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Abstract:

The interaction between uncompetitive NMDA receptor antagonists (memantine and ketamine), and morphine (�-opioid receptor

agonist) and pentazocine (�-opioid receptor agonist) was studied in the writhing test in mice. Memantine and ketamine, administered

at subthreshold doses, potentiated antinociceptive effect of the threshold (1 mg/kg) dose of morphine. The effects of the threshold

(6 mg/kg) dose of pentazocine were not significantly changed by ketamine, and were significantly enhanced by the higher dose of

memantine (15 mg/kg). Simultaneously performed experiments in the chimney test have shown that combination of morphine or

pentazocine with an NMDA receptor antagonist did not induce significant alterations in the motor coordination of mice.

The obtained results have shown that NMDA receptor antagonists (ketamine, memantine) are able to enhance the antinociceptive ac-

tivity of opioids (morphine, pentazocine). It is necessary to underline that this effect was more apparent for morphine (�-opioid re-

ceptor agonist) + NMDA antagonists than for pentazocine (�-opioid receptor agonist). These results may have some importance for

clinical practice.
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Introduction

Numerous studies have reported that NMDA receptor

antagonists induce antinociceptive action in various

animal models of pain [10, 27, 31, 36], and may

modulate the effects of opioids. It has been shown that

they can attenuate the development of tolerance to an-

algesic effects of morphine [6, 12, 24, 25, 34, 35].

Antinociceptive actions of opioids are also influenced

by NMDA receptor antagonists, although the results

of such experiments are not uniform: Kozela et al.

[21] presented many literature data indicating that an

NMDA receptor antagonist + opioid combinations

produced potentiation, inhibition or no effect in the

tail-flick or hot plate test in rats. The differences in

strength of potentiating effect on opioid analgesia be-

tween NMDA receptor antagonists may be also con-

nected with the existence of different opioid receptor

types (�-, �-, �-) [2]. Nevertheless, there is evidence

from human volunteer studies and small clinical trials

that NMDA receptor antagonists relieve some types

of neuropathic pain [18]. Moreover, clinical reports

indicate that ketamine at low doses as an adjuvant to

opioid treatment may improve analgesia with toler-

able adverse effects [3, 4, 17, 38].
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An uncompetitive NMDA receptor antagonist, me-

mantine (1-amino-3,5-dimethyladamantane), besides

its therapeutic potential in numerous CNS disorders

[30], has also some analgesic activity in animal mod-

els of chronic and neuropathic pain [13–15, 29]. The

latest clinical studies have reported that memantine

can reduce intensity of phantom limb pain and might

prevent its development [32]. Analgesic properties of

ketamine, another uncompetitive NMDA receptor an-

tagonist, are well known [3, 16, 39], however, its use

is restricted by unpleasant adverse effects, such as

hallucinations. Nonetheless, ketamine is recommend-

ed as an ideal drug for the use in many prehospital

situations, because it is more effective and safer than

drugs currently used [33].

The above data prompted us to investigate the in-

teraction between uncompetitive NMDA antagonists

(memantine and ketamine), and morphine (�-opioid

receptor agonist) and pentazocine (�-opioid receptor

agonist) in the writhing test in mice. The acetic acid

writhing test is employed as visceral or tonic pain

model. Administration of an algogenic chemical agent

produces a slow, progressive and long-lasting form of

stimulation, which makes it the closest in nature to

clinical pain. In this test, both central and peripheral

analgesics could be estimated and many investigators

used it and recommended as a simple screening me-

thod. Although the writhing test has low specificity, it

possesses high sensitivity and shows good correlation

between analgesic effects in humans and animals [22,

37]. Its sensitivity allows for detection of even slight

antinociceptive action of drugs, e.g. nootropic [1] or

non-steroidal anti-inflammatory drugs [37]. This test

in mice is a good test for demonstration of an interac-

tion between morphine and other drug groups (e.g.

anti-inflammatory drugs or calcium-channel blockers)

[11, 26].

Additionally, we examined possible adverse effects

of all used drugs in the chimney test in mice, because

the alteration of animal motor performance by drugs

may disturb the evaluation of behavioral responses of

animals to nociceptive stimuli.

The aim of the present study was to determine

whether uncompetitive NMDA receptor antagonists

(ketamine, memantine), administered at threshold

antinociceptive doses, are able to intensify the antino-

ciceptive activity of the threshold doses of morphine

or pentazocine, and which type of opioid receptors,

� or �, is more involved in such interactions.

Materials and Methods

Animals

The experiments were carried out on male albino

Swiss mice (18–35 g). The animals were kept 8–10 to

a cage at room temperature of 22 ± 1°C and a 12 h

light/dark cycle. Standard food (Murigran pellets, Ba-

cutil, Motycz, Poland) and tap water were available

ad libitum. All experiments were performed between

9:00 a.m. and 2:00 p.m. Animals were acclimatized to

the experimental room for about 2 h before testing,

were used only once and sacrificed immediately after

the test with a lethal dose of gaseous carbon dioxide

(CO2).

The experiments were performed in accordance

with the opinion of Local Ethics Committee.

Drugs

The following drugs were used: uncompetitve NMDA

receptor antagonists: memantine (Sigma, USA), keta-

mine (Ketanest, Parke-Davis, Germany) and opioid

receptor agonists: morphine (� receptor agonist,

Polfa, Kutno, Poland), pentazocine (� receptor ago-

nist, Polfa, Warszawa, Poland)

All drugs were dissolved in saline and administered

subcutaneously (sc) in a volume of 10 ml/kg. The

control animals were injected with an appropriate vol-

ume of solvent at the specified time before the test.

Threshold doses and time of injections of both

opioids were chosen on the basis of our pilot experi-

ments.

The writhing test

The nociceptive reactions in mice were investigated

in the writhing test according to Koster et al. [20].

Each animal received one intraperitoneal (ip) injec-

tion of 10 ml/kg of 0.6% acetic acid solution to evoke

writhing. A writhe is indicated by stretching of the ab-

domen followed by the extension of the hind limbs.

The animals were placed singly in a glass cylinder

(35 cm high, 25 cm in diameter) and the number of

writhing episodes in a 20 min period was counted,

starting 5 min after the acetic acid administration.

Other compounds were administered sc 20 min (mor-

phine and pentazocine) or 10 min (ketamine and me-

mantine) before injection of acetic acid solution. Ab-

dominal constrictions were not observed in saline-
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treated mice. The experimental groups consisted of

10 animals each.

The chimney test

The chimney test of Boissier et al. [7] was used to as-

sess the range of doses of the studied drugs producing

motor impairment. The animals had to climb back-

wards up a plastic tube (3 cm inner diameter, 25 cm

long). Motor impairment was evidenced by the inabil-

ity of mice to climb backwards up the tube within 60 s.

Statistical analysis

Results are shown as the means ± SEM. Statistical

significance of the obtained data was evaluated using

�2 test with Yates correction (chimney test) and Dun-

nett’s test, following a one-way ANOVA (writhing

test); p > 0.05 are reported as non-significant.

Results

The writhing test

Morphine administered at the dose of 1 mg/kg de-

creased the number of writhing episodes by about

40% in comparison to control (saline-treated) animals

(Fig. 1 and 2) and this effect was considered to be the

threshold effect because a higher dose of morphine

(1.5 mg/kg) produced significant antinociceptive ac-

tion in this test (data not shown).

Ketamine administered at doses of 5, 10 and

15 mg/kg did not show antinociceptive-like action.

Analysis (one-way ANOVA) of antinociceptive ef-

fects of ketamine and morphine indicated a significant

[F(7, 64) = 9.608; p < 0.001] difference between

groups. Dunnett post-hoc test showed that only higher

doses of ketamine when administered together with

morphine decreased significantly (p < 0.01) the num-

ber of writhing episodes in comparison to morphine-

treated group (Fig. 1).

Memantine (10 and 15 mg/kg), when injected

alone, had no antinociceptive effect. One-way ANOVA

showed significant [F(5, 49) = 11.23; p < 0.001] dif-

ferences between groups regarding the antinocicep-

tive effects of memantine and morphine. Post-hoc test

indicated that both used doses of memantine given

together with morphine significantly (p < 0.01) de-

creased the number of writhing episodes in compari-

son to morphine alone group (Fig. 2).
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Fig. 1. (�� ��	����� �	 �������� �� ��������������� �		���� �	 ���
����������� ���� �	 �������� )# ��*��+ �� ��� �������� ���� �� ����&
,��� ��� ���������� ������� - �,� �	 � ����� �	 # ����& .. � /  & #
vs& �������� )�������0� ����+

Fig. 2. (�� ��	����� �	 ��������� �� ��������������� �		���� ���
����������� ���� �	 �������� )# ��*��+ �� ��� �������� ���� �� ����&
,��� ��� ���������� ��� ���� - �,� �	 � ����� �	 # ����& . � /  & �
vs& �������� )�������0� ����+



Pentazocine administered at the dose of 6 mg/kg

(subthreshold dose) slightly decreased the number of

writhing episodes in mice (Fig. 3 and 4). The analysis

(one-way ANOVA) of antinociceptive effects of keta-

mine and pentazocine indicated a significant [F(5, 42)

= 4.494; p < 0.01] difference between groups. Dun-

nett post-hoc test showed that ketamine (10 and

15 mg/kg) did not change significantly antinocicep-

tive action of pentazocine (Fig. 3).

One-way ANOVA showed significant [F(5, 45) =

5.750; p < 0.001] differences between groups regard-

ing the antinociceptive effects of memantine and pen-

tazocine. Post-hoc test indicated that only a higher

(15 mg/kg) dose of memantine given together with

pentazocine significantly (p < 0.05) decreased the

number of writhing episodes in comparison to penta-

zocine alone group (Fig. 4).

The chimney test

Reaction time of mice in this test was not changed

by any drug injected alone (Tab. 1).

Ketamine administered at a higher dose of

(15 mg/kg) together with morphine (1 mg/kg) in-

creased the reaction time of mice 20 min after the in-

jection of ketamine. This effect was not higher than

60 s and disappeared at 60 min of observation
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Fig. 3. (�� ��	����� �	 �������� �� ��������������� �		���� �	 ���
����������� ���� �	 ����������� )1 ��*��+ �� ��� �������� ���� ��
����& ,��� ��� ���������� ��� ���� - �,� �	 � ����� �	 # ����

Fig. 4. (�� ��	����� �	 ��������� �� ��������������� �		���� �	
��� ����������� ���� �	 ����������� )1 ��*��+ �� ��� �������� ����
�� ����& ,��� ��� ���������� ��� ���� - �,� �	 � ����� �	 # ����&
. � /  & 2 vs& ����������� )�������0� ����+

Tab. 1. (�� ��	����� �	 ��������� ������������ �������� ��� ��!
������� ���� ��� �� ����������� �� ��� ���������� �	 ���� �� ���
������� ���� �� ����

Substance

Number of mice leaving the chimney within
60 s (mean reaction time (s) ± SEM)

20’ 60’

0.9% NaCl

Ketamine 10 mg/kg

Ketamine 15 mg/kg

Memantine 10 mg/kg

Memantine 15 mg/kg

��/��* (10.27 ± 1.04)
��/�� (9.98 ± 2.29)
��/�� (21.42 ± 6.87)
��/�� (8.47 ± 1.87)
��/�� (8.27 ± 0.74)

��/�� (11.4 ± 1.32)
��/�� (10.07 ± 1.56)
��/�� (8.63 ± 0.84)
��/�� (8.77 ± 1.53)
��/�� (9.48 ± 1.02)

Morphine 1 mg/kg

+ Ketamine 15 mg/kg

+ Memantine 15 mg/kg

��/�� (7.76 ± 1.27)
��/�� (39.93 ± 8.28)
��/�� (7.08 ± 0.67)

��/�� (12.42 ± 6.88)
��/�� (5.86 ± 0.68)
��/�� (6.04 ± 0.57)

Pentazocine 6 mg/kg

+ Ketamine 15 mg/kg

+ Memantine 15 mg/kg

��/�� (9.68 ± 0.81)
��/�� (44.45 ± 6.94)
��/�� (36.28 ± 9.24)

��/�� (7.89 ± 1.09)
��/�� (8.33 ± 0.73)
��/�� (15.64 ± 3.87)

3 4 # ���� ��� �����& . (�� ���� ���� �������� ����� �
� ���� ����
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(Tab. 1). Memantine administered together with mor-

phine did not influence the reactivity of mice.

Ketamine and memantine injected together with

pentazocine prolonged the time of climbing up of the

chimney (but not over 60 s) at 20 min of observation

and this effect was also short lasting (Tab. 1).

Discussion

Many previous studies investigating interactions of

NMDA receptor antagonists with opioids have indi-

cated that rats appear to respond to this treatment with

a potentiation of morphine analgesia (see Kozela et al.

[21]), while miscellaneous results may be observed in

mice, for example, Lutfy et al. [23] demonstrated

even the blockade of morphine analgesia by MK-801

in the tail-flick test in mice. Moreover, NMDA-

induced modulation of morphine analgesia is influ-

enced by sex, site of analgesia, morphine dose and

time after injection [28].

In our study, we used a clinically available drug

with NMDA antagonist properties, i.e. the anesthetic

ketamine and the anti-Parkinsonian agent memantine,

and common opioid analgesics – morphine (�-) and

pentazocine (�-opioid receptor agonist). The obtained

results demonstrate that both memantine and keta-

mine, administered at subthreshold doses, potentiate

antinociceptive action of the threshold (1 mg/kg) dose

of morphine in the writhing test in mice. Memantine

increased morphine effects when injected at both

doses used (10 and 15 mg/kg), but ketamine enhanced

it only at the highest dose of 15 mg/kg. Thus, the me-

mantine + morphine combination seems to produce

a stronger synergism than that elicited by ketamine

+ morphine. These results are consistent with the

findings of Baker et al. [2] who observed potentiation

of morphine antinociception by ketamine in the hot

plate test, which is the mouse model of acute pain.

Statistically significant potentiation of morphine anti-

nociception was also observed in mice pretreated with

morphine (20 mg/kg) and memantine (10 mg/kg) in

the tail-flick test [5]. Dambisya and Lee [9] studied

the antinociceptive effects of a ketamine + morphine

combination in the tail-flick test in mice but con-

cluded that the net effect of this combination was

rather a simple additive one. Our observations in mice

seem to be partially consistent with the findings of

Kozela et al. [21] in rats suggesting that uncompetitive

NMDA receptor antagonists (memantine, dextromethor-

phan and compound MRZ 2/579) potentiated

morphine-induced antinociception recorded from the

tail although it did not change that from hind paws.

In the present study, the antinociceptive effects of

the threshold dose (6 mg/kg) of pentazocine were

slightly, and to a similar degree increased by higher

doses of both NMDA antagonists used. The enhanc-

ing effect of memantine was significant while that

of ketamine was not. Pentazocine acts as a weak

�-opioid receptor antagonist or partial agonist, but its

analgesic effects are due to agonistic action at

�-opioid receptors [19]. Our results are consistent

with the observations of Baker et al. [2] that NMDA

receptor antagonists, ketamine and dextromethorphan

potentiated the antinociceptive effects of �- (mor-

phine) but not �- or �-opioid agonists in the mouse

hot plate test. Similarly, Chen et al. [8] have shown

that dextromethorphan potentiated the antinociceptive

effects of some �-opioid agonists (morphine and

meperidine) but not codeine or �-opioid agonists (nal-

buphine and U-50,488H) in the tail-flick test in rats.

Nonetheless, in our experiments pentazocine anti-

nociception was significantly enhanced by a higher

dose of memantine (15 mg/kg), and it means that me-

mantine is able to increase the effects of both used

opioid drugs although its intensifying activity on mor-

phine antinociception is markedly higher than on that

of pentazocine.

Our simultaneously performed experiments in the

chimney test have shown that combinations of mor-

phine + an NMDA receptor antagonist did not induce

significant alterations in the motor coordination of

mice although we observed some short-lasting pro-

longation of the time of climbing out of the chimney

in the groups treated with ketamine + opioids. This

prolongation was below 60 s (established time of nor-

mal coordination) and was only seen at 20 min of ob-

servation.

Summing up, our results have shown that NMDA

receptor antagonists (ketamine, memantine) are able

to intensify antinociceptive activity of opioids (mor-

phine, pentazocine) in the writhing test in mice. This

antinociceptive interaction was more apparent for

morphine (� receptor agonist) + NMDA receptor an-

tagonists than for pentazocine. Such results may have

some implications in clinical practice.

�����������	��� 
������ ����� ��� �����		 153

NMDA receptor antagonists, opioids and antinociception
������ ����	 �� ��




References:

1. Abdel Salam OME: Vinpocetine and piracetam exert

antinociceptive affect in visceral pain model in mice.

Pharmacol Rep, 2006, 58, 680–691.

2. Baker AK, Hoffmann VLH, Meert TF: Dextromethor-

phan and ketamine potentiate the antinociceptive effects

of �- but not �- or �-opioid agonists in a mouse model of

acute pain. Pharmacol Biochem Behav, 2002, 74, 73–86.

3. Bell RF: Low-dose subcutaneous ketamine infusion and

morphine tolerance. Pain, 1999, 83, 101–103.

4. Bell RF, Eccleston Ch, Kalso E: Ketamine as adjuvant to

opioids for cancer pain. A quantitative systematic review.

J Pain Symptom Manag, 2003, 26, 867–875.

5. Belozertseva IV, Dravolina OA, Neznanova ON, Danysz

W, Bespalov AY: Antinociceptive activity of combina-

tion of morphine and NMDA receptor antagonists de-

pends on the inter-injection interval. Eur J Pharmacol,

2000, 396, 77–83.

6. Bilsky EJ, Inturrisi CE, Sadee W, Hruby VJ, Porreca F:

Competitive and noncompetitive NMDA antagonists

block the development of antinociceptive tolerance to

morphine, but not to selective µ or � opioid antagonists

in mice. Pain, 1996, 68, 229–237.

7. Boissier JR, Tardy J, Diverres JC: Une nouvelle méthode

simple pour explorer l’action’tranquillisante: le test de la

chemine. Med Exp (Basel), 1960, 3, 81–84.

8. Chen SL, Huang EY, Chow LH, Tao PL: Dextromethor-

phan differentially affects opioid antinociception in rats.

Br J Pharmacol, 2005, 144, 400–404.

9. Dambisya YM, Lee TL: Antinociceptive effects of

ketamine-opioid combinations in the mouse tail-flick

test. Methods Find Exp Clin Pharmacol, 1994, 16,

179–184.

10. Dickenson AH, Ayder E: Antagonism at the glycine site

on the NMDA receptor reduces spinal nociception in

the rat. Neurosci Lett, 1991, 121, 263–266.

11. Dogrul A, Deniz G: The analgesic effect of amlodipine

and its interaction with morphine, ketorolac and nalo-

xone after peripheral and central administration in mice.

Eur Neuropsychopharmacol, 1996, 6, Suppl 1, s 30.

12. Dunbar S, Yaksu TL: Concurrent spinal infusion of

MK-801 blocks spinal tolerance and dependence induced

by chronic intrathecal morphine in the rat. Anesthesiolo-

gy, 1996, 84, 1177–1188.

13. Eisenberg E, LaCross S, Strassman AM: The effects of

the clinically tested NMDA receptor antagonist meman-

tine on carrageenan-induced thermal hyperalgesia in rats.

Eur J Pharmacol, 1994, 255, 123–129.

14. Eisenberg E, LaCross S, Strassman AM: The clinically

tested N-methyl-D-aspartate receptor antagonist meman-

tine blocks and reverses thermal hyperalgesia in a rat

model of painful mononeuropathy. Neurosci Lett, 1995,

187, 17–20.

15. Eisenberg E, Vos BP, Strassman AM: The NMDA anta-

gonist memantine blocks pain behavior in a rat model of

formalin-induced facial pain. Pain, 1993, 54, 301–307.

16. Fidecka S, Pirogowicz E: Lack of interaction between

the behavioral effects of ketamine and benzodiazepines

in mice. Pol J Pharamacol, 2002, 54, 111–117.

17. Fine PG: Low-dose ketamine in the management of

opioid nonresponsive terminal cancer pain. J Pain Symp-

tom Manag, 1999, 17, 296–300.

18. Fisher K, Coderre TJ, Hagen NA: Targeting the N-me-

thyl-D-aspartate receptor for chronic pain management.

Preclinical animal studies, recent clinical experience and

future research directions. J Pain Symptom Manage,

2000, 20, 358–373.

19. Gutstein HB, Akil H: Opioid analgesics. In: Goodman

and Gilman’s The Pharmacological Basis of Therapeu-

tics, 11th edn, Ed. Brunton LL, Lazo JS, Parker KL,

McGraw Hill, USA, 2006, 547–590.

20. Koster R, Anderson M, de Beer EJ: Acetic acid for anal-

gesic screening. Fred Proc, 1959, 18, 412.

21. Kozela E, Danysz W, Popik P: Uncompetitive NMDA

receptor antagonists potentiate morphine antinociception

recorded from the tail but not from the hind paw in rats.

Eur J Pharmacol, 2001, 423, 17–26.

22. Le Bars D, Gozariu M, Cadden SW: Animal models of

nociception. Pharmacol Rev, 2001, 53, 597–652.

23. Lutfy K, Hurlbut DE, Weber E: Blockade of morphine-

induced analgesia and tolerance in mice by MK-801.

Brain Res, 1993, 616, 83–88.

24. Lutfy K, Shen K-Z, Woodward RM, Weber E: Inhibition

of morphine tolerance by NMDA receptor antagonists in

the formalin test. Brain Res, 1996, 731, 171–181.

25. Marek P, Ben-Eliyahu S, Gold M, Liebeskind JC: Excita-

tory amino acid antagonists (kynurenic acid and

MK-801) attenuate the development of morphine toler-

ance in the rat. Brain Res, 1991, 547, 77–81.

26. Miranda HF, Puig MM, Dursteler C, Prieto JC,

Pinardi G: Dexketoprofen-induced antinociception in

animal models of acute pain: synergy with morphine and

paracetamol. Neuropharmacology, 2007, 52, 291–296.

27. Näsström J, Karlsson U, Post C: Antinociceptive actions

of different classes of excitatory amino acid receptor

antagonists in mice. Eur J Pharmacol, 1992, 212, 21–29.

28. Nemmani KVS, Grisel JE, Stowe JR, Smith-Carliss R,

Mogil JS: Modulation of morphine analgesia by site-

specific N-methyl-D-aspartate receptor antagonists:

dependence on sex, site of antagonism, morphine dose,

and time. Pain, 2004, 109, 274–283.

29. Neugebauer V, Kornhuber J, Lücke T, Schaible HG:

The clinically available NMDA receptor antagonist me-

mantine is antinociceptive on rat spinal neurons. Neu-

roreport, 1993, 4, 1259–1262.

30. Parsons CG, Danysz W, Quack G: Memantine is a clini-

cally well tolerated N-methyl-D-aspartate (NMDA) re-

ceptor antagonist – a review of preclinical data. Neuro-

pharmacology, 1999, 38, 735–767.

31. Raigorodsky G, Urca G: Spinal antinociceptive effects of

excitatory amino acid antagonists: quisqualate modulates

the action of N-methyl-D-aspartate. Eur J Pharmacol,

1990, 182, 37–47.

32. Schley M, Topfer S, Wiech K, Schaller HE, Konrad CJ,

Schmelz M, Birbaumer N: Continuous brachial plexus

blockade in combination with the NMDA receptor an-

tagonist memantine prevents phantom pain in acute

traumatic upper limb amputees. Eur J Pain, 2007, 11,

299–308.

154 �����������	��� 
������ ����� ��� �����		



33. Svenson JE, Abernathy MK: Ketamine for prehospital

use: new look at an old drug. Am J Emerg Med, 2007,

25, 977–980.

34. Tiseo PJ, Cheng J, Pasternak GW, Inturrisi CE: Modula-

tion of morphine tolerance by the competitive N-me-

thyl-D-aspartate receptor antagonist LY 274614: assess-

ment of opioid receptor changes. J Pharmacol Exp Ther,

1994, 268, 195–201.

35. Trujillo KA, Akil H: Inhibition of morphine tolerance

and dependence by the NMDA receptor antagonist

MK-801. Science, 1991, 251, 85–87.

36. Vaccarino AL, Marek O, Kest B, Weber E, Keana JFW,

Liebeskind JC: NMDA receptor antagonists, MK-801

and ACEA-1011, prevent the development of tonic pain

following subcutaneous formalin. Brain Res, 1993, 615,

331–334.

37. Vogel HG, Vogel WH: Drug Discovery and Evaluation.

Pharmacological Assays. Springer-Verlag, Berlin, Hei-

delberg, 1997, 360–420.

38. Webb AR, Skinner BS, Leong S, Kolawole H, Crofts T,

Taverner M, Burn SJ: The addition of a small-dose keta-

mine infusion to tramadol for postoperative analgesia:

a double-blinded, placebo-controlled, randomized trial

after abdominal surgery. Anesth Analg, 2007, 104,

912–917.

39. White PF, Way WL, Trevor AJ: Ketamine – its pharma-

cology and therapeutic uses. Anesthesiology, 1982, 56,

119–136.

Received:

��� #1� �  67 �� ������� 	���% 8������ 6� �  "&

�����������	��� 
������ ����� ��� �����		 155

NMDA receptor antagonists, opioids and antinociception
������ ����	 �� ��



	149	Interaction of memantine and ketamine in morphine- and pentazocine-induced antinociception in mice.
	Danuta Malec, Marcin Mandryk, Sylwia Fidecka
	156	NSAID loxoprofen inhibits high threshold or wide dynamic range neuronal responses in the rat at different time-courses.
	Masayoshi Tsuruoka, Masako Maeda, Bunsho Hayashi, Limin Liu, Tomio Inoue

	163	Effects of short-term garlic supplementation on lipid metabolism and antioxidant status in hypertensive adults.
	Gra¿yna Duda, Joanna Suliburska, Danuta Pupek-Musialik

	171	Proline-linked nitrosoureas as prolidase-convertible prodrugs in human breast cancer cells.
	Krzysztof Bielawski, Anna Bielawska, Tomasz S³odownik, Urszula Bo³kun-Skórnicka, Anna Muszyñska

	183	RM-11, an isoxazole derivative, accelerates restoration of the immune function in mice treated with cyclophosphamide.
	Micha³ Zimecki, Jolanta Artym, Stanis³aw Ryng, Bo¿ena Obmiñska-Mrukowicz

	190	Molecular assessment of the potential combination therapy of cytokines with biphalin and AZT for Friend leukemia virus infection in vitro.
	Jie-Liu Tang, Andrzej W. Lipkowski, Steven Specter

	199	Comparative evaluation of the protective effect of selenium and garlic against liver and kidney damage induced by mercury chloride in the rats.
	Siham M.A. El-Shenawy, Nabila S. Hassan

	SHORT COMMUNICATIONS
	209	Effects of midazolam and buspirone on in vivo concentration of amino acids and monoamine metabolites in the rat hippocampus.
	Aleksandra Wis³owska-Stanek, Adam Hamed, Ma³gorzata Lehner, Andrzej Bidziñski, Danuta Turzyñska, Alicja Sobolewska, Jerzy Walkowiak, Adam P³a�nik


	219	Central effect of histamine in a rat model of acute trigeminal pain.
	Esmaeal Tamaddonfard, Emad Khalilzadeh, Nasrin Hamzeh-Gooshchi, Sona Seiednejhad-Yamchi

	225	Biological actions of lipoic acid associated with sulfane sulfur metabolism.
	Anna Bilska, Magdalena Dudek, Ma³gorzata Iciek, Inga Kwiecieñ, Maria Soko³owska-Je¿ewicz, Barbara Filipek, Lidia W³odek

	233	Effects of etoricoxib on the pharmacokinetics of phenytoin.
	Bikash Medhi, M Sukhija, A Prakash, S Gaikwad, V Bansal, P Pandhi

	238	5-Fluorouracil toxicity-attributable IVS14 + 1G > A mutation of the dihydropyrimidine dehydrogenase gene in Polish colorectal cancer patients.
	Violetta Sul¿yc-Bielicka, Agnieszka Biñczak-Kuleta, Wies³awa Pioch, Józef K³adny, Katarzyna Gziut, Dariusz Bielicki, Andrzej Ciechanowicz



