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Antiallodynic and anti-inflammatory
effects of intrathecal R-PIA in a rat
model of vincristine-induced
peripheral neuropathy

Kyungmi Kim, Wonyeong Jeong, In Gu Jun, Jong Yeon Park

Department of Anesthesiology and Pain Medicine, Asan Medical Center, University of
Ulsan College of Medicine, Seoul, Korea

Background: Studies investigating the correlation between spinal adenosine A, receptors
and vincristine-induced peripheral neuropathy (VIPN) are limited. This study explored
the role of intrathecal N6-(2-phenylisopropyl)-adenosine R-(-)isomer (R-PIA) in the rat
model of VIPN.

Methods: Vincristine (100 ug/kg) was intraperitoneally administered for 10 days (two
5-day cycles with a 2-day pause) and VIPN was induced in rats. Pain was assessed by eval-
uating mechanical hyperalgesia, mechanical dynamic allodynia, thermal hyperalgesia, cold
allodynia, and mechanical static allodynia. Biochemically, tumor necrosis factor-alpha
(TNF-a) level and myeloperoxidase (MPO) activity were measured in the tissue from be-
neath the sciatic nerve.

Results: Vincristine administration resulted in the development of cold allodynia, me-
chanical hyperalgesia, thermal hyperalgesia, mechanical dynamic allodynia, and mechani-
cal static allodynia. Intrathecally administered R-PIA (1.0 and 3.0 pg/10 pl) reversed vin-
cristine-induced neuropathic pain (cold and mechanical static allodynia). The attenuating
effect peaked 15 min after intrathecal administration of R-PIA after which it decreased
until 180 min. However, pretreatment with 1,3-dipropyl-8-cyclopentylxanthine (DPCPX,
10 pg/10 pl) 15 min before intrathecal R-PIA administration significantly attenuated the
antiallodynic effect of R-PIA. This antiallodynic effect of intrathecal R-PIA may be medi-
ated through adenosine A, receptors in the spinal cord. Intrathecally administered R-PIA
also attenuated vincristine-induced increases in TNF-a level and MPO activity. However,
pretreatment with intrathecal DPCPX significantly reversed this attenuation.
Conclusions: These results suggest that intrathecally administered R-PIA attenuates cold
and mechanical static allodynia in a rat model of VIPN, partially due to its anti-inflamma-
tory actions.

Keywords: Adenosine; DPCPX; Neuropathy; Receptor; R-PIA; Vincristine.

Introduction

Chemotherapeutic agents such as vincristine, paclitaxel, and oxaliplatin are widely used
to treat several types of malignant tumors. However, these anti-cancer agents are also as-
sociated with peripheral neuropathic pain [1]. Chemotherapy-induced neuropathic pain
is the most common side effect of cancer treatment, limiting the effectiveness of various
anti-cancer agents and eventually impacting overall survival [2]. The paresthesia and
dysesthesia induced by the vinca alkaloid vincristine occur in the early stage of vincris-

tine treatment. Vincristine-induced peripheral neuropathy (VIPN) is often resistant to
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standard analgesics in humans; therefore, rodent models of VIPN
have been developed to elucidate these pain mechanisms [3].
Pharmacological studies using these models have indicated that
the mechanisms underlying allodynia and hyperalgesia after vin-
cristine treatment are complex [4].

Adenosine is an endogenous purine compound, and it func-
tions as an extracellular signaling molecule in the peripheral and
central nervous systems [5]. Adenosine is locally released at tissue
sites in response to ischemia, trauma, and interactions with spe-
cific receptors. There exists abundant experimental data demon-
strating the role of adenosine in the modulation of nociceptive
transmission at the spinal cord level [6]. To date, four types of ad-
enosine receptors have been identified and cloned, namely A,
A,,, Ay, and A [5]. Tt is known that the antiallodynic and motor
dysfunction effects of adenosine are mediated through the activa-
tion of spinal A, and A, adenosine receptors, respectively [7]. Ac-
tivation of the adenosine A, receptor has been shown to reduce al-
lodynia in neuropathic pain animal models [7,8]. After spinal
nerve ligation, intrathecal administration of adenosine A, recep-
tor agonists, including the R-(-) isomer of N6-(2-phenylisopro-
pyl)-adenosine (R-PIA), is known to exert an antiallodynic effect
mediated by the spinal adenosine A, receptor system in rats [7,8].
Preconditioning with R-PIA has been shown to protect the brain
and neuronal tissue against ischemic damage [9]. This protective
mechanism, which is mediated via adenosine A, receptor activa-
tion, activates a cascade of intracellular pathways, including ade-
nosine triphosphate-sensitive potassium channel opening [9].

However, studies investigating the correlation between spinal
adenosine A, receptors and VIPN are limited. Therefore, the pres-
ent study was designed to investigate the antinociceptive and an-
ti-inflammatory effects of an intrathecally administered adenos-

ine A, receptor agonist, R-PIA, in a rat model of VIPN.

Materials and Methods
Experimental animals

A total of 50 male Sprague-Dawley rats (200-250 g, Orient,
Seoul, Korea) were used across all experiments. Animals were
housed in groups of 2-3 rats per cage in a room maintained at 22
+ 0.5°C with an alternating 12 h light-dark cycle. Food and water
were available ad libitum. The animals were allowed to adapt to the
laboratory environment for at least 2 h before testing. Experiments
were performed during the light phase of the cycle (10 am-5 pm).
All animal procedures and study protocols were approved by the
Institutional Animal Care and Use Committee of the Asan Insti-
tute of Life Sciences, Seoul, Korea (IACUC Number: 2010-13-155).
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Drugs and chemicals

Vincristine, the adenosine A, receptor agonist R-PIA, and the
adenosine A, receptor antagonist 1,3-dipropyl-8-cyclopentylxan-
thine (DPCPX) were purchased from Sigma-Aldrich Inc., St. Lou-
is, MO, USA. All drugs were dissolved in sterilized saline (0.9%

sodium chloride solution).

Induction of peripheral neuropathy with vincristine

Vincristine sulfate (100 pg/kg/day) was intraperitoneally ad-
ministered for a period of 10 days (two 5-day cycles with a 2-day
pause in between) and peripheral neuropathy was induced [10].
Pain assessment and behavioral examination were conducted on

days 0 (before vincristine administration), 14, and 28 (Fig. 1).
Behavioral examinations

Cold allodynia (acetone drop test)

Cold allodynia was measured using the acetone drop method at
the hind paw as described by Choi et al. [11], with small modifi-
cation. The rat was placed on top of a wire mesh grid, and access
to the hind paws was allowed. Acetone (0.1 ml) was applied to the
plantar surface of the left hind paw by using a pipette with poly-
ethylene tube and the duration of paw withdrawal was recorded
in seconds using a stopwatch. The minimum and maximum val-
ues were 0.1 s and 20 s, respectively. This was conducted three
times, with an interval of 5 min between applications, and the to-

tal individual withdrawal durations were then calculated.

Mechanical hyperalgesia (pin-prick test)

Mechanical hyperalgesia of the paw was evaluated using the
pin-prick test, as previously described by Erichsen and Black-
burn-Munro [12]. The surface of the injured hind paw was
touched with the point of a bent gauge needle (at a 90° angle to
the syringe) at an intensity sufficient to produce a reflex with-
drawal response. Paw withdrawal latency was then recorded in

seconds using a stopwatch with a minimum value of 0.1 s.

Thermal hyperalgesia (hot plate test)

The thermal nociceptive threshold, employed as an index of
thermal hyperalgesia, was assessed by the hot plate method, using
a plate maintained at a temperature of 52.5 £ 1.0°C. The rat was
placed on the hot plate, and the withdrawal latency with respect
to licking of the hind paw was recorded in seconds. A cut-off time
of 15 s was used [13].
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Fig. 1. Diagrammatic representation of the experimental protocol. DPCPX: 1,3-dipropyl-8-cyclopentylxanthine = adenosine Al receptor

antagonist; R-PIA: N6-(2-phenylisopropyl)-adenosine R-(-)isomer = adenosine A1 receptor agonist.
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Mechanical dynamic allodynia (paint brush test)

The ‘paint brush’ behavioral test is well-established for investi-
gating dynamic responses to a mechanical stimulus. Normal rats
never withdraw from a smooth paint brush, so a response to this
stimulus is described as allodynia. The rat was placed in a cylinder
with a wire mesh floor and a smooth paint brush was used to rub
the plantar surface of the hind paw from the heel to the toes. This
stimulus was applied five times, with intervals of 5 s, and the
number of withdrawals was noted (between 0 and 5). The same
procedure was repeated twice, with a gap of 5 min, and the num-
ber of withdrawals across the three tests was summed to obtain a
single cumulative score of mechanical dynamic allodynia. The

minimum and maximum values were 0 and 15, respectively [14].

Mechanical static allodynia (von Frey filament test)

For assessment of mechanical state allodynia, the rat was placed
in an individual plastic cage with a wire mesh bottom. After 20
min, the mechanical threshold was measured by applying a series
of eight calibrated von Frey filaments (0.4, 0.6, 1.0, 2.0, 4.0, 6.0,
8.0, and 15.0 g; Stoelting Co., USA) to the mid-plantar surface of
the hind paw, ipsilateral to the nerve injury. This was conducted
until a positive sign of pain behavior was elicited, at which point it
was then held for 6 s. A brisk withdrawal or paw flinching was
considered a positive response, in which case the next lower force
filament was then applied. In the absence of such a response, the
next greater force filament was then applied. In the absence of a
response at 15.0 g of pressure, this cut-off value was assigned to
the animal. The mechanical stimulus producing a 50% likelihood

of withdrawal was determined using the up-down method [15].

Intrathecal administration of drugs

Drugs were injected in 10 pl volumes by a direct lumbar punc-
ture method between the L5 and L6 vertebrae [16]. Briefly, rats
were anesthetized with sevoflurane in oxygen delivered via a nose
cone. The lumbar region was shaved and prepared with Betadine
solution, and the intervertebral spaces were widened by placing
the animal on a 50 ml syringe body. Then, animals were adminis-
tered the test drug at the L5-6 interspace using a 0.5-inch
30-gauge needle (Becton-Dickinson, USA) connected to a Hamil-
ton syringe (Microliter™ #702, Hamilton Co., USA). The Hamil-
ton syringe was filled with 10-20 pl of the test drug. The needle
plunger was then slowly pushed over a 30 s period, delivering a
volume of 10 yl, and the needle was immediately removed. The
exact subarachnoid positioning of the tip of the needle was moni-
tored using a tail- or paw-flick test [16]. Then, the animals recov-
ered in their home cage before behavioral testing was conducted.

All pain treatment groups and drugs were tested in a randomized
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order. The experimenters were blind to the drug treatment

groups.

Behavioral examinations on the 28th day (cold and mechanical
static allodynia)

On the 28th day, after behavioral examination (cold allodynia,
mechanical hyperalgesia, thermal hyperalgesia, mechanical dy-
namic allodynia, and mechanical static allodynia), the antinoci-
ceptive and anti-inflammatory effects of intrathecal R-PIA were
estimated as follows. A pretreatment dose of saline (10 ul) or DP-
CPX (10 pg/10 ul) was intrathecally administered 15 min before
intrathecal administration of R-PIA (0.3, 1.0, and 3.0 pg/10 ul).
Measurements of cold and mechanical static allodynia were per-
formed 15, 30, 45, 60, 90, 120, and 180 min after intrathecal R-PIA
administration. Thirty minutes after the final measurements of
cold and mechanical static allodynia (i.e., at 210 min), the animals
were sacrificed. The sciatic nerve was then obtained, and bio-
chemical estimations were conducted (Fig. 1). The doses of R-PIA
and DPCPX administered in this study were chosen based on
previous in vivo study involving rat models of neuropathic pain
[17].

Biochemical estimations

Estimation of tumor necrosis factor-alpha level

After euthanasia, sciatic nerve samples were utilized for the de-
termination of the tumor necrosis factor-alpha (TNF-a) level.
TNF-a levels (sensitivity: 25 pg/ml) were determined using a rat
TNF-a ELISA kit (R&D Systems, Inc., USA), following the manu-
facturer’s instructions. Testing of sciatic nerve homogenate sam-
ples was performed in duplicate. Recombinant anti-rat TNF-a
was used to generate a standard curve (range: 0-20,000 pg/ml) as
per the diagnostic kit. Absorbance was determined spectrophoto-
metrically at 450 nm. The results were expressed as pg of TNF-a

per mg of total protein in the supernatant.

Estimation of myeloperoxidase activity

Myeloperoxidase (MPO) activity was measured using a method
described by Jain, Jaggi, and Singh [13]. After euthanasia, the sciatic
nerve was obtained, and the nerve was minced and homogenized
using a tissue homogenizer in an ice-cold potassium phosphate buf-
fer (pH 7.4). The prepared homogenate was centrifuged at 5000 g for
10 min at 4°C. MPO activity in the supernatant was determined
spectrophotometrically at 460 nm in the presence of hydrogen per-
oxide and 3,3,5,50-tetramethylbenzidine. The measured MPO val-

ues were expressed as MPO units (U)/mg of protein.
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Experimental protocol

Eight groups were involved in the present study (Fig. 1).

Group I: normal control animals (n=7)

The rats were subjected to no treatment and kept for 14 days.
Behavioral tests were conducted on days 0, 7, 14, and 28. On the
28th day, after behavioral testing (cold and mechanical static allo-
dynia), the animals were sacrificed. The sciatic nerve was then

obtained and biochemical estimations were conducted.

Group II: vincristine-treated control animals (n=7)

After induction of VIPN, behavioral examinations were con-
ducted on days 0 (before treatment), 14, and 28. On the 28th day,
a 10 pl pretreatment dose of saline was intrathecally administered
15 min before intrathecal administration of 10 pl saline. Measure-
ments of cold and mechanical static allodynia were performed 15,
30, 45, 60, 90, 120, and 180 min after the intrathecal doses of sa-
line. Thirty min after the final measurements of cold and me-
chanical static allodynia (i.e., at 210 min), the animals were sacri-
ficed. The sciatic nerve was then obtained and biochemical esti-
mations were conducted.

Groups III, IV, and V: R-PIA-administered (0.3 pg/10 pl, 1.0
ug/10 wl, and 3.0 ug/10 yl, intrathecal) vincristine-treated animals
(n = 6 /each group)

After induction of VIPN, same behavioral examinations were
conducted. On the 28th day, a 10 ul pretreatment dose of saline
was intrathecally administered 15 min before intrathecal adminis-
tration of R-PIA (0.3, 1.0, or 3.0 ug/10 ul). After measurements of
cold and mechanical static allodynia, the animals were sacrificed,
and the sciatic nerve was obtained for biochemical estimations.

Groups VI, VII, and VIII: DPCPX- (10 ug/10 pl) and R-PIA-ad-
ministered (0.3, 1.0, or 3.0 ug/10 pl, intrathecal) vincristine-treat-
ed animals (n = 6 /each group)

All procedures were performed in the same serial order as the
Groups IIL, IV, and V. However, a pretreatment dose of DPCPX
(10 pg/10 pl) was intrathecally administered instead of saline.

Statistical analysis

Data are expressed as mean + standard error of mean. Data
from the behavioral tests were analyzed using the one-way analy-
sis of variance (ANOVA) followed by Tukey’s post hoc test, using
SigmaPlot® Version 11 software (Systat Software Inc., USA). A P
value < 0.05 was considered to be statistically significant.
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Results
Effect of vincristine on hyperalgesia and allodynia

Compared with the normal group, administration of vincristine
resulted in a significant increase in acetone- and pin prick-evoked
paw withdrawal duration, indicating the development of cold al-
lodynia (Fig. 2A) and mechanical hyperalgesia (Fig. 2B), respec-
tively. Moreover, the withdrawal latency in the hot plate test was
significantly decreased, indicating the development of thermal
hyperalgesia (Fig. 2C). The allodynia score in the paint brush test
was significantly increased, signifying the development of me-
chanical dynamic allodynia (Fig. 2D). In addition, the paw with-
drawal threshold in response to von Frey filaments was signifi-
cantly decreased, indicating the development of mechanical static
allodynia (Fig. 2E).

Effect of intrathecal R-PIA administration on cold and
mechanical static allodynia in vincristine-treated rats

Administration of vincristine resulted in a significant increase
in acetone-evoked paw withdrawal duration (13.2 £ 0.4 s) com-
pared with the normal group (0.5 + 0.1 s) on the 28th day. Treat-
ment with intrathecal R-PIA (1.0 and 3.0 ug/10 ul) resulted in a
dose-dependent antiallodynic effect against cold allodynia. The
antiallodynic effect was higher at the 3.0 ug/10 pl dose of R-PIA
(0.7 £ 0.3 5) than at the 1.0 ug/10 ul dose (4.2 + 0.7 s) (Table 1).
Treatment with 0.3 pg/10 ul intrathecal R-PIA, however, did not
result in an antiallodynic effect. This attenuating effect peaked 15
min after intrathecal administration of R-PIA (Table 1). After this
time, the antiallodynic effect gradually decreased until 180 min.
Pretreatment with DPCPX 15 min before intrathecal R-PIA ad-
ministration significantly reversed the antiallodynic effect of
R-PIA (11.4 + 0.4 gand 11.1 + 0.3 g for 1.0 and 3.0 pg/10 pl
R-PIA, respectively). The data showing the effect of R-PIA admin-
istration on cold allodynia are presented in Table 1.

Administration of vincristine resulted in a significant decrease
in the paw withdrawal threshold in response to von Frey filaments
(1.8 £ 0.3 g), compared with the normal group (15.0 + 0.0 g).
Treatment with intrathecal R-PIA resulted in a dose-dependent
antiallodynic effect against mechanical static allodynia. This an-
tiallodynic effect was higher at the 3.0 pug/10 pl dose of R-PIA
(14.5 £ 0.3 g) compared with the 1.0 ug/10 ul dose (10.8 + 0.8 g)
(Table 2). Treatment with 0.3 pg/10 pl intrathecal R-PIA did not
result in an antiallodynic effect. This attenuating effect peaked 15
min after intrathecal administration of R-PIA (Table 2). After this
time, the antiallodynic effect gradually decreased until 180 min.
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Fig. 2. Behavioral examinations following vincristine administration. (A) Cold allodynia assessed by the acetone drop test, (B) Mechanical
hyperalgesia assessed by the pin-prick test, (C) Thermal hyperalgesia assessed by the hot plate test, (D) Mechanical dynamic allodynia assessed by
the paint brush test, (E) Mechanical static allodynia assessed by the von Frey filament test. Values are presented as mean + standard error of mean,
n = 6 rats per group. One-way ANOVA followed by Tukey’s post hoc test. *P < 0.05 vs. behavioral examination on day 0, "P < 0.05 vs. behavioral
examination on day 14.

Table 1. Antiallodynic Effect of Intrathecally Administered R-PIA against Cold Allodynia

Time (min) 0 15 30 45 60 90 120 180
Normal 0.5+ 0.1 0.7 0.1 0.6 + 0.1 0.6 + 0.1 0.5+ 0.1 07+01  06%*0.1 0.5+ 0.1
V+S+S 132 £ 04* 134 %04* 129%04* 129%03* 13404 129+ 04* 132+*04* 130 % 04*
V+S+R-PIA03 126 £ 03* 117 £06* 115+ 04* 118%05% 125+03* 116+ 04* 122+ 04* 127 £03*
V+DPCPX+R-PIA03 127+ 04* 126 % 0.6* 123 %05 121*05% 11.8*04* 124+ 04 122+ 04 127 +03*
V+S+R-PIA L0 13204 42077 49%09*" 68077 6604 77£06% 100=*03*" 11.0+03*
V+DPCPX +RPIA1.0 131 £03* 114 * 04 117 £ 04" 122 = 0.6*° 129+ 02%" 124+ 05% 13.0+ 02" 133 + 04*
V +S+R-PIA 3.0 134 +04* 0703 1306 2008 32087 37£07%" 56x06"" 6704

V+DPCPX +R-PIA3.0 13.0+04* 11.1 %03 106 % 03* 11205 112+ 04 11703 127 £ 04*° 129+ 03*°

Peripheral neuropathy was induced by the administration of vincristine (100 pg/kg, i.p.) for 10 days. On the 28th day, saline or DPCPX (10 pg/10
ul) was intrathecally administered 15 min before intrathecal R-PIA administration (1.0 pg/10 pl or 3.0 ug/10 ul). Cold allodynia was then assessed
using the acetone drop test (seconds). Results are expressed as mean + standard error of mean, n = 6 rats per group. One-way ANOVA followed
by Tukey’s post hoc test. *P < 0.05 vs. normal control group, 'P < 0.05 vs. vincristine control group, *P < 0.05 vs. R-PIA 1.0 ug/10 pl group, °P < 0.05
vs. R-PIA 3.0 pg/10 ul group. V: vincristine, S: saline, DPCPX: 1,3-dipropyl-8-cyclopentylxanthine = adenosine A, receptor antagonist, R-PIA: N6-
(2-phenylisopropyl)-adenosine R-(-)isomer = adenosine A, receptor agonist.
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Table 2. Antiallodynic Effect of Intrathecally Administered R-PIA against Mechanical Static Allodynia

Time (min) 0 15 30 45 60 90 120 180
Normal 15000 149%01 150*00 14901 14901 150 £00 15000 149*0.1
V+S+S 1803 16+04° 22%03* 21*04* 16*03* 21+04% 18+04% 20+ 047
V+S+R-PIA03 24+03% 23+05° 25%03° 32+%03° 36%*03* 45+03% 28+02F 23+02%
V+DPCPX+R-PIA03  23+03% 34+05° 27+04° 39+04% 42+*03* 3603 28+02F 23+ 02%
V+S+R-PIA 1.0 1.8 £03* 108 % 08" 101+ 07" 82+05* 84*04*" 73+04* 50x02¢" 40=*02*
V+DPCPX+R-PIA10  19%02% 36%04% 3403 28+05% 21*01* 26+04* 20£03*" 17*02%
V +S+R-PIA 3.0 1.6 £03* 14503 139+07 131%08 11.9*08*" 11307 94+ 04*" 83 % 04*
V+DPCPX+R-PIA3.0 20%02* 39%03*° 44+03*° 38+04* 38*03* 3303 23x02¢° 21%02*

Peripheral neuropathy was induced by the administration of vincristine (100 ug/kg, i.p.) for 10 days. On the 28th day, saline or DPCPX (10 ug/10
ul) was intrathecally administered 15 min before intrathecal R-PIA administration (1.0 pug/10 ul or 3.0 pg/10 pl). Mechanical static allodynia was
then assessed using the von Frey filament test (gram). Results are expressed as mean + standard error of mean, n = 6 rats per group. One-way
ANOVA followed by Tukey’s post hoc test. *P < 0.05 vs. normal control group, 'P < 0.05 vs. vincristine control group, *P < 0.05 vs. R-PIA 1.0 ug/10
ul group, °P < 0.05 vs. R-PIA 3.0 pug/10 pl group. V: vincristine, S: saline, DPCPX: 1,3-dipropyl-8-cyclopentylxanthine = adenosine A, receptor
antagonist, R-PIA: N6-(2-phenylisopropyl)-adenosine R-(-)isomer = adenosine A, receptor agonist.

Pretreatment with DPCPX (10 pg/10 pl) 15 min before intrathecal
R-PIA administration significantly reversed the antiallodynic effect
of R-PIA (3.6 £ 0.4 gand 3.9 + 0.3 g for R-PIA 1.0 and 3.0 pg/10
ul, respectively). The data showing the effect of R-PIA administra-

tion on mechanical static allodynia are presented in Table 2.

Effect of intrathecal R-PIA on TNF-a level and MPO
activity in vincristine-treated rats

Administration of vincristine resulted in a significant increase
in TNF-a level in tissue from the sciatic nerve (12.3 + 0.6 pg/mg)
compared with the normal group (4.1 + 0.3 pg/mg). Intrathecal
administration of R-PIA significantly reversed this increase in
TNF-a level in a dose-dependent manner (9.0 + 0.3 and 6.4 + 0.4
pg/mg for R-PIA 1.0 and 3.0 pg/10 pl, respectively). Intrathecal
administration of 0.3 ug/10 ul R-PIA did not affect the TNF-a lev-
el (Fig. 3A). Pretreatment with DPCPX before treatment with in-
trathecal R-PIA significantly reversed this attenuating effect of
R-PIA (10.7 + 0.4 and 10.7 + 0.4 pg/mg for R-PIA 1.0 and 3.0
ug/10 ul, respectively) (Fig. 3A).

Administration of vincristine also resulted in a significant in-
crease in MPO activity in tissue from the sciatic nerve (0.9 + 0.1
U/mg) compared with the normal group (0.2 £+ 0.0 U/mg). Intra-
thecal administration of R-PIA significantly reversed this increase
in MPO activity in a dose-dependent manner (0.5 + 0.0and 0.3 +
0.1 U/mg for R-PIA 1.0 and 3.0 pg/10 wl, respectively) (Fig. 3A).
Intrathecal administration of 0.3 pg/10 ul R-PIA did not affect
MPO activity (Fig. 3B). Pretreatment with DPCPX before treat-
ment with intrathecal R-PIA significantly reversed this attenuat-
ing effect of R-PIA (0.8 + 0.0 and 0.7 + 0.1 U/mg for R-PIA 1.0
and 3.0 pg/10 yl, respectively) (Fig. 3B).
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Discussion

Vincristine is a well-known chemotherapeutic agent widely
used for the treatment of several malignancies such as breast can-
cer, leukemia, lymphoma, and primary brain tumors [18]. Never-
theless, sometimes neurotoxicity of the peripheral nerve fibers or
sensory-motor neuropathy can develop during vincristine treat-
ment. In the present study, intraperitoneal administration of vin-
cristine (100 pg/kg) for 10 days caused the development of cold
allodynia, mechanical dynamic and static allodynia, and mechan-
ical and heat hyperalgesia, evaluated on the 14th and 28th day of
the experiment. Mechanical dynamic allodynia is induced by light
touching of the skin with a soft brush. Meanwhile, mechanical
static allodynia is elicited by static pressure stimulation applied to
the skin. Clinically, mechanical dynamic allodynia is a more com-
mon symptom than mechanical static allodynia. Therefore, the
measurement of mechanical dynamic allodynia is preferred over
mechanical static allodynia. It has been known that mechanical
dynamic allodynia is mediated by peripheral low threshold, large
myelinated AB-fibers [19]. The behavioral alterations observed in
our study are consistent with those in previous studies demon-
strating the development of pain symptoms following chronic
vincristine administration [20]. Vincristine administration (0.1
mg/d) for 10 days (two 5-day cycles with a 2-day pause in be-
tween) was shown to produce persistent mechanical hyperalgesia
and allodynia 5-8 days after peritoneal administration of vincris-
tine, with this effect peaking after two weeks [10].

In the present investigation, treatment with intrathecal R-PIA
after the development of vincristine-induced neuropathy signifi-
cantly reversed behavioral changes, including paw cold allodynia

and mechanical static allodynia. The antiallodynic effect of intra-
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Fig. 3. The effect of different pharmacological interventions on
TNF-a level (A) and myeloperoxidase activity (B) in tissue from
beneath the sciatic nerve. Peripheral neuropathy was induced by the
administration of vincristine (100 pg/kg, i.p.) for 10 days. On the 28th
day, saline or DPCPX (10 pg/10 pl) was intrathecally administered 15
min before intrathecal R-PIA administration (1.0 pug/10 pl or 3.0 ug/10
pl). Values are presented as mean + standard error of mean, n = 6 rats
per group. One-way ANOVA followed by Tukey’s post hoc test. *P <
0.05 vs. normal control group, 'P < 0.05 vs. vincristine control group,
*P < 0.05 vs. R-PIA 1.0 pg/10 pl group, °P < 0.05 vs. R-PIA 3.0 ug/10 pl
group. DPCPX: 1,3-dipropyl-8-cyclopentylxanthine = adenosine Al
receptor antagonist; R-PIA: N6-(2-phenylisopropyl)-adenosine R-(-)
isomer = adenosine A1 receptor agonist.

thecal R-PIA was significantly reversed by pretreatment with in-
trathecal DPCPX. Therefore, it is thought that the antiallodynic
effect of intrathecal R-PIA may be mediated through adenosine
A, receptors in the spinal cord.

Since initial observations in the 1970s, numerous studies have
demonstrated that systemic administration of adenosine A, recep-
tor agonists causes pain-reducing effects in animal models, such

as inflammatory and neuropathic models exhibiting hyper-re-
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sponsiveness. Additionally, the potential of adenosine A, receptor
agonists as therapeutic agents for pain has been considered in
previous reports [6,21]. Subsequent preclinical studies have fur-
ther illustrated the antinociceptive and/or antihyperalgesic actions
of adenosine A, receptor agonists in a diverse range of pain mod-
els. These models include the formalin model of inflammation,
the carrageenan model of arthritis, hyperalgesia following surgical
incision, the chronic constriction injury model of neuropathic
pain, the spinal nerve ligation model of neuropathic pain, pain
following spinal cord injury, and the streptozotocin model of dia-
betic neuropathy. This is an ongoing field of research, and reviews
on the analgesic action of adenosine A, receptor agents have been
recently published [22].

Adenosine A, receptors are located on peripheral sensory nerve
endings [23], within the superficial layers of the dorsal horn of the
spinal cord [24] and at specific supraspinal sites within the pain
signaling neuraxis [25]. In addition to their neuronal localization,
adenosine A, receptors have also been identified on microglia
[26], and their inhibition has been shown to contribute to antino-
ciception in instances where the pain state involves glial activation
and hypertrophy [26]. Adenosine A, receptor signaling at the cel-
lular level acts via the activation of an associated G protein; inhi-
bition of cyclic AMP/PKA and interactions with Ca** and K*
channels are mediated via the Gai subunit, and interactions with
the PLC/IP,/DAG pathway via the Ga or By subunits. Additional-
ly, adenosine A, receptor signaling can involve p-arrestin-mediat-
ing receptor uncoupling and downregulation [27]. Several alter-
native clinical applications for adenosine A, receptor agents in
cardiovascular, respiratory, neuroprotective, and metabolic condi-
tions are currently being explored [28].

Several studies have reported that intrathecal administration of
adenosine A, receptor agonists produces pain-reducing effects in
animal models such as the spinal nerve ligation model of neuro-
pathic pain and the formalin model of inflammation [18,29]. In
the present study, intrathecally administered R-PIA at a dose of
1.0-3.0 ug/10 ul also produced an antiallodynic effect in a rat
model of VIPN. Considering the dose of intraperitoneal R-PIA
was 20-25 ug/kg (= 4.0-6.25 pg) [30,31] in previous studies, the
intrathecal dose of R-PIA was only 25-48% of the intraperitoneal
dose of R-PIA. A smaller dose is utilized when R-PIA is adminis-
tered intrathecally; therefore, side effects are reduced. This is the
first report suggesting the neuropathy-attenuating potential of in-
trathecal R-PIA in the VIPN model of rats.

In the present investigation, the anti-inflammatory effect of in-
trathecally administered R-PIA was also investigated. There exist
a limited number of studies that have investigated the anti-inflam-

matory effects of R-PIA [32-34]. In one such study, inflammatory
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pain was induced in rats by an injection of Complete Freund’s
Adjuvant (20 yl) into the plantar surfaces of hind paws. Electro-
physiological recordings then suggested that the adenosine A, re-
ceptor may potentiate glycinergic transmission through Gai/
PKA/a3 and GBy/al™ pathways [32]. Furthermore, another study
concluded that the cochlea expresses adenosine A, receptors,
which mediate tonic suppression of oxidative, inflammatory, and
apoptotic processes. The protective role of adenosine against cis-
platin ototoxicity was shown to be enhanced by inhibition of the
NOX3/STAT1 signaling pathway [33]. Adenosine, lidocaine, and
Mg2" fluid therapy attenuated systemic inflammation, platelet
dysfunction, and coagulopathy after non-compressible truncal
hemorrhage in another study [34].

In the present study, we measured TNF-a levels in tissue sur-
rounding the sciatic nerve as a biochemical surrogate marker of
vincristine-induced inflammation. We found that vincristine
treatment increased the level of TNF-a in this tissue. Inflammato-
ry stimuli release reactive species such as NOe and «O,-, proin-
flammatory factors such as TNF-a, and pronociceptive mediators
such as cytokines [35]. TNF-a is a major proinflammatory cyto-
kine, and increased TNF-a levels are associated with pathological
pain [36]. This vincristine-induced elevation in TNF-a level was
markedly reduced with intrathecal administration of R-PIA (1.0
and 3.0 pg/10 pl). These data suggest that intrathecal R-PIA has
anti-inflammatory effects. In the present study, the MPO enzyme
level in tissue around the sciatic nerve was increased after admin-
istration of vincristine for a period of 10 days. MPO is released
from neutrophils and is a significant marker of inflammation.
Among the various mechanisms involved in vincristine-induced
neuropathy, inflammatory reaction has been described to play a
main role in the pathophysiology of nerve toxicity [37]. Long-
term administration of vincristine activates spinal glial cells and
up-regulates cytokines in these cells, leading to hyperalgesia and
allodynia [38]. Vincristine damages Schwann cells, which causes
demyelination [39], and damaged Schwann cells then mediate the
release of inflammatory cytokines and chemokines including
monocyte chemo-attractant protein-1 [39]. These series of pro-
cesses are responsible for the infiltration of leucocytes, lympho-
cytes, and macrophages to the site of nerve injury, further aug-
menting the inflammatory environment and producing nerve
damage [38]. In our study, the vincristine-induced increase in
MPO activity was significantly reduced following intrathecal ad-
ministration of R-PIA (1.0 and 3.0 pg/10 pl). The MPO data also
suggested that intrathecal R-PIA has anti-inflammatory effects.
Based on both the TNF-a and MPO data, the intrathecal
R-PIA-mediated decrease in allodynia (both cold and mechanical

static) observed in the VIPN model may be a result of its anti-in-
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flammatory properties. This is the first report demonstrating the
anti-inflammatory effect of intrathecal R-PIA in vincristine-in-
duced neuropathic pain in rats. Therefore, given the existing liter-
ature and the data obtained from this study, it seems that intrathe-
cal R-PIA exerts beneficial effects in a rat model of VIPN by virtue
of its anti-inflammatory actions, specifically the inhibition of
TNF-a levels and MPO activity. In the present study, there are
some limitations such as the relationship between the antiallody-
nic and anti-inflammatory effect of intrathecal R-PIA that needs
to be more fully defined. Further investigations are required to
evaluate the close relationship between them.

In conclusion, the results of the present study suggest that intra-
thecally administered R-PIA attenuates neuropathic cold and me-
chanical static allodynia in the VIPN model of rats, partially due
to its anti-inflammatory actions. Further studies are required to
evaluate the involvement of the anti-inflammatory effects of
R-PIA in VIPN.
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