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Abstract:

Introduction: Paclitaxel, one of the robust anticancer agents, frequently cause chemotherapy-induced
peripheral neuropathy as an adverse effect leading to dose limiting or withdrawal of the drug. Till date no
effective treatment or preventive agents for chemotherapy induced neuropathic pain has shown significant
clinical efficacy.

Aim: In this present study we evaluated the effect of Phytoestrogen compound Genistein against paclitaxel
induced neuropathic pain in wistar rats.

Materials and Methods: The animals were divided as four groups with six animals each: Group-I: control
group, Group-II: Paclitaxel only group (2 mg/kg i.p.) and Group III & IV received Genistein (10 and 20 mg/kg
po) along with Paclitaxel. Paclitaxel induced pain behaviours such as cold allodynia and thermal hyperalgesia
were assessed on Day 14 and Day 28 using tail immersion test, tail flick test and Eddy's hot plate.

Results: The present study showed a statistically significant (p<0.01) attenuation of the paclitaxel induced
decrease in latency by Genistein (20 mg/kg) in Tail flick test as well as in Eddy's hot plate compared to
Paclitaxel group by Day 28.

Conclusion: Our findings suggest the beneficial role of Genistein in the treatment of Paclitaxel induced
neuropathic pain.
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Introduction

Cancer is the second most common disease causing (vincristine), platinum-based chemotherapy

death worldwide. The International Agency for
Research on Cancer estimated about 20 million
new cancer cases in the year 2022.In other words,
around 1 in 5 people develop cancer in their
lifetime from the disease. This global survey also
predicts a 77% increase in the cancer disease
burden by 2050. [1]

Chemotherapy and radiotherapy are the lifesaving
management used in the cancer management.
However the adverse effects produced by the
cancer treatment substantially affects the quality of
life. One such neurotoxic side effect is the
Chemotherapy Induced Peripheral Neuropathy
(CIPN). Around 68% develop CIPN within one
month of chemotherapy and around 30% persist
with the disabling neuropathic pain lifelong even
after treatment with cancer chemotherapy. [2] The
chemotherapeutic classes of drugs frequently
causing CIPN includes taxanes (paclitaxel and
docetaxel), vinca alkaloid antineoplastic drugs
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(cisplatin and oxaliplatin). Paclitaxel, a cytostatic
drug, is known to cause CIPN in up to 50% of
pediatric tumor patients mandating either dosage
reduction or cessation of treatment. [3] This
Paclitaxel induced peripheral neuroinflammation
can be experimentally mimicked in animal models
for validated preclinical research which is similar
to those in human patients receiving chemotherapy.

(4]

Till date no effective treatment or preventive agents
for chemotherapy induced neuropathic pain has
shown significant clinical efficacy. The American
Association for Cancer Research suggests the drug
Duloxetine for its treatment. However, duloxetine
is proven less effective for paclitaxel induced
CIPN. [5] Genistein, a phytoestrogen as well as a
bioactive isoflavone compound, is primarily
synthesized from Genista tinctoria L. The high-
protein legume, Soybean, is the major source of
genistein. Oestrogen has been reported to have
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neuroprotective properties and to modulate pain in
peripheral neuropathic pain models. [6] The
Phytoestrogen novel compound Genistein has also
postulated to have properties such as
neuroprotection against Alzheimer’s disease. [7]
Also, various studies have been conducted to claim
the antioxidant potential of genistein. [8] However,
the therapeutic potential of genistein on
chemoneuropathic pain, such as paclitaxel-induced
pain has not been evaluated. Therefore, the aim of
the present study was to evaluate the effect of
genistein against paclitaxel induced neuropathic
pain in animal model such as wistar rats.

Materials and Methods

Animals: 30 numbers adult male albino wistar rats
weighing 160-230g were purchased from CPCSEA
approved breeders. The animals were maintained at
25 + 2°C with a 12-hour dark/light cycle and 50-
65% humidity in the departmental animal house.
They were housed in transparent cages with rice
hulls as bedding material and were provided one
week of acclimatization before beginning of the
experiments. Rats were permitted access to water
and standard rat pellet diet.

Ethical statement: Animal care and manipulations
were carried out with extreme care to minimize the
pain and discomfort to the animals according to the
guidelines of Animal Ethics Committee of the
Institute, the Committee for the Control and
Supervision of Experimentation in Animals
(CCSEA) and ARRIVE guidelines. Prior approval
from the Institute's Animal Ethics Committee was
taken before conducting the studies.

Drugs and Chemicals: Pure analytical grade
powdered form of Paclitaxel and Genistein [4',5,7-
Trihydroxyisoflavone, 5,7-Dihydroxy-3-(4-
hydroxyphenyl)-4H-1-benzopyran-4-one] were
procured from (Sigma Chemical Company, St.
Louis, USA). The solutions of paclitaxel was
dissolved in 2% DMSO and stored in a stock
solution of 1 mg/mL. Genistein was dissolved in
0.9% NaCl.

Experimental groups: The animals were divided
into four groups with a total of six animals in each
group as follows:

e Group I — Control (0.9% NaCl) (5 ml/kg, p.o.)

e Group II — Paclitaxel, 2 mg/kg i.p.

e Group III - Paclitaxel (2 mgkg ip.) +
Genistein (10 mg/kg p.o.)

e Group IV - Paclitaxel (2 mgkg ip.) +
Genistein (20 mg/kg p.o.)

Induction of Paclitaxel-Induced Neuropathic
Pain: Wistar rats in Groups II, III, and IV were
administered single intraperitoneal (i.p.) injection
of 2 mg/kg of paclitaxel on four alternate days (0,
2, 4 and 6) to give a cumulative dose of 8mg/kg.
Control animals received 0.9% NaCl (5 mlkg,
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p.o.). Along with Paclitaxel, Groups III & IV
received Genistein at doses of 10 mg/kg p.o. and 20
mg/kg p.o. once daily respectively, one hour after
the last Paclitaxel injection, for 28 days. All the
animals were tested for pain threshold using the tail
immersion test, tail flick method and Eddy’s hot
plate tests. Nociceptive pain threshold was assessed
on Day 14 and Day 28. The body weight of each of
the experimental rat was noted at the beginning as
well as at the end of the study. Also, the
experimental rats were observed every day and all
of them appeared healthy throughout the
experiments according to previous established
criteria. [9]

Assessment of Nociceptive Thresholds:

1. Tail immersion test: The test was performed
by placing the rats in separate cages such that
their tails hang out freely. The distal Scm tail
was immersed in ice-cold (4°C) water and du-
ration of time taken for withdrawal of tail from
cold water was noted. A cut of latency of 10
seconds was kept to avoid any injury. [10]

2. Tail flick test: The proximal third of the re-
strained rat was exposed to a point source of
radiant heat by tail flick analgesiometer. The
time to flick and remove the tail was noted. A
cut of latency of 15 sec was kept to avoid burn
injury. [11]

3. Eddy’s hot plate method: The animals are
placed on electronically heated hot plate which
was maintained at 55-560C. Time taken for re-
sponse such as jumping, withdrawal and lick-
ing of paws was noted. A cut of latency of 15
sec was kept to avoid any injury. [12]

Statistical Analysis: Analysis of the data was
performed using Statistical Package for the Social
Sciences (SPSS) Software version 24. Values were
expressed as the Mean + SEM, significance of
difference between groups was further evaluated by
one-way analysis of variance (ANOVA) followed
by Dunnett’s (2-sided) test. A p-value of < 0.05
was considered statistically significant.

Results

In the present study, none of the experimental rats
died during paclitaxel therapy. Paclitaxel induced
pain behaviours such as cold allodynia and thermal
hyperalgesia were assessed using tail immersion
test, tail flick test and Eddy's hot plate. In
paclitaxel-treated animals, a gradual increase in
both cold allodynia (Tail immersion test) and
Thermal hyperalgesia (Tail flick test and Eddy's hot
plate) was noted on Day 14 and maximal on Day
28 (P< 0.01) in view of a significant reduction in
reaction latency compared to the control
group {Group I).

The effect of Genistein on tail immersion test:
Genistein (20 mg/kg) + Paclitaxel (2 mg/kg)
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[Group IV] showed significant prolonged increase
in the tail flicking response duration at Day14 (p <
0.01) compared to Paclitaxel alone treated group
(Table-1). The effect of Genistein on Tail flick test
and Eddy's hot plate is presented in Tables 2&3:
Administration of Genistein (20mg/kg) with

e-ISSN: 0975-1556, p-ISSN: 2820-2643

Paclitaxel (Group IV) showed a statistically
significant attenuation of the Paclitaxel induced
decrease in latency in both tail flick test (P< 0.01).
As well as in Eddy's hot plate (p< 0.01) compared
to Paclitaxel group (Group II) at Day 28 (Tables
2& 3).

Table 1: Effect of Genistein in Tail Immersion Test

Group Day 14 Day 28

Control (0.9% NaCl) 133£19 12.8£1.5
Paclitaxel, 2 mg/kg i.p. 6.5+3.0" 8.243.1°
Paclitaxel (2 mg/kg i.p.) + Genistein (10 mg/kg p.o.) 11.01.47 11.0£2.8
Paclitaxel (2 mg/kg i.p.) + Genistein (20 mg/kg p.o.) 12.0 +£2.571 11.3£2.0

Data are expressed as mean = SEM. “P < 0.01 compared with control (0.9% NaCl) group. P < 0.05 P < 0.01

compared with Paclitaxel (2 mg/kg i.p.) group.

Table 2: Effect of Genistein in Tail Flick Test

Group Day 14 Day 28
Control (0.9% NaCl) 103+2.9 11.3+3.0
Paclitaxel, 2 mg/kg i.p. 7.0+4.4 5.7+2.2°
Paclitaxel (2 mg/kg i.p.) + Genistein (10 mg/kg p.o.) 10.3+4.3 10.7+3.1F
Paclitaxel (2 mg/kg i.p.) + Genistein (20 mg/kg p.o.) 11.7£2.4 11.7£2.217

Data are expressed as mean = SEM. “P < 0.01 compared with control (0.9% NaCl) group. P < 0.05 P < 0.01

compared with Paclitaxel (2 mg/kg i.p.) group.

Table 3: Effect of Genistein in Eddy’s Hot Plate Test

Group Day 14 Day 28
Control (0.9% NaCl) 13.0+£2.8 13.7£2.2
Paclitaxel, 2 mg/kg i.p. 9.3+4.1 7.0+2.8"
Paclitaxel (2 mg/kg i.p.) + Genistein (10 mg/kg p.o.) 13.3£2.1 12.242.7F
Paclitaxel (2 mg/kg i.p.) + Genistein (20 mg/kg p.o.) 10.8+2.5 12.8+2.5%7

Data are expressed as mean = SEM. “P < 0.01 compared with control (0.9% NaCl) group. P < 0.05 P < 0.01

compared with Paclitaxel (2 mg/kg i.p.) group.
Discussion

Dose dependent cumulative neurotoxicity of
Paclitaxel is attributed to the microtubule
aggregation in dorsal root ganglion cells, axons,
and Schwann cells. [13] As a consequence,
peripheral neuropathy is the dose limiting toxic
side effects seen in patients receiving Paclitaxel as
chemotherapy, which brings the optimal anticancer
management to a halt resulting in decreased quality
of life. Current treatment modalities with use of
anticonvulsants, antidepressants and steroids
presents with limited efficacy when used for CIPN
and the choice of therapeutic management is
unmet. [14] The precise pathomechanism
underlying  paclitaxel = mediated  peripheral
neurotoxicity is multifactorial. However, the main
mechanism which has been focused extensively is
the paclitaxel induced neuroinflammation via
alteration of neuronal microtubulin & myelin
proteins [15,16], raise in inflammatory mediators
such as TNF-o, IL-1B, IL-6, glial cells and
microglia [17-20], calcium dyshomeostasis [21,22],
increased intracellular Reactive Oxygen Species
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(ROS) [23,24] and receptors mainly TRPV-I.
[25,26] Recently, novel drug discovery in the form
of natural products especially, the novel plant
secondary metabolite, Genistein, a dictary
phytoestrogen present in soybean is on the rise for
its antioxidant properties. [27] Oxidative stress is
known to contribute to the development of
neuropathic pain and nerve damage. Increase in the
level of oxidative mediators in the peripheral
neurons induced by Paclitaxel can lead to the
activation of apoptotic disruption of the cell
structure and impaired signal transmission, which
further increase the release of inflammatory
mediators. Furthermore, Paclitaxel induced pain
was attributed to the raise in the levels of ROS in
the neurons both in vitro and in vivo. [28] In
Hypoxic-Ischaemic ~ Brain  damage induced
oxidative stress in mice, Genistein showed strong
antioxidant properties by suppressing reactive
oxygen species such as superoxide. [29] Also,
Fuloria et al highlighted the neuroprotective effect
of Genistein in brain mainly by reducing oxidative
stress in various studies involving memory
impairment models. [30] In this study the
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antinociceptive effect of Genistein was investigated
using cold allodynia and thermal hyperalgesia in
albino wistar rats. Findings from the current study
suggest that Genistein treatment effectively
mitigated the Paclitaxel induced allodynia. This is
indicative of the plausible protective mechanism of
action of Genistein from oxidative stress, thus
preventing neurons from cell death. To the best of
our knowledge, this study is the first of its kind to
demonstrate the effect of Genistein in paclitaxel-
induced neuropathy model in rat. Similar studies
have explored the potent antioxidant activity of
natural compounds in protection against paclitaxel
induced neuropathy in rats. [31] The limitation of
the present study is that histopathological and
immunohistochemical analysis to identify the
pathomechanism of action of Genistein in
attenuating paclitaxel induced neuropathic pain was
not explored. However, the phytoestrogen
Genistein is particularly promising in relieving
neuropathic pain. Understanding its role may lead
to development of novel therapeutic management
of paclitaxel induced neurotoxicity.

Conclusion

The present study concludes a beneficial effect of
Genistein by significant inhibition of paclitaxel-
induced neuropathic pain in wistar albino rat
model. As efforts to minimize the neurotoxicity
associated with paclitaxel administration is clearly
the need of the hour, further extensive research on
Genistein may provide a better answer for the
replication and translation of the results into the
clinical setting.
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