7%
university of 5%,
groningen YL

R

University Medical Center Groningen

University of Groningen

Mechanisms of oxidative stress-induced cell death in hepatocytes
Conde de la Rosa, Laura

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2006

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Conde de la Rosa, L. (2006). Mechanisms of oxidative stress-induced cell death in hepatocytes: targets for
protective intervention. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 28-12-2022


https://research.rug.nl/en/publications/a2888586-c6f6-485e-acc9-fcae992cca3b

CHAPTER 1

Scope of the thesis



Chapter 2

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

26

Adams LA, Lymp JF, St Sauver J, Sanderson SO, Lindor KD, Feldstein A, et al. The natural history of
nonalcoholic fatty liver disease: a population-based cohort study. Gastroenterology 2005
Jul;129(1):113-121.

Halliwell B. Free radicals, antioxidants, and human disease: curiosity, cause, or consequence? Lancet
1994 Sep 10;344(8924):721-724.

Berson A, De Beco V, Letteron P, Robin MA, Moreau C, El Kahwaji J, et al. Steatohepatitis-inducing
drugs cause mitochondrial dysfunction and lipid peroxidation in rat hepatocytes. Gastroenterology 1998
Apr;114(4):764-774.

Slater TF. Free-radical mechanisms in tissue injury. Biochem J 1984 Aug 15;222(1):1-15.

Wei CL, Lee KH, Khoo HE, Hon WM. Expression of haem oxygenase in cirrhotic rat liver. J Pathol
2003 Mar;199(3):324-334.

Guimaraes EL, Franceschi MF, Grivicich I, Dal Pizzol F, Moreira JC, Guaragna RM, et al. Relationship
between oxidative stress levels and activation state on a hepatic stellate cell line. Liver Int 2006
May;26(4):477-485.

Sokol RJ, Dahl R, Devereaux MW, Yerushalmi B, Kobak GE, Gumpricht E. Human hepatic
mitochondria generate reactive oxygen species and undergo the permeability transition in response to
hydrophobic bile acids. J Pediatr Gastroenterol Nutr 2005 Aug;41(2):235-243.

Sokol RJ, Devereaux M, Khandwala RA. Effect of dietary lipid and vitamin E on mitochondrial lipid
peroxidation and hepatic injury in the bile duct-ligated rat. J Lipid Res 1991 Aug;32(8):1349-1357.
Hunt DR. The identification of risk factors and their application to the management of obstructive
jaundice. Aust N Z J Surg 1980 Oct;50(5):476-480.

Gonzalez-Correa JA, De La Cruz JP, Martin-Aurioles E, Lopez-Egea MA, Ortiz P, Sanchez de la
Cuesta F. Effects of S-adenosyl-L-methionine on hepatic and renal oxidative stress in an experimental
model of acute biliary obstruction in rats. Hepatology 1997 Jul;26(1):121-127.

Krahenbuhl S, Talos C, Lauterburg BH, Reichen J. Reduced antioxidative capacity in liver
mitochondria from bile duct ligated rats. Hepatology 1995 Aug;22(2):607-612.

Pastor A, Collado PS, Almar M, Gonzalez-Gallego J. Antioxidant enzyme status in biliary obstructed
rats: effects of N-acetylcysteine. J Hepatol 1997 Aug;27(2):363-370.

Padillo FJ, Cruz A, Navarrete C, Bujalance I, Briceno J, Gallardo JI, et al. Melatonin prevents oxidative
stress and hepatocyte cell death induced by experimental cholestasis. Free Radic Res 2004
Jul;38(7):697-704.

Montilla P, Cruz A, Padillo FJ, Tunez I, Gascon F, Munoz MC, et al. Melatonin versus vitamin E as
protective treatment against oxidative stress after extra-hepatic bile duct ligation in rats. J Pineal Res
2001 Sep;31(2):138-144.

Ara C, Kirimlioglu H, Karabulut AB, Coban S, Ay S, Harputluoglu M, et al. Protective effect of
resveratrol against oxidative stress in cholestasis. J Surg Res 2005 Aug;127(2):112-117.

Zhong Z, Froh M, Wheeler MD, Smutney O, Lehmann TG, Thurman RG. Viral gene delivery of
superoxide dismutase attenuates experimental cholestasis-induced liver fibrosis in the rat. Gene Ther
2002 Feb;9(3):183-191.

Serviddio G, Pereda J, Pallardo FV, Carretero J, Borras C, Cutrin J, et al. Ursodeoxycholic acid protects
against secondary biliary cirrhosis in rats by preventing mitochondrial oxidative stress. Hepatology
2004 Mar;39(3):711-720.

Choi J, Ou JH. Mechanisms of liver injury. III. Oxidative stress in the pathogenesis of hepatitis C virus.
Am J Physiol Gastrointest Liver Physiol 2006 May;290(5):G847-G851.

Fujii H, Takahashi T, Matsumi M, Kaku R, Shimizu H, Yokoyama M, et al. Increased heme oxygenase-
1 and decreased delta-aminolevulinate synthase expression in the liver of patients with acute liver
failure. Int J Mol Med 2004 Dec;14(6):1001-1005.

Ritter C, Reinke A, Andrades M, Martins MR, Rocha J, Menna-Barreto S, et al. Protective effect of N-
acetylcysteine and deferoxamine on carbon tetrachloride-induced acute hepatic failure in rats. Crit Care
Med 2004 Oct;32(10):2079-2083.



Chapter 1

Most chronic liver diseases, such as non-alcoholic steatohepatitis (NASH), chronic cholestasis
and alcoholic and chronic viral hepatitis, are almost invariably accompanied by exposure to
reactive oxygen species (ROS). In addition to oxidative stress, liver cells are also exposed to
cytokines and bile acids during chronic liver injury. Under these circumstances, cell damage
followed by cellular death occurs, which may lead to liver injury and loss of liver function.
There are no effective treatments available for chronic liver disorders yet.

Hepatocytes, the parenchymal cells of the liver, are well equipped with protective
mechanisms to prevent cell death. Once these protective pathways are activated, the balance
will be in favour of cell survival. However, the balance between cell survival and cell death is
delicate and easily disrupted during liver injury, leading to massive cell death and loss of liver
function. Hence, knowledge about the cellular mechanisms leading to cell death is of
relevance as it may enable the identification of novel therapeutic tools to treat liver diseases.
The aim of this thesis is to elucidate the mechanisms of oxidative stress-induced hepatocyte
cell death, in order to develop strategies to protect hepatocytes and prevent liver injury.

In chapter 2, the current knowledge on oxidative stress induced cell death, with special
emphasis on liver cells, is reviewed. In chapter 3, the mechanisms of cell death induced by
different ROS are elucidated. Furthermore, the role of different signal transduction pathways
(MAPK and NF-xB) and ROS detoxification mechanisms in ROS-induced cell death are
investigated.

Heme oxygenase-1 (HO-1) is an important stress-responsive cytoprotective protein. In
chapter 4, we describe the regulation of HO-1 in an in vivo model of chronic cholestasis (bile
duct ligation model) and in acute inflammation. Furthermore, the protective role of HO-1
against oxidative stress-induced apoptosis was investigated in primary hepatocytes. In
addition, we study the contribution of carbon monoxide, a product of heme oxygenase-1, to
the protective role of HO-1 against oxidative stress-induced apoptosis and we examine the
mechanism involved in this process.

Chapter 5 describes the protective effect of metformin, an insulin sensitizing drug frequently
used in the treatment of type 2 diabetes, against oxidative stress-induced apoptosis in primary
rat hepatocytes. We also examine the mechanisms involved in the process.

Exposure to oxidative stress is also a hallmark of cholestatic liver diseases. Patients with
cholestatic liver disease are often treated with ursodeoxycholic acid (UDCA), but its
protective mechanism of action has not been elucidated yet.

Chapter 6 of this thesis reports the possible mechanisms behind the anti-apoptotic action of
taurine-conjugated UDCA.

In conclusion, this thesis describes various modes of cell death induced by ROS and provides

tools to selectively interfere with this process. This knowledge may contribute to the
development of novel therapies for liver disorders.
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