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Abstract:

The liver glucose production (LGP) levels of 15-h overnight fasted weaned rats submitted to short-term insulin-induced hypoglyce-
mia (ST-1IH) and long-term IIH (LT-IIH) were compared. Experiments to characterize ST-IIH or LT-1IH that followed an intraperito-
neal (ip) injection (1.0 U/kg) of regular (ST-IIH) or insulin detemir (LT-IIH) were performed and glycemia were measured
0 (normoglycemic control), 0.5 h (ST-IIH), 4 h and 6 h (LT-IIH) later. The values of glycemia (mg/dl) were 77.8 &+ 7.2 (normoglyce-
mic control), 26.2+ 6.1 (STIIH 0.5h),21.2+7.6 (LT-IIH 4 h) and 35.3 + 14.5 (LT-1IH 6.0). The LGP levels were measured in the rats
submitted to ST-ITH (0.5 h) and LT-ITH (4 h or 6 h). The rats that received ip saline were used as the normoglycemic control group
(COQG). The livers from the COG and ITH groups (ST-IIH or LT-IIH) were perfused in situ with infusion of L-alanine (5 mM), L-glutamine
(10 mM), glutamine dipeptide (5 mM), L-lactate (2 mM) or glycerol (2 mM). The ST-IIH rats showed a higher LGP level than COG group
following the L-glutamine infusion (p < 0.05), but the LGP levels that were measured following the L-lactate, L-alanine, glutamine dipep-
tide (5 mM), L-lactate (2 mM) or glycerol infusion remained unchanged. Moreover, if the period of IIH was expanded to 4 h following in-
sulin injection, the LGP levels induced by L-alanine, glutamine dipeptide or glycerol infusion also increased (p < 0.05, LT-IIH vs. COG).
However, the LGP from the L-lactate infusion remained unchanged until 6 h after insulin injection. In conclusion, these results suggest that
the intensification of liver gluconeogenesis during ST-IIH and LT-IIH in weaned rats is not a synchronous “all or nothing” process; instead,
this process integrated in a temporal manner and is specific for each gluconeogenic substrate.
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year-old age group [5]. For this reason, insulin-in-
duced hypoglycemia is the rate-limiting step in
achieving excellent control of glycemia in type 1 dia-
betic children [18].

Weaned rats submitted to insulin-induced hypogly-
cemia are a suitable experimental model of hypogly-
cemia in early age because, like diabetic children,
they demonstrate a higher tendency to show severe in-
sulin-induced hypoglycemia if compared with adult
rats [19, 20].

Moreover, considering that liver gluconeogenesis is
crucial to the maintenance of glycemia during insulin-
induced hypoglycemia [6, 11, 13] and that the transi-
tion from the weaning to the adult age is an unfavor-
able condition for gluconeogenesis [4, 8], it is critical
to investigate this metabolic pathway in weaned rats
submitted to insulin-induced hypoglycemia.

The results of a previous study agree with this
proposition [17]; the authors demonstrated that
weaned rats submitted to short-term insulin-induced
hypoglycemia showed a higher liver capacity for pro-
ducing glucose from L-glutamine, but the liver gluco-
neogenesis of L-alanine, glutamine dipeptide, L-lactate
and glycerol were unchanged. However, the meta-
bolic changes that occurred during long term insulin-
induced hypoglycemia were not investigated.

Therefore, to better elucidate the contribution of liver
gluconeogenesis to the maintenance of glycemia during
hypoglycemia in weaned rats, the activation of the liver
glucose production levels during short-term and long-
term insulin-induced hypoglycemia were compared.

Material and Methods

Materials

Insulin detemir (Levemir) was purchased from Novo
Nordisk (Sdo Paulo, SP, Brazil). L-lactate dehydroge-
nase was obtained from Sigma Chemical Company
(St. Louis, MO, USA). L-glutamine, L-alanine, L-lactate,
L-alanyl-L-glutamine (glutamine dipeptide) and all
other reagents were received from the suppliers.

Animals

Male Wistar weaned rats (21-23 days) weighing ap-
proximately 50 g were used in the study. The manipu-
lation followed the Brazilian law regarding the pro-

tection of animals and was performed with the per-
mission of the state animal welfare committee. The
rats were maintained under a constant temperature
(23°C) with an automatically controlled photoperiod
(12 h light/12 h dark). The rats had free access to wa-
ter and food (standard commercial laboratory diet —
Nuvilab®) until the day before the experiment when
they were fasted overnight (15 h).

Short-term insulin-induced hypoglycemia
(ST-IIH) and long-term IIH (LT-1IH)

ST-IIH or LT-IIH was induced with an intraperitoneal
(ip) injection of regular (1 U/kg) or insulin detemir
(1 U/kg). The dose was based on previous investiga-
tions [16, 17].

The glycemia was measured 0 at 0 h (normoglycemic
control), 0.5 h (ST-1IH), 4 h (LT-IIH) and 6 h (LT-IIH)
after the administration of the insulin detemir. The blood
was collected by decapitation and immediately centri-
fuged to obtain the serum for the glucose determination.

Liver perfusion technique

Rats fasted overnight were anesthetized with an ip in-
jection of sodium thiopental (40 mg/kg) at 0.5 h, 4 h
or 6 h following the saline (normoglycemic control
group, i.e., COG) or the insulin injection (experimen-
tal hypoglycemic rats, i.e., I[IH group).

After a suitable level of anesthesia was achieved,
the rats were submitted to a laparotomy. The livers
were perfused in situ with a constant flux (4 ml/min x g)
using Krebs Henseleit bicarbonate buffer, pH 7.4, that
was saturated with O,/CO, (95/5%). The perfusion
fluid was pumped into a controlled temperature (37°C)
membrane oxygenator prior to entering the liver via
the portal vein. This experimental approach discarded
the influence of hepatic glycogen catabolism, the
changes in hepatic blood flux and the variability of
blood glucose precursors [12].

The gluconeogenic substrates were L-alanine (5 mM),
L-glutamine (10 mM), glutamine dipeptide (5 mM),
L-lactate (2 mM) and glycerol (2 mM). The concen-
tration of each gluconeogenic substrate was based on
a previous study [17].

A typical liver perfusion experiment is illustrated in
Figure 1. Following a pre-infusion period (10 min),
the gluconeogenic substrate was dissolved in the per-
fusion fluid and was infused for 40 min; this was fol-
lowed by a period of post-infusion (10 min). The sam-
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Fig. 1. Demonstrative experiments of glucose production from
glutamine (10 mM) in the perfused livers of 15-h fasted weaned rats
that received insulin (I1H) or saline (COG). The effluent perfusate was
sampled at 5-min intervals and was used for glucose determination

ples of the effluent perfusion fluid were collected at
5-min intervals and the concentration of the glucose
was determined using a lab kit test (Labtes®).

The kinetics of the glucose production from a glu-
coneogenic substrate are illustrated in Figure 1. After
the infusion of the glucose precursor was initiated, the
glucose production increased progressively. The dif-
ferences in the glucose production during and before
the infusion of the gluconeogenic substrate allowed
for the calculation of the area under the curves
(AUCs), which are expressed as mol/g. The AUCs
that are shown in Tables 1-3 were obtained from
similar experiments as the experiment that is illus-
trated in Figure 1.

In a portion of the experiments, the liver produc-
tion of pyruvate and L-lactate were measured from the

effluent perfusion fluid. The concentrations of pyru-
vate [3] and L-lactate [9] were measured with stan-
dard enzymatic techniques that utilized lactate dehy-
drogenase.

The liver perfusion experiments were performed on
pairs of rats; one rat was from the ITH group and other
served as a COG. Therefore, the ability of the liver to
produce glucose from L-glutamine, L-alanine, gluta-
mine dipeptide, L-lactate and glycerol from the rats
that were submitted to ITH (ST-ITH or LT-IIH) or COG
were compared.

Statistical analysis

The data were analyzed with an unpaired Student’s
t-test or by ANOVA using the Graph-Pad Prism soft-
ware (version 5.0). The results are reported as the
means + the standard deviation of the means (SD);
p < 0.05 was considered to be statisticallysignificant.

Result

The values (means + SD, n = 5) that were obtained for
glycemia at 0 h (Control normoglycemic), 0.5 h
(ST-1IH), 4 h (LT-1IH) and 6 h (LT-1IH) after insulin
administration were 77.8 £7.2,262 +6.1,21.2+ 7.6
and 35.3 + 14.5 mg/dl, respectively.

The results from the in situ liver perfusion experi-
ments are presented in Tables 1-3.

Table 1 shows that the production of glucose, pyru-
vate and L-lactate from L-alanine was unchanged at
0.5 h (ST-IIH) after the insulin administration. How-
ever, the livers from the ITH group showed higher

Tab. 1. Glucose, pyruvate and L-lactate production from L-alanine (5 mM) in the livers of the normoglycemic control group (COG) and the hy-
poglycemic (IIH) group of 15-h fasted rats. The liver experiments were performed at 0.5 h and 4.0 h after the administration of saline (COG) or
insulin (IIH group). The areas under the curves (AUCs) were obtained as described in the Materials and Methods and in Figure 1. The AUCs
values (umol/g) were expressed as the means + SD of 4-7 liver perfusion experiments

AUC (umol/g) from L-alanine

Glucose production

Pyruvate production L-lactate production

COG IH COG IH COG IH
0.5-h 42+22 57+2.0 2210 23+12 6.8+16 75+22
4.0-h 3911 6.9+13" 8.7+1.3 13.9+1.5" 10.0 £ 2.1 146 +1.7"

*p <0.05 vs. COG
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Tab. 2. Glucose and pyruvate production from L-lactate (2 mM) in the
livers of the normoglycemic control group (COG) and the hypoglyce-
mic (IIH) group of 15-h fasted rats. The liver experiments were per-
formed at 0.5 h, 4.0 h and 6.0 h after the administration of saline
(COG) or insulin (IIH group). The areas under the curves (AUCs)
were obtained as described in the Materials and Methods and in Fig-
ure 1. The AUCs values (umol/g) were expressed as the means + SD
of 4-6 liver perfusion experiments

Tab. 3. Glucose production from L-glutamine (10 mM), glutamine
dipeptide (5 mM) and glycerol (2 mM) in the livers of the normoglyce-
mic control group (COG) and the hypoglycemic (IIH) group of 15-h
fasted rats. The liver experiments were performed at 0.5 h or 4.0 h after
the administration of saline (COG) or insulin (IIH group). The areas
under the curves (AUCs) were obtained as described in the Materials
and Methods and in Figure 1. The AUCs values (umol/g) were ex-
pressed as the means + SD of 3-6 liver perfusion experiments

AUC (umol/g) from L-lactate (umol/g)

AUC (umol/g) from L-glutamine, glutamine dipeptide and glycerol

COG IIH CoG IIH
Glucose production 0.5-h 12.7+6.2 120+37 L-Glutamine
Pyruvate production 0.5-h 29+16 28+18 0.5-h 38+12 6.9+1.8"
4.0-h 32+14 50+15*
Glucose production 4.0-h 19.1+5.0 206+34 Glutamine dipeptide
Pyruvate production 4.0-h 72+09 85+1.1 05-h 16505 15406
4.0-h 08+0.2 26+12"
Glucose production 6.0-h 120+18 154+ 41
) Glycerol
Pyruvate production 6.0-h 92+15 88+3.6
0.5-h 106+3.4 17+28
4.0-h 96+14 129+2.3*

p >0.05 vs. COG for all comparisons

(p < 0.05) glucose, pyruvate and L-lactate production
from L-alanine at 4.0 h (LT-IIH) after the insulin ad-
ministration (ITH vs. COG).

As shown in Table 2, neither the glucose nor the
pyruvate production from L-lactate was changed at
0.5 h (ST-IIH) or 4 h (LT-IIH) after the insulin
administration (ITH vs. COG) and the values remained
unchanged when the period of IIH was expanded to 6 h
(LT-ITH) after the insulin administration.

The livers from the IIH rats showed higher (p <
0.05) levels of glucose production from L-glutamine
at 0.5 h (ST-IIH) and 4 h (LT-IIH) after insulin
administration (IIH vs. COG). However, higher (p <
0.05 vs. COQG) levels of glucose production from the
glutamine dipeptide or glycerol was measured at 4 h
(LT-ITH), but not at 0.5 h (ST-IIH), after the insulin
was administered (Tab. 3).

Discussion

Because the IIH was well established at 0.5 h
(ST-IIH) and maintained until 6 h (LT-IIH) after insu-
lin administration, the liver gluconeogenesis in rats
submitted to ST-IIH and LT-IIH was investigated.

*p <0.05 vs. COG

Because L-alanine utilizes all of the steps of the
gluconeogenic pathway [14], this amino acid was the
first liver glucose precursor that was investigated. In
addition, because gluconeogenesis depends on the
oxygen supply and on several cellular compartments
(the plasma membrane, cytosol, mitochondria and mi-
crosomal fraction), the glucose, L-lactate and pyru-
vate that are released as byproducts of L-alanine ca-
tabolism can be used as markers of the integrity of the
hepatocyte [16].

L-alanine infused in the liver crosses the cell mem-
brane and is then converted to pyruvate. From the
cytosol, pyruvate enters mitochondria where it is car-
boxylated and then leaves the mitochondria as malate
[7]. In the cytosol, malate is converted to oxaloacetate
and then to phosphoenolpyruvate and after various
steps, is converted by microsomal glucose-6-phos-
phatase to glucose, which is released from the hepato-
cyte [1]. As expected, an increased glucose production
was observed following the infusion of L-alanine.
In contrast with the adult rats [13], the production of
glucose, pyruvate and L-lactate from L-alanine in the
livers of the weaned rats submitted to ST-IIH (0.5 h)
were not different if compared with COG. However,
the glucose production from L-alanine increased at
4 h (LT-IIH) after insulin administration (IIH vs. COG).
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This result may be partly attributed to the increased
catabolism of L-alanine because the levels of L-lactate
and pyruvate released from this amino acid were in-
creased (Tab. 1).

In the second set of experiments, which used L-lac-
tate as a gluconeogenic substrate, we observed that
the production of glucose and pyruvate production
were unchanged at both 0.5 h (ST-IIH) and 4 h (LT-
ITH) following insulin administration (IIH vs. COQG).
For this reason, the period of the IIH was expanded to
last until 6 h following the insulin injection. Nonethe-
less, the LGP from L-lactate did not change (Tab. 2).

In the third set of experiments, the liver gluconeo-
genesis from L-glutamine, which enters the gluconeo-
genesis pathway after the pyruvate carboxylase step
and before the phosphoenolpyruvate carboxykinase
step [17], was investigated. The results showed an in-
creased (p < 0.05 IIH vs. COG) glucose production
during the ST-IIH (0.5 h after insulin administration),
which was maintained during the LT-IIH (4 h after the
insulin administration).

In the next set of experiments, the liver gluconeo-
genesis from glutamine dipeptide or glycerol were
investigated. The results were similar to those
observed for L-alanine; the glucose production at 0.5 h
(ST-1IH) after insulin injection was unchanged (IIH
vs. COG) and the glucose production at 4 h (LT-ITH)
after insulin administration increased (p < 0.05 ITH vs.
COQG) (Tab. 3).

The mechanism of the higher glucose production
ability during IIH likely involves an increased release
of counter-regulatory hormones, which can activate
the enzymes alanine aminotransferase, glutaminase,
phosphoenolpyruvate carboxykinase and glucose-
6-phosphatase [2, 15], which overcome the inhibitory
effect of the insulin on hepatic gluconeogenesis.

From the liver perfusion experiments that were
described above (Tabs. 1-3), it is possible to establish
a time sequence of the changes that occur during
gluconeogenesis for different glucose precursors
during ST-IIH and LT-ITH. The process begins with
the L-lactate that enters the gluconeogenesis pathway
as pyruvate [7] and uses all the steps of gluconeo-
genesis. The results suggest that the gluconeogenesis
that occurred during ST-IIH and LT-IIH was not
activated or inhibited, but rather, it was maintained.
Furthermore, because the conversion of L-lactate to
pyruvate depends on the activity of lactate dehydroge-
nase and the potential of cytosolic NADH: NAD"

1256 Pharmacological Reports, 2011, 63, 1252-1257

[10], we can infer that these variables remained un-
changed in the IIH weaned rats.

It is noteworthy that L-glutamine was the unique
liver gluconeogenic substrate that showed an increased
ability to produce glucose during ST-IIH (0.5 h after
insulin injection). This result raises the following
question: why did the livers from the IIH rats show
increased glucose production from L-glutamine at
0.5 h following the administration of insulin but not
from L-alanine or glycerol?

Before answering this question, it is necessary to
consider that L-alanine, which enters the gluconeogenesis
pathway as pyruvate, utilizes all of the steps of this
metabolic pathway. Therefore, the superior metabolic
performance of L-glutamine could be related to its
entrance in the gluconeogenic pathway following py-
ruvate carboxylase. In other words, L-glutamine may
bypass the pyruvate carboxylase step. However, glyc-
erol, which bypasses both the pyruvate carboxylase and
the phosphoenolpyruvate carboxykinase steps, did not
show an increased liver glucose production at 0.5 h
after insulin administration. Another interesting possi-
bility is that the mitochondrial glutaminase [15] is
more intensely activated in the livers of hypoglycemic
weaned rats. In agreement with this proposition and
as shown by the demonstrative experiment that is
depicted in Figure 1, steady-state conditions of glucose
production were attained approximately 15 and 30 min
after the infusion of L-glutamine in the COG and ITH
groups was initiated, respectively. Moreover, because
the higher gluconeogenesis from glycerol occurred at
4 h, but not at 0.5 h, after insulin injection, the
possibility of the activation of fructose-1,6-bisphos-
phatase, which is the main enzyme between the phos-
phoenolpyruvate carboxykinase and glucose- 6-phos-
phatase steps, must be considered.

In conclusion, these results suggest that the
intensification of liver gluconeogenesis during ST-1TH
and LT-1TH in weaned rats was not a synchronous “all
or nothing” process; instead, this process was inte-
grated in a temporal manner and was specific for each
gluconeogenic substrate.

Finally, our results have great clinical interest be-
cause they help to elucidate the complexity of the
condition of ST-IIH and LT-IIH in weaned rats and
provide additional information regarding the predis-
position to severe hypoglycemia in the young children.



Gluconeogenesis in weaned rats submitted to hypoglycemia

Romir Rodrigues et al.

Acknowledgments:

This work was supported by the Brazilian government (CNPq: grant
number 563870/2010-9) and the Parana State government
(Fundagéo Araucaria).

10.

References:

. Bassoli BK, Cassolla P, Murad GRB, Constantin J,

Salgueiro-Pagadigorria CL, Bazotte RB, Silva RS,
Souza HM: Chlorogenic acid reduces the plasma glucose
peak in the oral glucose tolerance test: effects on hepatic
glucose release and glycaemia. Cell Biochem Func,
2008, 26, 320-328.

. Cynober LA: Plasma amino acid levels with a note on

membrane transport: characteristics, regulation, and
metabolic significance. Nutrition, 2002, 18, 761-766.

. Czok R, Lamprecht W: Pyruvate, phosphoenolpyruvate

and D-glycerate-2-phosphate. In: Methods of Enzymatic
Analysis. Ed. Bergmeyer HU, Academic Press, New
York, 1974, 1446-1448.

. Decaux JF, Ferré P, Girard J: Effect of weaning on differ-

ent diets on hepatic gluconeogenesis in the rat. Biol Neo-
nate, 1986, 50, 331-336.

. Dickerman MJ, Jacobs BR, Vinodrao H, Stockwell DC:

Recognizing hypoglycemia in children through auto-
mated adverse-event detection. Pediatrics, 2011, 127,
1035-1041.

. Felisberto-Junior AM, Manso F, Gazola VAFG, Obici S,

Geisler SA, Bazotte RB: Oral glutamine dipeptide pre-
vents against prolonged hypoglycaemia induced by De-
temir insulin in rats. Biol Pharm Bull, 2009, 32, 232-236.

. Geisler SA, Felisberto-Junior AM, Tavoni TM, Carrara

MA, Curi R, Bazotte RB. Participation of the liver glu-
coneogenesis in the glibenclamide induced hypoglycae-
mia in rats. Cell Biochem Funct, 2011, 29, 81 —86.

. Girard J, Perdereau D, Narkewicz M, Coupé C, Ferré P,

Decaux JF, Bossard P: Hormonal regulation of liver
phosphoenolpyruvate carboxykinase and glucokinase
gene expression at weaning in the rat. Biochimie, 1991,
73, 71-76.

. 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.

Hartmann EM, Garcia RF, Gazola VAFG, Barrena HC,
Bazotte RB: Investigation of glycemia recovery with oral
administration of glycerol, pyruvate, and L-lactate dur-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ing long-term, insulin-induced hypoglycemia. J Diabetes
Complications, 2010, 24, 301-305.

Malta A, Furlan MP, Vitoriano AS, Barrena HC, Bazotte
RB, Gazola VG. Insulin sensitivity and liver glucose
production in the rat are influenced by lifetime food re-
striction. Nutr Res, 2010, 30, 626-31.

Mario EG, Leonardo ES, Bassoli BK, Cassolla P,
Borba-Murad GRB, Bazotte RB, Souza HM: Investiga-
tion of the acute effect of leptin on the inhibition of gly-
cogen catabolism by insulin in rat liver perfused in situ.
Pharmacol Rep, 2009, 319-324.

Nascimento KF, Garcia RF, Gazola VAFG, Souza HM,
Obici S, Bazotte RB. Contribution of hepatic glycogen-
olysis and gluconeogenesis in the defense against short-
term insulin induced hypoglycemia in rats. Life Sci,
2008, 82, 1018-1022.

Newsholme P, Abdulkader F, Rebelato E, Romanatto T,
Pinheiro CH, Vitzel KF, Silva EP et al.: Amino acids and
diabetes: implications for endocrine, metabolic and im-
mune function. Front Biosci, 2011, 6:315-39.

Nissim I, Horyn O, Luhovyy B, Lazarow A, Daikhin Y,
Nissim I, Yodkoff M: Role of the glutamate dehydroge-
nase reaction in furnishing aspartate nitrogen for urea
synthesis: studies in perfused rat liver with ISN. Biochem
J, 2003, 376, 179-188.

Obici S, Lopes-Bertolini G, Curi R, Bazotte RB: Liver
glycogen metabolism during short-term insulin-induced
hypoglycemia in fed rats. Cell Biochem Funct, 2008, 26,
755-759.

Oliveira-Yamashita F, Garcia RF, Felisberto-Junior AM,
Curi, R, Bazotte RB: Evidence that L-glutamine is better
than L-alanine as gluconeogenic substrate in perfused
liver of weaned fasted rats submitted to short-term
insulin-induced hypoglycaemia. Cell Biochem Funct,
2009, 27, 30-34.

Shalitin S, Phillip M: Hypoglycaemia in type 1 diabetes:
a still unresolved problem in the era of insulin analogs
and pump therapy. Diabetes Care, 2008, 31, S121-S124.
Yamada KA, Rensing N, Izumi Y, De Erausquin GA,
Gazit V, Dorsey DA, Herrera DG. Repetitive hypoglyce-
mia in young rats impairs hippocampal long-term poten-
tiation. Pediatr Res, 2004, 55, 372-9.

Yamada KA, Rensing N, Thio LL RB: Ketogenic diet re-
duces hypoglycemia-induced neuronal death in young
rats. Neurosci Lett, 2005, 385, 210-214.

Received: December 29, 2010; in the revised form: May 7, 2011;
accepted: May 16, 2011.

Pharmacological Reports, 2011, 63, 1252-1257 1257



	1077	Neonatal serotonin (5-HT) depletion does not disrupt prepulse inhibition of the startle response in rats.
	Paulina Ko³omañska, Edyta Wyszogrodzka, Paulina Rok-Bujko, Pawe³ Krz¹œcik, Wojciech Kostowski, Magdalena Zaniewska, Ma³gorzata Filip, Roman Stefañski

	1085	Locomotor activity changes in female adolescent and adult rats during repeated treatment with a cannabinoid or club drug.
	Jenny L. Wiley, Rhys L. Evans, Darren B. Grainger, Katherine L. Nicholson

	1093	Elimination kinetics of the novel prodrug cinazepam possessing psychotropic activity in mice.
	Sergei I. Schukin, Vladymyr G. Zinkovsky, Olga V. Zhuk

	1101	Curcumin mediates presenilin-1 activity to reduce b-amyloid production in a model of Alzheimer™s disease.
	Zhang Xiong, Zhang Hongmei, Si Lu, Li Yu

	1109	Betulin, betulinic acid and butein are inhibitors of acetaldehyde-induced activation of liver stellate cells.
	Agnieszka Szuster-Ciesielska, Krzysztof Plewka, Martyna Kandefer-Szerszeñ

	1124	Atorvastatin and fenofibric acid differentially affect the release of adipokines in the visceral and subcutaneous cultures of adipocytes that were obtained from patients with and without mixed dyslipidemia.
	Krzysztof £abuzek, £ukasz Bu³dak, Anna Du³awa- Bu³dak, Anna Bielecka, Robert Krysiak, Andrzej Madej, Bogus³aw Okopieñ

	1137	IFN-g suppresses the high glucose-induced increase in TGF-b1 and CTGF synthesis in mesangial cells.
	Juan Du, Lining Wang, Linlin Liu, Qiuling Fan, Li Yao, Yan Cui, Ping Kang, Hong Zhao, Xin Feng, Hui Gao

	1145	Anti-hypertensive effects of probenecid via inhibition of the a-adrenergic receptor.
	Jin Baek Park, Sung-Jin Kim

	1151	Lymphocyte-suppressing action of angiotensin-converting enzyme inhibitors in coronary artery disease patients with normal blood pressure.
	Robert Krysiak, Bogus³aw Okopieñ

	1162	Potentiation of neuronal insulin signaling and glucose uptake by resveratrol: the involvement of AMPK.
	Mayur I. Patel, Amit Gupta, Chinmoy S. Dey

	1169	New derivative of staphylokinase SAK-RGD-K2-Hirul exerts thrombolytic effects in the arterial thrombosis model in rats.
	Janusz Szemraj, Agnieszka Zakrzeska, George Brown, Adrian Stankiewicz, Anna Gromotowicz, Tomasz Grêdziñski, Ewa Chabielska

	1180	Protective effect of a-lipoic acid on oxidized low density lipoprotein-induced human umbilical vein endothelial cell injury.
	Yan-Xia Liu, Guo-Zhu Han, Tao Wu, Peng Liu, Qin Zhou, Ke-Xin Liu, Hui-Jun Sun

	1189	Nitric oxide scavenging modulates mitochondrial dysfunction induced by hypoxia/reoxygenation.
	Emmanuel Robin, Alexandre Derichard, Benoit Vallet, Sidi Mohamed Hassoun, Remi Neviere

	1195	Effects of valproic acid (VPA) and levetiracetam (LEV) on proliferation, apoptosis and hormone secretion of the human choriocarcinoma BeWo cell line.
	Patrycja Kwieciñska, Justyna Wiœniewska, Ewa £. Gregoraszczuk

	1203	Role of IL-6 and neopterin in the pathogenesis of herpetic encephalitis.
	Monika Boci¹ga-Jasik, Andrzej Cieœla, Anna Kalinowska-Nowak, Pawe³ Skwara, Aleksander Garlicki, Tomasz Mach

	1210	Chemopreventive effects of NSAIDs on cytokines and transcription factors during the early stages 
of colorectal cancer.
	Vivek Vaish, Sankar N. Sanyal

	1222	Dual effects of heparin on BMP-2-induced osteogenic activity in MC3T3-E1 cells.
	Shin Kanzaki, Wataru Ariyoshi, Tetsu Takahashi, Toshinori Okinaga, Takeshi Kaneuji, Sho Mitsugi, Keisuke Nakashima, Toshiyuki Tsujisawa, Tatsuji Nishihara

	SHORT COMMUNICATIONS
	1231	Differential effects of glycine on the anticonvulsant activity of D-cycloserine and L-701,324 in mice.
	Piotr Wla�, Ewa Poleszak


	1235	Delta opioid receptors contribute to the cardiorespiratory effects of biphalin in anesthetized rats.
	Piotr Wojciechowski, Ma³gorzata Szereda-Przestaszewska, Andrzej W. Lipkowski

	1243	Digoxin increases hydrogen sulfide concentrations in brain, heart and kidney tissues in mice.
	Bogdan Wiliñski, Jerzy Wiliñski, Eugeniusz Somogyi, Joanna Piotrowska, Marta Góralska

	1248	Influence of ezetimibe monotherapy on ischemia- modified albumin levels in hypercholesterolemic patients.
	Kazuhiko Kotani, Russell Caccavello, Naoki Sakane, Michiaki Miyamoto, Alejandro Gugliucci

	1252	Comparative effects of short-term and long-term insulin-induced hypoglycemia on glucose production in the perfused livers of weaned rats.
	Romir Rodrigues, Kassia P. S. Feitosa, Antonio M. Felisberto-Junior, Helenton C. Barrena, Rui Curi, Roberto B. Bazotte

	1258	Omeprazole does not change the oral bioavailability or pharmacokinetics of vinpocetine in rats.
	Tomasz Sozañski, Jan Magdalan, Ma³gorzata Trocha, Antoni Szumny, Anna Merwid-L¹d, Wojciech S³upski, Marta Kara�niewicz-£ada, Grzegorz Kie³bowicz, Dorota Ksi¹dzyna, Adam Szel¹g

	1264	Novel variant of CYP2D6*6 is undetected by a commonly used genotyping procedure.
	Henrik Berg Rasmussen, Thomas Werge
	1301	Note to Contributors


	content
	cont
	contents_3'2005
	contents
	abstract
	A
	Agata Adamczyk1269


	spis tresci
	Adamczyk A 1269, 1288
	Albrecht J 1281
	Aleksandrowicz M 1274
	Aschner M 1281
	Barcikowska M 1278
	Bardowski JK 1290

	Berêsewicz M 1291
	Berghauzen K 1275, 1292
	Bia³ek P 1285, 1294
	Bielarczyk H 1272Œ1273
	Biernacka-£ukanty J 1286
	Brown GC 1270
	Canter JA 1278
	Chalimoniuk M 1276, 1292
	Ch³opicki S 1281
	Cieœlik M 1286, 1296
	Culmsee C 1271
	Czapski GA 1269Œ1270, 1296
	Czubowicz K 1287
	Dávidová A 1276
	D¹browska-Bouta B 1288, 1292, 1297
	Dorszewska J 1285, 1293Œ1294
	Dymkowska D 1291

	Dyœ A 1272
	Dziubina A 1292
	Eckert S 1278
	Farkas A 1275
	Fazakas C 1275
	Florczak A 1293
	Florczak-Wyspiañska J 1285, 1293Œ1294
	Frontczak-Baniewicz M 1288
	Fukai E 1279
	Gabryelewicz T 1278
	Gawêda-Walerych K 1278
	G¹ssowska M 1270, 1288, 1296
	Go³embiowska K 1292
	Grieb P 1272
	Grygorowicz T 1289
	Gul-Hinc S 1272
	Hasko J 1275
	Issazadeh-Navikas S 1284
	Jesko H 1279
	Kabziñska D 1295
	Kaczyñska K 1297
	Kajta M 1290
	Karczewski J  1293
	Kasarello K  1290
	Kawalec M  1291
	Ka�mierczak A  1269, 1288
	Kochañski A 1295
	Kolasiewicz W 1275, 1292
	Kostera-Pruszczyk A 1295
	Kowalska Z 1290
	Kowiañski P 1281
	Kozubski W 1285,1293Œ1294
	Ko�niewska-Ko³odziejska E 1274
	Krizbai I 1275
	Kuric E 1284
	Kurz Ch 1278
	Kuter K 1275, 1292
	Kwiatkowska-Patzer B 1290
	Langfort J  1292
	Lasoñ W 1290
	Lenkiewicz A 1288Œ1289, 1297
	Leuner K 1278
	Lipkowski AW 1290 1298
	Litwa E 1290
	Liu Y 1284
	Lubina N 1292
	Lukáèová N 1276
	Lukiw WJ 1277
	£agan U 1293
	Maruszak A 1278
	Micha³owska-Wender G 1286
	Milatovic D 1281
	Miya S 1279
	Molnar J 1275
	Müller WE 1278
	Nagyoszi P 1275
	Nakamura S 1279
	Na³êcz KA 1279
	Okada T 1279
	Ossowska K 1275, 1280, 1292
	Owecki M  1285,1294
	Pawe³czyk T 1273
	Potulska-Chromik A 1295
	Pó³rolniczak A 1285, 1293Œ1294
	Pyszko J 1286
	Ragan AR 1295
	Romaniuk K 1274
	Ronowska A 1272
	Ruscher K 1284
	Ruszkiewicz J 1281
	Rzemieniec J 1290
	Safranow K 1278
	Schütt T 1278
	Sinkiewicz-Darol E 1295
	Skibiñska M 1285
	Skowroñska M 1281
	Smoleñski RT 1281
	Songin M 1270, 1296
	Stêpieñ A 1292
	Strosznajder JB 1269Œ1270, 1276, 1286, 1288, 1296
	Strosznajder RP 1287, 1288
	Stru¿yñska L 1288Œ1289, 1297
	Sulejczak D 1288
	Sulkowski G 1288, 1292, 1297
	Szczepankowska AK 1290
	Szereda-Przestaszewska M 1297Œ1298
	Szutowicz A 1272Œ1273
	Toborek M 1282
	Varo G 1275
	Vegh G 1275
	Wardas J 1275, 1283, 1292
	Waœkow M 1281
	Wender M 1286
	Wieloch T 1284
	Wiktorowicz K 1293
	Wilhelm I 1275
	Wojciechowski P 1298
	Wójcik-Stanaszek L 1281
	Wójtowicz AK 1290
	Wróblewska M 1273
	Zab³ocka B 1291
	Zab³ocki K 1291
	Zapa³a M 1292
	Zieliñska M 1281
	¯ekanowski C 1278
	Contents
	spis tresci N
	contents
	cont_2_2010
	cont_4_2010
	PR 4 2010

