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Abstract

Vincristine is prescribed in many neoplastic diseases such as acute lymphoblastic leukaemia, Hodgkin's disease, non-
Hodgkin's lymphomas, breast cancer, small cell lung cancer, cervical cancer, multiple myeloma. The neurotoxicity of
vincristine is severe, being a dose limiting factor that depends on the cumulative dose and the frequency of administration.
Data from clinical and preclinical studies show therapeutic potential for atypical opioid analgesics in neuropathic pain. In this
research we investigated the analgesic potential for tramadol and dextromethorphan in animal model of vincristine-induced
peripheral neuropathy. The peripheral neuropathy was induced in male Wistar rats by the daily intraperitoneal (i.p.)
administration of vincristine sulphate 0.1 mg/kg/day, 5 days followed by 2 days break and then another 5 days of vincristine.
Analgesics were given daily seven days after the vincristine treatment in the following doses: tramadol 5 mg/kg bw,
dextromethorphan 20 mg/kg bw. We tracked the evolution of allodynia and mechanical hyperalgesia under analgesic
treatment. Following the processing of experimental data, the first dose of tramadol significantly increased maximum
response time, both in the assessment of allodynia and hyperalgesia. A single dose of dextromethorphan produced a
significant inhibition of allodynia induced by vincristine (increases the time to response for paw retraction with 32.65 %, p <
0.001, vs vincristine group). Tramadol lead to the maximum anti-allodynic effect, immediately after the discontinuation of
vincristine (141.73%, p < 0.001). Tramadol showed therapeutic potential in combating neuropathic pain induced by the
administration of Vinca alkaloids.

Rezumat

Vincristina este prescrisd in numeroase bolile neoplazice precum: leucemie limfoblasticd acutd, boald Hodgkin, limfoame
non-Hodgkin, cancer mamar, cancer pulmonar cu celule mici, cancer de col uterin, mielom multiplu. Neurotoxicitatea
vincristinei este severd fiind un factor care limiteaza doza si este influentatd de doza cumulativa si de frecventa dintre
administrari. Date din studiile clinice si preclinice aratd potentialul terapeutic al analgezicelor opioide atipice in durerea
neuropati. in aceast studiu am investigat potentialul analgezic pentru tramadol si dextrometorfan in modelul experimental de
neuropatie perifericd indusa de vincristind. Neuropatia periferica a fost indusd la sobolani masculi Wistar prin administrare
zilnica intraperitoneald (i.p.) a sulfatului de vincristind 0,1 mg/kg/zi, 5 zile, o pauza de 2 zile si apoi incé 5 zile de vincristina.
Analgezicele au fost administrate zilnic la sapte zile dupa tratamentul cu vincristind in urmatoarele doze: tramadol 5 mg/kg
corp, dextrometorfan 20 mg/kg corp. Am urmarit evolutia alodiniei si hiperalgeziei mecanice in urma tratamentului cu
analgezice. In urma prelucririi datelor experimentale, prima doza de tramadol a crescut semnificativ timpul de rispuns, atat
in evaluarea alodiniei cat si a hiperalgeziei. Doar dupa administrarea unei doze unice, dextrometorfanul a produs o inhibare
semnificativd a alodiniei induse de vincristind (creste timpul de reactie al labei cu 32,65%, p < 0,001, fatd de lotul
vincristind). Tramadolul produce efect maxim anti-alodinic, imediat dupa intreruperea administrarii vincristinei (141,73%, p
< 0,001). Tramadolul prezinta potential terapeutic in combaterea durerii neuropate indusa de utilizarea alcaloizilor din Vinca
minor.
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Introduction taxanes, platinum-derived compounds, radiotherapy,
antibodies, or surgery [1]. The peripheral
neuropathy is the adverse reaction whose toxicity
limits the dose for many chemotherapeutic agents [2-

In the context of cancer, neuropathic pain may be a
late effect of treatment with Vinca alkaloids,
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6]. The mechanisms claiming chemotherapy-induced
peripheral neuropathy are diverse and depend on the
drug. Vincristine- and paclitaxel-induced painful
peripheral neuropathies are accompanied by a
reduction of intraepidermal nerve fiber (IENF)
density corresponding to the onset of mechanical
hypersensitivity [7, 8].

The available options for the management of
neuropathic pain imply multiple lines of therapy:
opioid analgesics, antidepressants, anticonvulsants,
N-methyl-D-aspartate (NMDA) receptor antagonists,
gamma-aminobutyric acid (GABA) B receptor
agonists and topical capsaicin [9].

New chemical structures are being studied for
potential analgesic effect in neuropathy [10, 11].
The animal models are an important source of in
vivo information and can be used to evaluate the
efficacy and safety of drugs and may provide
significant information for clinical use.

In this research we chose to investigate the efficacy
of two opioid analgesics with complex mechanism:
dextromethorphan (an opioid agonist and antagonist
of the NMDA receptor) and tramadol (a weak
opioid agonist and a serotonin-norepinephrine
reuptake inhibitor (SNRI)) in vincristine-induced
peripheral neuropathy.

Tramadol is suggested by most guidelines for
second-line treatment of neuropathic pain [12] and
is also a therapeutic option for the control of
neuropathic pain in patients with cancer [13]. In our
previous research administration of tramadol (5
mg/kg bw) reduced statistically significant also the
allodynia and hyperalgesia induced by paclitaxel
[14]. We also showed that tramadol and
dextromethorphan reduce the vincristine induced
thermal hyperalgesia [15].

Materials and Methods

Animals

We used adult male Wistar rats (182.3 £29.11 g, N
= 48). They were supplied by the rodent farm of the
University of Medicine and Pharmacy “Carol
Davila”. The tests were performed between 8:00
a.m. and 2:00 p.m. Before testing, all animals were
allowed to get used to the testing environment.
During this preclinical study the bioethics norms
imposed by the legislation (2010/63/UE/22.09.2010)
were followed. The experimental proceedings were
approved by the Faculty of Pharmacy, “Carol Davila”
Medicine and Pharmacy University, Bucharest,
Romania, Ethics Committee.

Rat model of vincristine-induced peripheral neuropathy
We used the vincristine-evoked peripheral neuropathic
model. After baseline responses to mechanical
stimuli of the both hind paws, rats received
intraperitoneal (i.p.) injections of vincristine sulphate
(0.1 mg/kg/day; N = 36) or saline (ImL/100g; N = 12)
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daily for 2 weeks. The vincristine was administered
daily in, 5 days followed by 2 days break and then
another 5 days of vincristine, as described by Weng
et al. [16]. With the support of the Dynamic Plantar
Aesthesiometer (Ugo Basile-Comerio, Italy) we
determined the tactile hypersensitivity (allodynia
and hyperalgesia).

Mechanical sensitivity

The tactile sensitivity was appraised by the
instrumentality of Dynamic Plantar Aesthesiometer
(Ugo Basile, Italy). The manner of work used in
this experiment is what we have extensively
outlined in the previously published article [14].
We measured the response following the
application of two mechanical stimuli 2 g/s (tactile
allodynia) and 4 g/s (mechanical hyperalgesia). For
each mechanical stimulus, three applications were
made on each posterior paw at each time point,
spaced with 3 - 5 mines one from the other. The
individual data are presented as the average of the
six records. The force and the time needed to get a
withdrawal responses are expressed, respectively,
in grams and seconds.

Protocol

Assessment of tactile allodynia and mechanical
hyperalgesia was performed right before (predrug),
after ten doses of vincristine (day 12) and after one and
seven doses of analgesics (day 15, respectively (day
21).

The four animal groups received the following:
Group C: Control group (N = 12), normal saline 0.1
mL/100g bw, i.p. on 1 - 5 and 8 - 12 days and
distilled water, 1 mL/100 g bw, p.o. on 15 - 21
days; Group V: Vincristine group (N = 12),
vincristine 0.1 mg/kg bw, i.p.on 1 - 5 and 8 - 12
days and distilled water, 1 mL/100 g bw p.o. on
15 - 21 days; Group VDMEF: Vincristine and
Dextromethorphan group (N = 12), vincristine 0.1
mg/kg bw, i.p. on 1 - 5 and 8 - 12 days and
dextromethorphan 20 mg/kg bw, p.o. on 15 - 21
days; Group VT: Vincristine and Tramadol group
(N = 12), vincristine 0.1 mg/kg bw, i.p. on 1 - 5 and
8 - 12 days and tramadol 5 mg/kg bw, p.o. on 15 -
21 days;

Statistical analysis

Data are presented as mean £ SEM of 12 animals
per group. Results were processed using GraphPad
Prism 5 software (San Diego, California, SUA,
www.graphpad.com). We established distribution
normality in the groups using the D'Agostino &
Pearson test. To compare the groups we used the
ANOVA followed by Dunnett’s (when compared to
the baseline response) or Bonferroni’s test (when
compared to control group or vincristine group).



FARMACIA, 2018, Vol. 66, 6

Results and Discussion

The mechanical response was assessed by two
parameters: time to response (s) and applied force
(g). Vincristine treatment established neuropathic
states characterized by hypersensitivities to
mechanical stimulation (allodynia — 2 g/s and
hyperalgesia — 4 g/s). The experimental results
revealed that the tactile sensitivity of the animals
treated with vincristine returned to baseline on day
22 (after 9 days since the 5 days followed by 2 days
break and then another 5 days of vincristine).

Treatment with vincristine significantly reduced the
withdrawal thresholds to mechanical allodynia
(reduces the time to response) on day 12 (13.01 +
1.19 s) compared to the control mechanical
thresholds (22.32 £ 2.22 s) (p < 0.01; Table I;
Figure 1).
Oral administration of tramadol (5 mg/kg bw) and
dextromethorphan (20 mg/kg bw) produced a
significant inhibition of mechanical allodynia
induced by vincristine (increases the time to
response for paw retraction) on day 15 compared to
vincristine group (p < 0.001; Figure 2).

Table I

Modifications in time to response and applied force during allodynia (2g/s) following vincristine and each of the
drug treatment: dextromethorphan (20 mg/kg bw) or tramadol (5 mg/kg bw)

o Behavioural tactile allodynia in response to stimulus 2 g/s
H] Basal Day 12 Day 15 Day 21
St . .
O Time Force Time Force Time (s Force Time (s Force
©) ® © | @ 9] @ 9 @
& Mean/group + 19.07 = 19.32 + 16.17+ | 1891+ | 2232+ | 19.63+ | 18.84+ | 19.29+
;o-b SEM 1.77 0.28 1.57 0.38 222 0.14 1.93 0.22
E o Procentual change vs baseline -15.21 -2.12 17.07 1.6 -1.21 -0.16
b= ANOVA test followed by Dunnett's post-test
s . ns ns ns ns ns ns
&) vs baseline (p)
S Mean/group + 20.58 + 19.53 + 13.57+ | 1812+ 13.01 + 18.43 + 17.54 + 19.44 +
= SEM 2.56 0.19 1.19 0.71 1.19 0.49 1.00 0.13
S
e Procentual change vs baseline -34.06 -7.22 -36.78 -5.63 -14.77 -0.46
:f ANOVA test followed by Dunnett's post-test " s sk s ns s
;E vs baseline (p)
5 Procentual change vs control group -18.86 -5.10 -53.83 -7.24 -13.57 -0.31
= H _
S ANOVA test followed by Bonferroni's post ns s s s ns s
test vs control group (p)
Mean/group + 19.36 = 19.16 = 1217+ | 16.06 18.56 + 19.54 + 18.98 + 19.18 +
SEM 2.56 0.18 1.83 1.19 1.47 0.26 1.80 0.31
g _ Procentual change vs baseline -37.14 -16.18 -4.31 1.98 -1.96 0,10
+ 5§ =] ANOVA test followed by Dunnett's post-test
o &5 . * ns ns ns ns ns
_g ga vs baseline (p)
23 2 Procentual change vs control group -21.93 -14.66 -21.17 0.38 -0.76 0.26
E g 21 ANOVA test followed by Bonferroni's post- ns ns ns ns ns ns
> o § test vs control group (p)
< Procentual change vs vincristine group -3.08 -8.96 32.65 7.62 12.81 0.57
ANOVA test followed by Bonferroni's post- s
ns ns ns ns ns
test vs control group (p)
Mean/group + 16.62 + 19.14 1231+ | 1594+ | 4021+ | 1898+ | 37.57+ | 19.64+
= SEM 1.82 +0.33 1.99 1.12 6.23 0.46 4.98 0.19
= Procentual change vs baseline -37,26 -16.72 104.94 -0.84 91.49 2.61
g o ANOVA test followed py Dunnett's post-test - s o ns s ns
sz vs baseline (p)
': ) Procentual change vs control group -22.05 -14.60 87.90 -2.44 92.69 2.77
= )
g ED ANOVA test followed by Bonferroni's post- ns ns s ns s ns
5 test vs control group (p)
.E Procentual change vs vincristine group -3.20 -9.50 141.73 4.8 106.26 3.07
ANOVA test followed by Bonferroni's post- s s
. ns ns ns ns
test vs paclitaxel group (p)

SEM = the standard error of the mean; ns = not significant; * = p < 0.05; ** =p <0.01; *** =p <0.001
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Tactile allodynia (2g/s)
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Figure 1.
Behavioural tactile allodynia induced with vincristine, shown as the mean of the time to response and applied
force, to mechanical stimulation 2g/s
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Figure 2.

Analgesic effect (%) of dextromethorphan (20 mg/kg bw) and tramadol (5 mg/kg bw) in the tactile allodynia
induced with vincristine. Group comparisons were performed using the One-Way analysis of variance ANOVA
followed by Bonferroni’s test in comparison to vincristine group *** p < 0.001

Vincristine produced a significant reduction in
response withdrawal thresholds to mechanical
stimulus of 4g/s (mechanical hyperalgesia), on days
12 and 15 after first drug administration compared
to the baseline and control group (Table II, Figure 3).
Vincristine-induced mechanical hyperalgesia in rats
was decreased by administration of tramadol (5 mg/
kg bw). The two parameters, the time to response
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and the force applied for paw retraction were changed
significant on day 15 (8.70 £ 1.17s; p < 0.01; 33.41 +
3.35g p < 0.001) compared to vincristine group
(Table II; Figure 4).

The treatment with dextromethorphan (5 mg/kg
bw) did not reduce the mechanical hyperalgesia
caused by vincristine (Figure 4).
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Table IT
Modifications in time to response and applied force during hyperalgesia (4 g/s) following vincristine and each of
the drug treatment: dextromethorphan (20 mg/kg bw) or tramadol (5 mg/kg bw)

Behavioural tactile hyperalgesia in response to stimulus 4 g/s
a Basal Day 12 Day 15 Day 21
2 Time Force Time Force Time Force Time Force
St
5 ©) ® 0) ® 0) ® 0) ®
= Mean/group + | 8.05 + | 32.01 + | 851 =+ | 3236 +| 806 +£|31.92 +| 837 =+ 3351 =+
a SEM 0.39 1.41 0.39 1.04 0.18 0.63 0.38 0.71
E Procentual change vs baseline 5.80 1.09 0.11 -0.28 3.99 4.69
E ANOVA test followed by Dunnett's post-test
s . ns ns ns ns ns ns
O & | vsbaseline (p)
Mean/group + | 8.34 + | 32.32 +| 649 +£|2539 +£|6.89 +£|27.16 £ | 854 +| 3412 +
E SEM 0.47 1.33 0.72 2.51 0.34 1.20 0.23 0.87
E’ Procentual change vs baseline -22.19 -21.25 -17.36 -15.76 2.35 5.83
5 ANOVA test followed by Dunnett's post-test | % % « ns ns
2 vs baseline (p)
:‘2 Procentual change vs control group -28.00 -22.34 -17.47 -15.48 -1.64 1.15
E ANOVA test followed by Bonferroni's post- | sk % « ns ns
= test vs control group (p)

+ Mean/group + | 8.50 + | 32.19 + | 6.80 £ | 2628 + | 6.87 +| 2736 + | 8.03+ 31.15 +
SEM 0.42 0.98 0.54 1.77 0.33 1.25 0.39 1.32
Procentual change vs baseline -20.01 -18.36 -19.20 -15.00 -5.47 -3.23
ANOVA test followed by Dunnett's post-test | " " "

. ns ns
= vs baseline (p)
% Procentual change vs control group -25.81 -19.45 -19.31 -14.72 -9.46 -7.94
5 E ANOVA test followed by Bonferroni's post- | ., skt " " ns ns

o =

£ 5 8 testw control group (p)

2 g 2| Procentual change vs vincristine group 2.18 2.89 -1.84 0.75 -7.82 -9.06

E E £1 ANOVA test followed by Bonferroni's post-

Ex° ns ns ns ns ns ns

S S &y testvs control group (p)

Mean/group + | 8.55 + | 33.29 + | 6,67 £ |2733 £ | 870 £ | 3341 £ |9.16 =*|34.12 =+
SEM 0.94 2.64 1.63 6.54 1.17 3.35 2.35 3.74
Procentual change vs baseline -21.96 -17.90 1.76 0.36 7.15 2.49

) ANOVA test followed by Dunnett's post-test

= . * o ns ns ns ns

g vs baseline (p)

s Procentual change vs control group -27.77 -19.00 1.64 0.64 3.16 -2.19

i ANOVA test followed by Bonferroni's post- | .

—~ ns ns ns ns

2 & | test vs control group (p)

2 2 | Procentual change vs vincristine group 0.23 3.34 19.12 16.12 4.8 -3.34

5 £ | ANOVA test followed by Bonferroni's post-

=] . ns ns o Rk ns ns

= 5o | testvs paclitaxel group (p)

SE

M = the standard error of the mean; ns = not significant; * =p < 0.05; ** =p <0.01; *** =p < 0.001

Mechanical hyperalgesia (4¢g/s)
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= Basal Day 12
Figure 3.

Behavioural mechanical hyperalgesia induced with vincristine, shown as the mean of the time to response and
applied force, to mechanical stimulation 4g/s
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Mechanical hyperalgesia
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Figure 4.

Analgesic effect (%) of dextromethorphan (20 mg/kg bw) and tramadol (5 mg/kg bw) in the mechanical
hyperalgesia induced with vincristine. Group comparisons were performed using the One-Way analysis of
variance ANOVA followed by Bonferroni’s test in comparison to vincristine group ** p < 0.01, *** p < 0.001

Up to 80% of patients receiving chemotherapy
experience  chemotherapy-induced  peripheral
neuropathic pain (CIPNP) which is a severe adverse
effect that can limit dose and choice of
chemotherapy. Mechanisms involved in CIPNP
include disruption of axonal transport, altered ion
channel and receptor activity, neuronal injury and
inflammation, oxidative stress, and mitochondrial
damage [17]. The most frequent substances causing
CIPNP are platin compounds, Vinca alkaloids,
taxanes and bortezomib. The peripheral neuropathy
of vincristine is severe, persist throughout the course of
treatment and most often reversible after cessation [18].
The purpose of our research was to study the effect
of tramadol and dextromethorphan on the
peripheral neuropathy induced by vincristine in
rats. We chose to investigate the action of two
opioid analgesics (tramadol and dextromethorphan)
recommended by the NeuPSIG 2015 guidelines in
as second line of neuropathic pain treatment [12].
Allodynia and hyperalgesia following the
administration of vincristine are highlighted by
reducing the time to response for paw retraction.
The smallest tactile sensitivity threshold for the
vincristine group is registered after 15 days, when
the parameter time to response decreases vs control
group (allodynia -53.83%, p < 0.05). The
hypersensitivities to mechanical stimulation induce
by vincristine was reversible. The mechanical
sensitivity parameters returned to baseline after 9
days since discontinuation of vincristine (Table I).
The experimental results have shown the analgesic
effect of tramadol and dextromethorphan,
expressed especially by significantly increasing the
time to response, in the assessment of allodynia
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Remarkable effects in reducing allodynia were
recorded for tramadol. Tramadol 5 mg/kg bw
presented antiallodynic effect versus vincristine
group, most intensively after a single administration
(141.73%; p < 0.001) (Table I, Figure 2).

The mechanical hyperalgesia induced by vincristine
in rats was decreased only by tramadol. The highest
analgesic effect was recorded after a single
administration, when the time to response increased
by 19.12% relative to the vincristine group (p <
0.01) (Table II, Figure 4).

The efficacy of tramadol in reducing
chemotherapy-induced neuropathy has been shown
in other experimental studies [14, 15]. These data
are consistent with results reported in literature that
show clinical efficacy of tramadol in the treatment
of acute neuropathic pain [19].

Conclusions

In conclusion, our present data provide evidence
that allodynia and hyperalgesia evoked by
vincristine might be inhibited by dextromethorphan
but utterly by tramadol.

The pharmacotherapy of neuropathic pain is open
to clinical and experimental research of new
potential drugs. Using animal models in
experimental research provides us with important
data for future investigations into the neurobiological
underpinnings of chemotherapy-induced neuropathic
pain during life.
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