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Abstract:

Pain that accompanies neuropathy is difficult to treat. Analgesics administered as monotherapies possess low activities in relieving

this kind of pain.

The effect of the simultaneous administration of indomethacin (a preferential inhibitor of cyclooxygenase-1; COX-1) or celecoxib

(a relatively selective inhibitor of cyclooxygenase-2; COX-2), with selective antagonists of bradykinin2 (B2) bradykinin1 (B1) re-

ceptors (HOE 140 or des-Arg10-HOE 140) on the eleviation of diabetic and toxic neuropathic pain was investigated.

Pretreatment with indomethacin (0.1 mg/kg, sc) increased the antihyperalgesic activity of low daily doses of HOE 140 or des-

Arg10HOE 140 (70 nmol/kg, ip) in a diabetic (streptozotocin(STZ)-induced) neuropathy/hyperalgesia experimental model. Pre-

medication with celecoxib before HOE 140 or des-Arg10HOE 140 administration resulted in a gradual reduction of STZ hyperalge-

sia. Furthermore, on days 23–24, almost complete abolishment of STZ hyperalgesia was observed. After cessation of drug

administration, hyperalgesia quickly returned to the baseline threshold.

The results of this study suggest that inhibitors of cyclooxygenases can increase the antihyperalgesic activity of selective antagonists

of B2 and B1 receptors in diabetic and toxic neuropathic pain models. These observations may be clinically relevant.
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Introduction

Bradykinin (BK) is an important mediator that not

only elicits vasodilatation and enhances vascular per-

meability but also induces excitation and sensitization

of primary afferent nociceptors, which contributes to

the induction of pain and inflammation [14].

The pronociceptive activity of BK is mediated by

the activation of at least two receptors named B1 and

B2. B2 receptors are constitutively expressed in the

central and peripheral nervous system and play a pro-

nociceptive role in various kinds of pain sensations.

At physiological conditions, B1 receptors are practi-

cally not present. Moreover, B1 receptors have a vital

role in modulating persistent hyperalgesia under pro-

longed inflammation and neuropathic pain [9, 29].
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The induction of BK by phospholipase A2 activa-

tion causes the production of arachidonic acid, which

leads to the release of a large number of inflammatory

mediators such as prostaglandins (PGs) that can pro-

mote the excitatory action of bradykinin [13, 14, 44,

45]. Cyclooxygenases (COXs) participate in the pro-

duction of PGs, which are also involved in inflamma-

tion.

The mechanisms underlying neuropathic pain are

still poorly understood. It is commonly known that

both structural damage to the neuron(s), as well as the

inflammatory process, contribute to the onset and de-

velopment of neuropathic pain.

Unfortunately, pain that accompanies neuropathy is

difficult to treat. Analgesics that are administered as

monotherapies possess low activities in relieving this

kind of pain. As previously reported, both products of

COXs and BK activation are involved in the persis-

tent hyperalgesia that is produced by either streptozo-

tocin (STZ) or vincristine (VIN) in diabetic and toxic

neuropathy experimental models [6–8].

Therefore, we were interested in investigating the influ-

ence that the simultaneous administration of indomethacin,

a preferential inhibitor of cyclooxygenase-1 (COX-1) or

celecoxib, a relatively selective inhibitor of cyclooxy-

genase-2 (COX-2), with selective antagonists of B2

and B1 receptors: HOE 140) or des-Arg10-HOE 140,

had on the alleviation of diabetic and toxic neuro-

pathic pain, respectively.

Materials and Methods

Laboratory animals

This study was conducted according to the guidelines

of the Ethical Committee for Experiments on Small

Animals, Medical University of Warsaw. The afore-

mentioned Committee approved the experimental

protocols. Male Wistar rats (300–350 g) were housed

in a room maintained at 20 ± 2°C temperature and un-

der 12–12 h light-dark cycles. Experimental groups

consisted of six rats. Animals had a free access to

food and water, except for a 16 h period before the

first experimental session (STZ administration) in the

diabetic neuropathy model. The individual animals

were used in only one experiment.

Chemicals

HOE 140 and des-Arg10 – HOE 140 were purchased

from Research Biochemicals International (Natick,

MA); indomethacin was obtained from Polfa Kutno;

celecoxib was obtained from Searle; STZ (N-[methyl-

nitrosocarbamoyl]-�-D-glucosamine) and VIN sul-

fate were purchased from Sigma Chemical Co., USA.

Equipment

Equipment included an analgesimeter (Type 7200,

Ugo-Basile Biological Research Apparatus, Comerio,

Italy), which progressively exerted an increased pres-

sure stimulus, and a blood glucometer (Accu-Check

Active, Roche Diagnostics Corp.).

Animal models of neuropathic pain

STZ-induced (diabetic) painful neuropathy

Diabetes was induced by intramuscular (im) admini-

stration of STZ at a dose of 40 mg/kg of body weight,

as described by Nakhoda and Wong [32]. STZ was

dissolved in citrate buffer at pH 4.5 and administered

at only one dose on the first day of the study into the

thigh muscles of the rats’ leg. Prior to the induction of

diabetes, the animals were fasted over 16 h. Follow-

ing injection, food and water were made available ad

libitum during the remaining 30 days of the experi-

ment. The effects of STZ given either alone or in

combination with investigated drugs on the with-

drawal threshold to mechanical stimuli were investi-

gated. Control rats received an equal volume of

buffer. Starting on day 3 (72 h after STZ administra-

tion), glucose levels were determined using a blood

glucometer. Blood samples were drawn from the tail

vein for the determination of glucose levels. Perma-

nent hyperglycemia was detected (400 mg/dl) in all

rats. In vehicle-treated animals, the glucose levels

amounted to about 80 mg/dl and remained stable dur-

ing the 30 days of observation period.

The STZ-induced hyperglycemia was accompanied

by the gradual decrease in body mass, an increase in

food consumption, and a considerable increase in wa-

ter intake.

VIN-induced (chemotherapy) painful neuropathy

VIN neuropathy was induced as described by Aley et

al. [3]. VIN sulfate was dissolved in distilled water to
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a stock concentration of 1 mg/ml and stored at 4°C.

Immediately prior administration, the stock was diluted

in distilled water to a concentration of 100 µg/ml.

This solution was administered into the tail vein at

a dose of 70 µg/kg. Because high doses of VIN

(100 µg/kg) resulted in marked toxic events (as meas-

ured by a marked decrease in body mass) that led to

cachexia, a lower dose (70 µg/kg) of this drug was

used in the present study. Administrations of VIN

were performed daily – Monday through Friday – for

10 days (this phase of the experiment lasted 12 days;

no drugs were given on Saturdays or Sundays). The

dosage calculations were based on daily body weight.

Weight-matched control rats received injections of

distilled water.

No weight loss was observed in rats receiving iv

VIN at a dose of 70 µg/kg.

Drugs administration

STZ and VIN were administered as described above.

Preparation of drugs. HOE 140 and des-Arg10HOE

140 were dissolved in distilled water while indo-

methacin (IND) and celecoxib (CEX) were suspended in

a 0.1% solution of methylcellulose immediately be-

fore injection.

Administration of drugs. HOE 140 and des-Arg10HOE

140 were administered intraperitoneally (ip) at a 70 nmol/kg

dose, while IND and CEX were administered subcu-

taneously (sc) at a 0.1 mg/kg dose.

Time schedule. In the diabetic (STZ)-induced neu-

ropathy model, all of the drugs (except for STZ,

which was given only on day 1) were administered for

six consecutive days of the experiment (from 18 to 23

day after STZ administration). IND and CEX were in-

jected 10 min before administration of HOE 140 or

des-Arg10HOE 140.

In the chemotherapy (VIN)-induced neuropathy

model, HOE 140 and des-Arg10HOE 140 were ad-

ministered daily 10 min before VIN was administered

from Monday through Friday for 10 days (this phase

of the experiment lasted 12 days; no drugs were given

on Saturdays or Sundays). IND and CEX were admin-

istered 10 min before administration of HOE 140 and

des-Arg10HOE 140.

Controls. Control animals were injected according

to the same time schedules as above: (1) ip with equal

volume of distilled water (control to HOE 140 and

des-Arg10-HOE 140); (2) sc with 0.1% solution of

methylcellulose (control to CEX and IND).

Measurement of the nociceptive threshold

The changes in nociceptive thresholds were deter-

mined using a mechanical stimuli, which is a modifi-

cation of the classic paw withdrawal test described by

Randall and Selitto [36]. In order to perform a me-

chanical stimulation, a progressively increasing amount

of pressure was applied to the dorsal surface of the

rat’s paw using an analgesimeter. The instrument in-

creased the force on the rat’s paw at a rate of 32 grams

per second. The nociceptive threshold was defined as

the force in grams at which the rat attempted to with-

draw its right hind paw. The values of pressure were

recorded at this very point. Three threshold measure-

ments were performed daily per rat. The nociceptive

threshold was obtained in triplicate and the mean was

derived from further calculations.

In the STZ model (study lasting 30 days), nocicep-

tive 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 6 consecutive days

(for example, measurement following administration

of drugs and before consecutive drugs administration)

from 19 to 24 day after STZ administration and subse-

quently, after cessation of drug administration up to

day 30 (B).

Measurements of withdrawal threshold to mechani-

cal stimuli for the STZ group of animals were per-

formed daily from day 2 to 30 according to the same

schedule (B).

In all experimental sessions, values of thresholds

obtained (B) were compared to baseline (A).

In the VIN neuropathy model, the mean of no-

ciceptive thresholds to the mechanical stimulus meas-

ured on the first day of an 18 day long study immedi-

ately before the administration of VIN alone or VIN

in combination with investigated drugs constituted the

baseline pain threshold (A). Consecutive measure-

ments of nociceptive thresholds to mechanical stimuli

(B) were conducted daily before administration of the

investigated compounds (from day 2 of experiment to

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

discontinuation (from day 14 to 18 of experiment). In

all experimental sessions up to the end of the study,

values of thresholds obtained (B) were compared to

baseline (A) defined above.
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Changes in pain threshold were calculated as a per-

centage of baseline value according to the following

formula:

% of hyperalgesia = ( 00%) –100%
B

A
1

where A indicates pressure (in g) at baseline and B in-

dicates pressure (in g) at the consecutive measure-

ments that were performed daily (except day 1) before

drug administration.

Percentage of hyperalgesia values calculated as

above for individual animals were subsequently used

to calculate averages in particular experimental

groups and for statistical analyses.

Statistical analysis

The results were expressed as the mean values ± stan-

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

nificance of differences between the groups was

evaluated by the Student t-test or the Newman-Keuls

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

cally significant. All statistical calculations were per-

formed using the computer software described by Tal-

larida and Murray [41].

Results

Effect of STZ on mechanical stimuli threshold

As shown in Figure 1, beginning at day 2 a statisti-

cally significant gradual decrease in the nociceptive

threshold was observed in the STZ-treated animals.

The decrease reached its plateau phase on day 17 and

remained stable for the following 13 days i.e. until the

end of experiment.

Influence of IND and CEX on activity of HOE

140 or des-Arg10HOE 140 administered at low

doses in a STZ-induced hyperalgesia model

Both HOE 140 and des-Arg10HOE 140 administered

at low daily doses (70 nmol/kg) significantly de-

creased diabetic hyperalgesia i.e. increased the no-

ciceptive threshold. The antihyperalgesic activity of

IND and CEX (0.1 mg/kg) was also strengthened.

However, pretreatment with IND progressively in-

creased the antihyperalgesic activity of HOE 140 or

des-Arg10HOE 140. In addition, CEX administered

10 min before HOE 140 or des-Arg10HOE 140 re-

sulted in a gradual reduction of STZ hyperalgesia.

Moreover, on days 23–24, almost complete abolish-
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ment of STZ hyperalgesia was observed. After cessa-

tion of drug administration, hyperalgesia quickly re-

turned to the baseline threshold (Fig. 2, 3).

Effect of VIN on the 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 nadir

on day 8 of the experiment and remained stable until

day 12. After discontinuation of VIN administration,

nociceptive thresholds to mechanical stimuli gradu-

ally increased and on day 18, only a 5% decrease in

the nociceptive threshold was noted (Fig. 4).

Influence of IND and CEX on the activity of HOE

140 or des-Arg10HOE 140 administered at low

doses in the VIN-induced hyperalgesia model

Daily administration of HOE 140 (70 nmol/kg) mark-

edly attenuated VIN hyperalgesia; however, from days

5 to 14, a small decrease was also observed (Fig. 5). In

contrast, des-Arg10HOE 140 appeared to prevent the

development of VIN hyperalgesia (Fig. 6). IND and

CEX (0.1 mg/kg), when administered as a single agent

nearly abolished the VIN-induced hyperalgesia com-

pletely. Furthermore, pretreatment with IND or CEX

before HOE 140 or des-Arg10HOE 140 resulted in sig-

nificant analgesic effect from day 2 of the experiment.

After cessation of drug administration, the nocicep-

tive threshold returned (Fig. 5, 6).

Discussion

Pharmacotherapy of neuropathic pain remains an im-

portant clinical problem as this kind of pain is usually

resistant to standard analgesic treatment. Neuro-

pathies that arise from complicating chronic diabetes,

as well as neuropathies that arise in the course of anti-

cancer chemotherapy, are accompanied by neuro-

pathic pain. The experimental model of neuropathic

pain caused by administration of STZ (known as pain-

ful diabetic neuropathy model) and the model of pain

caused by administration of VIN (known as a VIN-

induced toxic neuropathy model) are commonly used

to investigate these types of pain in animal studies.
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In the present study, 72 h after STZ administration

(40 mg/kg), stable hyperglycemia occurred and was

accompanied by an increase in water intake, an in-

crease in food intake and a gradual decrease in body

mass. The diabetogenic action of STZ was accompa-

nied by the development of persistent hyperalgesia.

These results are consistent to those reported by

Aley and Levine [2] who demonstrated the appear-

ance of hyperalgesia in response to mechanical stimu-

lus after the administration of a single intravenous

dose (50 mg/kg) of STZ.

In this study, we also observed an appearance of

hyperalgesia after VIN administration (70 µg/kg).

However, in contrast to STZ, which produced long-

lasting, persistent hyperalgesia, hyperalgesia from

VIN was reversible upon the drug’s withdrawal, al-

lowing the nociceptive threshold to gradually return

to its initial value.

In this study, a lower dose of VIN 70 µg/kg was

used as the higher dose 100 µg/kg that was adminis-

tered in the previous study [6, 8] resulted in marked

toxicity. Administration of VIN at a dose of 70 µg/kg

also produced hyperalgesia but did not decrease body

mass. Additionally, the condition of animals was sig-

nificantly better upon VIN administration and did not

differ significantly from control animals. These re-

sults indicate that lower doses of VIN should be used

in studies on chemotherapy-produced hyperalgesia.

Studies performed in recent years have emphasized

the important contribution of the inflammatory pro-

cess to the development of neuropathic pain. Infiltra-

tion of inflammatory cells in response to damage to

the nervous system leads to a subsequent production

and secretion of various cytokines, growth factors and

inflammatory mediators such as bradykinin, PGs, se-

rotonin and nitric oxide [30].

No literature reports exist about the role of bra-

dykinin in the mechanism of VIN neuropathy and

data concerning the role of bradykinin in diabetic neu-

ropathy are limited. Ongali et al. [33] showed an in-

crease (through up-regulation) in the expression of B1

receptors in the thoracic spinal cord of rats with STZ-

induced diabetic neuropathy. They also revealed

a very significant increase in the number of bradyki-

nin (B1) binding sites in the dorsal horn of diabetic

rats at day two (+315%), day 7 (+303%) and day 21

(+181%) following STZ administration. Campos et al.

[10] observed a discrete and temporal increase in B2

receptor density in the spinal cord and hindbrain of

STZ-diabetic rats.

Results from a few in vivo studies have indicated

that B1 receptors play a role in the pain mechanisms

of diabetic neuropathy [10, 17–21, 34]. Studies have

shown that hyperalgesia was absent after STZ admini-

stration in a model of type I diabetes in B1 receptor

knockout mice [18, 19]. In addition, chronic treatment

with selective bradykinin B1 receptor antagonists (R-

715 and R-954) attenuated STZ-induced diabetic ther-

mal hyperalgesia in mice [20].

In our previous study, a treatment with a specific

antagonist of B2 receptors (HOE 140) or a selective

B1 receptors antagonist (des-Arg10-HOE 140) admini-

stered chronically at a dose of 200 nmol/kg prevented

the development of both STZ and VIN hyperalgesia [8].

In this paper, an administration of HOE 140 or

des-Arg10-HOE 140 at a lower dose (70 nmol/kg)

markedly reduced or abolished VIN hyperalgesia; STZ

hyperalgesia, however, was only slightly attenuated.

Bradykinin (BK) is known to stimulate the forma-

tion of prostaglandins (PGs) by the activation of phos-

pholipase A2 and the subsequent release of arachi-

donic acid. In turn, PGs promote the various actions

of bradykinin [29, 35, 43].

Evidence for the involvement of PGs on the

mechanisms underlying the development of neuro-

pathic pain comes primarily from studies that have

used peripheral nerve injury models such as chronic

constrictive injury sciatic nerve [4], partial sciatic

nerve ligation model [40] or L5/L6 spinal nerve liga-

tion model [24].

Data that has shown the participation of COX path-

ways in diabetic neuropathy are scarce. While results

from studies examining the influence of COX-1 inhi-

bition on STZ-induced hyperalgesia are contradictory

[1, 15, 16, 25–27], there is agreement in the role of in-

creased COX-2 activity in diabetic neuropathy [15,

16, 23, 27].

In addition, the participation of COX-1 and COX-2

in the development of VIN-induced neuropathic pain

has not be well investigated. Cata et al. [11] showed

that ibuprofen (50.0 mg/kg, ip) and rofecoxib (10.0

mg/kg, ip) prevented mechanical hyperalgesia in

a toxic neuropathy model.

In our previous study, the treatment with indometha-

cin, which preferentially inhibits COX-1 activity, or

celecoxib, a selective inhibitor of COX-2, at a dose of

1.0 mg/kg suppressed both STZ and VIN-induced hy-

peralgesia [6, 7].

In the current paper, IND and CEX administered at

lower dose (0.1 mg/kg) significantly diminished both
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STZ and VIN hyperalgesia. This result indicates that

low doses of nonsteroidal anti-inflammatory drugs

can alleviate diabetic and toxic neuropathic pain.

The participation of bradykinin and prostaglandins

in nociceptive transmission is well-established [12].

Birrell et al. [5] showed that bradykinin-induced exci-

tation and sensitization of particular mechanonocicep-

tors in the rat ankle joint is potentiated by co-adminis-

tration of prostanoids. They also observed tachyphyl-

axis to nociceptive responses evoked by bradykinin.

In a study by Maubach and Grundy [28], BK acted on

B2 receptors to stimulate PGE2 release in a positive

feedback system, which in turn sensitized afferent

nerve endings to a more direct action of BK. Schuli-

goi et al. [39] suggested that bradykinin administered

to the rat’s paw lowered the thermal nociceptive

threshold; this lowering of the nociceptive threshold

occurred primarily via B2 receptor-mediated forma-

tion of COX-products, which in turn acted exclu-

sively on capsaicin-sensitive afferent neurons. Rueff

and Dray [38] demonstrated that sensitization of pe-

ripheral afferent fibers evoked by bradykinin were en-

hanced by the presence of PGE1, PGE2, PGF2a, PGI2

and the stable PGI2 analogue cicaprost, but not by the

presence of PGD2. Responses evoked by small con-

centrations of BK on unsensitized preparations were

reduced by indomethacin or aspirin, whereas re-

sponses to maximal concentrations of BK were not af-

fected. In the previous study, PGs increased the BK-

induced excitability of sensory neurons by augment-

ing the BK-induced release of substance P and calci-

tonin gene-related peptide in cultures of sensory neu-

rons from the dorsal root ganglia [42].

Several studies have reported the ability of BK to

regulate COX-2 expression in different cell types.

Inoue et al. [22] showed that the long-term (but not

short-term) exposure of primary cultured rat dorsal

root ganglion (DRG) cells to BK was responsible for

PGE2 production by COX-2. The early release of

PGE2 by BK exposure for 30 min was significantly

inhibited by a COX-1 inhibitor, suggesting that con-

stitutive COX-1 was responsible for the production of

PGE2 production during the short-term treatment.

Rodrigez et al. [37] suggested that BK increases

COX-2 protein levels in aortic vascular smooth mus-

cle cells. Nakao et al. [31] demonstrated that BK-

induced PGE2 release is dependent on COX-2 in in-

terleukin-1� primed human gingival fibroblasts.

Unfortunately, there are only limited data about the

mutual interaction between the activation of bradyki-

nin receptors and COX pathways in neuropathic pain

models.

The results of this study suggest that inhibitors of

cyclooxygenases can increase the antihyperalgesic ac-

tivity of selective antagonists of B2 and B1 receptors

in diabetic and toxic neuropathic pain models. These

observations may be relevant clinically.

References:

1. Ahlgren SC, Levine JD: Mechanical hyperalgesia in

streptozotocin-diabetic rats. Neuroscience, 1993, 52,

1049–1055.

2. Aley KO, Levine JD: Different peripheral mechanisms

mediate enhanced nociception in metabolic/toxic and

traumatic painful peripheral neuropathies in the rat.

Neuroscience, 2002, 111, 389–397.

3. Aley KO, Reichling DB, Levine JD: Vincristine hyperal-

gesia in the rat: a model of painful vincristine neuropathy

in humans. Neuroscience, 1996, 73, 259–265.

4. Bennett GJ, Xie YK: A peripheral mononeuropathy in rat

that produces disorders of pain sensation like those seen

in man. Pain, 1988, 33, 87–107.

5. Birrell GJ, McQueen DS, Iggo A, Grubb BD:

Prostanoid-induced potentiation of the excitatory and

sensitizing effects of bradykinin on articular mechanonocicep-

tors in the rat ankle joint. Neuroscience, 1993, 54, 537–544.

6. Bujalska M, Gumu³ka SW: Effect of cyclooxygenase and

nitric oxide synthase inhibitors on vincristine induced

hyperalgesia in rats. Pharmacol Rep, 2008, 60, 735–741.

7. Bujalska M, Tatarkiewicz J, de Cordé A, Gumu³ka SW:

Effect of cyclooxygenase and nitric oxide synthase in-

hibitors on streptozotocin-induced hyperalgesia in rats.

Pharmacology, 2008, 81, 151–157.

8. Bujalska M, Tatarkiewicz J, Gumu³ka SW: Effect of

bradykinin receptor antagonists on vincristine- and

streptozotocin-induced hyperalgesia in a rat model of

chemotherapy-induced and diabetic neuropathy. Pharma-

cology, 2008, 81, 158–163.

9. Calixto JB, Cabrini DA, Ferreira J, Campos MM: Kinins

in pain and inflammation. Pain, 2000, 87, 1–5.

10. Campos MM, Ongali B, Thibault G, Neugebauer W,

Couture R: Autoradiographic distribution and alterations

of kinin B2 receptors in the brain and spinal cord of

streptozotocin-diabetic rats. Synapse, 2005, 58, 184–192.

11. Cata JP, Weng HR, Dougherty PM: Cyclooxygenase in-

hibitors and thalidomide ameliorate vincristine-induced

hyperalgesia in rats. Cancer Chemother Pharmacol,

2004, 54, 391–397.

12. Chapman V, Dickenson AH.: The spinal and peripheral

roles of bradykinin and prostaglandins in nociceptive

processing in the rat. Eur J Pharmacol, 1992, 219, 427–433.

13. Dray A: Kinins and their receptors in hyperalgesia. Can

J Physiol Pharmacol, 1997, 75, 704–712.

14. Dray A, Perkins M: Bradykinin and inflammatory pain.

Trends Neurosci, 1993, 16, 99–104.

�����������	��� 
������ ����� ��� ������� 639

Bradykinin antagonists and cyclooxygenase inhibitors in neuropathy
��������� �	
����� ��� ����� ���	����������



15. Fang C, Jiang Z, Tomlinson DR: Expression of constitu-

tive cyclo-oxygenase (COX-1) in rats with

streptozotocin-induced diabetes; effects of treatment

with evening primrose oil or an aldose reductase inhibi-

tor on COX-1 mRNA levels. Prostaglandins Leukot

Essent Fatty Acids, 1997, 56, 157–163.

16. Freshwater JD, Svensson CI, Malmberg AB, Calcutt NA:

Elevated spinal cyclooxygenase and prostaglandin re-

lease during hyperalgesia in diabetic rats. Diabetes,

2002, 51, 2249–2255.

17. Gabra BH, Benrezzak O, Pheng LH, Duta D, Daull P, Si-

rois P, Nantel F, Battistini B: Inhibition of type 1 dia-

betic hyperalgesia in streptozotocin-induced Wistar ver-

sus spontaneous gene-prone BB/Worchester rats: effi-

cacy of a selective bradykinin B1 receptor antagonist.

J Neuropathol Exp Neurol, 2005, 64, 782–790.

18. Gabra BH, Berthiaume N, Sirois P, Nantel F, Battistini

B.: The kinin system mediates hyperalgesia through the

inducible bradykinin B1 receptor subtype: evidence in

various experimental animal models of type 1 and type 2

diabetic neuropathy. Biol Chem, 2006, 387, 127–143.

19. Gabra BH, Merino VF, Bader M, Pesquero JB, Sirois P.:

Absence of diabetic hyperalgesia in bradykinin B1

receptor-knockout mice. Regul Pept, 2005, 127, 245–248.

20. Gabra BH, Sirois P: Beneficial effect of chronic treat-

ment with the selective bradykinin B1 receptor antago-

nists, R-715 and R-954, in attenuating streptozotocin-

diabetic thermal hyperalgesia in mice. Peptides, 2003,

24, 1131–1139.

21. Gabra BH, Sirois P: Hyperalgesia in non-obese diabetic

(NOD) mice: a role for the inducible bradykinin B1 re-

ceptor. Eur J Pharmacol, 2005, 514, 61–67.

22. Inoue A, Iwasa M, Nishikura Y, Ogawa S, Nakasuka A,

Nakata Y: The long-term exposure of rat cultured dorsal

root ganglion cells to bradykinin induced the release of

prostaglandin E2 by the activation of cycloxygenase-2.

Neurosci Lett, 2006, 401, 242–247.

23. Kellogg AP, Pop-Busui R: Peripheral nerve dysfunction

in experimental diabetes is mediated by

cyclooxygenase-2 and oxidative stress. Antioxid Redox

Signal, 2005, 7, 1521–1529.

24. Kim SH, Chung JM: An experimental model for periph-

eral neuropathy produced by segmental spinal nerve liga-

tion in the rat. Pain 1992, 50, 355–363.

25. Liu J, Wang KM, He LZ, Cao DY: Effects of sympa-

thetic efferent in diabetic hyperalgesia in rat. Sheng Li

Xue Bao, 1996, 48, 536–542.

26. Liu J, Zhang QJ, Guo BC, Cao DY, Wang KM: Prosta-

glandin inhibitor indomethacin inhibits afferent activities

of Adelta and C units in the saphenous nerve of diabetic

hyperalgesic rats. Sheng Li Xue Bao, 2002, 54, 379–384.

27. Matsunaga A, Kawamoto M, Shiraishi S, Yasuda T, Kaji-

yama S, Kurita S, Yuge O: Intrathecally administered

COX-2 but not COX-1 or COX-3 inhibitors attenuate

streptozotocin-induced mechanical hyperalgesia in rats.

Eur J Pharmacol, 2007, 554, 12–17.

28. Maubach KA, Grundy D: The role of prostaglandins in

the bradykinin-induced activation of serosal afferents of

the rat jejunum in vitro. J Physiol, 1999, 515, 277–285.

29. Millan MJ: The induction of pain: an integrative review.

Prog Neurobiol, 1999, 57, 1–164.

30. Moalem G, Tracey DJ: Immune and inflammatory

mechanisms in neuropathic pain. Brain Res Rev, 2006,

51, 240–264.

31. Nakao S, Ogata Y, Modéer T, Furuyama S, Sugiya H:

Bradykinin potentiates prostaglandin E2 release in the

human gingival fibroblasts pretreated with interleukin-

1beta via Ca2+ mobilization. Eur J Pharmacol, 2000,

395, 247–253.

32. Nakhoda A, Wong HA: The induction of diabetes in rats

by intramuscular administration of streptozotocin. Expe-

rientia, 1979, 35, 1679–1680.

33. Ongali B, Campos MM, Petcu M, Rodi D, Cloutier F,

Chabot JG, Thibault G, Couture R: Expression of kinin

B1 receptors in the spinal cord of streptozotocin-diabetic

rat. Neuroreport, 2004, 15, 2463–2466.

34. Pesquero JB, Araujo RC, Heppenstall PA Stucky CL,

Silva JA, Walther T, Oliveira SM et al.: Hypoalgesia and

altered inflammatory responses in mice lacking kinin B1

receptors. Proc Natl Acad Sci USA, 2000, 97, 8140–8145.

35. Radenkoviæ M, Grboviæ L, Radunoviæ N, Momcilov P:

Pharmacological evaluation of bradykinin effect on hu-

man umbilical artery in normal, hypertensive and dia-

betic pregnancy. Pharmacol Rep, 2007, 59, 64–73.

36. Randall LO, Selitto JJ: A method for measurement of an-

algesic activity on inflamed tissue. Arch Int Pharmaco-

dyn Ther, 1957, 111, 409–419.

37. Rodriguez JA, De la Cerda P, Collyer E, Decap V, Vio

CP, Velarde V: Cyclooxygenase-2 induction by bradyki-

nin in aortic vascular smooth muscle cells. Am J Physiol

Heart Circ Physiol, 2006, 290, H30–36.

38. Rueff A, Dray A: Sensitization of peripheral afferent fi-

bres in the in vitro neonatal rat spinal cord-tail by bradyki-

nin and prostaglandins. Neuroscience, 1993, 54, 527–535.

39. Schuligoi R, Donnerer J, Amann R: Bradykinin-induced

sensitization of afferent neurons in the rat paw. Neurosci-

ence, 1994, 59, 211–215.

40. Seltzer Z, Dubner R, Shir Y: A novel behavioral model

of neuropathic pain disorders produced in rats by partial

sciatic nerve injury. Pain, 1990, 43, 205–218.

41. Tallarida RJ, Murray RB: Manual of Pharmacologic Cal-

culation with Computer Programs, ed. 2, New York,

Springer 1986, 113–117.

42. Vasko MR, Campbell WB, Waite KJ: Prostaglandin E2

enhances bradykinin-stimulated release of neuropeptides

from rat sensory neurons in culture. J Neurosci, 1994,

14, 4987–4997.

43. Veeravalli KK, Akula A, Kota MK: Nitric oxide- and

prostaglandin-mediated cardioprotection by bradykinin

in myocardial ischemia and reperfusion injury. Pol J Phar-

macol, 2003, 55, 1021–1029.

44. Wang H, Ehnert C, Brenner GJ, Woolf CJ: Bradykinin and

peripheral sensitization. Biol Chem 2006, 387, 11–14.

45. Wang MS, Davis AA, Culver DG, Wang Q, Powers JC,

Glass JD.: Calpain inhibition protects against Taxol-

induced sensory neuropathy. Brain, 2004, 127, 671–679.

Received:

September 8, 2008; in revised form: June 15, 2009.

640 �����������	��� 
������ ����� ��� �������


	593	OBITUARY Œ Professor S³awomir S. Rump, M.D., D.Sc. Physician, pharmacologist, toxicologist, scientific advisor (1929Œ2009).
	Marek Kowalczyk
	595	Review Œ Role of NF-kB in the pathogenesis of diabetes and its associated complications.
	Sandip Patel, Dev Santani


	 604	Serum cortisol concentration in patients with major depression after treatment with clomipramine.
	Jadwiga Piwowarska, Ma³gorzata Wrzosek, Maria Radziwoñ-Zaleska, Beata Ryszewska-Pokraœniewicz, Micha³ Skalski, Halina Matsumoto, Agata Biernacka-Bazyluk, Waldemar Szelenberger, Jan Pachecka
	612	Prenatal stress decreases glycogen synthase kinase-3 phosphorylation in the rat 
frontal cortex.
	Magdalena Szymañska, Anna Suska, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Agnieszka Basta-Kaim, Monika Leœkiewicz, Marta Kubera, Aleksandra Gergont, S³awomir Kroczka, Marek Kaciñski, W³adys³aw Lasoñ

	621	2-Methyl-6-phenylethynyl-pyridine (MPEP), 
a non-competitive mGluR5 antagonist, differentially affects the anticonvulsant activity of four conventional antiepileptic drugs against amygdala-kindled seizures in rats.
	Kinga K. Borowicz, Jarogniew J. £uszczki, Stanis³aw J. Czuczwar

	631	Bradykinin receptor antagonists and cyclooxygenase inhibitors in vincristine- and streptozotocin-induced hyperalgesia.
	Magdalena Bujalska, Helena Makulska-Nowak

	641	Optimization of lidocaine application in tumescent local anesthesia.
	Krystyna G³owacka, Krystyna Orzechowska-Juzwenko, Andrzej Bieniek, Anna Wiela-Hojeñska, Magdalena Hurkacz

	654	Effect of HMG-CoA (3-hydroxy-3-methyl- glutaryl-CoA) reductase inhibitors on the concentration of insulin-like growth factor-1 (IGF-1) in hypercholesterolemic patients.
	Janusz Szkodziñski, Wojciech Romanowski, Bartosz Hudzik, Andrzej Kaszuba, Ewa Nowakowska-Zajdel, Ryszard Szkilnik, Barbara Pietrasiñska, Barbara Zubelewicz-Szkodziñska

	665	Beneficial effects of L-arginine against diabetes-induced oxidative stress in gastrointestinal tissues in rats.
	Nitin I. Kochar, Sudhir N. Umathe

	673	Accelerated thrombus lysis in the blood of plasminogen activator inhibitor deficient mice is inhibited by PAI-1 with a very long half-life.
	Jerzy Jankun, Ansari M. Aleem, Rados³aw Struniawski, Wies³awa £ysiak-Szyd³owska, Steven H. Selman, Ewa Skrzypczak-Jankun

	681	Effects of taurine on contractions of the porcine coronary artery.
	Yu Liu, Longgang Niu, Wenjing Zhang, Lijuan Cui, Xuanping Zhang, Yueqin Liang, Mingsheng Zhang

	690	Association of the MDR1 (ABCB1) gene 3435C>T polymorphism with male infertility.
	Marek Dro�dzik, Joanna Stefankiewicz, Rafa³ Kurzawa, Wanda Górnik, Tomasz B¹czkowski, Mateusz Kurzawski

	697	Effects of escin on acute inflammation and the immune system in mice.
	Tian Wang, Fenghua Fu, Leiming Zhang, Bin Han, Mei Zhu, Xiumei Zhang

	705	Endogenous steroids are responsible for lactoferrin-induced myelopoiesis in mice.
	Micha³ Zimecki, Jolanta Artym, Maja Kociêba

	711	Fluoroquinolones lower constitutive H2AX and ATM phosphorylation in TK6 lymphoblastoid cells via modulation of the intracellular redox status.
	H. Dorota Halicka, Daniel J. Smart, Frank Traganos, Gary M. Williams, Zbigniew Darzynkiewicz

	719	Circadian time-dependent chemopreventive potential of withaferin-A in 7,12-dimethylbenz[a]anthracene-induced oral carcinogenesis.
	Shanmugam Manoharan, Kuppusamy Panjamurthy, Subramanian Balakrishnan, Kalaiarasan Vasudevan, Lakshmanan Vellaichamy


	SHORT COMMUNICATIONS
	727	Synthesis and pharmacological properties of a new fluorescent opioid peptide analog.
	Monika Lukowiak, Piotr Kosson, Wim E. Hennink, Andrzej W. Lipkowski


	732	Influence of orphenadrine upon the protective activity of various antiepileptics in the maximal electroshock-induced convulsions in mice.
	Miros³aw Czuczwar, Jacek Ciêszczyk, Katarzyna Czuczwar, Jacek Kiœ, Tomasz Saran, Waldemar A. Turski

	737	Characterization of acute adverse-effect profiles of selected antiepileptic drugs in the grip-strength test in mice.
	Anna Zadro¿niak, Ewa Wojda, Aleksandra Wla�, Jarogniew J. £uszczki

	743	Neuroprotective effect of N-acetylcysteine in neurons exposed to arachidonic acid during simulated ischemia in vitro.
	Natalia Pawlas, Andrzej Ma³ecki

	751	Kynurenic acid protects against the homocysteine-induced impairment of endothelial cells.
	Katarzyna Wejksza, Wojciech Rzeski, Waldemar A. Turski
	757	Note to Contributors







	contents


