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Our earlier studies in vitro have shown that eugenol inhibits liver microsomal monooxygenase activities and 
carbon tetrachloride (CCl+induced lipid peroxidation (Free Rad. Res. 20,253-266,1994). The objective of 
the present investigation was to study the in vivo protective effect of eugenol against CC14 toxicity. Eugenol 
(5 or 25 mglkg body wt) given orally for 3 consecutive days did not alter the levels of serum glutamicoxalacetic 
transaminase (SGOT), microsomal enzymes such as cytochrome P450 reductase, glucose-6-phosphatase 
(G-6-Pase) xenobiotic-metabolizing enzymes (aminopyrine-N-demethylase, N-nitrosodimethylamine- 
demethylase and ethoxyresorufin-0-deethylase) and liver histology. Doses of eugenol (5 or 25 mg/kg) 
administered intragastrically to each rat on three consecutive days i.e. 48 hr, 24 hr and 30 min before a single 
oral dose of CCh (2.5 mlikg body wt) prevented the rise in SGOT level without appreciable improvement in 
morphological changes in liver. Eugenol pretreatment also did not influence the decrease in microsomal 
cytochrome P450 content, G-6-Pase and xenobiotic-metabolizing enzymes brought about by CC14. Since 
eugenol is metabolized and cleared rapidly from the body, the dose schedule was modified in another 
experiment. Eugenol(0.2,l .O, 5.0 or 25 mg/kg) when given thrice orally i.e. prior to (-1 hr) along with (0 hr) 
and after (+ 3 hr) the i.p. administration of CC14 (0.4 ml/kg) prevented significantly the rise in SGOT activity 
as well as liver necrosis. The protective effect was more evident at 1 mg and 5 mg eugenol doses. However, 
the decrease in microsomal G-6-Pase activity by CC14 treatment was not prevented by eugenol suggesting 
that the damage to endoplasmic reticulum is not protected. The protective effect of eugenol against CC14 
induced hepatotoxicity is more evident when it  is given concurrently or soon after rather than much before 
CC4 treatment. 

KEY WORDS: Eugenol, Antioxidant, Carbon tetrachloride, Hepatotoxicity, Monooxygenase. Free 
Radicals. 

INTRODUCTION 

The toxicity of several chemicals is due to their conversion to radicals, which in turn 
may generate reactive oxygen species (ROS) during metabolism." Carbon tetra- 
chloride (CC14) has been extensively studied as a model of xenobiotic-induced lipid 
peroxidation and hepatotoxicity. Bioactivation of CCh by hepatic microsomal cyto- 
chrome P450 results in generation of CC13 radicals which covalently bind to cellular 
constituents or react with O2 and initiate lipid peroxidation leading to cell death."' It 
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618 E. NAGABABU E T A L .  

is becoming increasingly evident that natural and synthetic antioxidants play an 
important role in protecting tissues against oxidative damage caused by free 
radicals.’-’’ However, in recent times, natural antioxidants are receiving greater 
attention in view of the reports about toxic effects of synthetic 

Eugenol is the principal constituent (70-90%) of clove essential oil and is also present 
in many essential oils of plants especially in basil and ci,damon. It is used mainly as 
a fragrance and flavouring agent. It is also used as an analgesic in dental materials and 
non-prescription drug products, as an insect repellent and as an intermediate in 
chemical ~ynthesis.’~”’ In traditional medicine, the essential oil of cloves has been used in 
the treatment of flatulent colic, chronic diarrhoea and other gastrointestinal dis- 
orders.” Cloves, basil and cinnamon are components of many Ayurvedic (Indigenous 
Indian system) medicinal preparations.” The Joint Food and Agricultural Organisa- 
tion (FAO)/World Health Organisation (WHO) Expert Committee on Food Additives 
established a -~ conditional acceptable daily intake of 0-2.5 mg eugenol/kg. body weight 

15 

for humans.LU 
Previous studies have shown that a - toco~hero l .~~  ellanic acid,22 c ~ r c u m i n ~ ~  and 

silymarinZ4 protect against CC14 induced hepatic necrosis. Recently, we reported that 
eugenol inhibits nonenzymatic lipid peroxidation in liver mitochondria2’ and micro- 
soma1 lipid peroxidation induced by Fe’3-ADP-NADPH, CC14-NADPH and cumene 
hydroperoxide system in vitmZ6 More recent studies have shown that eugenol effect- 
ively quenches trichlorometh 1 peroxyl radicals (CC1,OO) with a second order rate 
constant of 5.8 x 10hM11S-1.2’The objective of the present study is to find out the 
possible protective effect of eugenol in vivo against CCL induced hepatotoxicity in rats. 

MATERIALS AND METHODS 

Chemicals 

Eugenol, L-aspartate, L-oxoglutarate, maleic acid, glutathione, sodium isocitrate, 
aminopyrine, ethoxyresorufin, resorufin, glucose-6-phosphate, cytochrome c, 
N-nitrosodimethylamine, NADP, NADPH, NADH,  malic dehydrogenase 
(EC 1.1.1.37), glucose-6-phosphate dehydrogenase (EC 1.1.1.49) and isocitrate dehy- 
drogenase (EC 1.1.1.42) were obtained from Sigma Chemical Co. (St. Louis, MO, 
USA). All other chemicals were of analytical grade. 

Animals and treatment 
Two experiments were conducted. In the first experiment, inbred male Wistar/NIN rats 
weighing 200-225 g were used. Rats were fasted for 16 to 18 hr prior to administration 
of CC14 and food was given 3 hr after dosing. Eugenol doses (5 mg or 25 mg/kg body 
wt) were administered by gavage as a suspension in 5% soluble starch adjusting vehicle 
volume to 5 ml/kg body weight. Each dose of eugenol was administered to a rat thrice 
on three consecutive days i.e. 48 hr, 24 hr and 30 min before dosing with CCl, 
(2.5 ml/kg) in liquid paraffin (1 : 1 v/v) also by gavage as a single dose. The untreated 
rats received respective vehicles. Dosing schedule is shown in Fig. 1A. The control as 
well as treated animals were sacrificed 24 hr after CCL dosing. Blood was collected and 
livers were thoroughly perfused with ice cold saline. The livers were excised and 
homogenised in 4 volumes of 1.15% KC1 solution. Liver microsomes were prepared 
from the homogenates as described by Omura and Sato.28 The microsomes were 
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EUGENOL AND cc14 TOXICITY 
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FIGURE 1 Dosing schedule for giving CCL and eugenol (E) to rats. (A) Rats were given 5 or 25 mg eugenol 
per kg body weight intragastrically at  indicated time points. With 5 mg doses at 3 time points, total amounted 
to 15 mdkg and with 25 mg doses likewise the total amount was 75 mg/kg. Single dose of CCL (2.5 rnl/kg) 
was given intragastrically as indicated in the figure. (B) Rats were given doses of 0.2 mg, 1 mg, 5 mg and 
25 mg eugenol per kg body weight intragastrically. Each dose was given thrice at the time points indicated 
such that the total dose was 3 times the individual doses mentioned i.e 0.6 mg, 3 mg, 15 mg and 75 mg of 
eugenol/kg. A single dose of CCh (0.4 mllkg) was given i.p. as indicated in the figure. 

suspended in isotonic KCI (1.15%), stored at -70°C and used within 7 days. Protein 
content was determined by the method of Lowry et ~ 1 . ’ ~  Cytochrome P-450 content in 
microsomes was determined as described by Omura and Sate.'* Cytochrome P-450 
reductase activity was determined by the cytochrome c reduction method.30 
Aminopyrine-N-demethylase, N-nitrosodimethylamine (NDMA) demethylase and 
ethoxyresorufin-0-deethylase were determined according to Mazel;” Kawanishi72 and 
Burke et al. ,33 respectively. Glucose-6-phosphatase (G-6-Pase) activity was determined 
by the method of S ~ a n s o n . ~ ~  Serum glutamic oxalacetic transaminase (SGOT) was 
determined according to Karmen.35 The effect of eugenol on SGOT activitypev se was 
tested by adding eugenol directly to serum before starting the assay. Eugenol did not 
influence the original activity of SGOT. 

For the second experiment male WistadNTN rats weighing 200-250 g were used. 
Rats were given different doses (0.2, 1, 5 and 25 mg/kg) of eugenol suspended in 5% 
soluble starch by gavage adjusting administered volume to 2.5 mVkg body wt. Each 
dose was given thrice at different time intervals which included prior to ( - 1 hr) along 
with (0 hr) and after (+ 3 hr) the administration of CCL. Thus rats getting 0.2, 1 .O, 5.0 
or 25 mg/kg doses received a total of O.6,3, 15 or 75 mg/kg respectively taking the sum 
of three administrations into consideration. Carbon tetrachloride (0.4 ml/kg) in peanut 
oil was given i.p. adjusting the administered volume to 2.5 ml/kg body wt. Any possible 
interference between eugenol and CC14 at the level of intestinal absorption is avoided 
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620 E. NAGABABU ETAL. 

by i.p. administration of CC14. Dosing schedule is shown in Fig 1 b. Blood was collected 
after 24 hr from the eye (Orbital Sinus) and rats were sacrificed after 48 hr following 
CCL dose. Blood and livers were collected and liver microsomes were prepared as 
described in the first experiment. Serum GOT and microsomal G-6-Pase were 
determined as described in the first experiment. 

Histopathological exumination 

Small slices from the middle lobe of liver were fixed in 10% neutral buffered formalin 
solutions. Tissues were processed and 6pm paraffin sections were stained with hematox- 
ylin-eosin. Hepatocellular necrosis was graded as follows. No necrosis = 0.0, (Figure 4. l), 
necrosis around centrilobular vein = 1 .O, (Figure. 4.2) necrosis or fatty changes involving 
1/3 of the lobule = 2.0 (Figure 4.3), necrosis of more than 1/3 of lobule = 3.0 (Figure 4.4). 

Statistics 
Data were statistically analysed using student’s ‘t’ test taking P ~ 0 . 0 5  as significant. 
Values are given as Means k SE. 

RESULTS 

Effect of treatment with eugenol alone on serum GOT, microsomal enzymes and liver 
histology 

Rats treated with eugenol for 3 consecutive days did not show any change in the 
activities of GOT (Figure 2), cytochrome P-450 reductase, monooxygenases 
(Aminopyrine-n-demethylase, NDMA-demethylase and ethoxyresorufin-0- 
deethylase), glucose-6-phosphatase and cytochromc P-450 content (Table 1,2). 
Eugenol treatment also did not alter the normal hepatic architecture (Table 2). 

Effect ofeugenol on CCI4 induced liver damage 
The intragastric administration of CCl4 (Experiment 1) resulted in a marked increase 
in the activities of serum GOT. Pretreatment of rats with eugenol 48 hr, 24 hr and 
30 min before administration of CC14 resulted in significant decrease in serum GOT 
activities (Figure 2). Histopathological examination of livers after 24 hr of CCl, 
administration showed centrilobular necrosis. The necrosis score in animals pretreated 
with lower and higher doses of eugenol was similar and not significantly different in 
CCL treated group (Figure 4) (Table 2). As expected, CCI4 administration produced a 
marked decrease in cytochrome P-450 content, monooxygenase activities and G-6-pase 
without affecting cytochrome P-450 reductase. Eugenol treatment did not influence the 
alteration in cytochrome P-450 content or enzyme activities brought about by CCL 
administration (Table 1 and 2). 

Intraperitoneal administration of CCL (0.4 ml/kg) (Experiment 2) also resulted in a 
marked increase in the activity of serum GOT (Figure 3). Administration of eugenol 
in three divided doses which include prior to (-1 hr) along with (0 hr) and after ( + 3 
hr) cc14 administration significantly decreased CC4 induced serum GOT activities in 
a dose dependent manner upto 5 mg/kg. However, at higher doses (25 mg/kg) the trend 
was reversed and serum GOT activities tended to remain high {Figure 3). By 48 hr after 
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EUGENOL AND cc14 TOXICITY 62 1 
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TREATMENT 

FIGURE 2 Effect of CCL administration on SGOT activity of rats pretreated with eugenol: Eugenol and 
CC4 were administered to rats as mentioned in figure la. Serum was collected after 24 hr of CCL dose and 
assayed for GOT activity. Data are presented as means f SE. Each group contained 6 animals. An asterisk 
indicated a significant difference between CC14 and eugenol + CC14 treatments. *P<O.OS; **P>O.Ol. 

TABLE 1 
Effect of eugenol-pretreatment on hepatic monooxygenase activities of CCl4-treated rats (experiment 1) 

Treatment 

Monooxygenase (nmol/mg protein/min.) 

Aminopyrine-N- NDMA Ethoxyresorufin-0- 
deme t hylase Demeth ylase deethylase 

Control 5.12 f 0.23 I .35 f 0.18 0.230 f 0.050 
CCb (2.5 ml/kg) 0.20 k 0.02* 0.12 f 0.02* 0.010 k 0.003* 
Eugenol(5 mg/kg) 4.90 f 0.35 1.54 f 0.04 0.203 f 0.038 
Eugenol(25 mg/kg) 5.34k 0.52 1.28 f 0.06 0.210 f 0.060 
Eugenol(5 mg/kg) 0.21 ? 0.06* 0.18 f 0.03* 0.007 f 0.002* 

ccb (2.5 ml/kg) 
Eugenol(25 mg/kg) 0.22f 0.05* 0.09 f 0.02* 0.006 f 0.002* 

cc l4  (2.5 ml/kg) 

+ 

+ 

Rats were given eugenol and cc l4  as mentioned in Fig. IA. 
Results are mean k SE for 6 rats 
*Significantly different from control * P <0.01. 
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622 E. NAGABABU ETAL. 

TABLE 2 
Effect of pretreatment with eugenol on microsomal changes and hepatic necrosis induced by CCh in rats 

(Experiment 1) 

Treatment Cyt. P450(a) Cyt. P450@) G-6-Pa~e'~' Hepatic necrosis 
reductase score 

Control 0.86 f 0.08 4 7 f 6  9.2 k 0.66 0 
CC4 (2.5 mltkg) 0.33 & 0.04* 42 _+4 1.5 rt 0.15* 2.7 k 0.210 
Eugenol(5 mg/kg) 0.79 k 0.06 46 f 5 8.6 f 0.57 0 
Eugenol(25 mdkg) 0.80 f 0.03 50 f 8 8.3 f 0.35 0 
Eugenol(5 mg/kg) 0.31 k 0.04* 4 0 f 4  1.75 k 0.26* 2.5 & 0.224 

CCb (2.5 ml/kg) 
Eugenol(25 mglkg) 0.27 i 0.04* 3 8 f 5  1.91 f0.14* 2.5 k0.341 

CC4 (2.5 mllkg) 

+ 

+ 

Rats were given CCl4 and eugenol as mentioned in Fig. 1A 
(a) nmollmg protein; (b) nmol Cyt. c reduced/mg proteidmin; (c)pnol Pi released/hr/mg protein. 
Results are mean f SE for 6 rats. 
*Significantly different from control *P <0.01. 

450 
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FIGURE 3 Effect of CC14 administration on SGOT activity of rats treated with eugenol: Eugenol and CCL 
were administered to rats as mentioned in Fig. 1 b. Serum was collected after 24 hr of CC14dosing and assayed 
for GOT activity. Data are presented as mean k SE of 6 rats in each group. An asterisk indicated a significant 
difference between CCll and eugenol + CC14 treatment. *P<0.05, **P>O.Ol, ***P<O.OOl. 
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EUGENOL AND CC14 TOXICITY 623 

TABLE 3 
Effect of eugenol treatment on microsomal P450, G-6-Pase and hepatic necrosis in rats administered CC14 

(Experiment 2) 

Treatment Cyt-P450" G-6-Paseb Hepatic' 
necrosis score 

Control 0.74 f 0.10 10.5 f 0.57 0.0 
CC14 (0.4 mllkg) 0.38 k 0.04* 2.6 k 0.41* 2.0 f 0.0 
Eugenol(0.2 mg/kg) 0.36 f 0.03* 2.8 f 0.24* 2.0 k 0.0 

+ 
CCI4 (0.4 mllkg) 
Eugenol(1 .O mg/kg) 0.41 f 0.04* 2.4 f 0.1 1* 1.5?0.28* 

CCL (0.4 mlikg) 
Eugenol(5.0 mglkg) 0.34 f 0.028* 2.5 f 0.22* 1.25 k 0.25* 

Ccl4 (0.4 mllkg) 

+ 

+ 

Eugenol(25.0 mg/kg) 0.45 f 0.036* 2.2 f 0.10* 2.0 2 0.0 
+ 

CCl4 (0.4 ml/kg) 

Rats were given CCL and eugenol as mentioned in Fig. IB 
(a) nmol/mg protein 
(b) pmol Pi released/hr/mg protein. 
* (a) (b) Significantly different from controls P<O.O 1 
* (c) Significantly different from CC14 treatment P<O.Ol 
Results are mean k SE for 4-6 rats. 

cc14 treatment serum GOT activities almost reverted to near basal level in all groups 
(data not shown). Histopathological examination of livers revealed the highest 
centrilobular necrosis score in CCI4 treated rats. Treatment with doses of 1 mg and 
5 mg eugenol per kg body weight gave significant protection against CC4-induced liver 
damage (Table 3) (Figure 4). However eugenol at lower (0.2 mg/kg) or higher doses 
(25 mg/kg) did not afford similar protection against necrotic changes (Table 3). 
Eugenol treatment did not protect cytochrome P-450 degradation and CC14 induced 
deactivation of G-6-pase (Table 3 ) .  

DISCUSSION 

The results of the present study show some protective effects of eugenol in vivo against 
cc14 induced hepatotoxicity. In contrast to in vitro resultsz6 eugenol treatment for 3 days 
did not inhibit monooxygenase activities. Pretreatment of rats with eugenol prior to 
administration of CC14 prevented the CC14 induced rise in SGOT but not the morpho- 
logical changes in the liver. The lack of protection may be due to rapid elimination of 
eugenol from the body.36337 The presence of the compound at the site of injury during free 
radical attack may be necessary to offer protection. Thus, when eugenol was adminis- 
tered just before, along with and soon after cC& administration, eugenol could protect 
against cellular damage as well as GOTrelease. However, eugenol did not protect against 
damage to endoplasmic reticulum by CCL as judged by levels of cytochrome P-450, 
monooxygenase and G-6-pase activities. This could be due to insufficient amounts of 
eugenol retained in endoplasmic reticulum (E.R.) because eugenol itself is a substrate for 
microsomal cytochrome P-450.38 To compete with CC14 bioactivation and to intercept 
primary radical accumulation larger amounts of eugenol might be needed. 

The exact mechanism of necrosis following E.R. damage is not known. However, it 
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624 E. NAGABABU E T A L  

FIGURE 4 Examples of liver necrosis of rats treated with eugenol and CCh. 
4.1 No necrosis, necrosis score (NS) = 0 

4.2 Necrosis around centribolular vein, Necrosis score (NS) = 1. 
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EUGENOL AND cc14 TOXICITY 

FIGURE 4 continued 
4.3 Necrosis or fatty changes involving 1/3 of the lobule, (NS) = 2. 

625 

4.4 Necrosis more than 1/3 of lobule, (N.S) = 3.  
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626 E. NAGABABU E T A L  

is believed that lipid derived secondary radicals formed in E.R. attack mitochondrial, 
lysosomal and plasma membranes leading to cell n e c r o ~ i s . ~ ~ ~ ~ ~ ~ ~ ’  Eugenol could be 
incorporated into these membranes due to its hyrophobic nature and offer protection 
against the toxic radicals. The efficacy of eugenol was found to be within the permitted 
levels by FAOrWHO expert committee on Food Additives (maximum permitted intake 
is 2.5 mgikg wt). 

In summary, not only does eugenol inhibits CC4-NADPH mediated peroxidation 
in microsomes in vitro but it also offers some protection in vivo against CC14 induced 
hepatotoxicity. The protective effect of eugenol is evident when it is given concurrently 
or soon after rather than much before CC14 treatment. 

References 
I .  A.A. Horton and S. Fairhurst (1987) Lipid peroxidation and mechanisms of toxicity. CRC Critical 

Reviews of Toxicology, 18, 27-79. 
2. R.P. Mason (1979) Free radical metabolites of foreign compounds and their toxicological significance. 

Reviews in Biochemical Toxicology, 1, 151-200. 
3. R.P. Mason (1982) Free radical intermediates in the metabolism of toxic chemicals. In Free Radical in 

Biology, (Eds. Pryor, W.A.) New York, Academic press, Vol. 5, p. 161. 
4. T.F. Slater (1984) Free-radical mechanisms in tissue injury. Biochemical Journal, 222, 1-15. 
5. I.G. Sipes, G.  Krishna and J.R. Gillette (1977) Bioactivation of carbon tetrachloride, chloroform and 

bromotrichloromethane. Role of cytochrome P-450. Life Sciences, 20,1541-1 548. 
6. R.O. Recknagel and E.A. Glende, Jr. (1977) Lipid peroxidation: A specific form of cellular injury. In 

Handbook of Physiology (Eds D.H.K. Lee) American Physiological Society, Bethesda, MDlWilliams 
Wilkins, Baltimore, MD, Section 9, pp. 591-601. 

7. J.M. Gaziano, J.E. Manson, J.E. Buring and C.H. Hennekens (1992) Dietary antioxidants and 
cardiovascular disease. Annuls of New York Academy of Sciences, 669,249-259. 

8 .  K.F. Gay (1993) Prospects for the prevention of free radical disease, regarding cancer and 
cardiovascular disease. British Medical Bulletin, 49,679-699. 

9. B.N. Anies, M.K. Shigenaga and T.M. Hagen (1993) Oxidants, antioxidants and the degenerative 
diseases of aging. Proceedings of the National Academy Sciences, 90, 7915-7922. 

10. D.C.H. Mcbrien and T.F. Slater (1983) Protective agents in cancer. Academic Press INC, 11 1 Fifth 
Avenue, New York, 110003. 

1 1. R. Kahl(199 I )  Protective and adverse biological actions of phenolic antioxidants. In Oxidative Stress; 
Oxidants and Antioxidants. (Ed. H. Sies) Academic Press, London, p. 245. 

12. B.F. Haumann (1990) Antioxidants; Firms seeking products they can label as “natural”. International 
news on fats, oilsandrelatedmaterials (INFORM), 1, 1002-1013. 

13. N. Ito, S. Fukushima and H. Tsuda (1985). Carcinogenicity and modification of the carcinogenic 
response by BHA, BHT and other antioxidants. CRC Critical Reviews of Toxicology, 15,109-150. 

14. H.F. Stich (1991) The beneficial and hazardous effects of simple phenolic compounds. Mutation 
Research, 259,307-324. 

15. IARC monographs (1985) Evaluation of the carcinogenic risk of chemicals to humans. Lyons, France, 
Vol. 36, pp. 75-97. 

16. E. Gildemeister and F. Hoffmann, Die Atherischen Ole. Vol. IIId, 4th ed, Akademie-.Verlag Berlin, 
Berlin, p. 430. 

17. US Food and Drug Administration (1978) Scientific Literature Review ofEugenol and Related Sub- 
stances in Flavour Usage. Flavours and Extract Manufacturer Association of the United States, 
Washington D.C., p. 1. 

18. Hagers (1973) Handbuch der Pharmazeutischen Praxis (Eds. P.H. List and L. Horhammer). Band IV, 
Springer Verlag, Berlin, p. 864. 

19. The Wealth of India. A Dictionary of Indian Raw Material andlndustrialproducts. Syzygium aromaticum 
(cloves) (1976). Vol. 10, pp. 93-99, Ocimum busillicum (basil) (1971), Vol. 7, pp. 81-84. Cinnamomun? 
zeylanicum (cinnamon) (1950). Vol. 2, pp. 179-183. Publications and Information Directorate of 
Scientific and Industrial Research, New Delhi, India. 

20. FAO/WHO Expert Committee on Food Additives (1982) Evaluation of certain food additives and 
conturninants. World Health Organization. Technical Report series No.  683, WHO Geneva, p. 20. 

21. C.H. Gallagher (1961) Protection by antioxidants against lethal doses of carbon tetrachloride. Nature, 
192.881--882. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
4/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



EUGENOL AND CC14 TOXICITY 627 

F. Ashoori, I. Nishigaki, H. Oku, H. Abe and K. Yagi (1990) Suppression by ellagic acid of carbon 
tetrachloride or 60Co-irradiation-induced lipid peroxidation in rats. Journal of Clinical Biochemistry and 
Nutrition, 8,209-21 6. 
I. Nishigaki, R. Kuttan, H. Oku, F. Ashoori, H. Abe and K. Yagi (1992) Suppressive effect ofcurcumin 
on lipid peroxidation induced in rats by carbon tetrachloride or 60Co-irradiation. Journal of Clinical 
Biochemistry and Nutrition, 13,23-29. 
P. Letteron, G. Labbe, C. Degott, A. Berson, B. Fromenty, M. Delaforge, D. Larrey, and D. Pessayre 
(1990) Mechanism for the protective effects of silymarin against carbon tetrachloride - induced lipid 
peroxidation and hepatotoxicity in mice: Evidence that silymarin acts both as an inhibitor of metabolic 
activation and as a chain-breaking antioxidant. Biochemical Pharmacology, 39,2027-2034. 
E. Nagababu, and N. Lakshmaiah (1992) Inhibitory effect of eugenol on non-enzymatic lipid 
peroxidation in rat liver mitochondria. Biochemical Pharmacology, 43,2393-2400. 
E. Nagababu and N. Lakshmaiah (1994) Inhibition of microsomal lipid peroxidation and 
monooxygenase activities by eugenol. Free Radical Research, 20,253-266. 
0.1. Aruoma, J.P.E. Spencer, J. Butler and B. Halliwell(1995) Reaction of plant-derived and synthetic 
antioxidants with trichloromethylperoxyl radicals. Free Radical Research, 22,187-190. 
T. Omura and R. Sato (1964) The carbon monoxide-binding pigment of liver microsomes. Evidence for 
its haemoprotein nature. Journalof Biological Chemistry, 239,2370-2378. 
P.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J. Randall (1951) Protein measurement with Fohn 
Phenol reagent. Journal qfBiologicu1 Chemistry, 193,265-275. 
B.S.S. Masters, C.H. Williams, Jr. and H. Kamin (1967) The preparation and properties ofmicrosomal 
TPNA - cytochrome c reductase from pig liver. Methods in Enzymology, 10,565-573. 
P. Maze1 (1971) In Fundamentals of Drug Metabolism and Drug Disposition (eds. B.N. Ladu, 
H.G. Mandel and E.L. May): Williams and Wilkins, Baltimore, pp. 546-582. 
T. Kawanishi, Y. Ohno, A. Takahashi, A. Takanaka, Y .  Kasuya, and Y. Omori (1985) Relation between 
hepatic microsomal metabolism of N-nitrosamine and cytochrome P-450 species. Biochemical Pharma- 
cology, 34,9 19-924. 
M.D. Burke, S. Thompson, C.R. Elcombe, J. Halpert, T. Haaparanta and R.T. Mayer (1985) Ethoxy-, 
pentoxy- and benzyloxyphenoxazones and homologues: A series of substrates to distinguish between 
different induced cytochromes P-450. Biochemical Pharmacology, 34,3337-3345. 
M.A. Swanson (1955) Glucose-6-phosphatase from liver. Methods in Enzymology, 2, 541-543. 
A. Karmen (1954) A note on the spectrophotometric assay of glutamic oxalacetic transaminase in 
human blood serum. Journal Clinical Investigation, 34,131-133. 
J.D. Sutton, S.A. Sangster and J. Caldwell(1985) Dose dependent variation in the disposition of eugenol 
in the rat. BiochemicalPharmacology, 34,465466. 
I.U. Fischer, G.E. VonUnruh and H.J. Dengler (1990) The metabolism of eugenol in man. Xenobiotica, 
20,209-222. 
D. Thompson, D. Constantin-Teodosiu, B. Egestad, H.  Mickos, and P. Moldeus (1990) Formation of 
glutathione conjugates during oxidation of eugenol by microsomal fractions of rat liver and lung. 
Biochemical Pharmacology, 39,1587-1 595. 
R.O. Recknagel and E.A. Glende, Jr. (1977) Carbon tetrachloride hepatotoxicity: an example of lethal 
cleavage. C R C  Critical Reviews of’ Toxicology, 2,263-297. 
T.F. Slater (1972) Free RadicalMechanismsin tissueinjury. J.W. Arrowsmith, Ltd., Bristol, pp. 118-163. 
T.F. Slater (1978) Mechanisms of protection. In Biochemical Mechanisms of Liver Injury. (Ed. 
T.F. Slater) pp. 745-801. Academic Press. New York, 10003, pp. 745-801. 

22. 

23. 

24. 

25. 

26 

27. 

28, 

29. 

30. 

31. 

32. 

33. 

34. 
35. 

36. 

37. 

38. 

39. 

40. 
41. 

Accepted by Professor B. Halliwell 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
4/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.




