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BACKGROUND: Ischemia-reperfusion (I/R) syndrome
remains an important clinical consideration in hepatic sur-
gery, hemorrhagic shock, and liver transplantation. y-hy-
droxybutyrate (GHB) has been reported to exert protective
effects against ischemia-reperfusion injury to various or-
gans. To investigate whether GHB protects the liver from
warm ischemia-reperfusion injury, we performed this study
in rats.

METHODS : Thirty male Wistar rats were randomly divided
into a sham-operation group, a control group, and three
I/R groups pretreated with GHB, GHB plus naloxone or
naloxone. After 30 minutes of partial ischemia, followed by
60 minutes of reperfusion in the liver, histomorphological
and enzymological changes, lipid peroxidation, apoptosis,
and the plasma level of endothelin-1 were observed.

RESULTS: I/R increased the serum levels of alanine ami-
notransferase, aspartate aminotransferase and lactate dehy-
drogenase and the plasma level of endothelin-1 significantly
(P <0.01), in addition to increase of apoptotic index ( AI)
from 0.28%%0.25% to 17.68%%1.91%. The levels of he-
patic malondialdehyde were markedly increased, whereas
the activities of superoxide dismutase were markedly de-
creased. GHB pretreatment prevented the liver from warm
ischemia-reperfusion injury significantly , but naloxone par-
tially blocked this effect.

CONCLUSION: GHB may significantly protect the liver
from hepatic warm ischemia-reperfusion injury via several
different mechanisms.
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Introduction

schemia-reperfusion ( L/R) is responsible for prima-
I ry liver dystunction and failure after transplantation,

liver resection, and hemorrhagic shock. The chara-
cteristic features of I/R injury involve the activation of
Kupffer cells and neutrophils which release reactive oxy-
gen species into the vascular space and induce a network
of inflammatory cytokines such as tumor necrosis factor-a
(TNF-o) 2] and interleukin-1 (IL-1)3! both of which
participate in sinusoidal accumulation of granulocytes and
microcirculatory failure. It has been proposed that the
generation of oxygen free radicals can directly lead to
oxidative damage of DNA, proteins and lipids, which
contributes to cellular dysfunction.[+¢]
oxygen species also activate redox-sensitive transcriptio-
nal factors, such as nuclear factor-kB ( NF-kB),7! and
then inducible NO synthase (iINOS), a determinant of
hepatic /R injury [®) is activated and expressed by NF-
kB in I/R injury. Many studies evaluating the therapeu-
tic effect of free radical scavengers have suggested that
reactive oxygen species, at least in part, likely play an
important role in determining the fate of liver function
after I/R.[912]

v-hydroxybutyrate ( GHB) is a natural metabolite
in many mammalian tissues [ ! and is widely distributed
both in the central nervous system and in peripheral tis-

sues.l " Clinically, its synthesized compound is used as
15-20]

Moreover, reactive

an intravenous anesthetic. Some studies! have shown
that GHB can protect the central nervous system and pe-
ripheral tissues from /R injury by scavenging oxygen
radical species and by reducing cellular metabolism,
thereby lowering tissue oxygen demand. Another possi-
ble mechanism of the protective effects of GHB may be
the activation of opioid receptor by GHB. This effect
on the central nervous system can be blocked by nalo-
xone, an opiate receptor-antagonist.

In this study, a rat model of hepatic warm ischemia-
reperfusion was used to investigate the potential effects of
GHB on the liver.

Methods
Animal model
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Thirty male healthy Wister rats weighing 200-250 g
were purchased from the Hubei Academy of Medical
Sciences, Wuhan, China. Before being used in the stu-
dy, the rats were fasted for 12 hours and were allowed
free access to water. Anesthesized by 3% sodium pento-
barbital (30 mg/kg), the animal was subjected to a mid-
line incision for the exposure of the vessels of the liver.
The portal vein and liver artery, which drain blood to
the middle and left lobes of the liver, were dissected and
the blood flow was blocked with a pair of vessel clamps.
After 30 minutes of ischemia, reperfusion for 60 minutes
was allowed by releasing the clamps. All animals were
killed at designated time to collect blood samples via the
intrahepatic vena cava and the left lobe of the liver.

Experimental design

The rats were divided into five groups (6 for each
group): sham (A), I/R (B), /R+GHB (C), /'R +
GHB+naloxone (D), and /R +naloxone (E). In rats
of group A, the blood vessels of the liver were freed
without occlusion. Group B animals were treated with
I/R as described previously. Group C animals were pre-
treated via the portal vein with GHB (300 mg/kg) 10
minutes before ischemia. Group D animals received
GHB in the same manner as those in group C and re-
ceived naloxone via the portal vein (0.4 mg/kg) 10
minutes before injection of GHB. Group E was pretreat-
ed with naloxone in the same manner but without
GHB.

Hepatic enzyme

The levels of serum alanine aminotransferase ( ALT),
aspartate aminotransferase { AST), and lactate dehydroge-
nase ( LDH) were measured by an auto-biochemistry

analyzer (Hitachi 7060 ).

Endothelin-1 plasma level

Endothelin-1 ( ET-1) level was measured using 2
ml of blood samples, which was collected in a test tube
containing 3 pl of 10% disodium edentate and 40 pl of
aprotinin, and centrifuged at 3000 rpm for 10 minutes at
4 °C. The resulting plasma was stored at -20 °C until
analysis with corresponding radioimmunoassay kit ( Bei-
jing Dongya-Kemei Corp., Beijing, China) according
to the manufacturer’ s guide.

Hepatic activities of superoxide dismutase and levels
of malondialdehyde

Hepatic specimens (0.5 cmX0.5 ¢cm X0.5 c¢m)
were preserved in liquid nitrogen (-196 °C) until hepa-
tic activities of superoxide dismutase ( SOD) and levels
of malondialdehyde ( MDA) were assessed using corres-
ponding SOD and MDA assay kits ( Nanjing Jiancheng
Corp., Nanjing, China) according to the manufactur-
er’s guide respectively.
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Light microscopy

Liver specimens for light microscopy were fixed
with 10% formalin and then embedded in paraffin. The
sections of the specimens were stained with hematoxylin
and eosin for histological examination.

TUNEL reaction morphological analysis of apopto-
sis

Hepatic samples were dissected, fixed with 4%
paraformaldehyde for 24 hours, and then embedded in
paraffin. Subsequently they were cut into sections of 5
pm and mounted on slides. In situ cell death detection
kit, horseradish peroxidase ( POD, Boehringer Mann-
heim, Germany) was used to detect apoptotic cells
according to the manufacturer’s instructions and other
references. Positive cells were identified, counted and
analyzed under a light microscope. Apoptotic cells were
manifested by brownish staining in the nuclei. Ten
images were randomly selected from each section for
counting of at least 1000 cells as the percentage of
TUNEL-positive cells. The apoptotic index (AI) was
calculated by the following equation; Al = ( number of
apoptotic cells”total number )X 100% .

Statistical analysis

The results are expressed as mean + standard devia-
tion. Statistical analysis was performed using analysis of
variance { ANOVA) test. A P value less than 0.05 was
considered statistically significant.

Results

Levels of AST, ALT and LDH in serum and ET-1 in
plasma

More significantly increased levels of AST, ALT and
LDH in serum and ET-1 in plasma were observed in
group B subjected to ischemia and reperfusion than in
group A. When GHB was given 10 minutes before is-
chemia, the increase of the levels of AST, ALT and
LDH in serum and ET-1 in plasma was inhibited ( P <
0.01). In contrast, injection of naloxone via the portal
vein 10 minutes before GHB partially inhibited the
effects of GHB, but the increase of the levels were still
less significant than in group B ( P <0.05, Table 1).

Hepatic activities of SOD and levels of MDA

Groups B and E had lower hepatic activities of
SOD and higher levels of MDA in liver tissues than did
other groups. GHB significantly increased the activities
of SOD and decreased the levels of MDA in liver tissues
(P <0.01). Naloxone attenuated the effects of GHB
but the differences between the two groups were not sta-
tistically significant ( P >0.05, Table 2).

Cell apoptosis in different groups
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Table 1. Levels of ALT, AST and LDH in serum (U/L) and ET-1 in plasma (ug/L)

Group n ALT® AST® LDH¢ ET-14

A 6 49.04113. 04 61.23+14.95 785.531113.53 47.49+11.58
B 6 369. 49148, 68 459.90+48.26 2010. 96 +140. 19 137.69+18.17
C 6 152.42+29. 81 154,36 +28.81 1466. 47 +125. 60 77.28+12.32
D 6 224.50142. 80 325.64131.34 1740.31+131.76 106.00+8. 62
E 6 365. 82132, 04 416.61%55.61 2069.72+146. 81 134.25+14.79

a: P<0.01, AvsBorE, Cvs BorE, DvsBorE; P<0.05, Cvs D. b: P<0.01, Avs BorE, Cvs BorE, DvsBorE,
CvsD. ¢: P<0.01, Avs BorE, CvsBorE, DvsE; P<0.05, Dvs B, CwvsD. d: P<0.01, Avs BorE, CvsBorE, D

vs By P<0.05, Cvs D, D vs E.

Table 2. Hepatic activities of SOD (nmol/mg) and levels of MDA
(U/mg)

Group [ MDA?® SOD*

A 6 6.70£2.51 35.65%3.19
B 6 25.20+2.93 19.03£2.37
C 6 15.87£1.44 27.70%2. 46
D 6 19.45£1.83 25.3812.86
E 6 24.6912.08 14.4312.44

a: P<0.01, Avs BorE, Cvs BorE, DvsBorE; P>
0.05, Cvs D, B vs E.

Apoptotic cells were found only occasionally in
group A (Al =0.28%*0.25%), but after 30 minutes of
regional ischemia followed by 60 minutes of reperfusion,
many apoptotic cells appeared. The Al of groups B
(17.68%11.91%) and E (17.79% £1.43%) was great-
ly higher than that of group A (P <0.01). In group C
(6.94%+1.54%), GHB
number of apoptotic cells when compared with groups B
and E (P<0.01). The AI of group D (12.29%+
1.86% ) was higher than that of group C ( P <0.01) but
still lower than that of groups B and E ( P <0.01).

significantly decreased the

Histopathologic evaluation

The liver tissue showed almost normal structure in
group A under a light microscope. In groups B and E,
shrunk hepatic sinus and swellen hepatic cells were ob-
served with vesicular degeneration but no obvious necro-
sis. In groups C and D, however, these changes were
attenuated markedly.

Discussion

GHB is an intravenous anesthetic. Previous studies have
shown that GHB can protect both the central nervous

16,17 15] lung[“”

systeml I and peripheral tissues (heart |
and intestine ")) from /R injury and has the potential
to protect liver function after long-term hypothermic
storage. (20] In the present study, the serum levels of
ALT, AST and LDH elevated significantly ( P <0.01)
with the increase of apoptotic cells after 30 minutes of is-

chemia followed by 60 minutes of reperfusion. GHB
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pretreatment attenuated all of these changes effectively
(P <0.01). Our results indicated that GHB may signifi-
cantly protect the liver from warm ischemia-reperfusion
injury.

The mechanisms of the effects of GHB have not yet
been elucidated except that the burst of reactive oxygen
species generated after reperfusion may contribute to the
initiation of postischemic liver injury.'?""?) During the
hypoxic stage of I/’R, hypoxanthine accumulates be-
cause of ATP depletion as total energy decreases. In a
parallel process, hypoxia activates proteolytic enzymes
which convert xanthine dehydrogenase ( XOH) to xan-
thine oxidase (X0O).[?®! The increasing levels of XO
then oxidize the accumulated hypoxanthine to urate after
the oxygen supply is restored during the reperfusion
phase. In this reaction molecular oxygen is converted to
superoxide radicals which exceed the capacity of endoge-
nous redox degrading systems, leading to direct cellular
damage through protein oxidation and degradation, lipid
peroxidation, and DNA damage.[3-5:24-%] Boyd et all %]
and Sherman et all?] indicated that GHB protecting the
intestine or liver from 1I/R injury may be correlated with
its scavenging of oxygen radical species. This hypothesis
is supported by the increased hepatic activities of SOD
and the decreased hepatic levels of MDA, the metabo-
lites of lipid peroxidation, after pretreatment of GHB in
our study.

Primary stress in ischemia of the liver is oxygen-dif-
ficiency caused interruption of oxidative energy produc-
tion, giving a rapid decrease of the level of intracellular
adenosine triphosphate ( ATP). Reduced metabolic ac-
tivities like cooling of the organ or sustained ATP pro-
duction such as adding glycogen[zﬂ may help to prevent
ischemic injury. GHB itself can serve as an energy sub-
strate and may reduce cellular metabolism, thereby lower-
ing tissue oxygen demand.[™] This may be correlated
with its protective effects. The detailed mechanisms need
further investigation.

ET-1 is one of the most potent and powerful vaso-
constrictors, which are produced not only by wvascular
endothelial cells, but also a variety of non-endothelial
cells and can induce microcirculatory disorders by mediat-
ing sinusoidal vasoconstriction, lowering perfusion rate,
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and promoting leukocyte adhesion, all of which may
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ly stage of hepatic reperfusion, the increased level of ET-1 mie p recondm(?rgng for rat hv§r graft: p rotection. and mecha-
. . . . nism. Hepatobiliary Pancreat Dis Int 2003;2:509-512.
in both plasma and hepatic parenchyma is correlated with . .
; 3 Olthoff KM. Molecular pathways of regeneration and repair af-
the decrease of hve_r bl_OOd flow. On the other hand, ter liver transplantation. World J Surg 2002 ;26 :831-837.
low NO concentration is caused by the release of a large 4 Serracino-Inglott F, Habib NA, Mathie RT. Hepatic ischemia-
amount of arginase that breaks down L-arginine (the reperfusion injury. Am J Surgery 2001;181:160-166.
precursor required for NO synthesis)_HJ Pretreatment 5 Selzner N, Rudiger H, Graf R, Clavien PA. Protective strate-
with blockade of ET receptormﬂ as well as with L-argi- gies against ischemic injury of the liver. Gastroenterlolgy 2003 ;
125:917-936.
. [ 28] . .. :
nine may atte_nuate liver injury. It has been suggested 6 Lentsch AB, Kato A, Yoshidome H, McMasters KM, Edwards
that IR injury is a result of an 11jnbalanc.e b{eﬁveen ET MJ. Inflammatory mechanisms and therapeutic strategies for
and NO levels during the reperfusion period.'”” Boyd et warm hepatic ischemia/reperfusion injury. Hepatology 2000;
all®] found that GHB could prevent the decrease of in- 32:169-173.
testinal blood pressure during the ischemia phase, there- 7 WeiJF, Zheng SS. NF-kappa B in allograft rejection. Hepato-
. . . . . . . iliary i .2.180-
by ameliorates intestinal microcirculation, and that this " E;lary iﬁcr? Dl;:m 2003’2':(80(}83'21\/[ Luo FW. Y
effect was at least partly due to the hypertonicity of GHB g VL, lan A, Song Q ) A0 £, LUo ) 1AN8
. . CM. Expression and role of inducible nitric oxide synthase in
Solutlon.. In. our study the plasma level of ET-1 .ansl n- ischemia-reperfusion liver in rats. Hepatobiliary Pancreat Dis
creased significanly after pretreatment of GHB, indicat- Int 2003 ;2 :252-258.
ing that GHB may reduce the activities of ET-1, while 9 Hasuoka H, Sakagami K, Orita K. A new slow delivery type of
preventing hepatic microcirculation disorders during superoxide dismutase prevents warm ischemia damage in swine
I/R. The mechanisms of this effect await further study. orthotopic liver transplantation. Transplant Proc 1991;23.693-
GHB is known to increase the tissue concentration 696.
. . . [30] . 10 Atalla SL, Toledo-Pereyra LH, MacKenzie GH, Cederna JP.
of dynorphin, an opiate peptide, and can activate g . ) .
oid It has b found th oid Influence of oxygen-derived free radical scavengers on ischemia
opioid receptors. It has been found that acute opioid can livers. Transplantation 1985 ;40:584-590.
down-regulate the activities of Ca®" channel and depress 11 Fujita T, Furitsu H, Nishikawa M, Takakura Y, Sezaki H,
the Ca?* intracellular flow!3!! and therefore may prevent Hashida M. Therapeutic effects of superoxide dismutase deriva-
the /R injury caused bv intracellular Ca2t overload. tives modified with mono- or polysaccharides on hepatic injury
Naloxone cJanrsl;lock the aZtion opioid-agonist on opioid- induced by ischemia/reperfusion. Biomed Biophys Res Com-
N " D O] pd mun 1992,;189:191-196.
recliptors In the centr nervc?us systemi. Boyd et 12 Kawamoto S, Inoue M, Tashiro S, Morino Y, Miyauchi Y.
all™] found that naloxone partially blocked the protec- Inhibition of ischemia and reflow-induced liver injury by an
tive effect of GHB on regional intestinal ischemia. In SOD derivative that circulates bound to albumin. Arch Bio-
our study the effect of GHB on hepatic warm /R was chem Biophys 1990;277:160-165.
also partially blocked by naloxone, but GHB could still 13 Mamelak M. Gamma—.hydroxybutyrz.lte :an endogenous regula-
be effective when pretreate d with naloxone ( P<0. 05>' tor of energy metabolism. Neurosci Biobehav Rev 1989;13;
Furthermore, the differences between the increased he- 187-198.

] ’ ; o 14 Nelson T, Kaufman E, Kline J, Sokoloff L. The extraneural
patic level of MDA ar.ld the decreased hepatic activities distribution of gamma-hydroxybutyrate. ] Neurochem 1981;
of SOD were not significant when compared with those 37.1345-1348.
of the GHB group. It is suggested that the protective 15 Tian M, Zeng YM, Zhang Y, Chen W, Wang SQ. Protec-
effect of GHB, at least the anti-lipid-peroxidation action tive effects of gamma-hydroxybutyrate on myocardial ischemia
of GHB, is not fully dependent on the opioid receptor reperfusion injury in the isolated perfused rat heart. Xuzhou
system. Further studies are needed to clarify the relation- Yixueyuan Xuebao 1995;15.144-146.

. . 16 Vayer P, Cash CD, Maitre M. Is the anticonvulsant mecha-
ship between the protective effect of GHB and the : . o . .

oid nism of valproate linked to its interaction with the cerebral gam-
opioid system. ma-hydroxybutyrate system? Trends Pharmacol Sci 1988; 9.

127-129.
17 Zhang J, Guo JD, Gu SL, Dai TJ. Protective effects of gam-
Competing interest ma-hydroxybutyrate on brain ischemia reperfusion injury in the
rat. Xuzhou Yixueyuan Xuebao 2000 ;20:107-109.
No benefits in any form have been received or will be received 18 Yamasaki N, Oka T, Yamamoto S, Nagayasu T, Akamine S,
from a commercial party related directly or indirectly to the subject Takahashi T, et al. Twenty-four-hour preservation in y-hy-
of this article. droxybutyrate improves lung function in a canine single-lung
allotransplantation. Transplantation 1999 ;67 :529-533.
19 Boyd AJ, Sherman IA, Saibil FG, Mamelak M. The protective
ffect of gamma-hydroxybutyrate in regional intestinal ischemia
References © & ydroxybutyr g
in the hamster. Gastroenterology 1990 ;99 :860-862.
1 Rudiger HA, Clavien PA. Tumor necrosis factor-alpha, but 20 Sherman IA, Saibil FG, Janossy TI. Gamma-hydroxybutyrate
not Fas, mediates hepatocellular apoptosis in the murine ische- mediated protection of liver function after long-term hypother-
248 - Hepatobiliary Pancreat Dis Int, Vol 3, No2 - May 15, 2004 - www.hbpdint.com



v-hydroxybutyrate protects the liver from warm ischemia-reperfusion injury in rat

21

22

23

24

25

26

mic storage. Transplantation 1994 ;57 :8-11.

Koo A, Komatsu H, Tao G, Inoue M, Guth PH, Kaplowitz
N. Contribution of no-reflow phenomenon to hepatic injury
after ischemia-reperfusion; evidence for a role for superoxide
anion. Hepatology 1992;15.507-514.

Rauen U, Viebahn R, Lauchart W, de Groot H. The poten-
tial role of reactive oxygen species in liver ischemia/reperfusion
injury following liver surgery. Hepatogastroenterology 1994 ;
41:333-336.

Stirpe F, Della Corte E. The regulation of rat liver xanthine
oxidase. Conversion in vitro of the enzyme activity from dehy-
drogenase (type D) to oxidase (type O). J Biol Chem 1969;
244 :3855-3863.

Fan C, Zwacka RM, Engelhardt JF. Therapeutic approaches
for ischemia/reperfusion injury in the liver. ] Mol Med 1999;
77:577-592.

Pardini RS. Toxicity of oxygen from naturally occurring redox-
active pro-oxidants. Arch Insect Biochem Physiol 1995;29;
101-118.

Tang 1], Tian FZ, Gao XM. Hepatocellular glycogen in alle-
viation of liver ischemia-reperfusion injury. Hepatobiliary Pan-

27

28

29

30

31

creat Dis Int 2002;1:532-535.

Scommotau S, Uhlmann D, Loffler BM, Breu V, Spiegel
HU. Involvement of endothelin/nitric oxide balance in hepatic
ischemia/reperfusion injury. Langenbecks Arch Surg 1999 ;384 .
65-70.

Li SQ, Liang 1J. Protective mechanism of L-arginine against
liver ischemic-reperfusion injury in rats. Hepatobiliary Pancreat
Dis Int 2003 ;2 :549-552.

Boyd AJ, Sherman TA, Saibil FG. The cardiovascular effects of
gamma-hydroxybutyrate following hemorrhage. Circ Shock
1992;38:115-121.

Lason W, Przewlocka B, Przewlocki R. The effect of gamma-
hydroxybutyrate and anticonvulsants on opioid peptide content
in the rat brain. Life Sci 1983 ;33 ( Suppl 1):599-602.
Macdonald RL, Werz MA. Dynorphine a decreases voltagge-
dependent calcium conductance of mouse dorsal root ganglion
neurones. ] Physiol 1986 ;377 :237-249.

Received November 19, 2003
Accepted after revision January 27, 2004

The persist on efforts without losing the aim will finally result in success.

—— (Germany) Johann Wolfgang von Goethe
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