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Abstract:

Leptin, a cytokine secreted by adipose tissue, has been implicated in the insulin resistance associated with obesity. Here we exam-

ined the acute influence of leptin at physiological (10 ng/ml) and supraphysiological (50 ng/ml and 100 ng/ml) concentrations on the

inhibition of glycogen catabolism promoted by insulin in rat liver perfusion experiments. Perfusion of the liver with insulin

(20 µU/ml) decreased the activation of glucose production (p < 0.05) and glycogenolysis by cAMP (3 µM). However, the infusion of

leptin, at concentrations similar to those found in non-obese (10 ng/ml), obese (50 ng/ml), and morbidly obese (100 ng/ml) individu-

als did not influence the acute inhibitory effect of insulin (20 µU/ml) on glucose production and glycogenolysis stimulated by cAMP

(p > 0.05). We conclude that neither physiological nor supraphysiological concentrations of leptin directly influence the inhibition of

glycogen catabolism promoted by insulin in rat liver perfused in situ.
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Introduction

Obesity is recognized as the dominant risk factor for

the development of insulin resistance, but the mecha-

nism responsible for diminishing the effects of insulin

on the target tissues remains unknown [22]. Leptin,

a cytokine secreted by adipose tissue, reportedly plays

a role in the insulin resistance associated with obesity

[17, 33]. Obese patients tend to exhibit hyperleptine-

mia and insulin resistance [9], and several studies

have demonstrated an association between high leptin

levels and depressed insulin activity [1, 3, 30, 36].

High concentrations of leptin can disrupt the early

stages of the insulin signal transduction pathway in-

cluding the autophosphorylation of the insulin recep-

tor, the phosphorylation of IRS-1 (insulin receptor

substrate 1), PI3K (phosphatidylinositol 3-kinase) and

Akt (protein kinase B), and the association of

IRS-1/IRS-2 with PI3K [1, 3, 12, 30, 37]. Moreover,

a high level of leptin results in phosphorylation of

Ser-318 of IRS-1, mitigating the effects of insulin

[21]. Additional studies demonstrate that leptin at-

tenuates several metabolic effects of insulin [1, 10, 27,

32, 36, 39]. However, several contradictory studies
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suggest that leptin either enhances [2, 5, 7, 20, 24, 25,

29, 34] or has no effect on insulin activities [16, 28,

40, 41].

Given that insulin resistance is associated with in-

creased hepatic glucose production [14], we investi-

gated whether the infusion of physiological to supra-

physiological concentrations of leptin (10–100 ng/ml)

could influence directly and acutely the inhibitory

effect of insulin on glucose production and glycogen-

olysis promoted by cAMP in isolated perfused liver.

Materials and Methods

Animals

Male albino Wistar rats (180–220 g) were housed un-

der a constant 12/12 h light/dark cycle at 23°C and

supplied freely with water and a standard commercial

laboratory diet (Nuvilab®). The experimental proto-

cols were designed and executed in accordance with

Brazilian law and approved by the Ethics Committee

of the State University of Londrina. All experiments

were performed at 8 a.m. to minimize circadian varia-

tions.

Chemicals

Recombinant mouse leptin was obtained from Pepro-

tech Mexico S.A. de C.V. (r-MuLeptin, purity > 95%

by SDS-PAGE and HPLC analyses). Aliquots of the

reconstituted leptin were stored at –70°C and thawed

immediately before the experiments. Insulin was ob-

tained from Biobrás (MG, Brazil). cAMP was purchased

from Sigma Chemical Co. (St. Louis, MO, USA).

Experimental design

Rats were anesthetized with sodium pentobarbital

(40 mg/kg), and the livers were perfused in situ [35].

The perfusion fluid was Krebs-Henseleit buffer (KHB),

pH 7.4, 37°C, saturated with a 95% : 5% O2 : CO2

mixture. The fluid was introduced (4 ml/min per gram

fresh weight) through a cannula inserted into the por-

tal vein, while a second cannula in the inferior cava

vein was used to collect the effluent perfusate. After

a perfusion period of 10 min with KHB alone, KHB

plus cAMP (3 µM), with or without the addition of in-

sulin (20 µU/ml) and/or leptin (10, 50 or 100 ng/ml),

was infused for 20 min. This was followed by an ad-

ditional perfusion period of 20 min with KHB alone.

Samples of the perfusate were collected at 2 min in-

tervals to measure the concentrations of glucose,

L-lactate and pyruvate. After the perfusion, the liver

was removed and weighed to allow precise metabolic

calculations and the correction of flow rates. The livers

maintained morphology and color throughout the ex-

periment, indicating sufficient vascular perfusion and

viability [18]. Glycogenolysis was expressed as the sum

of glucose production plus the half-sum of L-lactate

and pyruvate production [glucose + 1/2 (L-lactate +

pyruvate)] [6]. The concentration of glucose [4],

L-lactate [19] and pyruvate [13] in the perfusate were

measured by enzymatic assay. The differences in the

glucose production or glycogenolysis during and be-

fore the infusion of cAMP, with or without the addi-

tion of insulin and/or leptin, were used to calculate the

areas under the curves (AUC), which were expressed

as µmol per gram of wet weight of the liver.

Statistical analysis

The program GraphPad Prism was used to calculate

the areas under the curves (AUCs), in the period from

10 to 30 min. Differences between AUCs were as-

sessed by Student’s t-test at the 5% level of signifi-

cance, employing the same program. Data are ex-

pressed as the mean ± standard error of the mean

(SEM).

Results

The infusion of cAMP (3 µM) alone promoted activa-

tion of glucose production (Fig. 1A) and glycogenoly-

sis (Fig. 1B). Glucose production and glycogenolysis

returned to basal levels when the infusion of cAMP

was interrupted. When the liver was perfused with in-

sulin (20 µU/ml) plus cAMP, the activation of glucose

production (Fig. 1A) and glycogenolysis (Fig. 1B)

promoted by cAMP was reduced (p < 0.05). However,

liver perfusion with leptin, at 10 ng/ml (Figs. 2A, 2B),

50 ng/ml (Figs. 2C, 2D) or 100 ng/ml (Figs. 2E, 2F),

plus insulin and cAMP, did not alter (p > 0.05) the

suppressive effect of insulin on the glucose produc-

tion or glycogenolysis stimulated by cAMP.
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Discussion

The observation that high concentrations of leptin im-

pair the signaling pathways and metabolic actions of

insulin suggests a role for leptin in the development of

obesity-related insulin resistance [1, 3, 17, 30, 36]. To

examine the acute effect of leptin on the response of

the liver to insulin, liver perfusion experiments were

carried out in situ on fed rats [6]. This technique al-

lows the acute direct effects of leptin or insulin to be

examined in the intact liver, without the indirect ef-

fects of other organs [35].

The infusion of insulin into the liver reduced the

activation of glucose production and glycogenolysis

promoted by cAMP, confirming the direct effect of

this hormone in the liver [6, 38]. This effect can be at-

tributed to a fall in the intracellular level of cAMP [6],

mediated by an activation of phosphodiesterase-3B

(PDE3B), the enzyme that promotes the catabolism of

cAMP. PDE3B is activated via stimulation of PI3K

associated with IRS-1 and IRS-2 [42].

However, the infusion of leptin at concentrations found

typically in non-obese (10 ng/ml), obese (50 ng/ml) and

morbid obese (100 ng/ml) subjects did not modulate

the response to insulin in glucose production and gly-

cogenolysis promoted by cAMP. These results are

consistent with studies by Nemecz et al. [28], which

demonstrate that high levels of leptin did not influ-

ence the suppressive effect of insulin on epinephrine-

stimulated hepatic glucose production. Other studies

have demonstrated that the combined administration

of leptin and insulin into the portal vein did not alter

phosphorylation of IRS-1, IRS-2 and Akt, compared

with administration of insulin alone [8]. Furthermore,

leptin did not influence the acute action of insulin on

the phosphorylation of IRS in hepatoma cells [40].

Moreover, in vitro studies showed that exposure to

physiological or supraphysiological concentrations of

leptin during 1, 6 or 24 h had no direct effect on

insulin-stimulated glucose metabolism in skeletal

muscle [8, 16] or adipocytes [31]. In addition, short-

term hyperleptinemia, induced by the intravenous in-

fusion of leptin during 1.5 or 6 h, did not modify

insulin-dependent reduction of hepatic glucose pro-

duction, sensitivity to insulin in vivo [41], or its pe-

ripheral effects [32].

Nevertheless, continuous in vivo infusion of leptin

for 7 days blocks the signaling mechanisms of leptin

itself or insulin by changing the IRS/PI3K pathway in

the hepatocyte [3]. These findings suggest that long-

term hyperleptinemia could promote insulin resis-

tance in the hepatocytes by a direct or indirect action

of leptin in the liver. Therefore, the absence of an

acute, direct influence of leptin on the action of insu-

lin during liver perfusion does not exclude the possi-

bility of a long-term effect of leptin on liver glycogen

catabolism. This study also cannot exclude an indirect

effect via interactions between leptin and the central

nervous system [23, 26], pancreas [15] and/or adipo-

cytes [11].
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This study shows that the infusion of physiological

or supraphysiological concentrations of leptin in the

liver did not modify the acute suppressive effect of in-

sulin on the activation of glycogen catabolism pro-

moted by cAMP, suggesting that leptin does not

acutely influence these metabolic effects of insulin in

the liver.

��������������	

������� (������� +� 5>
? ��� @(���AB� 1��(�#���'

322 �����������	��� 
������ ����� ��� �������


�� � ,		��� �	 ��(��� -%� .�/��0 ��( -�� �0 �� ��/��� -�� �0 �� ��/�� �� -�� 
0 ��� ��/�� �	 ������ �� ��(��� ����(����� ��� ������������
���(����� +� �1"
 �(���� �� ���� ����� ���	(��� �	 	�� ���' �1"
 2 ��(��� -�0 �� �1"
 2 ��(��� 2 ������ -�0 3��� ��	(�� +��3��� �� ���
4� ��� �	��� ������� ��� ����� ���	(��� -�� "������� ��� "�����0' 1�5 6 ���� (���� �(��� -.��� ���0� �� ��� ������ 	��� �� �� 4� ���� �7�
����� � ��� ���� 8 �," �	 9:� �7�������� �� ���� ���(�



References:

1. Anderwald C, Muller G, Koca G, Fürnsinn C,

Wauldhäusl W, Roden M: Short-term leptin-dependent

inhibition of hepatic gluconeogenesis is mediated by in-

sulin receptor. Mol Endocrinol, 2002, 16, 1612–1628.

2. Barzilai N, Wang J, Massilon D, Vuguin P, Hawkins M,

Rosseti L: Leptin selectively decreases visceral adiposity

and enhances insulin action. J Clin Invest, 1997, 100,

3105–3110.

3. Benomar Y, Wetzler S, Laure-Achagiotis C, Djiane J,

Tomé D, Taouis M: In vivo leptin infusion impairs insu-

lin and leptin signalling in liver and hypothalamus. Mol

Cell Endocrinol, 2005, 242: 59–66.

4. Bergmeyer HU, Bernt E: Determination of glucose with

glucose-oxidase and peroxidase. In: Methods of Enzy-

matic Analysis. Ed. Bergmeyer HU, Academic Press,

New York, 1974, 1205–1215.

5. Berti L, Kellerer M, Capp E, Haring HU: Leptin stimu-

lates glucose transport and glycogen synthesis in C2C12

myotubes: evidence for PI3-kinase mediated effect. Dia-

betologia, 1997, 40, 606–609.

6. Borba-Murad GR, Vardanega-Peicher M, Curi R, Souza

HM, Mario EG, Bassoli BK, Bazotte RB: Central role of

cAMP in the inhibition of glycogen breakdown and glu-

coneogenesis promoted by leptin and insulin in perfused

rat liver. Pol J Pharmacol, 2004, 56, 223–231.

7. Burcelin R, Kamohara S, Li J, Tannenbaum GS, Charron

MJ, Friedman JM: Acute intravenous leptin infusion in-

creases glucose turnover but not skeletal muscle glucose

uptake in ob/ob mice. Diabetes, 1999, 48, 1264–1269.

8. Carvalheira JBC, Ribeiro EB, Folli F, Velloso LA, Saad

MJA: Interaction between leptin and insulin signaling

pathways differentially affects JAK-STAT and PI-3-kinase-

mediated signaling in rat liver. Biol Chem, 2003, 384,

151–159.

9. Ceddia RB, Koistinen HA, Zierath JR, Sweeney G:

Analysis of paradoxical observations on the association

between leptin and insulin resistance. FEBS Lett, 2002,

16, 1163–1176.

10. Ceddia RB, Willian Jr WN, Lima FB, Carpinelli AR,

Curi R: Pivotal role of leptin in insulin effects. Braz

J Med Biol Res, 1998, 31, 715–722.

11. Chen G, Koyama K, Yuan X, Lee Y, Zhou Y-T, O’ Do-

herty R, Newgard CB, Unger RH: Disappearance of

body fat in normal rats induced by adenovirus-mediated

leptin gene therapy. Proc Natl Acad Sci USA, 1996, 93,

14795–14799.

12. Cohen B, Novick D, Rubstein M. Modulation of insulin

activities by leptin. Science, 1996, 274, 1185–1188.

13. Czok R and Lamprecht W: Pyruvate, phosphoenolpyru-

vate and D-glycerate-2-phosphate. In: Methods of Enzy-

matic Analysis, Ed. Bergmeyer HU, Academic Press,

New York, 1974, 1446–1448.

14. De Fronzo RA, Ferrannini E, Simonson DC: Fasting hy-

perglycemia in non-insulin-dependent diabetes mellitus:

contributions of excessive hepatic glucose production

and impaired tissue glucose uptake. Metabolism, 1989,

38, 387–395.

15. Emilsson V, Liu Y-L, Cawthorne MA, Morton NM, Dav-

enport M: Expression of the functional leptin receptor

mRNA in pancreatic islets and direct inhibitory action of

leptin on insulin secretion. Diabetes, 1997, 46, 313–316.

16. Fürnsinn C, Brunmair B, Furtmuller R, Roden M, Eng-

lisch R, Waldhausl W: Failure of leptin to affect basal

and insulin-stimulated glucose metabolism of rat skeletal

muscle in vitro. Diabetologia, 1998, 41, 524–529.

17. Girard J: Is leptin the link between obesity and insulin

resistance? Diabetes Metab, 1997, 3, 16–24.

18. Gores GJ, Kost LJ, La Russo NF: The isolated perfused

rat liver: conceptual and practical considerations. Hepa-

tology, 1986, 6, 511–517.

19. Gutmann I, Wahlefeld W: L-(+)-Lactate. Determination

with lactate dehydrogenase and NAD. In: Methods of

Enzymatic Analysis. Ed. Bergmeyer HU, Academic

Press, New York, 1974, 1464–1472.

20. Halaas JL, Boozer C, Blair-West J, Fidahusein N, Denton

DA, Friedman JM: Physiological response to long-term

peripheral and central leptin infusion in learn and obese

mice. Proc Natl Acad Sci USA, 1997, 94, 8878–8883.

21. Hennige AM, Stefan N, Kapp K, Lehmann R, Weigert C,

Beck A, Moeschel K et al.: Leptin down-regulates insu-

lin action through phosphorylation of serine-318 in insu-

lin receptor substrate-1. FASEB J, 2006, 20, E381–E389.

22. Kahn BB, Flier JS: Obesity and insulin resistance. J Clin

Invest, 2000, 106(4), 473–481.

23. Kamohara S, Burcelin R, Halaas JL, Friedman JM, Char-

ron MJ: Acute stimulation of glucose metabolism in

mice by leptin treatment. Nature, 1997, 338, 374–377.

24. Kellerer M, Metzinger E, Mushack J, Capp E. Haring

HU: Leptin activates PI-3 kinase in C2C12 myotubes via

janus kinase-2 (JAK-2) and insulin receptor substrate-2

(IRS-2) dependent pathways. Diabetologia, 1997, 40,

1358–1362.

25. Kim Y-B, Uotani S, Pierroz DD, Flier JS, Khan B: In

vivo administration of leptin activates signal transduc-

tion directly in insulin-sensitive tissues: overlapping but

distinct pathways from insulin. Endocrinology, 2000,

141, 2328–2339.

26. Liu L, Karkanias GB, Morales JC, Hawkins M, Barzilai

N, Wang J, Rossetti L: Intracerebroventricular leptin

regulates hepatic but not peripheral glucose fluxes. J Biol

Chem, 1998, 273, 31160–3116.

27. Müller G, Ertl J, Gerl M, Preibisch G: Leptin impairs

metabolic actions of insulin in isolated rat adipocytes.

J Biol Chem, 1997, 272, 10585–10593.

28. Nemecz M, Preininger K, Englisch R, Furnsinn C,

Schneider B, Waldhäust W, Roden, M: Acute effect of

leptin on hepatic glycogenolysis and gluconeogenesis in

perfused rat liver. Hepatology, 1999, 29, 166–172.

29. Pelleymounter MA, Cullen MJ, Baker MB, Hecht R,

Winters D, Boone T, Collins F: Effects of the obese gene

product on body weight regulation in ob/ob mice. Sci-

ence, 1995, 269, 540–543.

30. Perez C, Fernandez-Galaz C, Fernandez-Agullo T, Arri-

bas C, Andres A, Ros M, Carrascosa JM: Leptin impairs

insulin signaling in rat adipocytes. Diabetes, 2004, 53,

347–353.

31. Ranganathan S, Ciarald TP, Henry RR, Mudaliar S, Kern

PA: Lack of effect of leptin on glucose transport, lipro-

�����������	��� 
������ ����� ��� ������� 323

Effect of leptin on the inhibition of glycogenolysis promoted by insulin
����� �� ����	 
� ���



tein lipase, and insulin action in adipose and muscle

cells. Endocrinology, 1998, 139, 2509–2513.

32. Rosseti L, Massilon D, Barzilai N, Vuguin P, Chen W,

Hawkins M, Wu J, Wang J: Short term effects of leptin

on hepatic gluconeogenesis and in vivo insulin action.

J Biol Chem, 1997, 272, 27758–27763.

33. Saltiel AR, Kahn CR: Insulin signalling and the regula-

tion of glucose and lipid metabolism. Nature, 2001, 414,

799–806.

34. Sivitz WI, Walsh SA, Morgan DA, Thomas MJ, Haynes

WG: Effects of leptin on insulin sensitivity in normal

rats. Endocrinology, 1997, 138, 3395–3401.

35. Souza HM, Borba-Murad GR, Ceddia RB, Curi R,

Vardanega-Peicher M, Bazotte RB: Rat liver responsive-

ness to gluconeogenesis substrates during insulin-induced

hypoglycemia. Bras J Med Biol Res, 2001, 34, 771–777.

36. Sweeney G, Keen J, Somwar R, Konrad D, Garg R, Klip

AM: High leptin levels acutely inhibit insulin-stimulated

glucose uptake without affecting glucose transporter 4

translocation in L6 rat skeletal muscle cells. Endocrinol-

ogy, 2001, 142, 4806–4812.

37. Szanto I, Kahn CR: Selective interaction between leptin

and insulin signaling pathways in a hepatic cell line.

Proc Natl Acad Sci USA, 2000, 97, 2355–2360.

38. Vardanega-Peicher M, Curi R, Souza HM, Borba-Murad

GR, Siqueira VLD, Galend, SB, Bazotte RB: Compara-

tive effect of physiologicas levels of leptin and insulin on

cyclic AMP-induced stimulation of hepatic glycogen

breakdown. Pol J Pharmacol, 2003, 55, 659–662.

39. Wang J-L, Chinookoswoong N, Scully S, Qi M, Shi Z-Q:

Differential effects of leptin in regulation of tissue glu-

cose utilization in vivo. Endocrinology, 1999, 140,

2117–2124.

40. Wang Y, Kuropatwinski KK, White DW, Hawley TS,

Hawley RG, Tartaglia LA, Baumann H: Leptin receptor ac-

tion in hepatic cells. J Biol Chem, 1997, 272, 16216–16223.

41. Widdowson PS, Upton R, Pickavance L, Buckingham R,

Tadayyon M, Arch J, Williams G: Acute hyperleptinemia

does not modify insulin sensitivity in vivo in the rat.

Horm Metab Res, 1998, 30, 259–262.

42. Zhao AZ, Shinohara MM, Huang D, Shimizu M, Eldar-

Finkelman H, Krebs EG, Beavo JA, Bornfeldt KE:

Leptin induces insulin-like signaling that antagonizes

cAMP elevation by glucagon in hepatocytes. J Biol

Chem, 2000, 275, 11348–11354.

��������	

C(�� %�� %���D �� ������ 	���) @�+�(��� %4� %���'

324 �����������	��� 
������ ����� ��� �������


	197	Review Œ Third-generation antiepileptic drugs: mechanisms of action, pharmacokinetics and interactions.
	Jarogniew J. £uszczki
	217	Review Œ Rimonabant: an antagonist drug of the endocannabinoid system for the treatment of obesity.
	Carlos E. Leite, Clei A. Mocelin, Guilherme O. Petersen, Mirna B. Leal, Flavia V. Thiesen

	225	Review Œ Pharmacology of dimethyl sulfoxide in cardiac and CNS damage.
	Stanley W. Jacob, Jack C. de la Torre

	236	Influence of bupropion and calcium channel antagonists on the nicotine-induced memory-related response of mice in the elevated plus maze in mice.
	Gra¿yna Bia³a, Marta Kruk

	245	Characterization of the anticonvulsant activity of doxepin in various experimental seizure models in mice.
	Xian-Yu Sun, Lei Zhang, Cheng-Xi Wei, Hu-Ri Piao, Zhe-Shan Quan

	252	Influence of agmatine on the protective action of numerous antiepileptic drugs against pentetrazole-induced seizures in mice.
	Jarogniew J. £uszczki, Remigiusz Czernecki, Monika Dudra- Jastrzêbska, Kinga K. Borowicz, Stanis³aw J. Czuczwar

	261	5-HT-induced depression of the spinal monosynaptic reflex potential utilizes different types of 5-HT receptors depending on Mg2+ availability.
	Shripad B. Deshpande, Amar N. Maurya, Jitendra N. Singh

	268	Lack of effect of naltrexone on the spinal synergism between morphine and non steroidal anti-inflammatory drugs.
	Hugo F. Miranda, Gianni Pinardi

	275	Role of potassium channels in the relaxant effect of levosimendan in guinea pig tracheal preparations.
	Bilsen Eksert, Coºkun Usta

	281	IL-1b, IL-6, and TNF gene polymorphisms do not affect the treatment outcome of rheumatoid arthritis patients with leflunomide.
	Andrzej Pawlik, Magdalena Herczyñska, Mateusz Kurzawski, Krzysztof Safranow, Violetta Dziedziejko, Zygmunt Juzyszyn, Marek Dro�dzik

	288	Antitumor effects of a selenium heteropoly complex in K562 cells.
	Yang Jun-Ying, Xu Cun-Shuan

	296	Antigenotoxic effect of genistein against 7,12-dimethylbenz[a]anthracene induced genotoxicity in bone marrow cells of female Wistar rats.
	
Pachaiappan Pugalendhi, Shanmugam Manoharan, Kuppusamy Panjamurthy, Subramanian Balakrishnan, Madhavan R. Nirmal

	304	Effects of the cannabinoid CB1 receptor antagonist AM 251 on the reinstatement of nicotine-conditioned place preference by drug priming in rats.
	
Barbara Budzyñska, Marta Kruk, Gra¿yna Bia³a

	SHORT COMMUNICATIONS
	311	Neonatal co-lesion by DSP-4 and 5,7-DHT produces adulthood behavioral sensitization to dopamine D2 
receptor agonists.
	Przemys³aw Nowak, Dariusz Nitka, Adam Kwieciñski, Jadwiga Joœko, Jacek Drab, Dorota Pojda-Wilczek, Jacek Kasperski, Richard M. Kostrzewa, Ryszard Brus


	319	Investigation of the acute effect of leptin 
on the inhibition of glycogen catabolism 
by insulin in rat liver perfused in situ.
	Erica G. Mario, Eledir S. Leonardo, Bruna K. Bassoli, Priscila Cassolla, Glaucia R. Borba-Murad, Roberto B. Bazotte, Helenir M. 
de Souza

	325	Use of transgenic (knockout) mice reveals a site distinct from the a2A-adrenoceptors for agmatine in the vas deferens.
	Wilson C. Santos, Lucia Garcez-do-Carmo, Eliane C. da Silva, Ricardo de Pascual, Neide H. Jurkiewicz, Aron Jurkiewicz, Luis Gandía

	330	Contribution of NO, ATP-sensitive K+ channels and prostaglandins to adenosine receptor agonists-induced relaxation of the rat tail artery.
	Katarzyna Kêdzior, Renata Szczepañska, Ivan Kociæ

	335	Acute doxorubicin pulmotoxicity in rats with malignant neoplasm is effectively treated with fullerenol C60(OH)24 through inhibition of oxidative stress.
	
Rade Injac, Natasa Radic, Biljana Govedarica, Martina Perse, Anton Cerar, Aleksandar Djordjevic, Borut Strukelj

	343	4-Thio-uridylate (UD29) interferes with the function of protein ŒSH and inhibits HIV replication in vitro.
	Zoltán Beck, Andrea Kis, Erika Berényi, Péter Kovács, László Fésüs, János Aradi
	Abstracts of THE EIGHTEENTH DAYS OF NEUROPSYCHOPHARMACOLOGY



	contents

