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The study was conducted to prove the attenuated effects of N-acetylcysteine (NAC) on
oxidative stress in rats with nonalcoholic steatohepatitis (NASH). Male Sprague-Dawley rats
were randomly divided into five groups. Group L (normal control) was fed regular dry rat chow
(RC) for 6 weeks. Group 2 (NASH) was fed 100% fat diet for 6 weeks. Group 3-5 were fed 100%
fat dliet for 6 weeks, and then switched to RC alone (NASH+iet ; group 3), to RC+20 mg/kg/day
of NAC orally (NASH+diet+NAC" - group 4) or to RC+500 mglkg/day of NAC orally
(NASH+diet+NACHD:; group 5) for 4 weeks, respectively. They were sacrificed to collect blood,
and liver samples at the end of the study. The results showed that levels of total glutathione
(GSH), serum cholesterol, and hepatic malondialdehyde (MDA) were increased significantly in
NASH group as compared with nonnal control. Liver histopathology from group 2 showed
moderate to severe macrovesicular steatosis, hepatocyte hallooning, and necroinflammation.
Treatment with diet or diet plus NAC reduced die levels of GSH, cholesterol, and hepatic MDA
back to nonnal. Liver sections from group 3-5 showed a decrease in fat deposition and
necroinflammation in hepatocytes. However, no differences on ! variables existed between diet
done or diet plus NAC groups.

Our data indicate that diet or diet plus NAC treatment could attenuate oxidative stress
and improve liver histopathology of NASH. However, the addition of NAC is not better than diet
treatment alone.

(Inter-Department) Student’s signature. . sclaitire___samube el

Fieldofstudy Physiology ... D“j f\wp e oo
Academic year 2005 ture. &, ZH722 Z 7%«



Vi

ACKNOWLEDGEMENTS

| 0 (like to express my sincere gratituce to my advisor, Associate Professor
Duangpom Thong-Ngam and my co-advisor, Assistant Professor Onanong Kulaputana
for their excellent instruction, guidance, encouragement, and constructive criticism
which enable me to carry out my study successfully.

| am deeply beholden to Associate Professor Naruemon Wisedopas for
histopathological examination.

| am grateful to Associate Professor Suthiluk Pathumraj for supporting
chemical and equipments,

1 would like to thank Assistant Professor Krittaya Sutheesophon for
biochemical an ysis and ! the staffs of the Department of Physiology, Faculty of
Medicine, Chuldongkom University for their technical help in this thesis.

A financé support from grant of Graduated School and grant of
Ratchadapisek Somphok, Faculty of Medicine, Chul ongkom University are
gratefully acknowledged.

Finally, I am thanks to my family and my friends for their loves and supports
during this education  experience.



CONTENTS

PAGE
ABSTRACT (THAI)...ooocvvvsrvvsssvmsssssssssssssssssssssssssssssssssssssssssssssssens v
ABSTRACT (ENGLISH).....occocvsrvvmssssssmsmssssssssssssssssssssssssssssssssssnns Vv
ACKNOWLEDGEMENTS........occovvvmsrmrmssmssmssssmssssssssssssssssssssssssssssssnnns vi
LIST OF TABLES........coccvvvmvsvmmssmsmssssssssssssisnns sesssssssssssssssssssssssssssens IX
LIST OF FIGURES..........occovvvmsmrmsssmssssssssmsssssssssssssssssssssssssssssssssssssees X
LIST OF ABBREVIATIONS........cocurvvvmsrmrmmsmsmmssssmsssssssssssssssssssssssssssns Xii
CHAPTER I INTRODUCTION....ccccocuvvvvmsrmvmssrssmsssssssssssssssssssssssssssssssnns I
CHAPTER Il REVIEW OF THE LITERATURE
“TRE IV . cciivreastscdid mrrnesmessissonisvissssssssssssssssssssssssssssssssssssnees 3
-The liver and lipid MEAONSM........ccoccvvesrrvresssissssssisssssssrsssnnn !
-Nonalcoholic steatohepatitis (NASH)........cccvvvmmmvrmssmmssmssssssssrens 8
“OXIAALVE STBSS.....ovvcvvrisssemssserssssssssssssssssssssssssssssssssssssssssssssns 13
-ANLIOXIAANE SYSTEM.rsvvvvvsssrvvsessrvrmsssnsssssssssssssssssssssssssssssssssssssanes 16
-MOEI OF NASH. .occccivssssssssssismssasimsssssmssssssssssssssssssssssssssens 29
CHAPTER m MATERIALS AND METHODS
-ANIMAl PIEPAKALION........ccccccvvvirvrnrssisssssssssssssssssssssssssssssssens 32
-EXperimental ProtocolS.........cvvmmmrmmmmsismsssssimssssmssssssssssssnnnn 32
m DL L] T 0 33
DALAANAIYSIS.....vvvevvvvrssvvrrsssssssssssssssssssssmsssssssssssssss s 44
CHAPTER IV RESULTS
-Effect of 100% fat diet for 6 weeks on serum biochemical parameters,
oxidative stress markers, and liver histopathology in rats.................. 45
-BOAY WEIGNE...ocovvvvrvsvrrssnssssssssssssssssssssssssssnssssssssses 45
-Total glutathione level in whole blood...........ccccceeeivvvessnn 45
-Serum biochemical PAraMEterS.........ovvvervvvmsssrsssssssssssnnen 45



-Hepatic malondialdehyde (MDA) content............ccccvvvesen 46
-Histopathological examination......... .....cccveeervvvessssisssessns 46
-Effect of N-acetylcysteine on serum biochemical parameters, oxidative
stress markers, and liver histopathology in rats with nonalcoholic

steatohepatitis.............. 46

-BOAY WIGNE....c..cvvv v 46

-Total glutathione level in whole blood............c.cccceriivvriaenn 46

-Serum biochemical PArameterS.........cccvvvvvvvrssnsssesssssssne 47

-Hepatic malondialdehyde (MDA) content............coccvveeeen iy

-Histopathological eXamination............cccceecevvvveesrsssesssrnsnns 47

CHAPTER V DISCUSSION AND CONCLUSION.........ocovvvvsvmrsrsressisnnns 12

REFERENCES......cooooimsiivmtsinmssinssssssssssssssssssssssssssssssssssssssssssssssssses 1
BIOGRAPHY



LIST OF TABLES

TABLE PAGE
1. Effects of 100% fat diet for 6 weeks on body weight, serum biochemical
parameters, and oxicative stress Markers in rats..........c.vveevvvvesssvvrenns 49
2. Effects of 100% fat diet for 6 weeks on liver histopathology in rats
summary of the scores of steatosis and necroinflammation................. 50
3. Effect of NAC on body weight, serum biochemical parameters, and
oxidative stress markers in ratSWith NASH..........ccoeeevivvvrsssivvessssnnnn 58

4, Effects of NAC on liver histopathology in rats with NASH  summary of
the scores of steatosis and necroinflammation............ooo.cvcerieeesneeeeees 59



LISTOF FIGURES

FIGURE PAGE
L A TIVEIODUIR....ovcvvevvvresvrssssressssssssssssssssssssssssssssssssssssssssssssssens 5
2. Blood flow through the liver and return to the heart..............ccccccevvvne 6
3. TNE NEPALIC ACINUS.......voocevvvvessvvssessnsssssssssssesssisssssssssssssssssssssesssnsens 1

4. Hematoxylin and eosin stain of human liver histopathology in NASH ...9
5. Change in the structure of lipid due to hydrogen abstraction by free

00 SN 15
6. Three steps of lipid peroxidation; initiation, propagation and

EIMINLON. ..o v vvvvcvmss st ssssssssssssssssssssssssssssssssssssens 18
7. Free radical damage 0f MEMBIANES.........ooccomvrrivrmsssissessssssesssisssnns 19

s. Antioxidant system to deal with the production of reactive oxygen

SPBCIES...ovverseereessessdlesbontorse b tboneasssssssssbssssssssssssssssssessasssssens
9. Synthesis O GIULATNIONE.......ccccovvevvvvesssrnessisssssssissesssssssessnens
10. Structure 0f GSH aNnd GSSG...vvcccvvvvsvvvnssmvnssrssssssssss s sosssssssssssrsnns 23
11. Regeneration of reduced glutathione by glutathione reductase.............. 24
12. Chemical structure 0fN-aCEtYICYSBING. ...cccc.vevcsvvvssssrressrissessinnnn 25
13, EXperiment diagram .......ccccvvvceovrmsieissessssssssssnsssssssissssssssssssens 34
14. GSH recyGligLALONGKORN. UNIVERSITY........ccnmmeeeree
15. Effect of 1009 fat diet for 6 weeks on body WeIght........ ..ooccvvverserinn b1
16. Effect of 100% fat diet for 6 weeks on total GSH............cccccvevvrsciinn 52
17 Effect of 10096 fat diet foroweekson Serum AST.......ccccovevvvcsrrnns 53
18, Effect of 10096 fat diet foroweekson Serum ALT......vvcccvvscvvrssrinn b4
19, Effect of 100% fat diet for6 weeks on serum cholesterol.................... 55
20. Effect of 100% fat diet for6weeks on serum triglycerides................... 56
21, Effect of 1009 fat diet for 6 weeks on hepatic MDA content................ b1

22. Effect of NAC on body weight in rats with NASH.......c..ccceevvvessiiin 60

3



23.
24.
25.
26.
21,
28,
29.
30.

31,
32,

33.

Effect of NAC on total GSH level in rats With NASH .ooccvvevvvvsivnsnn 61
Effect of NAC on serum AST level  rats with NASH .o 62
Effect of NAC on serum ALT level in rats with NASH ..o 63
Effect of NAC on serum cholesterol in rats with NASH...covcvnsinn 64
Effect of NAC on serum triglycerides — rats with NASH ...ovvvvvsvnins 65
Effect of NAC on hepatic MDA content  rats with NASH ..o 66
Hematoxylin and eosin stain of liver sections in normal control group....67

Hematoxylin and eosin stein of liver sections in rats fed with 100% fat diet

Hematoxylin and eosin stain of liver sections in NASH+diet group.........69
Hematoxylin and eosin stain of liver sections in NASH+diet+NACx

Hematoxylin and eosin stain of liver sections in NASH+diet+NACswo
group 11



LIST OF ABBREVIATIONS

ALT — Alanine aminotransferase
AST = Aspartate aminotransferase
BSA - Bovine serum albumin
CAT = Catalase

CC13 = Trichloromethyl radicd

CCla = Carbon tetrachloride
-ch2 = Methylene group
CYP2EL = Cytochrome P450 enzyme 2E1
FAS - Fatty acid synthase
FFA = Free fatty acid
GPX = Glutathione peroxidase
GSH = Glutathione
GSSH - Glutathione disulfide
HIV - Human immunodeficiency virus
4-HNE - 4-Hydroxynonenal
H A k Hydrogen peroxide
MI)A ¥ Malondialdehyde
NAC - N-acetylcysteine
NAFLD = Nonalcoholic fatty liver disease
NASH = Nonalcoholic steatohepatitis
NO' - Nitric oxide radical
no? = Nitric dioxide radical
2 - Oxygen
2! = Superoxide anion radical

OH* - Hydroxyl radical



PPAR = Peroxisome proliferator-activated receptors

PPARa - Peroxisome proliferator-activated receptor pha
PUFA = Polyunsaturated fatty acid
ROS = Reactive oxygen species

SDS = Sodium dodecyl sulfate

SEM = Standard error of the mean
-SH = Sulfhydrul group

SOD - Superoxide dismutase

TBA = Thiobarbituric acid

TCA = Tricarboxylic acid

TG = Triglycerides

TGF-p = Tissue growth factor beta
TMP = 1,1,3,3 Tetramethoxypropane
TNB = 5-Thio-2-nitrobenzoic acid
TNF = Tumor necrosis factor

UCP-2 = Uncoupling protein-2

VLDL = Very low-density lipoproteins



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



