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Abstract:

The purpose of this study was to investigate the effect of cyclooxygenase (COX) inhibitors and nitric oxide synthase (NOS) inhibi-

tors on the development of vincristine (VIN)-induced hyperalgesia. Indomethacin (IND) and celecoxib (CEX) were used as rela-

tively selective inhibitors of COX-1 and COX-2, respectively. NOS inhibitors included the nonspecific inhibitor NG-nitro-L-

arginine (L-NOArg) and L-N6-(1-iminoethyl)lysine (L-NIL), which preferentially acts on inducible NOS, as well as 7-nitroindazole

(7-NI), which is a relatively specific neuronal NO synthase inhibitor. Both IND and CEX markedly suppressed hyperalgesia, whereas

all three NOS inhibitors prevented the development of hyperalgesia due to VIN administration. The results of this study suggest par-

ticipation of COX-1 and COX-2 as well as iNOS and nNOS in the transmission of pain stimuli in VIN-induced hyperalgesia.

Key words:

hyperalgesia, vincristine, indomethacin, celecoxib, cyclooxygenase, nitric oxide inhibitors, rats

Abbreviations: CEX – celecoxib, COX-1 – cyclooxygenase-1,
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sine, L-NOArg – NG-nitro-L-arginine, nNOS – neuronal nitric

oxide synthase, NO – nitric oxide, 7-NI – 7-nitroindazole, VIN –

vincristine

Introduction

Neuropathic pain during anticancer therapy consti-

tutes a difficult clinical problem [1]. The mechanisms

underlying the development of neuropathic pain are

poorly understood [30, 31].

As previously reported, cyclooxygenase-1 (COX-1)

and cyclooxygenase-2 (COX-2), as well as inducible

nitric oxide synthase (iNOS), but not neuronal nitric

oxide synthase (nNOS), participate in streptozotocin-

induced hyperalgesia [3]. The experimental model of

neuropathic pain caused by administration of vincris-

tine (VIN) (known as the VIN-induced neuropathy/

hyperalgesia model) is commonly used to investigate

pain in a toxic neuropathy animal model.

Therefore, it was of interest to investigate the pos-

sible involvement of both cyclooxygenases and NO

synthases in hyperalgesia produced by VIN.
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Materials and Methods

Laboratory animals

The experiments were performed on male Wistar rats

(240–290 g) according to the guidelines of the Ethical

Committee for Experiments on Small Animals, Medi-

cal University of Warsaw.

Chemotherapy (VIN)-induced painful

neuropathy

VIN neuropathy was induced as described by Aley

et al. [2]. VIN sulphate was dissolved in distilled wa-

ter to a stock concentration of 1 mg/ml and then

stored at 4°C. Immediately before administration, the

stock was diluted in distilled water to a concentration

of 100 �g/ml. This solution was administered into the

tail vein at a dose of 100 �g/kg. Administrations of

VIN were performed daily Monday through Friday

for 10 days (this phase of the experiment lasted 12

days; no drug doses were given on Saturdays or Sun-

days). The dosage calculations were based on daily

body weight. Weight-matched control rats received

injections of distilled water [2]. No weight gain was

observed in rats receiving intravenous VIN at a dose

of 100 �g/kg.

Chemicals

NG-nitro-L-arginine (L-NOArg) and 7-nitroindazole

(7-NI) were purchased from Research Biochemicals

International; L-N6-(1-iminoethyl) lysine (L-NIL)

was purchased from Bachem Switzerland. Indometha-

cin (IND) was purchased from Polfa Kutno, Poland;

celecoxib (COX) was purchased from Searle, and vin-

cristine sulfate was purchased from Sigma Chemical

Co., USA.

Drug administration

Preparation of drugs

VIN was administered as described above. CEX,

IND, L-NOArg and 7-NI were suspended in a 0.1%

solution of methylcellulose immediately before injec-

tion. L-NIL was dissolved in 0.9% saline.

Application of drugs

CEX and IND were administered subcutaneously (sc)

in a dose of 1 mg/kg. L-NOArg and L-NIL were ap-

plied intraperitoneally (ip) in a dose of 10 mg/kg, and

7-NI was applied ip in a dose of 1 mg/kg.

Time schedule

IND and CEX were given every day 30 min before

VIN for 10 days (2 × 5 – see above). L-NOArg,

L-NIL and 7-NI were administered every day 10 min

before VIN for 10 days (2 × 5 – see above).

Controls

Control animals were injected according to the same

time schedule: (1) ip with 0.1% solution of methylcel-

lulose (control to L-NOArg and 7-NI); (2) ip with

0.9% saline (control to L-NIL), or (3) sc with 0.1%

solution of methylcellulose (control to IND and CEX).

Measurement of the nociceptive threshold

Measurements of nociceptive thresholds were per-

formed as reported elsewhere [4]. The changes in no-

ciceptive thresholds were determined using mechani-

cal stimuli (the modification of the classic paw with-

drawal test described by Randall and Selitto) [24]. In

order to perform a mechanical stimulation, progres-

sively increasing pressure was applied to the dorsal

surface of the rat’s paw using an analgesimeter. The

instrument increased the force on the paw at a rate of

32 g per second. The nociceptive threshold was de-

fined as the force, in grams, at which the rat attempted

to withdraw its right hind paw. The values of that

pressure were recorded instantaneously. Three thresh-

old measurements were performed per rat every day,

and the mean was used for further calculations.

The mean of nociceptive thresholds to mechanical

stimuli measured on the first day of the 28-day study

immediately before administration of VIN alone or

VIN with investigated drugs constituted the baseline

pain threshold (A). Consecutive measurements of no-

ciceptive thresholds to mechanical stimuli (B) were

conducted every day before administration of the in-

vestigated compounds (from experimental day 2 to

day 5 and from day 8 until day 12) and then after drug

discontinuation (from day 14 until 28 of the experi-

ment). In all experimental sessions until the end of the
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study, the values of the thresholds obtained (B) were

compared to the baseline (A) defined above.

Changes in pain threshold were calculated as per-

cent of baseline value according to the following for-

mula:

% of hyperalgesia = (
B

A
· 100%) – 100%

where A represents baseline pressure (in g) measure-

ment on the first day before drug administration (as

mentioned above), and B represents pressure (in g)

measurement performed daily (excluding day 1) before

drug administration.

Percent of hyperalgesia values calculated as above

for individual animals were subsequently used to cal-

culate average values in particular experimental groups

and for statistical analyses.

Statistical analysis

The results are expressed as the mean values ± stan-

dard error of the mean (± SEM). The statistical sig-

nificance of differences between groups was evalu-

ated by the Student t-test and the Newman-Keuls

multiple-range test. p � 0.05 was accepted as statisti-

cally significant. Calculations were performed using

the computer software described by Tallarida and

Murray [29].

Results

Effect of VIN on nociceptive thresholds

to mechanical stimuli

Starting from day 2, a statistically significant gradual

decrease of the nociceptive threshold was observed in

VIN-treated animals. The decrease reached its peak

on experimental day 10 and remained approximately

stable until day 18. After discontinuation of VIN ad-

ministration at day 20, nociceptive thresholds to me-

chanical stimuli gradually increased and, on day 28,

returned to baseline values (Fig. 1).
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Fig. 1. Effect of indomethacin (IND) at a dose of 1 mg/kg sc or celecoxib (CEX) at a dose of 1 mg/kg sc on vincristine (VIN) hyperalgesia. Days
1–12 – measurements of prolonged activity of the investigated drugs. Days 14*–28* – after discontinuation of administration. Values are the
means ± SEM. VIN vs. control ** p � 0.01; IND + VIN vs. VIN ## p � 0.01; CEX + VIN vs. VIN ^^ p � 0.01



Effect of COX and NOS inhibitors on the devel-

opment of VIN-induced hyperalgesia

Both IND (1 mg/kg sc) as well as CEX (1 mg/kg sc)

significantly attenuated hyperalgesia produced by VIN

administration. This effect occurred on day 4 and was

maintained following cessation of drugs. It is interest-

ing to note that, after CEX administration, hyperalge-

sia was completely abolished starting on day 11 of the

experiment (Fig. 1).

L-NOArg and L-NIL (10 mg/kg ip) not only pre-

vented VIN-hyperalgesia but also produced weak

antinociception, whereas 7-NI completely abolished

VIN-hyperalgesia. This effect was prolonged and

maintained after a cessation of drug administration

(Fig. 2).

Discussion

Vincristine, a vinca alkaloid, is a chemotherapeutic

agent used in anti-cancer therapy. In the present study,

after administration of VIN, a significant gradual de-

crease of the nociceptive threshold was observed.

Hyperalgesia reached its maximum on day 10 and

persisted at stable levels during the remaining 8 days.

After withdrawal of VIN, nociceptive thresholds

slowly increased and, on day 20 of the experiment,

returned to baseline values.

The results of this study are similar to those re-

ported by Aley and co-workers [2], who demonstrated

the appearance of hyperalgesia in response to me-

chanical stimulus after administration of VIN doses of

100 and 200 �g/kg. No significant differences in in-

tensity of hyperalgetic effects between doses were ob-

served in this study. However, unlike animals receiv-

ing VIN at a dose of 100 �g/kg, rats given 200 �g/kg

lost, on average, 12.5% of their body weight during

the experiment. However, the weight was regained

when the drug was stopped. In our study, VIN admin-

istered intravenously at 100 �g/kg dose caused cessa-

tion of physiological weight gain in rats. After vin-

cristine withdrawal, the animals gradually regained

weight.

Studies performed in recent years have emphasized

the important contribution of inflammatory processes
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Fig. 2. Effect of NG-nitro-L-arginine (L-NOArg) at a dose of 10 mg/kg ip, L-N(6)-(1-iminoethyl) lysine (L-NIL) at a dose of 10 mg/kg ip
or 7-nitroindazole (7-NI) at a dose of 1 mg/kg ip on vincristine (VIN) hyperalgesia. Values are the means ± SEM. L-NOArg + VIN vs. VIN
^^ p � 0.01; L-NIL + VIN vs. VIN ## p � 0.01; 7-NI + VIN vs. VIN** p � 0.01



in the development of neuropathic pain. Infiltration of

inflammatory cells in response to nervous system

damage leads to subsequent production and secretion

of various cytokines, growth factors, or inflammatory

mediators such as bradykinin, serotonin, prostaglan-

dins (PGs), or nitric oxide (NO) [20]. Evidence of the

involvement of PGs and NO in mechanisms underly-

ing the development of neuropathic pain comes mainly

from studies using animal models of peripheral nerve

injury, such as chronic constrictive injury to the sci-

atic nerve [7, 18, 21], partial sciatic nerve ligation [18,

19, 27, 35], and L5/L6 spinal nerve ligation [10, 18,

23, 34, 35]. It was shown that, in neuropathic pain,

PGs, synthesized by both COX-1 and COX-2, may

play a role in the sensitization of nociceptors [18, 19,

26, 27] and in the sensitization of neurons in the cen-

tral nervous system [10, 17, 28, 33]. Cata et al. [5]

showed that ibuprofen (50.0 mg/kg ip) and rofecoxib

(10.0 mg/kg ip) prevented mechanical hyperalgesia in

a toxic neuropathy model. In the present study, both

IND and CEX significantly reduced vincristine-in-

duced hyperalgesia. After administration of lower

doses of investigated drugs (0.1 mg/kg), antihyperal-

gesic action was weakly emphasized (data not shown).

Moreover, the effect of CEX was somewhat more

marked than the effect of IND.

It is commonly accepted that NO formed by nNOS,

iNOS and eNOS may mediate some of the neuro-

pathic pain syndromes following peripheral nerve in-

jures [9, 15, 21, 34].

In the current study, a non-selective inhibitor of

NOS, L-NOArg, and a selective inhibitor of iNOS,

L-NIL, as well as the selective inhibitor of nNOS,

7-NI, completely prevented the VIN-hyperalgesia.

Administration at a dose 10 times lower than the in-

vestigated drugs also ameliorated the development of

VIN-induced hyperalgesia; however, the effects were

less pronounced (data not shown). It was observed

that, in neuropathic pain, NO was involved in the no-

ciceptive processing both at the level of the peripheral

[13–15] and at the central nervous system [8, 11, 16,

32].

There are not many studies linking NOS activity

and VIN-induced hyperalgesia. The results of these

studies are controversial. Aley and Levine [1] showed

that a NOS inhibitor (L-NMA) administered intrader-

mally into the dorsum of a rat hind paw significantly

increased the paw withdrawal threshold in a VIN neu-

ropathy model. The authors suggested that NO’s pe-

ripheral action contributes markedly to VIN hyperal-

gesia. On the other hand, Kamei et al. [12] found that

sc pretreatment with a substrate of NOS, L-arginine

(30–300 mg/kg) or a cGMP analog (0.3– –3.0 nmol

intrathecal) dose-dependently increased the tail-flick

latencies in VIN-treated mice. This action was re-

versed by intrathecal (it) pretreatment with a nonse-

lective inhibitor NO synthase (L-NAME 3–30 nmol).

Furthermore, the protein level of nNOS, but not

iNOS, in the spinal cord of VIN-treated mice de-

creased compared to that of naive mice. Authors sug-

gested that dysfunction of the L-arginine/NO/cGMP

cascade in the spinal cord may trigger VIN-induced

thermal hyperalgesia.

A majority of studies suggest the involvement of

NOS pathways in the transmission of nociceptive

stimuli with a pronociceptive role of NO in neuropa-

thy [22]. However, the results of Kamei et al. [12] are

not surprising because a dual role of NO in nocicep-

tion has been demonstrated [6, 25]. Niedbala et al.

[22] showed that, in contrast to the results of Kamei

et al. [12], L-arginine administered ip (5 �mol) along

with a stable analog of cyclic guanosine monophos-

phate, 8-Br-cGMP, significantly increased nociceptive

stimuli responses, but L-NAME ip (100–500 nmol)

significantly decreased autonomous behavior in the

sciatic and saphenous nerves transected rats. Sousa

and Prado [25] showed that low doses of donor NO

(SIN-1; 0.1–2.0 �g/10 �l), administered it, reduced

responses, while higher doses (5 or 100 �g/10 �l) had

no effect or increased (10 or 20 �g/10 �l) the me-

chanical allodynia induced by chronic ligature of the

sciatic nerve in rats. Moreover, SIN-1 (0.1–100 �g/

10 �l, it) produced only antinociceptive effects in the

rat tail flick test. The NOS inhibitors (L-NOArg and

L-NMMA) reduced the mechanical allodynia evoked

by nerve injury and increased the tail flick latency.

Choi et al. [6] observed an increase of NOS activity

in the ipsilateral L5 and L6 dorsal root ganglions

2 weeks following ligation of the L5 and L6 nerve

roots. On the other hand, NOS activity decreased bi-

laterally in the lumbar spinal cord. The same authors

suggested that, a short time after nerve injury, NO

production is increased and that increased NO level

inhibits NOS via a negative feedback mechanism. The

above-mentioned data indicate that the dual effect of

NO in nociception may depend on the time and side

of action, the amount of NO, or a kind of used no-

ciceptive stimuli (i.e., mechanical or thermal).

It is concluded that both COX-1 and COX-2, as

well as iNOS and nNOS, are involved in the develop-
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ment of VIN neuropathy. These findings allow for dif-

ferentiation between VIN-produced hyperalgesia and

diabetic hyperalgesia due to streptozotocin admini-

stration since, in the latter, nNOS is not involved.
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