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Abstract:

We have evaluated the effect of diabetes-mimicking conditions on the inhibition of kynurenic acid (KYNA) production exerted by
mitochondrial toxins: 3-nitropropionic acid (3-NPA) and aminooxyacetic acid (AOAA), by endogenous agonists of glutamate re-
ceptors: L-glutamate and L-cysteine sulfinate, and by a risk factor of atherosclerosis, D,L-homocysteine. Hyperglycemia (30 mM;
2 h) itself did not influence KYNA synthesis in brain cortical slices. However, it significantly enhanced the inhibitory effects of
3-NPA, AOAA and D,L-homocysteine, but not of L-glutamate and L-cysteine sulfinate, on KYNA production. Their ICsg values
were lowered from 5.8 (4.5-7.4) t0 3.7 (3.1-4.5) mM (p < 0.01), from 11.6 (8.6-15.5) to 7.1 (4.9-10.3) uM (p < 0.05), and from 4.5
(3.5-5.8)t0 2.4 (1.8-3.2) mM (p < 0.01), respectively. The obtained data suggest that during hyperglycemia, the mitochondrial im-
pairment and high levels of D,L-homocysteine evoke stronger inhibition of KYNA synthesis what may further exacerbate brain dys-
function and play a role in central complications of diabetes.
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thologies, such as neurodegenerative disorders, epi-
lepsy or psychiatric illnesses [26]. Kynurenic acid
(KYNA) is the only known endogenous compound
able to block all ionotropic glutamate receptors [19].
At low concentration, KYNA inhibits the
strychnine-insensitive glycine site of N-methyl-D-

Introduction

Numerous data indicate that the excessive activation
of glutamate receptors may contribute to various pa-
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aspartate (NMDA) receptor and o7 nicotinic recep-
tors [7]. KYNA is formed by an irreversible trans-
amination of L-kynurenine catalyzed in the brain
mainly within glial cells, by kynurenine aminotrans-
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ferases (KAT) I and II [6]. KYNA acts as neuropro-
tectant and anticonvulsant under various experimental
paradigms and disturbances in its level have been im-
plicated in neurodegeneration and other neuropa-
thologies [19].

Brain synthesis of KYNA may be controlled by
several distinct mechanisms. Changed availability of
a bioprecursor, altered activity of biosynthetic enzy-
mes or modified mitochondrial respiration may in-
fluence KYNA production [12]. Endogenous ago-
nists of glutamate receptors, e.g. L-glutamate, L-as-
partate or endogenous sulfur-containing amino acids
were demonstrated to inhibit KYNA formation [8,
22, 27], whereas D,L-homocysteine, a risk factor
of atherosclerosis was shown to act biphasically
[11].

3-Nitropropionic acid (3-NPA) and aminooxyace-
tic acid (AOAA) are mitochondrial toxins interfering
with mitochondrial respiratory chain [23, 24]. 3-NPA
irreversibly inhibits mitochondrial complex II and, at
millimolar concentrations affects the activity of KATs
[2, 12, 13]. Chronic experimental administration of
3-NPA evokes neuropathological and behavioral
changes resembling Huntington’s disease in humans
[2, 13]. Acute application of 3-NPA induces seizures
in rodents [25]. AOAA is also a mitochondrial toxin
interfering with oxidative phosphorylation that, in
contrast to 3-NPA, potently inhibits KYNA biosyn-
thetic enzymes with I1Cs values in micromolar range
[20, 21, 23, 24].

Diabetes mellitus is a group of metabolic disor-
ders characterized by hyperglycemia. Despite proper
therapeutic regimens, a high proportion of patients
suffer from diabetic complications. Their severity
usually correlates with the serum level of glucose
[3, 4]. In the brain, hyperglycemia affects not only
neuronal but also glial cell function [16]. Chronic
hyperglycemia is associated with excessive forma-
tion of reactive oxygen species, increased production
of advanced glycation end-products, reduced synthe-
sis of growth factors and others [3, 17]. Moreover,
accumulation of extracellular glutamate in the course
of ischemia is potentiated by hyperglycemic milieu
[9].

In this study, the influence of hyperglycemia on the
inhibitory effects exerted by mitochondrial inhibitors,
endogenous agonists of excitatory amino acids and by
D,L-homocysteine on the cortical synthesis of KYNA
was evaluated in vitro.

Materials and Methods

Animals

Experiments were performed on male Wistar rats
(220-250 g). Animals were housed under standard
laboratory conditions, at 20°C ambient temperature,
with food and water available ad libitum. Experimen-
tal procedures have been approved by the Local Ethi-
cal Committee in Lublin and are in agreement with
European Communities Council Directive on the use
of animals in experimental studies.

Substances

L-kynurenine sulfate salt, kynurenic acid, D,L-homo-
cysteine, L-glutamate, 3-NPA, AOAA, L-cysteine
sulfinate were obtained from Sigma-Aldrich (St.
Louis, USA). All the high pressure liquid chromato-
graphy (HPLC) reagents were purchased from J.T.
Baker Laboratory Chemicals (Holland). All other rea-
gents were obtained from POCH (Gliwice, Poland).

KYNA synthesis in cortical slices

Synthesis of KYNA in rat cortical slices was exam-
ined as described before [27]. Briefly, rats were killed
by decapitation, and their brains were rapidly re-
moved from the skull. Brain cortical slices were pre-
pared with Mcllwain tissue chopper, placed at random
into the culture wells (10 slices per well), and incu-
bated in the oxygenated, standard or high-glucose
Krebs-Ringer buffer (final volume of 1 ml). Standard
Krebs-Ringer buffer, pH 7.4, contained 118.5 mM
NaCl, 4.75 mM KCl, 1.77 mM CaCl,, 1.18 mM
MgS0Oy, 12.9 mM NaH,PO,4, 3 mM Na,HPO,, and
5 mM glucose. High-glucose Krebs-Ringer buffer
was composed as above, except for glucose used at
30 mM concentration. KYNA synthesis was tested in
normoglycemic (5 mM) and hyperglycemic (30 mM)
Krebs-Ringer solutions in parallel. After the preincu-
bation period (10 min), the tested substances were
added in a volume of 50 pl. The incubation (37°C,
2 h) was carried out in the presence of 10 uM L-ky-
nurenine. At least six wells were used for each con-
centration of the studied substances. Blanks contained
all components of incubation buffer except for the
brain tissue. Following incubation period, the media
were rapidly separated from the tissue and centrifuged
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with 0.1 ml of 1 M HCI and 14 pl of 50% trichloro-
acetic acid. Supernatants were applied to the cation-
exchange columns (Dowex 50 W, hydrogen form),
which were prewashed with 1 ml of water and 1 ml of
0.1 M HCI. Columns were subsequently washed with
1 ml of 0.1 M HCI and 1 ml of water. KYNA was
eluted with 2.5 ml of water.

Quantification of KYNA

Eluted KYNA was subjected to the HPLC and quanti-
fied fluorimetrically (Varian HPLC system; ESA cate-
cholamine HR-80, 3 um, C;g reverse-phase column),
as previously described [27]. For HPLC detection,
a mobile phase pH 6.2 containing 250 mM zinc ace-
tate, 50 mM sodium acetate and 4% acetonitrile, was
used. Retention time of KYNA was 4.5-5.0 min with
1 ml/min mobile phase flow. Each chromatographic
assay was preceded by the measurements of standard-
ized concentrations of KYNA (0.2, 0.4, 0.6, 0.8 and
1.0 pmol of KYNA) in order to obtain calibration
curve. The mean control production of KYNA in the
presence of 10 uM L-kynurenine was 6.37 + 1.02
pmol/1 h/well. Each experiment was repeated at least
twice.

A. 3-Nitropropionic acid
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Statistical analyses

The concentration of a compound necessary to induce
50% inhibition of KYNA synthesis (ICs), with 95%
confidence limits, was calculated using the computer-
ized linear regression analysis of quantal log dose-
probit function. Data are presented as a percentage of
control values = SD. The statistical analyses were per-
formed using ANOVA, with the adjustment of p value
by the Bonferroni method.

Results

KYNA synthesis was not changed during incubation
of cortical slices in solutions containing up to 30 mM
glucose (94.0 £ 10.5, 96.0 + 8.5 and 95.4 + 4.6% of
control in 15, 25 and 30 mM glucose, respectively).

L-cysteine sulfinate inhibited KYNA synthesis
reaching the 1Csy value of 49.4 (37.0-65.9) uM in
normoglycemia and 49.4 (33.2-73.5) uM in hyper-
glycemia. Inhibitory effects of L-glutamate were also
not changed and the ICs, value reached 0.4 (0.3-0.5)
mM (normoglycemia) vs. 0.4 (0.3-0.6) mM (hyper-
glycemia).

B. Aminooxyacetic acid
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Fig. 1. The effect of hyperglycemia on the inhibitory effect of (A) 3-nitropropionic acid (3-NPA) and (B) aminooxyacetic acid (AOAA) on the
production of kynurenic acid (KYNA). Data are the mean values = SD (N = 12) and are expressed as % of control values. The concentration of
a compound necessary to induce 50% inhibition of kynurenic acid synthesis (ICg), with 95% confidence limits, was calculated using the com-
puterized linear regression analysis of quantal log dose-probit function. (A) 5 mM glucose: y = —22.836Ln(x) + 35.358, r = 0.9892; 30 mM glu-
cose: y = —22.65Ln(x) + 26.546, r = 0.9875 (B) 5 mM glucose: y = -18.415Ln(x) —76.181, r = 0.969; 30 mM glucose: y = -12.326Ln(x) —-39.616,

r=0.9902
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DL-Homocysteine
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Fig. 2. The effect of hyperglycemia on the inhibitory effect of D,L-
homocysteine at millimolar concentrations on the production of kynu-
renic acid (KYNA). Data are the mean values + SD (N = 12) and are
expressed as % of control values. The concentration of a compound
necessary to induce 50% inhibition of kynurenic acid synthesis
(ICsp), with 95% confidence limits, was calculated using the compu-
terized linear regression analysis of quantal log dose-probit function.
5 mM glucose: y = -19.042Ln(x) + 34.309, r = 0.9955; 30 mM glu-
cose: y = —18.482Ln(x) + 23.448, r = 0.9787

Hyperglycemia enhanced the 3-NPA-evoked inhi-
bition of KYNA synthesis, as revealed by the 1Cs
value lowered from 5.8 (4.5-7.4) mM (normoglyce-
mia) to 3.7 (3.1-4.5) mM (hyperglycemia) with
p <0.01 (Fig. 1A).

AOAA-induced reduction of KYNA synthesis was
enhanced by hyperglycemia and the ICs, value
reached 7.1 (4.9-10.3) uM vs. 11.6 (8.6-15.5) uM
(p <0.05). (Fig. 1B).

The inhibitory effects of D,L-homocysteine on
KYNA synthesis were increased in hyperglycemia, as
revealed by the ICs, value decreased from 4.5
(3.5-5.8) mM to 2.4 (1.8-3.2) mM (p < 0.01) (Fig. 2).

Discussion

High glucose concentrations (up to 30 mM) did not
influence the synthesis of KYNA in rat cortical slices
per se. However, hyperglycemia intensified the in-
hibitory effects of D,L-homocysteine and mitochon-
drial toxins, 3-NPA and AOAA, but not of endoge-
nous glutamate receptor agonists, L-glutamate and

L-cysteine sulfinate, on the synthesis of KYNA
in vitro.

Increased level of D,L-homocysteine is considered
an independent risk factor of cerebro- and cardiovas-
cular disease [4, 5]. Congenital hyperhomocysteine-
mia is associated with neurological abnormalities,
such as cerebral atrophy or mental retardation [5].
Yet, it is still not fully recognized why homocysteine
exerts harmful effects. In the brain, the compound
acts as a partial antagonist of the glycine site and as an
agonist at the glutamate site of NMDA receptor [10].
Moreover, it was recently demonstrated that neuro-
toxic effects of D,L-homocysteine were also associated
with an activation of type Il metabotropic glutamate
receptors [28, 29]. At high millimolar concentrations,
D,L-homocysteine may also affect glial viability in
cultures [14]. We have previously shown that D,L-
homocysteine can alter the synthesis of KYNA. In
cortical slices and aortic rings, D,L-homocysteine
stimulates KYNA production at micromolar concen-
trations and inhibits it when used at millimolar con-
centrations [11, 18]. In this study, we demonstrated
that hyperglycemia enhanced the action of D,L-
homocysteine on KYNA synthesis. The I1Cs, value for
D,L-homocysteine was lowered almost two-fold un-
der hyperglycemic conditions. Our data suggest that
harmful effects of an elevated homocysteine level on
the availability of KYNA may be further increased by
hyperglycemia. This could be one of the factors possi-
bly contributing to the development of central compli-
cations of diabetes.

The obtained results indicated also that hyperglyce-
mia enhanced the decline in synthesis of KYNA
caused by mitochondrial toxins, AOAA and 3-NPA.
Both compounds are known to act within mitochon-
drial respiratory chain and to cause neuronal injuries
in the brain [15, 23, 24]. In vitro, 3-NPA enhances the
L-glutamate-induced reduction of KYNA synthesis
[12]. Herein, hyperglycemia enhanced the inhibitory
effect of 3-NPA and AOAA on KYNA production.
Possibly, during diabetes-associated hyperglycemia,
the impairment of mitochondrial metabolism may ex-
ert stronger decline in KYNA synthesis and, there-
fore, render the central nervous system more suscepti-
ble to the neurodegeneration.

Neurons have a very low potential to store ener-
getic substrates and they need constant delivery of
ATP. The oxidation of main energetic substrate, glu-
cose, requires proper supply of NADPH, the level of
which is paradoxically reduced by hyperglycemia [3].
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Moreover, an excess of glucose stimulates the forma-
tion of reactive oxygen species which can impair mi-
tochondrial oxidative phosphorylation [3, 17]. Thus,
it was proposed that hyperglycemia actually disturbs
mitochondrial function [3, 17]. High concentration of
reactive oxygen species and sorbitol, non-enzymatic
intracellular protein glycation, caspases activation and
intracellular ionic and energetic disturbances may all
contribute to neurotoxicity and gliotoxicity [3, 17].
Hyperglycemia, via similar effects, may be equally
harmful for glial cells [3, 16]. This view seems to be
supported by our data considering the fact that glial
cells are the major source of KYNA in the brain. Fur-
thermore, our results are in line with the data suggest-
ing that hyperglycemia increases the vulnerability of
brain mitochondria to damaging factors [1].

As demonstrated, L-glutamate and L-cysteine sul-
finate, in contrast to D,L-homocysteine and mito-
chondrial toxins, inhibited KYNA production with the
same potency in normoglycemic and hyperglycemic
conditions. These data are in line with the observation
indicating certain discrepancy between L-glutamate-
and D,L-homocysteine-induced neurotoxicity [28]. In
cerebellar granule cells, these compounds evoke a qua-
litatively different mitochondrial dysfunction, which
in case of D,L-homocysteine is much less susceptible
to the protective action of cyclosporine A [28]. Our
previous studies have shown that L-glutamate and
L-cysteine sulfinate diminish KYNA synthesis most
probably due to the direct interference with KAT I or
II [8, 27]. L-cysteine sulfinate is an extremely potent
inhibitor of KYNA synthesis acting at low micromo-
lar concentrations. Inhibitory effects of L-glutamate
are about 10 times weaker [8]. L-cysteine sulfinate se-
lectively inhibits KAT II, the enzyme responsible for
about 75% of brain KYNA synthesis, whereas L-glu-
tamate modifies action of both enzymes, KAT I and
KAT II, but with a lower efficacy [8]. In view of the
data presented here, hyperglycemia does not seem to
influence the action of compounds which alter KYNA
synthesis solely at the level of its biosynthetic en-
Zymes.

In conclusion, the data obtained in vitro suggest
that short hyperglycemia may enhance the inhibition
of KYNA synthesis evoked by the mitochondrial im-
pairment and high levels of D,L-homocysteine. This
mechanism may additionally aggravate brain dys-
function and contribute to the central complications of
diabetes. The investigations presented herein will be
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continued by conducting the in vivo studies utilizing
an animal model of diabetes.

Acknowledgments:
This study was supported by the grants from the Skubiszewski
Medical University in Lublin, DS. 450/06 and 450/07.

References:

1. Alaraj M, Gajkowska B, Cholewinski M, Lazarewicz
JW: Hyperglycaemia and intramitochondrial glycogen
granules in the brain of mice. Ultrastructural study.

Folia Neuropathol, 2004, 42, 113-118.

2. Borlongan CV, Koutouzis TK, Freeman TB, Cahill DW,
Sanberg PR: Behavioral pathology induced by repeated
systemic injections of 3-nitropropionic acid mimics the
motor symptoms of Huntington’s disease. Brain Res,
1996, 697, 254-257.

3. Brownlee M: Biochemistry and molecular cell biology
of diabetic complications. Nature, 2001, 414, 813-820.

4. De Luis DA, Fernandez N, Arranz ML, Aller R, 1zaola
O, Romero E: Total homocysteine levels: relation with
chronic complications of diabetes, body composition,
and other cardiovascular risk factors in a population of
patients with diabetes mellitus type 2. J Diabetes Com-
plications, 2005, 19, 42-46.

5. Durand P, Prost M, Loreau N, Lussier-Cacan S, Blache D:
Impaired homocysteine metabolism and atherothrombo-
tic disease. Lab Invest, 2001, 81, 645-672

6. Guidetti P, Okuno E, Schwarcz R: Characterization of rat
brain kynurenine aminotransferases I and II. J Neurosci
Res, 1997, 50, 457-465.

7. Hilmas C, Pereira EF, Alkondon M, Rassoulpour A,
Schwarcz R, Albuquerque EX: The brain metabolite
kynurenic acid inhibits alpha 7 nicotinic receptor activity
and increases non-alpha 7 nicotinic receptor expression;
physiopathological implications. J Neurosci, 2001, 21,
7463-7473.

8. Kocki T, Luchowski P, Luchowska E, Wielosz M, Turski
WA, Urbanska EM: L-cysteine sulphinate, endogenous
sulphur-containing amino acid, inhibits rat brain kynure-
nic acid production via selective interference with kynu-
renine aminotransferase II. Neurosci Lett, 2003, 346,
97-100.

9. Li PA, Shuaib A, Miyashita H, He QP, Siesjo BK,
Warner DS: Hyperglycemia enhances extracellular gluta-
mate accumulation in rats subjected to forebrain ische-
mia. Stroke, 2000, 31, 183-192.

10. Lipton SA, Kim WK, Choi YB, Kumar S, D’Emilia DM,
Rayudu PV, Arnelle DR, Stamler JS: Neurotoxicity asso-
ciated with dual actions of homocysteine at the N-me-
thyl-D-aspartate receptor. Proc Natl Acad Sci USA,
1997, 94, 5923-5928.

11. Luchowska E, Luchowski P, Paczek R, Kocki T, Turski
WA, Wielosz M, Urbanska EM: Dual effect of D,L-ho-
mocysteine and S-adenosylhomocysteine on the brain



Hyperglycemia affects modulation of KYNA synthesis
lwona Chmiel-Perzynska et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

synthesis of the glutamate receptor antagonist, kynurenic
acid. J Neurosci Res, 2005, 79, 375-382.

Luchowski P, Luchowska E, Turski WA, Urbanska EM:
1-Methyl-4-phenylpyridinium and 3-nitropropionic acid
diminish cortical synthesis of kynurenic acid via interfer-
ence with kynurenine aminotransferases in rats. Neurosci
Lett, 2002, 330, 49-52.

Ludolph AC, He F, Spencer PS, Hammerstad J: 3-Nitro-
propionic acid — exogenous animal neurotoxin and possi-
ble human striatal toxin. Can J Neurol Sci, 1991, 18,
492-498.

Maler JM, Seifert W, Huther G, Wiltfarg J, Ruther E,
Kornhuber J, Bleich S: Homocysteine induces cell death
of rats astrocytes in vitro. Neurosci Lett, 2003, 21,
85-88.

Pang Z, Geddes JW: Mechanisms of cell death induced
by the mitochondrial toxin 3-nitropropionic acid: acute
excitotoxic necrosis and delayed apoptosis. J Neurosci,
1997, 17, 3064-3073.

Rungger-Brandle E, Dosso AA, Leuenberger PM: Glial
reactivity, an early feature of diabetic retinopathy. Invest
Ophthalmol Vis Sci, 2000, 41, 1971-1980.

Russell JW, Golovoy D, Vincent AM, Mahendru P,
Olzmann JA, Mentzer A, Feldman EL: High glucose-
induced oxidative stress and mitochondrial dysfunction
in neurons. FASEB J, 2002, 16, 1738-1748.

Stazka J, Luchowski P, Urbanska EM: Homocysteine,

a risk factor for atherosclerosis, biphasically changes

the endothelial production of kynurenic acid. Eur J Phar-
macol, 2005, 517, 217-223.

Stone TW: Development and therapeutic potential of
kynurenic acid and kynurenine derivatives for neuropro-
tection. Trends Pharmacol Sci, 2000, 21, 149-154.
Turski WA, Dziki M, Urbanska E, Calderazzo-Filho LS,
Cavalheiro EA: Seizures induced by aminooxyacetic
acid in mice: pharmacological characteristics. Synapse,
1991, 7, 173-180.

Turski WA, Gramsbergen JBP, Traitler H, Schwarcz R:
Rat brain slices produce and liberate kynurenic acid

22.

23.

24.

25.

26.

27.

28.

29.

upon exposure to L-kynurenine. J Neurochem, 1989, 52,
1629-1636.

Turski WA, Herrling PL, Do KQ: Effects of L-cysteine-
sulphinate and L-aspartate, mixed excitatory amino acid
agonists, on the membrane potential of rat caudate neu-
rons. Brain Res, 1987, 414, 330-338.

Urbanska EM: Mitochondrial toxins with potent neuro-
degenerative and convulsive properties — effects on kyn-
urenine metabolism in the brain. In: Kynurenines in the
Brain: from Experiments to Clinic. Ed. Vecsei L, Nova
Sciences, New York, 2006, 117-131.

Urbanska E, Ikonomidou C, Sieklucka M, Turski WA:
Aminooxyacetic acid produces excitotoxic lesions in the
rat striatum. Synapse, 1991, 9, 129-135.

Urbanska EM, Blaszczak P, Saran T, Kleirok Z, Turski
WA: Mitochondrial toxin 3-nitropropionic acid evokes
seizures in mice. Eur J Pharmacol, 1998, 359, 55-58.
Urbanska EM, Dekundy A, Kleinrok Z, Turski WA,
Czuczwar SJ: Glutamatergic receptor agonists and

brain pathology. In: Highly Selective Neurotoxins.

Ed. Kostrzewa RM, Humana Press, Totowa, NJ, 1998,
329-354.

Urbanska EM, Kocki T, Saran T, Kleinrok Z, Turski WA:
Impairment of brain kynurenic acid production by gluta-
mate metabotropic receptor agonists. Neuroreport, 1997,
8, 3501-3505.

Zieminska E, Matyja E, Kozlowska H, Stafiej A, Lazare-
wicz JW: Excitotoxic neuronal injury in acute homocys-
teine neurotoxicity: role of calcium and mitochondrial
alterations. Neurochem Int, 2006, 48, 491-497.
Zieminska E, Stafiej A, Lazarewicz JW: Role of group 1
metabotropic glutamate receptors and NMDA receptors
in homocysteine-evoked acute neurodegeneration of cul-
tured cerebellar granule neurones. Neurochem Int, 2003,
43, 481-492.

Received:
March 6, 2007; in revised form: June 18, 2007.

Pharmacological Reports, 2007, 59, 278-283 273



	247	Review Œ Anti-inflammatory and side effects of cyclooxygenase inhibitors.
	Halis Süleyman, Berna Demircan, Yalçin Karagöz
	259	Different effects of nitric oxide synthase inhibitors on convulsions induced by nicotine in mice.
	Piotr Tutka, Bart³omiej Barczyñski, Katarzyna Arent, Jerzy Mosiewicz, Tomasz Mróz, Marian Wielosz

	268	Hyperglycemia enhances the inhibitory effect of mitochondrial toxins and D,L-homocysteine on the brain production of kynurenic acid.
	Iwona Chmiel-Perzyñska, Adam Perzyñski, Marian Wielosz, Ewa M. Urbañska

	274	Colchicines-induced neurotoxicity as an animal model of sporadic dementia of Alzheimer™s type.
	Anil Kumar, Neha Seghal, Pattipati S. Naidu, Satyanaryana S.V. Padi, Richa Goyal

	284	Protective effect of alprazolam in acute immobilization stress-induced certain behavioral and biochemical alterations in mice.
	Richa Goyal, Kumar Anil

	291	Oral administration of lithium increases tissue magnesium contents but not plasma magnesium level in rats.
	Ma³gorzata Kie³czykowska, Irena Musik, Anna Hordyjewska, Anna Boguszewska, Anna Lewandowska, Kazimierz Pasternak

	296	Effect of cytochrome P450 (CYP) inducers on caffeine metabolism in the rat.
	Marta Kot, W³adys³awa A. Daniel

	306	Endothelin receptor antagonist CPU0213 suppresses ventricular fibrillation in L-thyroxin induced cardiomyopathy.
	Yu Feng, De-Zai Dai, Tao Na, Bing Cui, Tao Wang, Yuan Zhang, Yin Dai

	315	Different responses of mesenteric artery from normotensive and spontaneously hypertensive rats to nitric oxide and its redox congeners.
	Zorana S. Oreıèanin, Slobodan R. Milovanoviæ, Snežana D. Spasiæ, David R. Jones, Mihajlo B. Spasiæ

	323	Effect of ABCB1 (MDR1) 3435C >T and 2677G >A,T polymorphisms and P-glycoprotein inhibitors on salivary digoxin secretion in congestive heart failure patients.
	Lilianna Bartnicka, Mateusz Kurzawski, Agnieszka Drozdzik, Edyta Plonska-Gosciniak, Wanda Gornik, Marek Drozdzik

	330	Influence of preventive therapy with quinapril on IL-6 level in patients with chronic stable angina.
	Magdalena Gibas, Jolanta Miszczak-„mia³ek, Edyta M¹dry, Jerzy G³uszek, Henryk Witmanowski, Janusz Piotrowski

	339	Influence of umbelliferone on membrane-bound ATPases in streptozotocin-induced diabetic rats.
	Balakrishnan Ramesh, Kodukkur V. Pugalendi

	349	Raloxifene similarly affects the skeletal system of male and ovariectomized female rats.
	Joanna Folwarczna, Leszek „liwiñski, Urszula Cegie³a, Maria Pytlik, Ilona Kaczmarczyk-Sedlak, Barbara Nowiñska, Waldemar Janiec, Henryk I. Trzeciak

	359	Effects of raloxifene on development of the methotrexate-induced changes in bone mechanical properties of male rats.
	Barbara Nowiñska, Urszula Cegie³a, Joanna Folwarczna, Leszek „liwiñski, Ilona Kaczmarczyk-Sedlak, Maria Pytlik, Waldemar Janiec


	382	Note to Contributors

