a review. Anesth Analg. 2003;97:1108-16.
Zhang H, Yoon SY, Zhang H, Dougherty PM. Evidence that spinal astro-
cytes but not microglia contribute to the pathogenesis of Paclitaxel-
induced painful neuropathy. J Pain. 2012;13:293-303.

Borgi W, Recio M-C, Rios J, Chouchane N. Anti-inflammatory and analge-
sic activities of flavonoid and saponin fractions from Zizyphus lotus (L.)
Lam. South Afr J Bot. 2008;74:320-4.

Mangaiarkkarasi A, Rameshkannan S, Ali RM. Effect of gabapentin and
pregabalin in rat model of taxol induced neuropathic pain. J Clin Diagn
Res. 2015,9:11-4.

38.

39.

40.

Page 7 of 7

VermaV, Singh N, Singh Jaggi A. Pregabalin in neuropathic pain: evi-
dences and possible mechanisms. Cur Neuropharmacol. 2014;12:44-56.
McClelland D, Evans RM, Barkworth L, Martin DJ, Scott RH. A study com-
paring the actions of gabapentin and pregabalin on the electrophysi-
ological properties of cultured DRG neurones from neonatal rats. BMC
Pharmacol. 2004;4:14.

Takenaka M, lida H, Matsumoto S, Yamaguchi S, Yoshimura N, Miy-
amoto M. Successful treatment by adding duloxetine to pregabalin for
peripheral neuropathy induced by paclitaxel. Am J Hosp Palliat Med.
2013;30:734-6.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Analgesic effects of a hydro-ethanolic whole plant extract of Synedrella nodiflora (L.) Gaertn in paclitaxel-induced neuropathic pain in rats
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Results
	Qualitative phytochemistry of SNE
	Induction of neuropathy
	Effect of SNE and pregabalin on thermal hyperalgesia after the paclitaxel-induced neuropathy

	Discussion
	Conclusion
	Methods
	Drugs and chemicals
	Plant collection and extraction
	Qualitative phytochemistry of SNE
	Experimental animals and housing
	Induction of peripheral neuropathy with paclitaxel
	Extractdrug treatment of paclitaxel-induced neuropathic pain
	Behavioural assessment of neuropathic pain

	Statistical analysis
	Authors’ contributions
	References




