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Abstract
AIM: To assess the defensive nature of Sargassum poly-
cystum (S. polycystum) (Brown alga) against acetamino-
phen (AAP)-induced changes in drug metabolizing mi-
crosomal enzyme system, tumor necrosis factor (TNF-α) 
and fine structural features of the liver during toxic 
hepatitis in rats. 

METHODS: Male albino Wistar strain rats used for the 
study were randomly categorized into 4 groups. Group I 
consisted of normal control rats fed with standard diet. 
Group II rats were administered with acetaminophen 
(800 mg/kg body weight, intraperitoneally). Group III 
rats were pre-treated with S. polycystum extract alone. 
Group IV rats were orally pre-treated with S. polycystum 
extract (200 mg/kg body weight for 21 d) prior to 
acetaminophen induction (800 mg/kg body weight, 
intraperitoneally). Serum separated and liver was excised 
and microsomal fraction was isolated for assaying 
cytochrome P450, NADPH Cyt P450 reductase and b5. 
Serum TNF-α was detected using ELISA. Fine structural 
features of liver were examined by transmission electron 
microscopy.

RESULTS: Rats intoxicated with acetaminophen 
showed considerable impairment in the activities 
of drug metabolizing microsomal enzymes, such as 
cytochrome P450, NADPH Cyt P450 reductase and 
b5 when compared with the control rats. The rats 
intoxicated with acetaminophen also significantly 
triggered serum TNF-α when compared with the control 
rats. These severe alterations in the drug metabolizing 
enzymes were appreciably prevented in the rats 
pretreated with S. polycystum. The rats pretreated with 

S. polycystum showed considerable inhibition in the 
elevation of TNF-α compared to the rats intoxicated with 
acetaminophen. The electron microscopic observation 
showed considerable loss of structural integrity of the 
endoplasmic reticulum, lipid infiltration and ballooning 
of mitochondria in the acetaminophen-intoxicated rats, 
whereas the rats treated with S. polycystum showed 
considerable protection against acetaminophen-induced 
alterations in structural integrity. 

CONCLUSION: These observations suggest that the 
animals treated with S. polycystum extract may have 
the ability to protect the drug metabolizing enzyme 
system and mitochondrial functional status from free 
radical attack, thereby showing its defense mechanism 
in protecting hepatic cells from acetaminophen toxic 
metabolite N-acetyl-para-benzoquinone-imine (NAPQI).

© 2006 The WJG Press. All rights reserved.
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INTRODUCTION
Our modern lifestyle has drastically changed the chemistry 
of  the environment in which we live. There is ample 
documentation of  increased toxicity in our food, air and 
water. In addition, chronic illnesses often are connected 
to the production of  toxic chemicals that inflame and 
cause oxidative stress. Moreover, many medications are 
metabolized in the liver, and in effect, can function as 
toxins. Unfortunately, many of  us promote an increase 
of  our own toxin levels with excessive alcohol intake, 
smoking and over counter drug use[1]. Drug detoxification 
is an important function of  the liver. It is a complex 
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process that occurs in the endoplasmic reticulum of  the 
hepatocyte, which involves several phases. Its main role in 
detoxification involves neutralizing harmful compounds, 
such as drugs, pesticides, hormones and bacterial toxins 
from the intestines. 
    The seaweeds are considered the most nutritious plants 
on earth. Their nutritive values greatly exceed those found 
in other food sources that humans can readily utilize. 
From the time immemorial the macroscopic marine 
algae have been closely associated with human life and 
are being commonly used in numerous ways as a source 
of  food/feed and medicine. In folk medicine, seaweeds 
have been used for a variety of  remedial purposes, such 
as in eczema, gallstone, renal trouble, scabies, psoriasis, 
asthma, arteriosclerosis, heart disease, ulcers and cancer. 
The cell walls of  marine algae characteristically contain 
polysaccharides, which are not found in land plants and 
which may have specific functions in ionic regulation 
and wide spectrum of  pharmacological importance. 
Sulphated polysaccharide (e.g. fucoidan) is structurally 
unique that is found only in the cell walls of  several 
types of  brown seaweed. Brown algae substantially differ 
from algae of  other divisions and terrestrial plants in 
their composition[2,3]. A perusal of  literature study has 
shown that the brown algae contain essential minerals, 
vitamins, free amino acids, mannitol, glucitols, sulphated 
polysaccharides and phlorotannins. These compounds in 
brown algae are found to have wide spectrum of  biological 
properties[4-7].
    Based on the previous studies regarding free radical scav-
enging property of  Sargassum polycystum (S. polycystum) extract 
against acetaminophen-induced toxic hepatitis in rats, the 
present study was attempted to assess the defensive nature of  
S. polycystum (Brown alga) extract against acetaminophen-
induced alterations in drug metabolizing microsomal en-
zyme system, TNF-α during toxic hepatitis and cellular 
structural integrity during toxic hepatitis.

MATERIALS AND METHODS 
Sample collection and extraction
S . polyc ystum was collected from Gulf  of  Mannar, 
Rameswaram, India. The species authentication was done 
by Prof. V. Krishnamurthy (Krishnamurthy Institute 
of  Algology, Chennai, India). The seaweed sample was 
washed in seawater and then fresh water to remove the 
epiphytes and other contamination. The coarsely powdered 
seaweed material was extracted with ethanol in cold for a 
period of  72 h with occasional shaking. The crude extract 
was filtered, concentrated on a water bath, and then dried 
in vacuum. The resulting dried powder was used for the 
animal experimentation. The extract was subjected to 
thin layer chromatography (TLC) and phytochemical 
analysis, which showed positive result for the presence of  
terpenoids and flavonoids[8].

Animals
Male Wistar strain albino rats, weighing about 100-130, 
were procured from Fredrick Institute for Plant Protection 
and Toxicology, Padappai, Chennai, India. The animals 

were housed in cages under proper environmental 
conditions and fed with a commercial pelleted diet (M/s 
Hindustan Foods Ltd, Bangalore, India). The animals had 
free access to water throughout the experimental period.

Experimental protocol
The experimental animals were divided into four groups, 
each group comprising six animals. Group I consisted of  
normal control rats fed with standard diet. Group II rats 
were intoxicated with acetaminophen (800 mg/kg body 
weight, intraperitoneally in saline solution in a boiling 
water bath and used after cooling at 37℃). Group III rats 
were orally pre-treated with S. polycystum extract alone (200 
mg/kg body weight for 21 d). Group IV rats were orally 
pre-treated with S. polycystum extract (200 mg/kg body 
weight for 21 d) prior to acetaminophen induction (800 
mg/kg body weight, intraperitoneally). 
    At the end of  the experimental period the animals were 
deprived of  standard diet for 20 h and then anesthetized 
with diethyl ether, followed by cervical decapitation. Blood 
collected without anticoagulant for serum. The liver was 
excised and immersed in ice-cold 0.01 mol/L tris (hydroxy-
methyl) aminomethane (Tris)-1.15 mol/L KCL buffer (pH 
7.4). After rinsing twice in buffer, the liver was weighed 
and homogenized with a Teflon potter-Elvehjem homog-
enizer in ice-cold measured volumes of  Tris-KCL buffer. 
The homogenate was then centrifuged at 9000 g for 15 
min at 0℃. The microsomal pellet was then layered with 
1 mL of  Tris-KCl buffer and recentrifuged for an hour at 
105 000 g at 0℃. 

Microsomal enzyme profile 
The microsomal pellets were layered and stored frozen 
prior to performing enzyme assays. Cytochrome p450 and 
b5 assay was performed as previously described by Omura 
and Sato[9]. NADPH-cytochrome p450 reductase assay 
performed as previously described by Phillips and Lang-
don[10].

Tumor necrosis factor-α  (TNF-α )
One hundred microgram of  the protein sample in 
carbonate buffer (pH 9.4) was coated on the 96-well 
polyvinyl chloride ELISA plates and kept overnight at 
4℃. The coated wells were washed twice with phosphate-
buffered saline (pH 7.4) containing 0.5 mL/L Tween 20, 
blocked with 10 g/L bovine serum albumin (BSA) in 
phosphate-buffered saline (100 µL/well) and incubated at 
37℃ for 1 h.  The coated wells were washed thrice with 
phosphate-buffered saline containing 0.5 mL/L Tween 
20. Then 50 µL of  anti-TNF-α was added and incubated 
at 37℃ for 1 h or overnight at 4℃. After incubation, the 
ELISA plates were washed as above and 50 µL of  anti-
mouse goat anti-rabbit-IgG-HRP (1:5000) diluted with 
phosphate-buffered saline was added and incubated for 1 h. 
The wells were washed with PBS-Tween 20 thrice and with 
PBS thrice. Fifty microliter of  substrate solution (1 µL of  
H2O2, 0.5 mg OPD in 1 mL citrate-phosphate buffer, pH 
5.0) was added. Fifty microliter of  1.5 mol/L H2SO4 was 
added after 30 min to stop the reaction. The intensity of  
the color was recorded on an ELISA reader at 490 nm[11].
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Transmission electron microscopy 
A portion of  the liver tissue was instantaneously immersed 
in 25 g/L of  glutaraldehyde solution, buffered with 0.1 
mol/L sodium cacodylate (pH 7.4). The specimen was 
then placed in the buffer fixative medium, followed by 
washing with sodium cacodylate and fixation in 20 g/L
osmium tetroxide buffered with 0.1 mol/L sodium 
cacodylate. After dehydration in a graded series of  alcohol 
and propylene oxide, the tissues were transferred to the 
propylene oxide: ethanol mixture (1:1) and embedded in 
resin. The specimens were mounted on epoxy resin blocks 
and left in the oven at 65℃ for 72 h. Thin sections were 
cut with an ultramicrotome, stained with uranyl acetate and 
lead citrate, and then examined under an EM-9A electron 
microscope.

Statistical analysis
Values were expressed as mean ± SD for six rats in each 

group and significance of  the differences between mean 
values were determined by one-way analysis of  variance 
(ANOVA), followed by the Duncan test for multiple 
comparison. A P value less than 0.05 was considered 
statistically significant.

RESULTS 
Effect of S. polycystum on microsomal enzymes and 
TNF-α
Figure 1 shows the activities of  microsomal enzymes in 
the control and experimental group of  rats. The group 
II rats intoxicated with acetaminophen showed consider-
able impairment in the activities of  drug metabolizing 
microsomal enzymes, such as cytochrome P450, NADPH 
Cyt P450 reductase and b5 when compared with group I 
control rats. Figure 2 shows the serum TNF-α of  control 
and experimental rats. The group II rats intoxicated with 
acetaminophen also significantly triggered serum TNF-α 
when compared with group I control rats. However, these 
severe alterations in the drug metabolizing enzymes were 
appreciably prevented in group IV rats pretreated with S. 
polycystum when compared with group II intoxicated rats. 
A considerable inhibition in the elevation of  TNF-α was 
observed in the rats pretreated with S. polycystum compared 
to group II rats intoxicated with acetaminophen. 

Effect of S. polycystum on liver cell structural integrity 
Figure 3A shows the hepatic transmission electron 
microscope of  the control rat liver. Figure 3B, Figure 3C 
and Figure 3D show acetaminophen-induced alterations 
in the structural integrity and lipid membrane of  group II 
rats when compared with group I control animals. Group 
IV rats pretreated with S. polycystum showed considerable 
protection against acetaminophen-induced alterations in 
structural integrity when compared with toxicant group 
(Figure 3E, Figure 3F, Figure 3G, Figure 3H). 

DISCUSSION
Puntar ulo and Cederbaum[12] have found a c lose 
parallelism between formation of  malondialdehyde and 
loss of  microsomal enzyme activities. Cyt P450 and 
NADPH cytochrome P450 reductase are not rapidly 

Figure 2  Effect of S. polycystum on TNF-α in serum of control and experimental 
group of rats. Values are expressed as mean ± SD for six rats. aP < 0.05 vs group I, 
bP < 0.01 vs group I, dP < 0.001 vs group II.
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Figure 1  Various effects of S. polycystum against acetaminophen-induced 
toxic hepatitis in rats. A: Effect of S. polycystum on cytochrome P450 during 
acetaminophen-induced toxic hepatitis; B: Efficacy of S. polycystum on 
cytochrome b5 against acetaminophen-induced toxic hepatitis; C: Effect of S. 
polycystum on the status of microsomal cytochrome P450 reductase. Values are 
expressed as mean ± SD for six rats. bP < 0.01 vs group I, dP < 0.001 vs group II, 
aP < 0.05 vs group I.
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organized in the microsomal membrane and they possess 
lateral mobility, which largely depends on fluidity of  the 
membrane[13]. Peroxidation of  membrane lipids has been 
shown to repress the membrane fluidity[14]. Therefore, 
the observed impairment in the activities of  xenobiotic 
metabolizing enzymes in acetaminophen-intoxicated rats 
could account for the alteration in membrane fluidity.
    In the liver, exogenous and endogenous compounds 
are metabolized by the cytochrome P450-dependent 
monoxygenase system. The enzymes involved in this 
process are located in the endoplasmic reticulum of  
the liver, and their activities are dependent on many 
environmental factors[15,16]. When considering biotrans-
formation processes, it is important to analyze them 
together with other cellular processes taking place in the 
hepatocyte. Impairment of  these processes may disturb 
cellular nutritional status, thus affecting the detoxication 
reactions[17-19]. This enzyme system, therefore, provides 
our primary defense against xenobiotics and is a major 
determinant in the therapeutic efficacy of  pharmacological 
agents[20]. 
    The catalytic cycle of  cytochrome P450 (Cyt p450) is 
complex and involves two single electron transfer process. 
Electrons are relayed from NADPH to Cyt P450 via the 
flavoprotein called NADPH Cyt P450 reductase[21]. Cyt b5 
is a small hemoprotein that influences the rate of  some Cyt 
P450 catalyzed reactions[22]. The altered levels of  Cyt P450 
and Cyt b5 during acetaminophen administration have 
also been attributed to the increase in the degradation of  
heme by acetaminophen-induced heme oxygenase activity. 
Acetaminophen also affects thiol groups in cytochrome 
apoproteins and thus prevents heme incorporation[23]. The 
activity of  NADPH Cyt P450 reductase depends upon the 
concentration of  its substrate Cyt P450. Low availability 
of  Cyt P450 might have been responsible for the 
reduction in the activity of  NADPH Cyt P450 reductase. 
It has also been suggested that, once exposed acutely to 
xenobiotics such as acetaminophen, hepatic cytochrome 
P450 can undergo oxidative destruction through its active 
intermediates and can induce carbon monoxide (CO) 
overproduction mediated by hemeoxygenase 2 (HO-2), 
even when the inducible enzyme is not over-expressed[24,25]. 
    The rats pretreated with S. polycystum extract showed 
appreciable prevention in the acute impairment of  

microsomal enzyme activities when compared with 
acetaminophen-intoxicated rats. Thus, it is evident in this 
study that near normal activity of  NADPH Cyt P450 
reductase indirectly lends support to the hypothesis that 
NADPH Cyt P450 reductase may be the locus within the 
cytochrome P450 electron transport chain, which is most 
susceptible to peroxidative attack by free radicals[26]. A 
hypothesis states that bioactive compounds that are able 
to optimize the microsomal enzyme function can provide 
protection against the hepatotoxicity only when they are 
given before the metabolic activation of  the hepatotoxin 
and fail to afford any protection after the generation of  
reactive metabolites[27]. These observations contemplate 
that the seaweed extract probably acted aga inst 
acetaminophen-induced microsomal lipid peroxidation 
triggered during toxic hepatitis.
    Covalent protein modification, and free radical damage 
due to acetaminophen metabolism have been identified as 
pathways leading to hepatocyte damage; however, evidence 
has also been published that TNF-α may participate in the 
processes causing liver failure, because the administration 
of  anti-TNF-α antibodies to acetaminophen-treated 
animals ameliorated the enzyme leakage during the early 
phase of  the intoxication[28,29].
    Overdoses of  acetaminophen depleted glutathione 
stores, leading to accumulation of  NAPQI, mitochondrial 
dysfunction[30] and the development of  acute hepatic 
necrosis. The depletion of  glutathione enhances the 
expression of  TNF-α [31]. TNFQ primes phagocytic 
NADPH oxidase to the enhanced product ion of  
oxygen-free radicals and contributes to liver damage[32]. 
Acetaminophen caused a moderate sinusoidal perfusion 
failure (-15%) and infiltration of  neutrophils along 
with activation of  nuclear factor-kappaB (NF-κB) and 
intercellular adhesion molecule-1 and cytokine-induced 
neutrophil chemoattractant-1 mRNAs. 
    Reactive oxygen species (ROS) activate NF-κB by 
releasing the inhibitory subunit from NF-κB complex[33]. 
Increase in the production of  ROS during acetaminophen 
metabolism leads to activation of  NF-κB and increase 
in the synthesis of  TNF-α. The animals pretreated with 
S. polycystum extract showed considerable inhibition in 
the elevation of  TNF-α, which may be attributed to 
the inhibition of  excessive reactive metabolite by their 

Figure 3  Structural features of 
liver examined by transmission 
electron microscopy. A: Normal 
cellular structure of rat l iver 
without any destruction; B, C 
and D: Effect of acetaminophen 
on fine ultrastructural changes 
during toxic hepatitis in rats; E, F, 
G and H: Effect of S. polycystum 
against acetaminophen-induced 
alterations in structural integrity 
during toxic hepatitis.
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antioxidant nature. 
    The electron microscopic observation demonstrated the 
contribution of  multiple factors toward the development 
of  toxic hepatitis, and showed the damage in nuclear mem-
brane with swelling of  mitochondria in acetaminophen-
intoxicated rats. The increase in lipid peroxides observed 
in microsomal membrane might be viewed as an additional 
index of  alteration of  membrane permeability, suggest-
ing that oxidative modifications of  unsaturated lipids are 
also detectable in vivo after AAP administration. The re-
spiratory enzyme NADH dehydrogenase is located in the 
mitochondrial membrane[34]. NAPQI, the toxic metabolite 
of  acetaminophen, arylates and oxidizes essential protein 
sulfhydryls in the mitochondrial respiratory chain, thereby 
limiting the ability of  the mitochondria to meet the energy 
demand of  the cell and affecting cellular energy homeo-
stasis[35], which is consistent with our electron microscopic 
observation which depicts remarkable morphological 
alterations of  mitochondria. The appearance of  lipid 
droplets and sinusoids, concurrent with the evolution of  
hepatic necrosis in acetaminophen-induced rats, represents 
the adaptive response to the disturbance of  phospholipid 
metabolism induced by potentially toxic stimuli. In addi-
tion, the acetaminophen-induced secondary lipidosis as 
reflected by the accentuated lamellated dense bodies is 
likely to result from the binding of  the toxic metabolite 
with membrane phospholipids. The exact mechanism of  
the aforementioned relationship is still elusive. The rats 
pretreated with S. polycsytum considerably prevented the 
alterations in liver cell structural integrity triggered by 
acetaminophen, thereby showing that the extract contain 
bioactive compounds which may have a role in modulating 
the mitochondrial functional status and lipid metabolizing 
enzymes[36,37] 

    In conclusion, the defensive action of  the seaweed 
extract may be due to their ant i-hepatotoxic and 
antioxidant property against the acetaminophen-induced 
severe impairment in the drug metabolizing microsomal 
enzyme system and inhibitory action on TNF-α. The 
extract also possesses promising protection against 
acetaminophen-induced alterations in liver cell structural 
integrity during toxic hepatitis. Even though the extract 
possesses a promising preventive mode of  efficacy against 
acetaminophen toxicity, the mechanism of  its action is still 
elusive. Presently, we have isolated 8 fractions from the 
S. polycystum extract and their structural identification using 
nuclear magnetic resonance (NMR) and high performance 
liquid chromatography (HPLC), and the mechanism of  
action in liver protection is under way. 

ACKNOWLEDGMENTS
The authors sincerely thank Professor V. Krishnamurthy 
(Krishnamurthy Institute of  Algology, India) for species 
identification.

REFERENCES
1	 Armstrong PJ, Weis DJ, Ga Gne JM. Inflammatory liver 

disease. In: August JR, ed. Consultations in Feline Internal 
Medicine 3. Philadelphia, PA: WB Saunders Co, 1997: 68-78 

2	 Haefner B. Drugs from the deep: marine natural products as 

drug candidates. Drug Discov Today 2003; 8: 536-544 
3	 Yan X, Nagata T, Fan X. Antioxidative activities in some 

common seaweeds. Plant Foods Hum Nutr 1998; 52: 253-262 
4	 Srivastava R, Kulshreshtha DK. Bioactive polysaccharide from 

plants. Phytochem 1989; 28: 2877-2883
5	 Seal CJ, Mathers JC. Comparative gastrointestinal and plasma 

cholesterol responses of rats fed on cholesterol-free diets 
supplemented with guar gum and sodium alginate. Br J Nutr 
2001; 85: 317-324 

6	 Blunt JW, Copp BR, Munro MH, Northcote PT, Prinsep MR. 
Marine natural products. Nat Prod Rep 2003; 20: 1-48 

7	 Wong CK, Ooi VE, Ang PO. Protective effects of seaweeds 
against liver injury caused by carbon tetrachloride in rats. 
Chemosphere 2000; 41: 173-176 

8	 Harbone JB. Phytochemical methods. London: Chapman and 
Hall, 1973

9	 OMURA T, SATO R. THE CARBON MONOXIDE-BINDING 
PIGMENT OF LIVER MICROSOMES. I. EVIDENCE FOR ITS 
HEMOPROTEIN NATURE. J Biol Chem 1964; 239: 2370-2378

10	 PHILLIPS AH, LANGDON RG. Hepatic triphosphopyridine 
nucleotide-cytochrome c reductase: isolation, characterization, 
and kinetic studies. J Biol Chem 1962; 237: 2652-2660 

11	 Talwar G. A Handbook of practical immunology. 1983 
12	 Puntarulo S, Cederbaum AI. Effect of oxygen concentration 

on microsomal oxidation of ethanol and generation of oxygen 
radicals. Biochem J 1988; 251: 787-794 

13	 Yamamoto K, Masubuchi Y, Narimatsu S, Kobayashi S, Horie 
T. Rat liver microsomal lipid peroxidation produced during 
the oxidative metabolism of ethacrynic acid. Pharmacol Toxicol 
2001; 88: 176-180

14	 Lee DW, Yu BP. Microsomal cytochrome P-450 degradation 
by in vitro lipid peroxidation. J Nutr Health Aging 1998; 2: 
162-166 

15	 Plewka A, Kamiński M. Influence of cholesterol and protein 
diet on liver cytochrome P-450-dependent monooxygenase 
system in rats. Exp Toxicol Pathol 1996; 48: 249-253 

16	 Plewka A, Kamiński M, Plewka D. Ontogenesis of hepatocyte 
respiration processes in relation to rat liver cytochrome P450-
dependent monooxygenase system. Mech Ageing Dev 1998; 
105: 197-207 

17	 Plewka A, Bienioszek M, Plewka D. Changes in the male rat 
hepatic cytochrome P-450 level, heme oxygenase and delta-
aminolevulinic acid synthase activities at various stages of life. 
Mech Ageing Dev 1994; 74: 79-88 

18	 Tamburini PP, Schenkman JB. Differences in the mechanism 
of functional interaction between NADPH-cytochrome P-450 
reductase and its redox partners. Mol Pharmacol 1986; 30: 
178-185 

19	 Goeptar AR, Scheerens H, Vermeulen NP. Oxygen and 
xenobiotic reductase activities of cytochrome P450. Crit Rev 
Toxicol 1995; 25: 25-65 

20	 Henderson CJ, Otto DM, Carrie D, Magnuson MA, McLaren 
AW, Rosewell I , Wolf CR. Inactivation of the hepatic 
cytochrome P450 system by conditional deletion of hepatic 
cytochrome P450 reductase. J Biol Chem 2003; 278: 13480-13486 

21	 Honkakoski P, Negishi M. Regulation of cytochrome P450 
(CYP) genes by nuclear receptors. Biochem J 2000; 347: 321-337 

22	 Altuve A, Silchenko S, Lee KH, Kuczera K, Terzyan S, Zhang 
X, Benson DR, Rivera M. Probing the differences between 
rat liver outer mitochondrial membrane cytochrome b5 and 
microsomal cytochromes b5. Biochemistry 2001; 40: 9469-9483

23	 Mori M , Suematsu M, Kyokane T, Sano T, Suzuki H, 
Yamaguchi T, Ishimura Y, Ishii H. Carbon monoxide-mediated 
alterations in paracellular permeability and vesicular transport 
in acetaminophen-treated perfused rat liver. Hepatology 1999; 
30: 160-168 

24	 Noriega GO, Ossola JO, Tomaro ML, Batlle AM. Effect of 
acetaminophen on heme metabolism in rat liver. Int J Biochem 
Cell Biol 2000; 32: 983-991 

25	 Chiu H, Brittingham JA, Laskin DL. Differential induction of 
heme oxygenase-1 in macrophages and hepatocytes during 
acetaminophen-induced hepatotoxicity in the rat: effects of 
hemin and biliverdin. Toxicol Appl Pharmacol 2002; 181: 106-115

Balaji raghavendran H et al.  Sargassum against acetaminophen-induced toxic hepatitis	                                   3833

www.wjgnet.com



www.wjgnet.com

26	 Chiu S, Bhakthan NM. Experimental acetaminophen-induced 
hepatic necrosis: biochemical and electron microscopic study 
of cysteamine protection. Lab Invest 1978; 39: 193-203 

27	 Janbaz KH, Gilani AH. Studies on preventive and curative 
effects of berberine on chemical-induced hepatotoxicity in 
rodents. Fitoterapia 2000; 71: 25-33 

28	 Vermeulen NP, Bessems JG, Van de Straat R. Molecular 
aspects of paracetamol-induced hepatotoxicity and its 
mechanism-based prevention. Drug Metab Rev 1992; 24: 
367-407

29	 Blazka ME, Wilmer JL, Holladay SD, Wilson RE, Luster 
MI. Role of proinflammatory cytokines in acetaminophen 
hepatotoxicity. Toxicol Appl Pharmacol 1995; 133: 43-52 

30	 Parmar DV , Ahmed G, Khandkar MA, Katyare SS . 
Mitochondrial ATPase: a target for paracetamol-induced 
hepatotoxicity. Eur J Pharmacol 1995; 293: 225-229 

31	 Agarwal S, Piesco NP. Poly ADP-ribosylation of a 90-kDa 
protein is involved in TNF-alpha-mediated cytotoxicity. J 
Immunol 1994; 153: 473-481 

32	 Gupta JW, Kubin M, Hartman L, Cassatella M, Trinchieri G. 
Induction of expression of genes encoding components of the 
respiratory burst oxidase during differentiation of human 

myeloid cell lines induced by tumor necrosis factor and 
gamma-interferon. Cancer Res 1992; 52: 2530-2537 

33	 Schreck R , Rieber P, Baeuerle PA. React ive oxygen 
intermediates as apparently widely used messengers in the 
activation of the NF-kappa B transcription factor and HIV-1. 
EMBO J 1991; 10: 2247-2258 

34	 Nicolay K, van der Neut R, Fok JJ, de Kruijff B. Effects of 
adriamycin on lipid polymorphism in cardiolipin-containing 
model and mitochondrial membranes. Biochim Biophys Acta 
1985; 819: 55-65

35	 Streeter AJ, Dahlin DC, Nelson SD, Baillie TA. The covalent 
binding of acetaminophen to protein. Evidence for cysteine 
residues as major sites of arylation in vitro. Chem Biol Interact 
1984; 48: 349-366

36	 Balaji Raghavendran HR, Sathivel A, Devaki T. Antioxidant 
effect of Sargassum polycystum (Phaeophyceae) against 
acetaminophen induced changes in hepatic mitochondrial 
enzymes during toxic hepatitis. Chemosphere 2005; 61: 276-281 

37	 Raghavendran HR, Sathivel A, Devaki T. Effect of Sargassum 
polycystum (Phaeophyceae)-sulphated polysaccharide extract 
against acetaminophen-induced hyperlipidemia during toxic 
hepatitis in experimental rats. Mol Cell Biochem 2005; 276: 89-96

S- Editor  Guo SY    L- Editor  Kumar M    E- Editor  Bi L

3834         ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol      June 28, 2006    Volume 12       Number 24


