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Abstract

PURPOSE: The influence of an irreversible inhibitor of constitutive NO synthase
(L-NOArg; 1.0 mg/kg ip), a relatively selective inhibitor of inducible NO synthase
(L-NIL; 1.0 mg/kg ip) and a relatively specific inhibitor of neuronal NO synthase
(7-NIL 0.1 mg/kg ip), on antihyperalgesic action of selective antagonists of B, and
B, receptors: D-Arg-[Hyp3,Thi® D-Tic7,0ic®] bradykinin (HOE 140; 70 nmol/
kg ip) or des-Arg!0-HOE 140 (70 nmol/kg ip) respectively, in model of diabetic
(streptozotocin-induced) and toxic (vincristine-induced) neuropathy was inves-
tigated.

METHODS: The changes in pain thresholds were determined using mechanical
stimuli — the modification of the classic paw withdrawal test described by Randall-
Selitto.

RESULTS: The results of this paper confirm that inhibition of bradykinin receptors
and inducible NO synthase but not neuronal NO synthase activity reduces diabetic
hyperalgesia. Pretreatment with L-NOArg and L-NIL but not 7-NI, significantly
increases antihyperalgesic activity both HOE 140 and des-Arg!°-HOE 140.

It was also shown that both products of inducible NO synthase and neuronal NO
synthase activation as well as bradykinin are involved in hyperalgesia produced by
vincristine. Moreover, L-NOArg and 7-NI but not L-NIL intensify antihyperalge-
sic activity of HOE 140 or des-Arg!®HOE 140 in toxic neuropathy.
CONCLUSIONS: Results of these studies suggest that B, and B, receptors are
engaged in transmission of nociceptive stimuli in both diabetic and toxic neuropa-
thy. In streptozotocin-induced hyperalgesia, inducible NO synthase participates in
pronociceptive activity of bradykinin, whereas in vincristine-induced hyperalgesia
bradykinin seemed to activate neuronal NO synthase pathway.

Therefore, concomitant administration of small doses of bradykinin receptor
antagonists and NO synthase inhibitors can be effective in alleviation of neuro-
pathic pain, even in hospital care.
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Abbreviations:
AGEs - advanced glycation end-products,
BK - bradykinin,

EDRF - endothelium-derived factor,
HOE 140 - D-Arg-[Hyp3,Thi>,D-Tic’,0ic8],
7-NI - 7-nitroindazole,

L-NIL - L-N6-(1-iminoethyl)lysine,
L-NOArg - NG-nitro-L-arginine,

NO - nitric oxide,

NOS - nitric oxide synthases,

cNOS - constitutive nitric oxide synthase,
eNOS - endothelial nitric oxide synthase,
iNOS - inducible nitric oxide synthase,
nNOS - neuronal nitric oxide synthase,
PGs - prostaglandins,

STZ - streptozotocin,

VIN - vincristine
INTRODUCTION

Bradykinin (BK) is nonapeptide formed at site of tissue
trauma. It is an important mediator, which participates
in the development of inflammatory responses (Wang
et al. 2006). Moreover, BK is known to activate nitric
oxide synthases (NOS) systems to produce nitric oxide
(NO). The important role of BK and NO in an induction
and transmission of pain is commonly known (Calixto
et al. 2000, Millan 1999).

As previously reported, both nitric oxide (NO) and
bradykinin (BK) are involved in persistent hyperalgesia
produced by either streptozotocin (STZ) or vincristine
(VIN) hyperalgesia (Bujalska et al. 2008, Bujalska et al.
2008a).

Therefore, it was of interest to investigate the influ-
ence of inhibitors of various NOS isoforms: NG-ni-
tro-L-arginine (L-NOArg), an irreversible inhibitor
of constitutive nitric oxide synthase (cNOS), 7-ni-
troindazole (7-NI), a relatively specific inhibitor of
neuronal nitric oxide synthase (nNOS), as well as
L-N6-(1-iminoethyl)lysine (L-NIL), a relatively selec-
tive inhibitor of inducible nitric oxide synthase (iNOS),
on antihyperalgesic action of bradykinin receptors.
D-Arg-[Hyp?,Thi>,D-Tic7,0ic8] bradykinin (icatibant,
HOE 140) and des-Arg!0-HOE 140 were used as selec-
tive B, and B, receptor antagonists.

MATERIAL AND METHODS

Laboratory animals

The study was conducted according to the guidelines of
the Ethical Committee for Experiments on Small Ani-
mals, Medical University of Warsaw. Aforementioned
Committee approved the experimental protocols. Male
Wistar rats (250-300 g) were housed in a room main-
tained at a temperature of 20 + 2°C, under 12-12 h
light-dark cycle. Experimental groups consisted of
six rats. Animals had a free access to food and water,
except 16-hour period before first experimental session
(streptozotocin administration) in diabetic neuropathy
model. The individual animals were used in one experi-
ment only.

Chemicals

HOE 140 and des-Arg!® - HOE 140 were purchased
from Research Biochemicals International; NG-nitro-
L-arginine and 7-nitroindazole were purchased from
Research Biochemicals International; L-N6-(1-imino-
ethyl) lysine from Bachem Switzerland, streptozotocin
(N-[methylnitrosocarbamoyl]-a-D-glucosamine) and
vincristine sulphate from Sigma Chemical Co., USA.

Equipment

Equipment included an analgesimeter (Type 7200, Ugo-
Basile Biological Research Apparatus, Comerio, Italy)
which progressively exerted increased pressure stimu-
lus, and a blood glucometer (Accu-Check Active, Roche
Diagnostics Corp.).

ANIMAL MODELS OF NEUROPATHIC PAIN
Streptozotocin-induced (diabetic) painful neuropathy

Diabetes was induced by intramuscular (im) adminis-
tration of streptozotocin (STZ) at a dose of 40 mg/kg
of body weight, as described by Nakhoda and Wong
(1979). STZ was dissolved in citrate buffer at pH 4.5
and administered in a single dose on a first day of study
into the thigh muscles of rat leg. Before the induction
of diabetes, the animals were fasted over 16 hours. Fol-
lowing the injection, food and water were available ad
libitum during the remaining 30 days of experiment.
Effects of STZ given alone or with investigated drugs on
withdrawal threshold to mechanical stimuli were inves-
tigated. Control rats received an equal volume of buffer.
Starting on day 3 (72 hours after STZ administration),
glucose levels were determined using a blood glucom-
eter. Blood samples for the glucose determinations were
drawn from tail vein. Permanent hyperglycemia was
detected (>400 mg/dl) in all rats and it remained stable
during 30 days of observation period. In vehicle-treated
animals, the glucose levels amounted about 80 mg/dL

The streptozotocin-induced hyperglycemia was
accompanied by the gradual decrease of body mass,
increase in food consumption, as well as considerable
increase in water intake.

Chemotherapy (vincristine) — induced painful neuropathy

Vincristine (VIN) neuropathy was induced as described
by Aley et al. (1996). Vincristine sulphate was dissolved
in distilled water to a stock concentration of 1 mg/mland
then stored at 4°C. Immediately before administration,
the stock was diluted in distilled water to a concentra-
tion of 100 pg/ml. This solution was administered into
the tail vein at a dose of 70 ug/kg. Because high doses
of VIN (100 pg/kg) resulted in toxic events (marked
decrease of body mass) leading even to cachexia, there-
fore in the present study lower doses (70 pg/kg) of the
drug was used. Administrations of vincristine were per-
formed daily - Monday through Friday - for 10 days
(this phase of the experiment lasted 12 days, no drug
doses were given on Saturdays or Sundays). The dosage
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calculations were based on daily body weight. Weight-
matched control rats received injections of distilled
water.

No weight gain was observed in rats receiving intra-
venously (iv) VIN in a dose of 70 ug/kg.

Drug administration

STZ and VIN were administered as described above.

Preparation of Drugs. HOE 140 and des-Argl®HOE
140 were dissolved in distilled water whereas NG-ni-
tro-L-arginine (L-NOArg) and 7-nitroindazole (7-NI)
were suspended in 0.1% solution of methylcellulose
immediately before injection. L-N6-(1-iminoethyl)
lysine (L-NIL) was dissolved in 0.9% saline.

Aplication of Drugs. HOE 140 and des-Arg!"HOE
140 were applied intraperitoneally (ip) at 70 nmol/kg
dose. NG-nitro-L-arginine and L-N6-(1-iminoethyl)
lysine were applied intraperitoneally (ip) in a dose of
1.0 mg/kg, 7-nitroindazole in a dose of 0.1 mg/kg (ip).

Time Schedule. In a diabetic neuropathy model, all
the drugs (except of STZ given only on day 1) were
applied for six consecutive days of experiment (from
day 18 to 23 after STZ administration). L-NOArg, 7-NI
and L-NIL were administered 10 min before HOE 140
or des-Arg!"HOE 140.

In chemotherapy (VIN) - induced neuropathy
model, HOE 140 and des-Arg!"HOE 140 were admin-
istered daily 10 minutes before vincristine for 10 days
(2 x 5 - see above). L-NOArg, 7-NI and L-NIL were
administered 10 min before.

Controls. Control animals were injected according
to the same time schedule: (1) intraperitoneally with
equal volume of distilled water (control to HOE 140
and des-Arg!0-HOE 140), with 0.1% solution of meth-
ylcellulose (control to L-NOArg and 7-NI), with 0.9%
saline (control to L-NIL).

Measurement of the nociceptive threshold

The changes in nociceptive thresholds were determined
using mechanical stimuli; the modification of the clas-
sic paw withdrawal test described by Randall and Selitto
(1957). In order to perform a mechanical stimulation,
a progressively increasing pressure was applied to the
dorsal surface of the rat’s paw using an analgesymeter.
The instrument increased the force on the rat’s paw at
a rate of 32 grams per second. The nociceptive thresh-
old was defined as the force in grams, at which the rat
attempted to withdraw its right hind paw. The values
of that pressure were recorded at this moment. Three
threshold measurements were performed daily per each
rat. Nociceptive threshold was measured in triplicate,
and the mean was drawn for further calculations.

In streptozotocin model (study lasting 30 days)
nociceptive thresholds (average of tree trials) measured
for each animal immediately before STZ (on day 1 of
study) constituted the baseline pain threshold (A).

Measurements of prolonged activity of the investi-
gated drugs were performed for six consecutive days

(for example measurement following administration
of drugs and before consecutive drugs administration)
from day 19 to 24 after STZ administration and then,
after cessation of drugs administration, to day 30 (B).

Measurements of withdrawal threshold to mechani-
cal stimuli for STZ group of animals were performed
daily from day 2 to 30 during particular period accord-
ing to the same schedule (B).

In all experimental sessions, values of thresholds
obtained (B) were compared to baseline (A).

In vincristine neuropathy model, a mean of nocicep-
tive thresholds to mechanical stimuli of 18 days lasting
study were measured on a first day immediately before
administration of vincristine alone or vincristine with
investigated drugs and constituted the baseline pain
threshold (A). Consecutive measurements of nocicep-
tive thresholds to mechanical stimuli (B) were conducted
daily before administration of investigated compounds
(from day 2 of experiment to day 5 and from day 8 to
day 12) and then after drugs discontinuation (from day
14 to 18 of experiment). In all experimental sessions
until end of the study, values of thresholds obtained (B)
were compared to the baseline (A) defined above.

Changes in pain threshold were calculated as per-
centage of baseline value according to the following
formula:

B
% of Hyperalgesia = (z + 100%) - 100%

where A indicates pressure (in g) at baseline and B
indicates pressure (in g) in consecutive measure-
ments performed daily (excluding day 1) before drug
administration.

Percentage of hyperalgesia values calculated as above
for individual animals were subsequently used to calcu-
late averages in particular experimental groups and for
statistical analyses.

Statistical analysis

The results are expressed as mean values *+ standard
error of the mean (+ S.E.M.). The statistical signifi-
cance of differences between groups was evaluated by
Student-test and the Newman-Keuls multiple-range
test. p < 0.05 was accepted as statistically significant.
All statistical calculations were performed using a soft-
ware described by Tallarida and Murray (1986).

RESULTS

Effect of STZ on threshold to mechanical stimuli

As shown in Fig. 1, starting from the day 2, a statis-
tically significant gradual decrease of the nocicep-
tive threshold was observed in STZ-treated animals.
The decrease reached its plateau phase on day 17 and
remained approximately stable in the next 13 days i.e.
until end of experiment.

Copyright © 2009 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu
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Fig. 1 Influence of streptozotocin (STZ) at a dose of 40 mg/kg (im) on threshold to mechanical stimuli (days 1-30 of
experiment). Values are means + S.E.M. STZ vs. control; ** p < 0.01 * p < 0.05. Darc column = STZ; ¢ = control.
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Fig. 2 Effect of L-NOArg and L-NIL at a dose of 1.0 mg/kg (ip) or 7-NI at a dose of 0.1 mg/kg (ip) on the antihyperalgesic
activity of HOE 140 at a dose of 70 nmol/kg (ip) in STZ-treated rats. Days 19-24* - measurements of prolonged
activity of investigated drugs; days 26"-30" - after discontinuation of administration.

Values are means + S.E.M. HOE 140 vs. L-NOArg + HOE 140;

**p < 0.01, HOE 140 vs. L-NIL + HOE 140 ##p< 0.01.

White column = HOE 140; Dark column = L-NOArg+HOE 140; Grey column =7-NI+HOE 140;
White striped column = L-NIL+HOE140; & = L-NOArg; X = 7-NI; ¢ = L-NIL; 0 = STZ.

Influence of L-NOArg, L-NIL and 7-NI on activity
of HOE 140 or des Argl10HOE 140 administered in
low doses in a STZ-induced hyperalgesia model

Both HOE 140 and des-Arg!HOE 140 administered at
relatively low daily doses (70 nmol/kg) slightly but sig-
nificantly, decreased diabetic hyperalgesia i.e. increasing
the nociceptive threshold. Antihyperalgesic activity of
L-NOArg (1.0 mg/kg) and L-NIL (1.0 mg/kg) was also
emphasized. However, 7-NI (0.1 mg/kg) not changed
STZ hyperalgesia.

Pretreatment with L-NOArg progressively increased
the antihyperalgesic activity of HOE 140 or des-Arg!0-
HOE 140. On days 22-24, even significant antinocice-
ption was observed. Pre-medication of L-NIL before
HOE 140 or des-Arg!HOE 140 not only progressively
reduced STZ hyperalgesia but in the last 3 or 2 days
respectively, antinociceptive effect appeared. After ces-
sation of drugs administration, hyperalgesia quickly
returned to the baseline threshold. In contrast, 7-NI did
not modify antihyperalgesic effect of either HOE 140 or
des-Arg!"HOE 140 (Fig. 2, 3).
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Fig. 4 Influence of vincristine (VIN) at a dose of 70 pg/kg (iv) on threshold to mechanical stimuli (days
1-12 administration of VIN; days 14*-28* after discontinuation of administration).

Values are means + S.E.M. VIN vs. control

**p< 0.01, *p< 0.05. Dark column = VIN; ¢ = control.

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
day 8 of experiment and remained approximately stable
until day 12. After discontinuation of VIN adminis-
tration nociceptive thresholds to mechanical stimuli
gradually increased, and on day 18 amounted only to
5% (Fig. 4).

Influence of L-NOArg, L-NIL and 7-NI on activity
of HOE 140 or des-Argl9HOE 140 administered in
low doses in VIN-induced hyperalgesia model

Daily administration of HOE 140 (70 nmol/kg) mark-
edly attenuated VIN hyperalgesia, although from day
5 to 14 only a small decrease occurred (Fig. 5). In
contrast, des-Argl"HOE 140 practically prevented the
development of VIN hyperalgesia (Fig. 6). L-NOArg
(1.0 mg/kg) and L-NIL (1.0 mg/kg) significantly dimin-
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Fig.5 Effect of L-NOArg and L-NIL at a dose of 1.0 mg/kg (ip) or 7-NI at a dose of 0.1 mg/kg (ip) on the antihyperalgesic activity
of HOE 140 at a dose of 70 nmol/kg (ip) in VIN treated rats. Days 1-12 - measurements of prolonged activity of investigated
drugs; days 14*-18* - after discontinuation of administration.
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Fig.6 Effect of L-NOArg and L-NIL at a dose of 1.0 mg/kg (ip) or 7-NI at a dose of 0.1 mg/kg (ip) on the antihyperalgesic activity
of des-Arg'0-HOE 140 at a dose of 70 nmol/kg (ip) in VIN treated rats. Days 1-12 — measurements of prolonged activity of
investigated drugs; days 14*-18* - after discontinuation of administration.

Values are means + S.E.M. des-Arg'0-HOE 140 vs. L-NOArg + des-Arg19-HOE 140

**p <0.01; des-Arg'0-HOE 140 vs. 7-NI+ des-Arg'0-HOE 140 “"p < 0.01.

White column = des-Arg'%-HOE 140; Dark column = L-NOArg+ des-Arg'0-HOE 140;

Grey column =7-NI+ des-Arg'0-HOE 140; White striped column = L-NIL+ des-Arg'0-HOE 140;
O =L-NOArg; X =7-NI; ¢ = L-NIL; 0 = VIN.

tant administration of 7-NI and HOE 140. After cessa-

ished and 7-NI completely abolished the hyperalgesia
tion of drug administration, the nociceptive threshold

produced by VIN.

Furthermore, pretreatment with L-NOArg or 7-NI
before HOE 140 or des-Arg!®HOE 140 resulted in a sig-
nificant antinociception from day 2 of experiment. This
analgesic effect was especially emphasized for concomi-

returned to control values. However, L-NIL did not
modify antihyperalgesic activity of HOE 140 and des-
ArglOHOE 140 (Fig. 5, 6).
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DISCUSSION

Neuropathic pain is difficult to treat. Classical analget-
ics, e.g. opioid receptor agonists, posses low activity;
therefore, other agents which often have many adverse
effects are used.

The experimental model of neuropathic pain caused
by administration of streptozotocin (STZ), also known
as painful diabetic neuropathy model, and model of
pain caused by administration of vincristine (known as
a vincristine-induced toxic neuropathy model), respec-
tively, are commonly used in animal studies.

As reported previously (Bujalska et al. 2008, Bujal-
ska et al. 2008a), in painful diabetic neuropathy model,
administration of STZ at a dose of 40 mg/kg induces a
development of stable hyperglycemia with an increase
in water intake, an increase in food intake, and a grad-
ual decrease of body mass. Diabetogenic action of STZ
was accompanied by development of persistent hyper-
algesia, which reached its plateau phase on day 17 and
remained approximately stable during the next 13 days
i.e. until the end of the experiment.

According to the previous study, an appearance of
hyperalgesia after vincristine administration (70 pg/
kg) was also observed. However, in contrast to STZ,
which produced long-lasting and persistent hyperalge-
sia, hyperalgesia due to vincristine was reversible and
nociceptive threshold gradually returned to the initial
values after drug withdrawal (Bujalska and Gumutka
2008Db).

Studies performed in the recent years have empha-
sized the important contribution of inflammatory pro-
cess in development of neuropathic pain. Infiltration
of inflammatory cells in response to nervous system
damage, leads to subsequent production and secre-
tion of various cytokins, growth factors and inflamma-
tory mediators such as BK, NO, prostaglandins (PGs),
serotonin. BK subsequently releases a large number of
inflammatory mediators, such as PGs and NO. These
inflammatory mediators (BK, NO, PGs) are known
to sensitize nociceptors and elicit hyperalgesia as well
as they participate in a pathophysiology of diseases
accompanied by inflammatory reactions (Moalem and
Tracey 2006, Maes et al. 2007).

BK not only causes excitation and sensitization of
primary afferent nociceptors but also elicits vasodila-
tation and enhances vascular permeability, which con-
tributes to inflammatory processes (Dray and Perkins
1993). BK-induced vasodilatation demonstrated to
be mediated via endothelium-derived factor (EDRF),
identified as NO (Palmer et al. 1987). It was also shown,
that NOS is involved in the formation of inflammatory
oedema induced by BK in peripheral tissues (Teixeira
et al. 1993).

There are no literature reports about the role of bra-
dykinin in vincristine neuropathy mechanism, and the
data concerning bradykinin involvement in diabetic
neuropathy is limited. Results of a few studies indicate

that B, receptors are engaged in pain mechanism(s) of
diabetic neuropathy (Campos et al. 2005, Gabra et al.
2006, 2005, Gabra and Sirois 2005, 2003, Pesquero et
al. 2000). Campos et al. (2005) indeed suggested a very
discrete and temporal increase of B, receptor density
(without affinity changes) in spinal cord and brain of
STZ-diabetic rats but data concerning involvement of
B, receptors in this kind of neuropathic pain are not
available.

As demonstrated in the previous study, a treatment
with a specific antagonist of B, receptors (HOE 140) or a
selective B, receptors antagonist (des-Arg!0-HOE 140)
administered chronically at 200 nmol/kg doses pre-
vented the development of both STZ and vincristine
hyperalgesia (Bujalska et al. 2008). However, it was sus-
pected that lower doses could also be effective. In fact,
as shown in this paper, an administration of HOE 140 or
des-Arg!0-HOE 140 at markedly lower doses (70 nmol/
kg) significantly reduced or even abolished VIN hyper-
algesia but only slightly attenuated STZ hyperalgesia.

There is limited data pertaining to the influence of
NOS pathways in STZ- and VIN-induced hyperalgesia
and results of these studies are controversial.

It was shown, that a decrease NO production by
endothelial nitric oxide synthase (eNOS) system
resulted in decreased vasodilatation and perfusion,
which in turn lead to impairment of the peripheral
nervous system(s) function (Timar-Peregrin and Guy
2001, Cameron et al. 2001).

Defect in axonal transport probably contributes
to lose of axonal NOS content without diminishing
nNOS level in the cell bodies. Because nNOS cannot
be transported down to the axons, it accumulates in
the cell body. Increased nNOS protein and NO produc-
tion coincide with accumulation of advanced glycation
end - products (AGEs) in blood and tissues. Synergistic
action of AGEs and endogenous NO lead to increased
oxidative stress of cell bodies resulting in their apopto-
sis (Cellek et al. 2005, 2004, Cellek 2004).

Thus, disturbances in NOS pathways (nNOS and
eNOS) function may contribute to a development of
diabetic neuropathy.

Results of the studies describing an influence of non-
selective inhibitors of NOS on STZ-hyperalgesia are
also incoherent. Fox et al. (1999) showed that admin-
istration of unselective nitric oxide synthase inhibitor
L-NAME in streptozotocin-diabetic rats was without
significant effect on hyperalgesia to mechanical stimuli.
On the other hand, Joseph and Levine (2003) found that
a nonspecific inhibitor of the constitutive and inducible
nitric oxide synthase N-methyl-L-arginine (L-NMA)
attenuate hyperalgesia to mechanical stimuli in diabetic
neuropathy.

A role of NO pathway in VIN toxic neuropathy model
is not satisfactorily explained. Aley and Levine (2002)
showed that a nitric oxide synthase inhibitor (L-NMA)
administered intraplantarly significantly increased paw
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withdrawal threshold in vincristine neuropathy model.
These Authors suggested that NO, acting peripherally,
markedly contributes to the vincristine hyperalgesia. In
contrast, Kamei et al. (2005) showed that sc pretreat-
ment with a substrate of NO synthase, L-arginine or
cGMP analog dose-dependently increased the tail-flick
latencies in vincristine-treated mice. This action was
reversed by intrathecal pretreatment with nonselective
inhibitor NO synthase (L-NAME). Furthermore, the
protein level of nNOS, but not iNOS was decreased in
the spinal cord of vincristine treated mice as compared
to that in naive mice. Authors suggested that dysfunc-
tion of the L-arginine/NO/cGMP cascade in the spinal
cord may trigger vincristine induced hyperalgesia to
thermal stimuli in mice.

In the previous study, a non-selective inhibitor of
NOS, L-NOArg, and a selective inhibitor of iNOS,
L-NIL, at a dose of 10.0 mg/kg (ip) not only suppressed
STZ- and VIN-induced hyperalgesia but also evoked
antinociception. In contrast, the selective inhibitor of
nNOS, 7-NI administered at a dose of 1.0 mg/kg (ip)
prevented the VIN-hyperalgesia. However, it did not
change nociceptive threshold in STZ neuropathy model
(Bujalska et al. 2008a).

In the current paper, L-NOArg and L-NIL admin-
istered at a lower dose (1.0 mg/kg) diminished STZ, as
well as VIN hyperalgesia. In accordance to the previous
study, a lower dose of 7-NI (0.1 mg/kg) did not modify
STZ-hyperalgesia but reduced VIN-hyperalgesia.

Thus, the results of this paper seem to confirm a par-
ticipation of inducible nitric oxide synthase (iNOS) and
neuronal nitric oxide synthase (nNOS) in VIN-induced
model of chemotherapeutic neuropathy and iNOS but
not nNOS in STZ-induced diabetic neuropathy.

BK is known to activate NO-cyclic GMP pathway.
Moreover, in literature, the data supporting an involve-
ment of NO-cGMP in pronociceptive effect of BK exists.
Bauer et al. (1993) demonstrated that BK stimulates the
production of cGMP by B, receptors in neurons cul-
tured from embryonic rat dorsal root ganglion. This
effect was inhibited by the specific guanylate cyclase
inhibitor, methylene blue, and nonselective inhibitor of
NOS, L-NMMA. Nakamura et al. (1996) showed that
after administration of L-NAME or L-NMMA into
the hind-paw, dose-related suppressed of BK-induced
hyperalgesia in paw-pressure test occurred. L-Argi-
nine reversed the suppressive effects of L-NAME and
L-NMMA on BK-induced hyperalgesia. These Authors
also demonstrated that BK activated the peripheral NO-
cyclic GMP pathway via the B, receptor. An intact NO-
synthesis pathway was also engaged in the generation of
vein pains evoked by bradykinin in humans Kindgen-
Milles and Arndt (Kindgen-Milles and Arndt 1996).
Holthusen (1997) demonstrated that pretreatment with
methylene blue inhibited bradykinin-evoked vein pain
in a concentration-dependent manner. The author sug-
gested that these results are consistent with the hypoth-
esis that cyclic GMP plays a role in the transduction of

NO-mediated noxious stimuli in vascular nociceptors
in humans. In the contrary, in electrophysiological
study Kelly et al. (2001) described that NO modulates
particular C-fibre activity and reduces responsive-
ness to bradykinin. The authors showed that L-NAME
enhanced responsiveness to bradykinin in arthritic but
not normal rats, whereas L-arginine reduced the excita-
tion by BK in both group.

There is only limited data concerning mutual inter-
action between bradykinin receptors activation and
NOS pathways in the neuropathic pain models. Gabra
and Sirois (2004) showed that bradykinin B, recep-
tor — dependent activation of NO, SP and calcitinin
gene-related peptide (CGRP) pathways contributed to
development of diabetic hyperalgesia in STZ- induced
diabetes in mice.

The results of this paper confirm that inhibition of
bradykinin receptors as well as iNOS but not nNOS
activity diminishes diabetic hyperalgesia (Bujalska et
al. 2008, Bujalska et al. 2008a). Thus, it is not surprising
that an irreversible inhibitor of cNOS, L-NOArg, and a
relatively selective inhibitor of iNOS, L-NIL, but not a
relatively specific inhibitor of nNOS, 7-NI, significantly
increased antihyperalgesic activity of both a specific
antagonist of B, receptors (HOE 140) and selective B,
receptors antagonist (des-Arg!9-HOE 140).

It was also confirmed, that both products of iNOS
and nNOS activation and bradykinin are involved in
hyperalgesia produced by vincristine (Bujalska et al.
2008, in press). Moreover, in VIN induced toxic neu-
ropathy L-NOArg or 7-NI administered before not
only intensified antihyperalgesic activity of HOE 140
or des-Arg!®HOE 140 but also produced antinocicep-
tion. In contrast, L-NIL did not change the nociceptive
threshold increased after administration of HOE 140 or
des-Arg!®HOE 140.

CONCLUDING REMARKS

Results of these studies suggest that B, and B, receptors
are engaged in transmission of nociceptive stimuli in
both diabetic and toxic neuropathy models.

Furthermore, in STZ-induced hyperalgesia in pro-
nociceptive activity of bradykinin, iNOS is involved.
Whereas in VIN-induced hyperalgesia, BK activates
nNOS pathways.

Therefore, the results of this study may suggest that
concomitant administration of small doses of brady-
kinin receptor antagonists and NOS inhibitors can be
effective in alleviation of neuropathic pain, even in hos-
pital care.
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