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Abstract:

Magnetic resonance diffusion anisotropy imaging (DAI) of the rat spinal cord after contusion using weight-drop method was used to

study the neuroprotecting effect of 2-methyl-6-(phenylethynyl)-pyridine (MPEP), an mGluR5 receptor antagonist. Eighteen rats

were used, divided into 3 groups of 6 animals: a reference group without any operation, a control group with injury and a test group

with injury and MPEP. DAI was performed at 4.7 T at 1 h, 24 h, 48 h and 7 day after the injury. Locomotor function was evaluated

using Basso, Beattie and Bresnahan (BBB) open field locomotor activity test each day starting one day after the injury. DAI results

confirm positive effect of MPEP on the limitation of secondary excitotoxic injury in the spinal cord.
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Abbreviations: BBB – Basso, Beatle and Bresnahan open
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ing, FOV – field of view, MPEP – 2-methyl-6-(phenylethy-
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resonance imaging, ROI – region of interest, SE – spin echo

Introduction

Magnetic resonance (MR) diffusion tensor imaging

(DTI) is a well-established, non-invasive method of

visualization and quantitative assessment of the injury

of spinal cord tissues [2, 16]. It monitors the random

motion of water molecules inside and across intracel-

lular and extracellular spaces of tissues and reflects

pathology in nervous tissues [13]. Diffusion aniso-

tropy imaging (DAI) requiring only three measure-

ments with diffusion gradients in three orthogonal di-

rections may be used successfully in structures having

high symmetry like the spinal cord [7, 10]. Spinal

cord injury (SCI) can cause loss or impairment of mo-

tor and sensory function downstream of the level of
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injury. It may also lead to development of chronic

central pain syndromes. Traumatic injury damages

nerve fibers and blood vessels causing ischemia and

bleeding. After injury there is a brief release of large

amount of extracelular glutamate, activating gluta-

mate receptors [8], resulting in secondary excitotoxic

injury. Glutamate receptors may be divided into two

major types: (1) ionotropic receptors (iGluR): N-methyl-

D-aspartate (NMDA), alpha-amino-3-hydroxy-5-methyl-

4-isoxazole propionic acid (AMPA), kainite (KA) recep-

tors and (2) metabotropic receptors: metabotropic glu-

tamate receptors (mGluR) groups I, II, and III. Mills

et al. [8] investigated the effect of neuroprotective

drugs on metabotropic glutamate receptors in an in-

jured spinal cord of the rat. They studied the effects of

1-aminoindan-1,5-dicarboxylic amide (AIDA), a group

I mGluRs antagonist, (+)-2-methyl-4-carboxyphenyl-

-glycine (LY367385), an mGluR1 specific antagonist

and 2-methyl-6-(phenylethynyl)-pyridine (MPEP) an

mGluR5 specific antagonist, on locomotor recovery,

mechanical sensitivity, thermal stimulation, and

amount of spared tissue after spinal cord injury. They

showed that these mGluR antagonists limited the size

of injury region and decreased excitatory amino acid

(EAA) toxicity following SCI. AIDA and LY367385

improved locomotor function and mechanical stimu-

lation but LY367385 potentiated development of ther-

mal hyperaglesia. MPEP had no effect on locomotor

recovery or mechanical stimulation, but attenuated the

development of thermal hyperaglesia.

In this study we investigated the effect of MPEP –

an mGluR5 receptor antagonist, used previously as

a neuroprotectant [8], antidepressant [11] and antiepi-

leptic drug [18], on the time-dependent changes devel-

oping after spinal cord injury in a rat model in vivo us-

ing MR DAI [5].

Materials and Methods

Animals

Sixteen male Wistar rats from animal house of the In-

stitute of Pharmacology PAS in Kraków weighting

250–300 g were used for the experiment. All animals

were kept single in cages under standard conditions

(temperature of 23°C, 12/12 h light/dark cycle). Dur-

ing experiments animals had free and unlimited ac-

cess to food and water. The 2nd Local Ethics Com-

mittee in Kraków approved all experimental proce-

dures.

Surgical procedures and drug treatment

Animals were divided into three experimental groups.

The first one was a reference group of six animals,

with no surgical operation or drug administration.

Rats from the control and the test group were anesthe-

tized by an ip injection of 4% chloral hydrate

(0.9 ml/100 g). Muscles above the vertebral column

were cut and a laminectomy at spinal Th12 level was

performed. An incomplete spinal cord injury was pro-

duced using a dynamic ”weight drop” model [3]. An

impounder of 2.5 mm diameter was positioned on ex-

posed spinal cord and a weight of 1.5 g was dropped

from the height of 10 cm. After the injury the muscles

and fascia were closed with a suture. An ip dose of sa-

line was administered 10 min before the contusion.

The test group of animals had MPEP (Novartis,

Basel) administered ip 10 min before injury at a dose

of 30 mg/kg dissolved in sterile saline and then the

same doses were administered at 24 h and 48 h after

the injury [12]. Animals were switched to 1.5–2% ha-

lothane in oxygen (0.3 l/min) and air (0.7 l/min) after

placing them in the MR probe in the supine position

for MRI scan. Heart ECG and breath detector signals

were monitored using ECG Trigger Unit HSB from

Rapid Biomedical. Temperature was maintained at

37.0°C using a water blanket and controlled by a rec-

tal probe. First MRI images were acquired 1 h after

the injury.

MR Imaging

MR DAI was performed on a 4.7T/310 mm supercon-

ducting magnet (Bruker), equipped with Maran DRX

digital wideband console (Resonance Instruments

Ltd.). A home built probe equipped with an RF sur-

face coil of 28 × 18 mm was used for the experiments.

Standard Spin Echo Diffusion Weighted (SEDW) se-

quence was used with the parameters as follows: Field

of View (FOV) = 2 cm, image matrix 128 × 128,

number of axial slices = 2, slice thickness = 1.6 mm,

in plane resolution = 0.15 mm, gradient b factor up to

1500 s/mm2, recovery time TR = 3 s, echo time TE =

60 ms, number of scans NX = 4. Sagittal images were

acquired with the same parameters. Each sequence

was gated by breath and heart ECG signals.
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A set of four images: a T2 weighted image with no

diffusion gradients and three images with diffusion

gradients applied along the spinal cord in the S/I di-

rection, and in transverse directions in L/R and A/P

were acquired for DAI experiment.

Two axial slices were positioned at the center of in-

jury and at 5.6 mm rostrally and a single sagittal slice

through the center of the spinal cord was acquired.

Complete imaging procedure took around 3 h. Each

animal was examined four times starting at 1 h after

the surgery and then at 24, 48 and 168 h (7 days). Im-

mediately after the last scan had been taken, animals

were anesthetized ip with 4% chloral hydrate

(0.9 ml/100 g), an intracardiac perfusion with 4% for-

maline was performed and spinal cord was extracted

for histological evaluation.

Locomotor Function

Locomotor function was evaluated using Basso, Beat-

tie and Bresnahan (BBB) open field locomotor test

[1]. Rats were accustomed to the ring for four days

before surgery. All exams, except on the day of sur-

gery, consisted of a standard BBB open field locomotion

test each day, followed by an MRI scan on day 1, 2 and 7.

Data processing and statistical analyses

All data were processed with IDL (Research Systems

Inc.) software written in house. The spine area was di-

vided into two manually drawn regions of interest

(ROI) containing gray and white matter structures.

For each ROI, pixels were averaged out and then dif-

fusion parameters were calculated: ADC�� = ADCS/I

(longitudinal diffusion), ADC� = ½(ADCR/L + ADCA/P)

(transverse diffusion). The calculated ADC parame-

ters such as ADC�� and ADC� were averaged out over

groups of animals.

The data are presented as a mean ± standard devia-

tion of the mean. For comparison of results between

reference, control and test groups, Student-t test of

unpaired data and Mann-Whitney nonparametric test

were used with p � 0.05 considered as significant.

Each of the time points were compared separately us-

ing appropriate test depending on wherever data

points has Gaussian distribution or not (on signifi-

cance level p < 0.05).

Results

MR images of the rat spinal cord recorded in vivo one

hour after contusion show details of injury. In Figure

1 sagittal T2 weighted image shows position of injury

but does not show the damaged tissues of gray matter

(GM) and white matter (WM). Axial diffusion

weighted images with the diffusion gradient in trans-

verse (A/P) direction (middle row) and in longitudinal

(S/I) direction (bottom row), for slice 1 through the

center of injury (left column) and for slice 2 at 5.6 mm

rostrally, present very good contrast between GM and

WM, not seen in T2 weighted sagittal image. Calcu-

lated values of transverse diffusion ADC� and longi-

tudinal diffusion ADC�� for GM for reference group,
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Slice 1 GS/I Slice 2 GS/I

Slice 1 GA/P Slice 2 GA/P

Fig. 1. A set of MR images of the injured spinal cord of a Wistar rat re-
corded starting 1 h after contusion. A sagittal T

�
weighted image (A)

shows the site of injury at Th12 with surrounding tissues. Light blocks
indicate positions of slice 1, through the center of injury, and slice 2 at
5.6 mm rostrally. Corresponding axial diffusion weighted images with
diffusion gradient in A/P direction (G

���
perpendicular to the spinal

cord) and along the spinal cord in S/I direction (G
���

– parallel to the
spinal cord) for slice 1 and 2 reveals details of the injury. Note chang-
ing contrast between GM and WM depending on the diffusion gradi-
ent direction
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Fig. 2. Graph of ADC� and ADC�� values (10
	�

mm
�
/s) in gray matter for reference (bars), control (�) and test (�) group of rats, as a function of

time following contusion SCI. For slice 1, through the center of injury, an increase in ADC�, ADC�� values is observed for control rats, whereas for
test rats with MPEP changes are not significant relative to the reference rats. For slice 2 there is no change in ADC� values, changes in ADC��
values are not significant. Data are presented as the mean ± SD of the mean
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Fig. 3. Graph of ADC� and ADC�� values (10
	�

mm
�
/s) in white matter for reference (bars), control (�) and test (�) group of rats, as a function of

time following contusion SCI. For slice 1, through the center of injury, an increase in ADC� values is observed for control rats, significant at 48 h,
whereas for test rats with MPEP there is no change in ADC� values relative to the reference rats. ADC�� values for slice 1 are lower than the refer-
ence values, but not significant. For slice 2 there is no change in ADC�� values, changes in ADC�� values are not significant. Data are presented
as the mean ± SD of the mean



control group after SCI and for test group with SCI

and with administration of MPEP, are shown in Figure

2. Transverse diffusion ADC� values for slice 1 in-

creased up until 48 h, reflecting development of post-

injury processes in time, and then decreased to the normal

level. ADC� values for the test group with MPEP do not

differ from the reference values indicating influence of

mGluR5 antagonist on post-injury processes. For the slice

2, there is no change in ADC� values within all three

groups. Longitudinal diffusion ADC� values for slice 1

for the control group with SCI are higher than for the test

group with MPEP and the reference one. ADC�� increases

up until 48 h and then decreases at 168 h.

The results for WM for transverse diffusion ADC�
are similar to the results in GM. For longitudinal dif-

fusion ADC�� in WM the results differ significantly

from GM, as shown in Figure 3. ADC�� values for

slice 1 through the center of injury for control and test

groups are lower than the reference values, but large

standard deviation for control rats with SCI makes the

difference statistically insignificant. For slice 2 at

5.6 mm rostrally, ADC�� values for control rats de-

crease in time, but ADC�� values for the test group

with MPEP does not change in time and are near the ref-

erence values with statistical differences not significant.

Open field locomotor test results (Fig. 4) show im-

provement in time of the condition of rats in both

groups. MPEP-treated group of rats gains better

scores than untreated ones. Movement restoration was

faster and limb move range wider in the test group.

However, the statistical analysis does not show sig-

nificant differences between control and test groups.

Discussion

The presented data illustrate processes following SCI

caused by mechanical disruption of neural tissues and

by the secondary excitotoxic processes following in-

jury. MPEP-treated animals have smaller changes in

ADC and ADC values than untreated ones, which can

be connected to the limitation of secondary excito-

toxic processes related to mGluR5 receptor, mostly

concentrated in the gray matter [9]. Multiple admini-

strations of MPEP before SCI, at 24 and at 48 h [12]

had influence on diffusion data and on better recovery

of the animals, confirmed in BBB locomotor tests [1].

Mills et al. [8] showed that treatment with a single

dose of specific mGluR5 antagonist MPEP, had little

effect on locomotors recovery or responses to me-

chanical stimulation, but was neuroprotective in gray

matter and attenuated the development of thermal hy-

perglesia. In our experiment multiple administrations

of MPEP, show neuroprotective effects in GM at the

site of injury, where the transverse diffusion ADC val-

ues for the test group are the same as for the reference

rats. An increase in ADC values for the control rats

[4] may be explained by disruption of cell membranes

and myelin sheaths. At a distant slice 2, there are no

differences in ADC values within all groups of rats.

For the control group the standard deviation of the

data points is much higher, indicating large differ-

ences among the animals. It is related to the more visible

injury on DAI images without MPEP, where ADC val-

ues for GM and WM are significantly higher. Longitudi-

nal diffusion ADC values in GM for slice 1 are statisti-

cally significantly higher at 24 h, 48 h, than for the test

group with MPEP showing that there is total disinte-

gration with hemorrhages and disappearance of nor-

mally discernible cellular elements. For slice 2 ADC

values for control rats are higher, but statistically in-

significant. Spinal cord structure in GM was disrupted

not only at the center of injury but also; to a lesser ex-

tent, at slice 2 due to large swelling processes and cyst

formation at two days after injury [14, 17].

Effects of direct mechanical damage of the spinal

cord white matter are seen in increasing values of
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Fig. 4. BBB scores for combined hindlimbs plotted vs. time after
contusion SCI, where –24 is the day before contusion (baseline) for
test (�) group with MPEP and control (�) group. BBB scores were
recorded 24 h after contusion SCI, reaching the minimum values,
and then slowly rose up until 168 h. MPEP-treated rats improved their
locomotor function at any time point, however the changes were not
significant



ADC corresponding to the center of injury. Distant

slice is supposed to be beyond range of any mechani-

cal damage either from laminectomy or from the im-

pounder itself, however, secondary excitotoxic pro-

cesses extend to this position. In white matter there is

a statistically significant increase in ADC values at

48 h for control rats at slice 1, due to disruption of

myelin sheaths, but the test group with MPEP does

not differ from the reference group demonstrating the

effect of neuroprotection of MPEP. At slice 2 ADC

values do not vary among the groups. For longitudinal

diffusion ADC values are smaller than the reference

rats at slice 1. At slice 2 there might be an influence of

shaking of WM after injury, which appears immedi-

ately after injury.

After SCI there is a brief release of large amount of

extracellular glutamate, activating glutamate recep-

tors, resulting in secondary excitotoxic injury. Mills et

al. [8] used three different metabotropic antagonists,

which acted on group I mGluRs (AIDA), mGluR1

(LY 3367385), mGluR5 (MPEP) receptors, distrib-

uted in different regions of the spinal cord. Their be-

havioral neuroprotective effects were dependent on

the locomotor and sensory tract positions in the spinal

cord. The amount of sparred tissue after SCI and sin-

gle administration of drugs was much larger than for

vehicle administration. MR DAI shows changes in

morphology of the nervous tissue [15]. We have used

only one drug MPEP an mGluR5-specific antagonist,

which proved to be effective after triple dose admini-

stration in limiting excitotoxic injury. Application of

MR DAI is useful for studying noninvasively the

same animal, recording time-course of SCI develop-

ment and the effect of neuroprotecting drugs.

References:

1. Basso M, Beattie MS, Bresnahan JC: A sensitive and re-

liable locomotor rating scale for open field testing in

rats. J Neurotrauma, 1995, 12, 1–21.

2. Fenyes DA, Narayana PA: In vivo diffusion tensor imag-

ing of rat spinal cord with echo planar imaging. Magn

Reson Med, 1999, 42, 200–206.

3. Ford JC, Hackney DB, Joseph PM, Phelan M, Alsop DC,

Tabor SL, Hand CM et al.: A method for in vivo high

resolution MRI of rat spinal cord injury. Magn Reson

Med, 1994, 31, 218–223.

4. Ford JC, Hackney DB, Alsop DC, Jara H, Joseph PM,

Hand CM, Black P: MRI characterization of diffusion

coefficients in a rat spinal cord injury. Magn Reson Med,

1994, 31, 488–494.

5. Jasinski A, Banasik T, Su³ek Z, Majcher K, Brzegowy P,

Adamek D, Skórka T et al.: Application of the MR diffu-

sion anisotropy imaging for the assessment of MPEP

neuroprotection effects on the rat spinal cord injury in

vivo. Proc Intl Soc Mag Reson Med, 2004, 11, 2474.

6. Jasinski A, Brzegowy P, Majcher K, Su³ek Z, Banasik T,

Wêglarz WP, Skórka T: Application of MR diffusion ani-

sotropy imaging and behavioral observation for the as-

sessment of injury development on a rat spinal cord in

vivo. MAGMA, 2004, 17, Suppl 1, S297–298.

7. Krzy¿ak AT, Jasiñski A, Wêglarz W, Adamek D, Baj M,

Kuœmiderski J, Sagnowski P: Quantitative assessment of

injury in the spinal cord of a rat using MR Microscopy of

water diffusion tensor. Proc. of the 6th ISMRM, 1998, 1931.

8. Mills CD, Johnson KM, Hulebosch CE: Group I meta-

botropic glutamate receptors in spinal cord injury: roles

in neuroprotection and the development of chronic cen-

tral pain. J Neurotrauma, 2002, 19, 23–42.

9. Mills CD, Xu GY, McAdoo DJ, Hulsebosch CE: In-

volvement of metabotropic glutamate receptors in excita-

tory amino acid and GABA release following spinal cord

injury in rat. J Neurochem, 2001, 79, 835–848.

10. Nevo U, Hauben E, Yoles E, Agranov E, Akselrod S,

Schwartz M, Neeman M: Diffusion anisotropy MRI for

quantitative assessment of recovery in injured rat spinal

cord. Magn Reson Med, 2001, 45, 1–9.

11. Palucha A, Pilc A: On the role of metabotropic glutamate

receptors in the mechanisms of action of antidepressants.

Pol J Pharmacol, 2002, 54, 581–586.

12. Pilc A, Klodzinska A, Branski P, Nowak G, Palucha A,

Szewczyk B, Tatarczynska E et al.: Multiple MPEP ad-

ministrations evoke anxiolytic- and antidepressant-like

effects in rats. Neuropharmacology, 2002, 43, 181–187.

13. Schwartz ED, Hackney DB: Diffusion-weighted MRI

and the evaluation of spinal cord axonal integrity follow-

ing injury and treatment. Exp Neurol, 2003, 184, 570–589.

14. Schwartz ED, Yezierski RP, Pattany PM, Quencer RM,

Weaver RG: Diffusion-weighted MR imaging in a rat

model of syringomyelia after excitotoxic spinal cord in-

jury. Am J Neuroradiol, 1999, 20, 1422–1428.

15. Sykova E: Diffusion properties of the brain in health and

disease. Neurochemistry Int, 2004, 45, 453–466.

16. Wêglarz WP, Jasiñski A, Krzy¿ak AT, Koz³owski P, Ada-

mek D, Sagnowski P, Pindel J: MR microscopy of water

diffusion tensor in biological systems. Appl Magn

Reson, 1998, 15, 333–341.

17. Yang L, Jones NR, Stoodley MA, Blumbergs PC, Brown

CJ: Excitotoxic model of post-traumatic syringomyelia

in the rat. Spine, 2001, 26, 1842–1849.

18. Zadro¿niak M, Sêkowski A, Czuczwar SJ, Borowicz

KK: Effect of MPEP, a selective mGluR5 antagonist, on

the antielectroshock activity of conventional antiepileptic

drugs. Pol J Pharmacol, 2004, 56, 595–598.

Received:

April 22, 2005; in revised form: September 2, 2005.

866 �����������	��� 
������ ����� ��� �������


	683	OBITUARY Œ Professor Alfons Chodera Ph.D., M.D.
	685	REVIEW Œ The serotonergic system and its role in cocaine addiction.
	Ma³gorzata Filip, Ma³gorzata Frankowska, Magdalena Zaniewska, Anna Go³da, Edmund Przegaliñski


	701	REVIEW Œ Short review on dopamine agonists: insight into clinical and research studies relevant to Parkinson™s disease.
	Khaled Radad, Gabriele Gille, Wolf-Dieter Rausch

	713	REVIEW Œ Zinc and depression. An update.
	Gabriel Nowak, Bernadeta Szewczyk, Andrzej Pilc

	719	REVIEW Œ Profile of anticonvulsant activity and neuroprotective effects of novel and potential antiepileptic drugs Œ an update.
	Karolina Stêpieñ, Micha³ Tomaszewski, Stanis³aw J. Czuczwar

	734	Anxiolytic action of group II and III metabotropic glutamate receptors agonists involves neuropeptide Y in the amygdala.
	Joanna M. Wieroñska, Bernadeta Szewczyk, Agnieszka Pa³ucha, Piotr Brañski, Barbara Ziêba, Maria „mia³owska

	744	Role of opioidergic mechanisms and GABA uptake inhibition in the heroin-induced discriminative stimulus effects in rats.
	Wojciech Solecki, Tomasz Krówka, Ma³gorzata Filip, Ryszard Przew³ocki

	755	Naloxone precipitates nicotine abstinence syndrome and attenuates nicotine-induced antinociception in mice.
	Gra¿yna Bia³a, Barbara Budzyñska, Marta Kruk

	761	Association studies of 5-HT2A and 5-HT2C serotonin receptor gene polymorphisms with prophylactic lithium response in bipolar patients.
	Monika Dmitrzak-Wêglarz, Janusz K. Rybakowski, Aleksandra Suwalska, Agnieszka S³opieñ, Piotr M. Czerski, Anna Leszczyñska-Rodziewicz, Joanna Hauser

	766	Effects of some new antidepressant drugs on the glucocorticoid receptor-mediated gene transcription in fibroblast cells.
	Matylda Augustyn, Magdalena Otczyk, Bogus³awa Budziszewska, Grzegorz Jag³a, Wojciech Nowak, Agnieszka Basta-Kaim, Lucylla Jaworska-Feil, Marta Kubera, Magdalena Tetich, Monika Leœkiewicz, W³adys³aw Lasoñ

	774	Effect of short- and long-term treatment with antidepressant drugs on the activity of rat CYP2A in the liver.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	782	How significant is the difference between drug doses influencing the threshold for electroconvulsions?
	Jarogniew J. £uszczki, Stanis³aw J. Czuczwar

	787	2-Chloro-N6-cyclopentyladenosine enhances the anticonvulsant action of carbamazepine in the mouse maximal electroshock-induced seizure model.
	Jarogniew J. £uszczki, Maria Kozicka, Mariusz J. „wi¹der, Stanis³aw  J. Czuczwar

	795	Non-competitive metabotropic glutamate subtype 5 receptor antagonist (SIB-1893) decreases body temperature in rats.
	Jarogniew J. £uszczki, Kinga K. Borowicz, Stanis³aw J. Czuczwar

	802	Analgesic and anti-inflammatory activity of stereoisomers of carane derivatives in rodent tests.
	Tadeusz Librowski

	811	Effects of lactoferrin on the immune response modified by the immobilization stress.
	Micha³ Zimecki, Jolanta Artym, Grzegorz Chodaczek, Maja Kociêba, Marian Kruzel

	818	Microarray analysis of altered gene expression in diallyl trisulfide-treated HepG2 cells.
	Zhe Zhou, Hong-Ling Tan,  Bing-Xin Xu, Zeng-Chun Ma, Yue Gao, Sheng-Qi Wang

	824	Isolated rat inferior mesenteric artery response to adenosine: possible participation of Na+/K+-ATPase and potassium channels.
	Miroslav Radenkoviæ, Leposava Grboviæ, Srðan Peıiæ, Dragica Stojiæ

	833	Effect of two non-steroidal anti-inflammatory drugs, aspirin and nimesulide on the D-glucose transport and disaccharide hydrolases in the intestinal brush border membrane.
	Sankar N. Sanyal, Naveen Kaushal

	SHORT COMMUNICATIONS
	840	Combined treatment with imipramine and metyrapone induces hippocampal and cortical brain-derived neurotrophic factor gene expression in rats.
	Zofia Rogó¿, Beata Legutko


	845	Purvalanol A, inhibitor of cyclin-dependent kinases attenuates proliferation of cells in the dentate gyrus of the adult rat hippocampus.
	Marzena Maækowiak, Wac³aw Kolasiewicz, Katarzyna Markowicz-Kula, Krzysztof Wêdzony

	850	Lack of effect of some dopamine and non-dopamine receptor ligands on amphetamine-induced changes in the rat brain neuropeptide Y system.
	Ewa Obuchowicz, Zbigniew S. Herman

	856	Lack of the antianxiety-like effect of (S)-3,4-DCPG, an mGlu8 receptor agonist, after central administration 
in rats.
	Katarzyna Stachowicz, Kinga K³ak, Andrzej Pilc, Ewa Chojnacka-Wójcik

	861	Application of magnetic resonance diffusion anisotropy imaging for the assessment neuroprotecting effects of MPEP, a selective mGluR5 antagonist, on the rat spinal cord injury in vivo.
	Tomasz Banasik, Andrzej Jasiñski,, Andrzej Pilc, Katarzyna Majcher, Pawe³ Brzegowy

	867	Direct effects of neuroleptics on the activity of CYP2A in the liver of rats.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	872	Interactions between neuroleptics and CYP2C6 in rat liver Œ in vitro and ex vivo study.
	Anna Haduch, Tomasz Ogórka, Jan Boksa, W³adys³awa A. Daniel

	878	Plasma concentrations of adhesion molecules and chemokines in patients with essential hypertension.
	Andrzej Madej, Bogus³aw Okopieñ, Jan Kowalski, Maciej Haberka, Zbigniew S. Herman

	882	Multi-drug transporter MDR1 gene polymorphism and prognosis in adult acute lymphoblastic leukemia.
	Krzysztof Jamroziak, Ewa Balcerczak, Barbara Cebula, Monika Kowalczyk, Mariusz Panczyk, Agnieszka Janus, Piotr Smolewski, Marek Mirowski, Tadeusz Robak

	889	Study on organic nitrates, part VIII. Pharmacological activity and nitric oxide generation capacity of nitrate derivatives of piperazine.
	Lucyna Korzycka, Dorota Górska

	896	Effect of 4-hydroxyandrost-4-ene-3,17-dione (formestane) on the bile secretion and metabolism of 4-14C-cholesterol to bile acids.
	Bogus³aw Czerny, Maria Teister, Zygmunt Juzyszyn, Andrzej Modrzejewski, Andrzej Pawlik
	901	Note to Contributors


	content
	cont
	contents_3'2005

