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Cangdo Minima

No mistério do sem-fim
equilibra-se um planeta

E, no planeta, um jardim,
e, no jardim, um canteiro;
no canteiro uma violeta,
e, sobre ela, o dia inteiro,

entre o planeta e o sem-fim
a asa de uma borboleta

Cecilia Meireles
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APRESENTACAO

Esta dissertacdo de Mestrado foi redigida na fodeaum artigo cientifico
“Investigation of the gluconeogenic capacity in liers from rats submitted to
glibenclamide induced hypoglycemia’em consonancia com as normas do Programa de
Pés-Graduagdo em Ciéncias Bioldgicas da Universidadadual de Maringa e da revista
Biological & Pharmaceutical Bulletin (ISSN: 0918-6158).

Este estudo representa a continuidade dos trabdbsenvolvidos pelo grupo de
pesquisa do Laboratério de Farmacologia Endécrima igvestiga os mecanismos de
manutencgéao, prevencao e recuperacao da glicemaatdua hipoglicemid\este sentido, o
presente trabalho investigou a capacidade neo@iigog hepatica de ratos submetidos a

hipoglicemia induzida por glibenclamida.



RESUMO GERAL
INTRODUGAO - Apesar do fato de que concentracdes fisiologieamsulina inibem a
gliconeogénese hepatica, concentracbes supra Ofisas que ocorrem durante a
insulinoterapia, estimulam a gliconeogénese. Hsitogaradoxal pode ser explicado pela
liberacdo dos hormdnios contra-reguladores durantepoglicemia induzida por altas
doses insulina, os quais sobrepdem o efeito imibita insulina sobre a gliconeogénese
hepatica. Assim como a injecdo de insulina, asosillfréias também promovem
hipoglicemia, efeito este atribuido a liberacdordalina. Deste modo, um efeito esperado
da hipoglicemia induzida por sulfoniluréia (HISyiaeuma ativagdo da gliconeogénese.
Contudo, sulfoniluréias infundidas diretamente fgado inibem a gliconeogénese, efeito
este mediado, pelo menos parcialmente, pela imdiivada funcdo mitocondrial.
OBJETIVO - Portanto, considerando estas influéncias opostasglitaneogénese
hepatica, decidimos investigar se a gliconeogésesencontra ativada ou inibida em
figados de ratos submetidos a uma HIS. Considergnel@atos ndo diabéticos constituem
um bom modelo experimental para se investigar um@aeHconsiderando que figados de
ratos perfundidogn situ, refletem as condicfen vivo do animal imediatamente antes do
isolamento do figado, os experimentos foram reddigautilizando esta abordagem
experimental. Para alcancar este objetivo, emprsgoglibenclamida, uma sulfoniluréia
utilizada no tratamento do diabetes mellitus tip®ATERIAIS E METODOS - Ratos
Wistar machos (180-220 g) em jejum de 24 h foraitizatlos. Os procedimentos
experimentais foram aprovados pelo comité de éticlniversidade Estadual de Maring4,
PR, Brasil. Inicialmente, um experimento prelimingara caracterizar a HIS apos
administracéo oral (intragastrica) de glibenclan{id mg/kg) foi realizado. O sangue foi
obtido por decapitacdo. Os valores obtidos pardicangia 30, 60, 90, 120 e 150 min
(média = D.P, n = 6) ap0s administracdo oral deegliamida foram 111.9 *+ 13.68, 75.33
+ 4.5 63.12 + 3.04, 60.5 £ 2.74 e 71.96 = 3.84 dhglespectivamente. Assim, para
verificar o efeito da HIS na gliconeogénese hepatis experimentos foram feitos 2 h
apos a administracdo de glibenclamida (grupo Hgslando os menores valores de
glicemia foram alcancados. O grupo controle normégiico (grupo controle) foi
representado por animais que receberam salinaa&aRara os experimentos de perfusao
de figado os ratos foram anestesiados com tiopsduito (45 mg/kg) e em seguida
submetidos a laparotomia. Os figados foram perflogdin situ com tampédo Krebs-
Henseileit Bicarbonato (KHB). Apos um periodo dé-prfusédo (10 min com KHB), os

substratos gliconeogénicos (L-alanina, L-glutamlndgctato, piruvato ou glicerol) foram



dissolvidos no KHB, seguido por um periodo de pdgsao (10 min com apenas KHB)
para permitir o retorno aos valores basais. Araegdo liquido efluente da perfusdo foram
coletadas em intervalos de 5 minutos e a produgfatita de glicose eréia foram
analisadas. As diferencas na producdo de glicogetia durante e antes da infusdo de
substratos gliconeogénicos permitiram calcularea &ob a curva (AUC). A adicao de L-
alanina, piruvato, L-glutamina ou glicerol aumentgroporcionalmente a taxa da
producdo de glicose até os valores saturantes saleancados. Assim, usando uma
concentracdo saturante de precursores hepaticgiicdse, € possivel medir a capacidade
méxima de producdo hepatica a partir de cada stwbsgliconeogénico. Assim, a
capacidade gliconeogénica no figado de ratos quebeeam glibenclamida oral (grupo
HIS) ou salina (grupo controle) foram comparadédiando concentracdo saturante de L-
alanina (5 mM), L-glutamina (5 mM), L-lactato (2 mpiruvato (5 mM) ou glicerol (2
mM). RESULTADOS - Na primeira série de experimentos, figados de rajos
receberam solucao salina via oral (grupo controleglibenclamida por via oral (grupo
HIS) foram infundidos com L-alanina (5 mM). Figadiesratos HIS apresentaram menor
(p <0,05) producéo de glicose e maior (p <0,05)pgéo de piruvato em comparagao aos
figados de ratos controle. No entanto, a produgiardia e de L-lactato foi similar nos
dois grupos. Na segunda série de experimentoggadd$ de ratos controle e HIS foram
infundidos com piruvato (5 mM). Figados de ratos$ Hipresentaram menor (p <0,05)
producdo de glicose e maior (p <0,05) producédoctata em comparacdo aos ratos
controle. No terceiro conjunto de experimentos dagade ratos controle e HIS foram
perfundidos com L-glutamina (5 mM). Figados dega&itS apresentaram menor (p <0,05)
producao de glicose em comparacao a figados de cafirole. No entanto, a producéo de
uréia foi semelhante. Na quarta série de experimsens figados de ratos controle e HIS
foram infundidos com L-lactato (2 mM), ou glicer(@ mM). Figados de ratos HIS
apresentaram menor (p <0,05) producéo de glicpsetas de L-lactato (2mM). Todavia, a
producao de glicose apartir do Glicerol (2 mM)demelhante nos dois grupos. Na quinta
série de experimentos, figados de ratos HIS forafundidos com L-alanina em
concentracdo fisiologica (0,45 mM) ou saturante nfd1). Figados infundidos em
condicbes saturantes de L-alanina apresentaranr ifpaie0,05) producao de glicose e
uréia em comparacgdo aos figados infundidos comahi@ em concentragéo fisiologica.
Na sexta série de experimentos os figados de g fram infundidos com L-glutamina
em concentracao fisiolégica (2 mM) e saturante (@)mFigados infundidos com L-

glutamina em concentragcéo saturante apresentaraon (pa0,05) producgéo de glicose e
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uréia do que os figados infundidos em concentrafi§iologica de L-glutamina.
DISCUSSAO - O primeiro substrato gliconeogénico investigado dolL-alanina, que
atravessa a membrana celular hepatica para seertidiavem piruvato, que por sua vez a
partir do citosol entra na mitocéndria e € carlamal e deixa a mitocondria como aspartato
ou malato. No citosol o0 malato ou o aspartato &editlo em oxaloacetato e, em seguida,
a fosfoenolpiruvato e apds varias etapas serd dimwea glicose e liberado dos
hepatocitos. Uma vez que este complexo percursendepdo abastecimento de oxigénio e
varios compartimentos celulares, a producédo desgicL-lactato e piruvato a partir da L-
alanina constituem um marcador da integridade gatideito. Desta forma, utilizando uma
concentracdo saturante de L-alanina, demonstrayueea capacidade de producéo de
glicose em figados de ratos submetidos a HIS foirdiida (p <0,05). Este resultado néo
poderia ser atribuido ao diminuido catabolismo dddanina, uma vez que a producéo de
uréia a partir deste aminoacido foi inalteradanfilisso, considerando que a producao de
piruvato a partir da L-alanina em figados de r&ttss se elevou (p <0,05), a possibilidade
de uma menor entrada de piruvato na via glicongogédeve ser considerada. Em
concordancia com esta proposicéo, figados de mbsnetidos a HIS apresentaram
reducédo (p <0,05) de producao de glicose, ndo apempartir de piruvato, mas também a
partir de L-lactato. Além disso, a produc¢éo hepatie glicose a partir da L-glutamina, que
entra na via gliconeogénica apés a piruvato cathexi(PC), também foi diminuida (p
<0,05). Este resultado, ndo pode ser atribuidonéndicdo do catabolismo da L-glutamina,
pois a producdo de uréia a partir deste aminodoidimalterada. No entanto, a producao
de glicose a partir de glicerol, cuja entrada neogkeogénese ocorre em uma etapa pés
mitocondrial permaneceu inalterada. No seu conjuo® resultados sugerem que a
inibicdo da gliconeogénese promovida pela glibenitla supera a intensificacdo da
gliconeogénese hepatica em resposta a hipogliceAlean disso, se este efeito da
glibenclamida ocorrein vivo, o resultado seria uma intensificagdo da eficdesta droga
como agente hipoglicemiante. No entanto, apesdimdauicdo da capacidade hepatica de
producdo de glicose durante uma HIS, a possibdida@ administrar substratos
gliconeogénicos durante esta condicdo deve serdepada. Esta afirmacao foi baseada no
fato de que, durante a HIS, a producdo hepéticglidese a partir de L-alanina e L-
glutamina foi menor. Porém, mantida e influenciagela disponibilidade destes
aminoacidos. Finalmente, nossos resultados e asdevacoes aqui apresentadas, abrem a
possibilidade da administracdo de substratos giog@nicos no tratamento da HIS,

particularmente quando a terapia com glicose reéfcaz.
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GENERAL ABSTRACT

INTRODUCTION - In spite of the fact that physiological levelsisulin inhibit liver
gluconeogenesis, supraphysiological levels of inswhich occur during insulin therapy
stimulates gluconeogenesighis paradoxical effect can be explained by thé¢ faat the
counterregulatory hormones released during hypegitya induced by high doses of
insulin overcome the inhibitory effect of insulim diver gluconeogenesis. In addition, the
oral administration of sulphonylurea, like insuimection, promote hypoglycemia and this
effect was attributed to the insulin release. Thars,expected effect of sulphonylurea
induced hypoglycemia (SIH) would be activation ofuapneogenesis. However,
sulphonylureas infused directly in the liver inltgbihe gluconeogenesis, an this effect was
mediated partially at least by an inactivation afathondrial functionAIM — Theregore,
considering these opposite influences on liver gheogenesis we decided to clarify if the
gluconeogenesis was activated or inhibited in §ieom rats submitted to SIH. Since non
diabetic rats is a suitable experimental modeht@stigate SIH and considering thatsitu
perfused livers reflects the vivo conditions of the animal immediately before theefi
isolation, this experimental approach was used. this purpose glibenclamide, a
sulphonylurea used in the treatment of type 2 desb@as employedATERIALS AND
METHODS - Male Wistar (180-220 g) 24 h fasted rats were u3é& manipulation of
the animals was approved by the ethical committekeoState University of Maringa, PR,
Brazil. Thus, apreliminary experiment to characterize SIH aftealo(intragastric)
administration of glibenclamide (10 mg/kg) was ddBod was obtained by decapitation.
The values obtained for glycemia at 30, 60, 90, a2 150 min (means + S.D, n = 6) after
the oral administration of glibenlamide were 114.93.68, 75.33 + 4.5, 63.12 + 3.04, 60.5
+2.74, and 71.96 + 3.84 mg/dl, respectively. Thasserify the effect of oral SIH on liver
gluconeogenesis, the experiments were done 2 h @ibenclamide administration (SIH
group), when the lowest value of glycemia was aiatdi Control normoglicemic group
(Control group) was represented by animals whiateixed saline. For liver perfusion
experiments the rats were anaesthetized with thiapg45 mg/kg) and submitted to
laparotomy. The livers were perfusedsitu with Krebs Henseleit Bicarbonate (KHB).
After a pre-infusion period (10 min with KHB), tlgguconeogenic substrates (L-alanine,
L-glutamine, L-lactate, pyruvate or glycerol) wedissolved in the perfusion fluid,

followed by a post-infusion period (10 min only WwiKHB) to allow the return to basal
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levels. Samples of the effluent perfusion fluid &veollected at 5 min intervals and the
liver production of glucosand ureavere analyzed. The differences in the glucose aed u
production during and before the infusion of theicgiheogenic substrate allowed to
calculating the area under the curves (AUC). Thditewsh of L-alanine, pyruvate, L-
glutamine or glycerol increases the rate of glucpseduction proportionately to the
amount of the glucose precursor until a saturatmcentration is reached. Thus, by using
a saturating concentration of liver glucose premsd is possible to measure the maximal
capacity of the liver to produce glucose from eaghliconeogenic substrate. Thus, the
gluconeogenic capacity in livers from rats whicheiged oral glibenclamide (SIH group)
or oral saline (Control group) were compared byhgssaturating concentration of L-
alanine (5 mM), L-glutamine (5 mM), L-lactate (2 mMbyruvate (5 mM) or glycerol (2
mM). RESULTS - In the first set of experiments livers from ratattheceived oral saline
(Control group) or oral glibenclamide (SIH groupgne infused with L-alanine (5 mM).
Livers of SIH rats showed lower (p < 0.05) glucassd higher (p < 0.05) pyruvate
production than livers of control rats. Howevere threa and L-lactate production were
similar. In the second set of experiments liveosrfrcontrol and SIH rats were infused with
pyruvate (5 mM). Livers from SIH rats showed lovwpr< 0.05) glucose and higher (p <
0.05) L-lactate production than livers from contrats. In the third set of experiments
livers from control and SIH rats were infused witlylutamine (5 mM). Livers from SIH
rats showed lower (p < 0.05) glucose productiom tingers from control rats. However,
the urea production was similar. In the fourth seexperiments livers from control and
and SIH rats were infused with L-lactate (2 mMybrcerol (2 mM). Livers from SIH rats
showed lower (p < 0.05) glucose production fromattate than livers from control rats.
However, the glucose production from glycerol (2 jnias similar for both groups. In the
fifth set of experiments livers from SIH rats waénéused with physiological (0.45 mM) or
saturating (5 mM) concentration of L-alanine. Livémfused with saturating concentration
of L-alanine showed higher (p < 0.05) glucose areé yproduction than livers infused with
physiological concentration of L-alanine. In th&tkiset of experiments livers from SIH
rats were infused with physiological (2 mM) andusating (5 mM) concentrations of L-
glutamine. Livers infused with saturating concetmtraof L-glutamine showed higher (p <
0.05) glucose and urea production than livers duaith physiological concentration of
L-glutamine. DISCUSSION - The first gluconeogenic substrate investigated wa
alanine which cross the liver cell membrane and tivas converted to pyruvate. From the

cytosol, pyruvate enters the mitochondria. Therguyate was carboxylate and leaves
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mitochondria as aspartate or malate. In the cytosalhte or aspartate was converted to
oxalacetate, then to phosphoenolpyruvate and aéeous steps they were converted to
glucose and released from the hepatocyte. Sinsectimplex pathway depends of oxygen
supply and several cellular compartments, the gleicb-lactate and pyruvate production
from L-alanine can be used as a marker of the iityegf hepatocyte. Therefore, by using
saturating concentration of L-alanine we showed tina liver capacity to produce glucose
during SIH was decreased (p<0.05). This resultccowt be attributed to the decreased
catabolism of L-alanine, since the urea producfrom this amino acid was unchanged.
Moreover, considering that the pyruvate producfrom L-alanine in livers from SIH rats
was increased (p<0.05), the possibility of a lowantrance of pyruvate in the
gluconeogenic pathway must be considered. In agreemith this proposition, liver from
SIH rats showed a decreased (p<0.05) productiogiumiose not only from pyruvate but
also from L-Lactate. Moreover, the liver glucoseochrction from L-glutamine, that
entered in the gluconeogenesis after the PC st@palgo decreased (p <0,05). This result,
could not be attributed to the decreased cataboli$nm-glutamine, since the urea
production from this amino acid was unchanged. H@rethe glucose production from
glycerol which enter in the gluconeogenesis atter mitochondrial step was maintained.
Taken together the results suggest that the imtwibibf gluconeogenesis promoted by
glibenclamide overcome the intensification of livgluconeogenesis in response to
hypoglycemia. Moreover, if these capabilities of glibenclamidecwacin vivo, the result
could be an intensification of the effectivenesstlot drug as hypoglycemic agent.
However, in spite of the decreased capacity to yredylucose during SIH, the possibility
of the administration of gluconeogenic substratg®ng this condition must be considered.
This affirmation was based in the fact that duiibl the liver glucose production from L-
alanine and L-glutamine were lower. But maintaiaed influenced by the availability of
these amino acids. Finally, our results and thesicemations herein discussed, open the
possibility of the administration of gluconeogersabstrates in the treatment of SIH,

particularly when the therapy with glucose is ritecive.
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Investigation of the gluconeogenic capacity in live from rats submitted to
glibenclamide induced hypoglycemia.

Our previous studies demonstrate an increased tigpacity to produce glucose
from several gluconeogenic substrates during insmiduced hypoglycemia (IIH). This
effect was partly at least mediated by an increaskhse of counterregulatory hormones
that overcome the inhibitory effect of insulin amelr gluconeogenesis (LG). Thus, an
expected effect of sulphonylureas induced hypogiyagSIH), like IIH, was an activation
of LG. But, sulphonylureas infused directly in theer inhibits LG by an inhibition of the
mitochondrial function. Thus, considering theseagie effects we investigated LG in non
diabetic rats submitted to SIH. For this purposeh2fasted rats which received oral
glibenclamide (10 mg/kg) were used (SIH group). @ungroup received oral saline.
Glycemia at 30, 60, 90, 120 and 150 min (mean<dxt = 6) after the oral administration
of glibenlamide were 111.9 + 13.68 mg/dl, 75.33.% rvhg/dl, 63.12 + 3.04 mg/d|, 60.5 +
2.74 mg/dl, 71.96 + 3.84 mg/dl, respectively. Cdesing that the lower glycemia was
obtained 120 min after oral glibenclamide admiaistn, this time was used to investigate
LG in situ perfused livers. The results shown that the gluogaeric capacity from
substrates which enters in the gluconeogenesiséefiochondrial step, i.e., L-alanine (5
mM), L-lactate (2 mM), pyruvate (5 mM) and L-glutene were decreased (p < 0.05).
However, the gluconeogenic capacity from glycer@l riM), which enters in the
gluconeogenesis after the mitochondrial step wasitaiaed. Taken together the results
suggest that the inhibition of liver gluconeogeagmiomoted by oral glibenclamide could

be attributed, partly at least to its effect onaoitondrial function.

Key words Glibenclamide; hepatic gluconeogenesis; hypoglyeenait
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INTRODUCTION

In spite of the fact that physiological levels afsulin inhibits liver
gluconeogenesis, supraphysiological levels of inswhich occur during insulin theraBy
stimulates gluconeogenesi$) This paradoxical effect was explained by the taet the
counterregulatory hormones released during hypeghya induced by high doses of
insulin overcome the inhibitory effect of insulin tver gluconeogenesfs’

In addition, the oral administration of sulphongar like insulin injection, promote
hypoglycemia and this effect was attributed to itgulin release® Thus, an expected
effect of sulphonylurea induced hypoglycemia isaativation of gluconeogenesis.

However, it was well established that sulphonylargdused directly in the liver
inhibits the gluconeogenests,an this effect was mediated partially at least ay
inactivation of mitochondrial functiofi-%

Thus, considering these two opposite influenceslioer gluconeogenesis we
decided to clarify if the gluconeogenesis was abéig or inhibited in livers from rats
submitted to hypoglycemia induced by oral admiatsdn of sulphonylurea.

Since non diabetic rats is a suitable experimentaddel to investigate
sulphonylurea induced hypoglycerfliand considering than situ perfused livers reflects
the in vivo conditions of the animal immediately before theeti isolatiod?, this
experimental approach was used. For this purpobemgllamide, a sulphonylurea used in

the treatment of type 2 diabetes was employed.

MATERIALS AND METHODS
Materials: Glibenclamide (also known as glyburide) was puredaBom Sanofi
Aventis. L-alanine, L-glutamine and pyruvate webtamned from Sigma-Aldrich Chemie.

All other reagents were of the highest purity oahie.
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Animals: Adult male Wistar rats, weighting 180 - 220 g, evemaintained on food
and waterad libitum before all experimental procedures. The manipulatibthe animals
was approved by the ethical committee of the Sthieversity of Maringa, PR, Brazil
(approval number 042/2006). On the day before ttement the animals were food
deprived from 8:00 a.m. All experiments were parfed with 24 fasted rats (8:00 a.m —
8:00 a.m).

Experimental sulphonylurea induced hypoglycemia (S#l): A preliminary
experiment to characterize the hypoglycemia afted @intragastric) administration of
glibenclamide (10 mg/kg) was done. Blood was olgdily decapitation. The values
obtained for glycemi& at 30, 60, 90, 120 and 150 min (means + S.D, haftér the oral
administration of glibenlamide were 111.9 + 13.6§/dh 75.33 + 4.5 mg/dl, 63.12 + 3.04
mg/dl, 60.5 £ 2.74 mg/dl, and 71.96 + 3.84 mg/dkpectively. Thus, to verify the effect
of oral SIH on liver gluconeogenesis, the experitsevere done 2 h after glibenclamide
administration (hypoglycemic group), when the loiveslue of glycemia was obtained.
Control rats (normoglycemic group) were represerigdanimals which received oral
saline instead glibenclamide.

Liver perfusion experiments: The rats were anaesthetized with an ip injectibn o
sodium thiopental (45 mg/kg) and submitted to lap@ny. The livers were perfused
situ according to the protocol previously describ@din which after a pre-perfusion period
(10 min), the gluconeogenic substrate (L-alaningglutamine, L-lactate, pyruvate or
glycerol) was dissolved in the perfusion fluid,|léeVed by a post-infusion period (10 min)
to allow the return to basal levels. Samples ofatfieient perfusion fluid were collected at
5 min intervals and the liver production of glucdsevas analyzed. The differences in the

glucose production during and before the infusibthe gluconeogenic substrate allowed



18

to calculate the area under the curves (AUC). Int o the experiments the liver
production of ure®, pyruvaté® and L-lactat®” were evaluated.

Perfused livers from fasted rats produce negligidheounts of glucose in the
absence of gluconeogenic precursors. The addifiknatanine, pyruvate, L-glutamine or
glycerol increases the rate of glucose productiovpgrtionately to the amount of the
glucose precursor until a saturating concentrasoreached. The saturating concentration
for each substrate represents the lowest concemirat which the maximal glucose
production was obtained (results not shown). Thysjsing a saturating concentration of
liver glucose precursors it is possible to measbhee maximal capacity of the liver to
produce glucose from each gluconeogenic substfaugs, the gluconeogenic capacity in
livers from rats which received oral glibenclami@&H group) or oral saline (Control
group) were compared by using saturating conceottraf L-alanine (5 mM), L-glutamine
(5 mM), L-lactate (2 mM), pyruvate (5 mM) or glycéf2 mM).

In part of the experiments, the role of the avdligbof the most important
gluconeogenic amino acid, i.e., L-alanifiend the most abundant blood amino acid, i.e.,
L-glutaminé” in the activation of gluconeogenesis in liversrfrbypoglycemic rats were
investigated. For this purpose, saturating and iplogical levels of these amino acids
were compared. The physiological values of L-alarand L-glutamine was obtained in a
previous studtp.

Statistical analysis: Statistical analysis were done with the softwarepBr Pad
Prism 5. Data concerning glycemia were analyzedabglysis of variance (ANOVA)
followed by Tukey’s post-test. The results of liparfusion experiments were analyzed by
the unpaired Studenttstest. Values are reported as mea8.B. p< 0.05 was accepted for

all comparisons.
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RESULTS

In the first set of experiments livers from ratsatthreceived oral saline
(normoglycemic rats) or oral glibenclamide (hypagigic rats) were infused with L-
alanine (5 mM). Livers of hypoglycemic rats showeder (p < 0.05) glucose (Fig. 1A)
and higher § < 0.05) pyruvate (Fig. 1C) production than livefsnormoglycemic rats.
However the urea (Fig. 1B) and L-lactate (Fig. pBjduction were similar.

In the second set of experiments livers from nordyeamic rats and hypoglycemic
rats were infused with pyruvate (5 mM). Livers fréwypoglycemic rats showed lower €
0.05) glucose (Fig. 2A) and highgr € 0.05) L-lactate (Fig. 2B) production than livers
from normoglycemic rats.

In the third set of experiments livers from normagmic rats and hypoglycemic rats
were infused with L-glutamine (5 mM). Livers fronggoglycemic rats showed lowgp €
0.05) glucose production (Fig. 4A) than livers framarmoglycemic rats. However, the
urea production (Fig. 3B) was similar.

In the fourth set of experiments livers from norityagmic rats and hypoglycemic
rats were infused with L-lactate 2 mM (Fig. 3A)glycerol 2 mM (Fig. 4B). Livers from
hypoglycemic rats showed lowep € 0.05) glucose production from L-lactate (Fig.)4A
than livers from normoglycemic rats. However, thecgse production from glycerol (2
mM) (Fig. 4B) was similar for both groups.

In the fifth set of experiments livers from hypoggynic rats were infused with
physiological (0.45 mM) or saturating (5 mM) contration of L-alanine. Livers infused
with saturating concentration of L-alanine showeghar < 0.05) glucose (Fig. 5A) and
urea (Fig. 5B) production than livers infused wiphysiological concentration of L-

alanine.
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In the sixth set of experiments livers from hypagmic rats were infused with
physiological (2.0 mM) and saturating (5 mM) camications of L-glutamine. Livers
infused with saturating concentration of L-glutamishowed higherp(< 0.05) glucose
(Fig. 6A) and urea (Fig. 6B) production than livemsfused with physiological

concentration of L-glutamine.

DISCUSSION

The first gluconeogenic substrate investigated asanine which crossed the liver
cell membrane and was then converted to pyruvaiem Ehe cytosol, pyruvate enters the
mitochondria. There, pyruvate was carboxylated l@ages mitochondria as aspartate or
malate. In the cytosol malate was converted toawathte, then to phosphoenolpyruvate
and after of various steps they were convertechbynticrossomal glucose-6-phosphatase
to glucose wich was and released from the hepad€yy. 7). Since this complex pathway
depends of oxygen supplynd several cellular compartments (plasma membratesol,
mitochondria and microssomal fraction), the glu¢dséactate and pyruvate production
from L-alanine can be used as a marker of the iityegf the hepatocyte, since an absence
of glucose production and/or high L-lactate:pyrevaatio indicate low viability and/or
poor oxygenation. Thus, L-alanine is a good indicadf the quality of the liver
preparation.

Therefore, by using saturating concentration ofdree we showed that the capacity
of the liver to produce glucose during SIH (Fig.)Was decreased (p<0.05). This result
could not be attributed to the decreased catabalisimalanine, since the urea production
from this amino acid was unchanged (Fig. 1B). Maegp considering that the pyruvate

production (Fig. 1C) from L-alanine in livers fro8IH rats was increased (p<0.05), the



21

possibility of a lower entrance of pyruvate in tlguconeogenic pathway must be
considered.

In agreement with this proposition, liver from Sibts showed a decreased (p<0.05)
production of glucose not only from pyruvate (R2¢\) but also from L-Lactate (Fig. 4A).

Moreover, the liver glucose production from L-gimiae, that entered in the
gluconeogenesis after the Piruvate Carboxylase §8&}), was also decreased (Fig. 3A).
This result, could not be attributed to the deadasatabolism of L-glutamine, since the
urea production from this amino acid was unchan@ed. 3B). However, the glucose
production from glycerol which enter in the glucogenesis after the mitochondrial step
was maintained.

Taken together the results suggest that the imbwibaf gluconeogenesis promoted by
glibenclamide overcome the intensification of livgluconeogenesis in response to
hypoglycemi&®?“Moreover, if these capabilities of glibenclamide exercedn vivo, the
result will be an intensification of the effectivass of this drug as hypoglycemic agent in
the fasted state. Moreover, it is possible that shiggestion could be expanded to other
sulphonylureas, specifically to fasted state. Bot to fed state, since in this condition
glibenclamide stimulates glycogenoly&is

However, in spite of the decreased capacity to ywedglucose during SIH, the
possibility of the administration of gluconeogesitstrates during this condition must be
considered. This affirmation was based in the faet during SIH the hepatic glucose
production from L-alanine (Fig. 5A) and L-glutamiiéig. 6A) were lower but remained
virtually maintained and influenced by the availipiof these gluconeogenic substrates.

Finally, our results and the considerations hedeicussed, open the possibility of the
administration of gluconeogenic substrates in teatment of SIH, particularly when the

therapy with glucose is not effective.
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Fig.1. Glucose (A), urea (B), pyruvate (C) and ttée (D) production from L-alanine (5
mM) in perfused livers of 24 h fasted rats thatereed oral (10 mg/kg) glibenclamide
(hypoglycemic, o) or saline (normoglycemice) 2 h before the liver perfusion
experiments. The effluent perfusate was sample® min intervals and analyzed for
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obtained as described in Material and Methods. Deie expressed as means + SD of 4
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