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Antioxidant effect of eugenol in rat intesti ne 
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The effect of eugenol on the anti oxidant status of the rat intestine aft er short and long tcrm ( 15 days and 90 clay, 
respecti vely) ora l admi nistration of 1000 mg/kg.b. wt (a dosage which has been reported to be hi gh ~y hepatoprotec ti ve) 1 lVas 

studi ed. The level of lipid perox idat ion products (TBARS ) and the ac tivities of glu tathione peroxidase (GPx) , gl utath ionc 
reductase (GR), superox ide dismutase (SOD) and catalase (CAT) were fo und to be ncar normal on eu!.'.enol treatment. The 
level of glutat hione (GS H) di d not show any change on 15 days of eugenol treatment, but it was incre; scd signifi c ill tl y on 
90 day eugenol treatment. The activity of glutathione-S-transferases (GSTs) was increased significan tly In both 15 day 
eugenol treated and 90-day eugenol treated groups. The results suggest that eugenol is nontoxic. protecti ve and induce, 
glutathi one-S-transferases (GSTs) and thereby it may facilitate the removal of tox ic substances from thc intestine. 

Eugenol isa naturall y occurring a ll yl benzene and an 
active princ iple of clove, ocimu m, nutmeg and 
c innamon2

, It has been used s ince atleast the 
nineteenth century, primaril y as a fl avouring agent in 
a variety of foods and pharmaceutica l products and as 
an analges ic in dental materia ls3

. Eugenol has been 
accepted as a non prescripti on drug component in 
traditional medic ine and it is used in the treatment of 
fl atulent coli c, chronic diarrhoea and other 
gastrointest inal di sorders4

.
5 

, The LOso values of 
orally admini stered eugenol in mice and rats are 3000 
and 2680 mg/kg body wt, respecti ve l/ 7

, 

Eugenol is already known to be an antioxidantS-tO 
and hepatoprotectant l

l.
12

. It has been reported that 
oral admini stration of eugenol increased the acti vities 
of liver detox ify ing phase I1 biotransformation 
enzymes(UOP-glucuronyl transferase, glutathione-S
transferase and OT-d iaphorase) in a dose dependent 
manner t _ As in testine is the firs t target fo r any drug 
by oral administrat ion, th rough which it is absorbed 
and enters in to the bl ood circu lation to produce its 
des irable effec ts, the present investi gation is an 
attempt to study the non-tox ic and protecti ve nature 
of eugenol in rat intesti ne . 

Materials and Methods 
Eugenol, epi nephri ne, l-ch loro-2, 4 di-

nitrobenzene (CONB), 2-thio barbituric ac id, 
tetraphenyl butadiene, reduced glutathione (GSH), 
ox idized glutathione (GSSG), nicotinamide adenine 
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d inuc leotide phosphate (NADP), g lllcose-6-phosphate 
were purchased from Sigma chemical compan y (St. 
Louis .' Mo USA). O li ve o il was obtai ned from S .D. 
fi ne Chemicals Limited (Ind ia) . 

Eugenol (2-Methoxy-4-(2-propeny l pheno l) is an 
all yl benzene. It is the main component of vo lat ile o il 
of the c love and occurs to the ex tent of about 80%. [t 
is a colourless or pa le ye ll ow li quid with a very 
pungent taste . 

01-1 
I 

O-OCH' 
I 
C H2CH=C H2 

Structure of eugenol 

Adult male a lbi no rats of W istar strain wei ghing 
120 to ISOg were purchased from t!le Frederick 
Institu te of P lant Protect ion and Toxi co logy 
(Padappai, India). The animals were housed in a we ll 
aerated room and mai ntai ned on rat pe llet diet (Lipton 
India Animal Feed, Bangalore) and wate r, ({d libitum. 
The animals were d ivided in to four groups. Each 
group consisted of s ix animals. 

Group I 

Group n 

Control rats receiving only o live o il 
for 15 days. 
Rats receiv ing eugeno l in olive o il 
(1000 mg/kg body weight) ora ll y for 
15 days. 

. ' 
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Group III: Control rats receiving on ly olive oil 
for 90 days. 

Group IV: Rats receiving eugenol in olive oil 
(1000 mg/kg body weight) orally for 
90 days. 

After the experimental period, the animals were 
sacrificed by decapitation . The intestine was removed 
and washed wi th ice-cold saline. A part of the tissue 
was homogenized in Tris-HCI buffer, pH 7.4 and the 
homogenate was used for analys is. The following 
estimations were done in the intestinal homogenate. 

Total protein was estimated by the method of 
Lowry et al. I" using bovine serum albumin as a 
standard . The leveis of TBARS and GSH were 
estimated by the methods of Santos et a1. 14

, Moron et 
al. 15

, respectively . SOD was assayed according to 
Misra and Fridovich 16 based on the inhibition of 
epinephrine auto-oxidation by the enzyme. CAT 
activity was measured by follow ing the breakdown of 
hydrogen peroxide according to the method of 
Bergmeyer et (11. 17

, GPx was assayed using hydrogen 
peroxide as substrate according to the method of 
Rotruct et al. I R

, GST activity was measured using 1-
chloro-2,4-dinitrobenzene as subslrate according to 
Habig et a/ 19

., GR activity was assayed based on the 
oxidation of NADPH according to Doubler and 
Anderson2o, G6PD act ivity was measured fo llowing 
the reduction of NADP according to the method of 
Eeals and Kirkman21. Total lipids were extracted from 
the intestine according to the method of Folch et al22 

and the levels of cholesterol, phospholipids and 
triglycerides were estimated by the methods of 
P k.I ~1 . k b 14 are 1 and Jung-' , Fls e and Su ba Rao- , Foster and 
D 25 . I unn . , respective y. 

Student's t-test was app li ed for statistical 
compari son of data . 

Resul ts and Discussion 
There was no significant change in the level of 

TBARS and in the acti vi ti es of primary antioxidant 
enzymes, SOD and CAT. The level of GSH was 
found to remain normal on 15 days of treatment. but 
the level was increased significant ly after 90 days of 
treatment (P<0.05) (Table I). 

Eugenol treatment did not show any changes in the 
activities of GPX, GR, G6PD after 15 and 90 days of 
treatment. GST activit ies were found to be increased 
significantly (P<O.OO I) after short and long term 
treatment of eugenol. (Tab le 2). 

The level of cholesterol , phospholipids anJ 
triglycerides did not show any marked differences 
after eugenol treatment (Table 3) . 

The major metabolic route of eugenol is the 
conjugation of the free hydroxyl group. either wi th 
glucuronic acid or with sulphate. Oral admini strati on 
of eugenol has already been reported to induce li vl..: r 
GSTs and thereby it acts as a hepatoprotectant and 
facilitates the removal of tox ic substances. Intestine 
may be regarded as a tube wh ich is constant ly 
ex posed to a number of toxic substances and irs 
metabolites. 

In the present study, the level of TBARS and th t 
activit ies of intestinal ant iox idant enzymes such as 
SOD, CAT, GX, GR, G6PD were fOllnd to remain 
unaltered after short and long term ura l 
administration of eugenol. 

The level of GSH which remained normal after 15-
day eugenol treatment was foulld to be increased 
signi ficantly after 90-days eugenol treatmen t. Th is 

Table I- Levels of TBARS, GSH and ac ti vit ies of SOD, CAT in IS-day control, IS -day eugenol treated , 90-day contro l and YO-day 
eugenol treated rat intestine. 

[V alues are mean ± SO for six animals in each group.] 

An ima!s GS H TBARS (nmo le of 
(nmole /g wet ti ~sue) MOA fonned/mg 

protein) 
Group I 
IS-day control 4.47 ± 0.32 0. 395 ± 0.05 
Group 2 
IS-day eugenol treated 4.64 ± 0.38NS 0.380 ± 0 .08NS 

Group 3 
90-day control 4 .93 ± O.4i 0. 365 ± 0.09 
Group 4 
90-day eugenol treated 5.67 ± 0.48* 0.38 ± 0.06NS 

Group 2 was compared with group I; group 4 was compared with group 3 
NS - Not significant 
*P<O.OS 

SOD 
(un i!s/mg protein ) 

3.69 ± 0 .37 

3.78 ± 0.36 NS 

3.67 ± 0.49 

3.76 ± 0.S2 NS 

CAT (tIIllO!C or I-l ~Oc 

decomposed /minimg 
protein ) 

0.26 ± 0.06 

0.27 ± O.OS NS 

0.25 ± 0.04 

"" 
0.26 ± O.OS NS 



1194 INDIAN J EXP BIOL. DECEMBER 1999 

increase in reduced GSH may be due to the increased 
demands for the act ivity of GST which util ise GSH as 
substrate. GSH is the major component of the 
endogenous non protein su lphyd ry l poo l and it binds 
to reac ti ve free radica ls and may influence the 
physical properties of mucus, since its subunits are 
joined by di sulphide bridges. According to Boyd et 

06 . 
al. - , 1' . : thyl maleate, an agent that markedly dep letes 
gastric GSH, causes severe gastric ulceration. Thu s 
GSH which is increased signi ficant ly after 90 day 
eugenol treatment may give cytoprotection to the 
intestine and thi s may be responsible fo r its an ti
inflammatory property. 

The activity of GSTs was increased significantly 
(P<O .OO I) in both IS-clay eugenol treated and 90-day 
eugenol treated groups. It has been reported that oral 
administration of eugenol induces phase II 
biotransformation enzymes sLlch. as GST and UDP
glucuronyl transferase in rat I iver l.'27 . In mouse al so, 
oral admini strati on of eugenol enhanced the GST 

actIvity in liver and sma ll in test ine2x
. The present 

results also sho\V a similar stati stica ll y Signi ficant 
(P<O.OOI) increase in GST Jc ti vit . ill the intestine 01 
eugenol treated groups compared to tht;ii ' rcspccll vC 
contro l groups, thereby confirming its lI ature :l~ an 
inducer of GST in intestine also. 

The membrane lipids whi ch are responsib le fo r 
functional integrity of the membrane were found to be 
unaltered in both 15 day eugenol trea ted and 90 day 
eugenol treated groups . No signif icant changes i ll the 
levels of choles tero l, phosp holipids and tri glyce rides 
were observed. Eugenol ha s been reported tn 10\Ver or 
tends to lower cholestero l and tri glycerides in I i vcr:'} 
The hypocholesterolcmic effect of e Ige nol in I i vel' 
may be due to the enhanced conversio n o /" hepati c 
cholesterol to bil e acid , and this nlay j usti fy its use in 
digest ive disorders. 

In conclusion , the present stu dy ~ho\Vs the nO ll 
tox ic and protect ive nature of eugenol in rat intest ine. 

Tablc 2-Activiti c. of GPx, GST. G6PO and GR in IS-day con trol , IS-day cugenol treatcd, 90-dav control and l)O-dav clIgcnol In;,lled 
rat in te~tine . 

[Values arc mean ± SD fo r ~ ix animals in each group I 

GPx GST G6 PO GR ( p molt: of N,\OPII 
Ani rnals (pg ofGSH cOllsum.::d I (p mole of CON B conj ugatedl ( In'g protein) utilised/min/mg prulci n) 

rni n/l1lg protein) mIn" mg protein ) 
Group I 
15-day cont rol 35 .94 ± 2.44 15.06 ± 0.87 
Group 2 
IS-day eugenol treated 3';.25 ± 2. ')7NS 11.66 ± 0.95*** 
Group 3 
90-dJy cont. "i 35 .84 ± 2.43 8.03 ± O.SO 
Group 4 
90-day cugenol treat d --N\: 36.63 ± 2.6) ~ 13.53 ± 0.97*** 

Group 2 was compJlcd wi th gruup I; Group 4 was compared wilh group 3 
NS - Not signifi cant 
*** P<O.OO I 

2. j )) ± 0. :17 25 .-W ± O.7() 

2.2-~ ± O. 32NS 25.% ± 1).<.12 " 

2.62 ± 0. 30 2:i 12 ± O.HX 

2.78 ± O. :WNS 2.'i .-~ .'i ± 0.7(, -..: .. : 

Table 3-Lcvcls of cholesterol, phospholipids and triglycerides in IS-day conlrol, IS-day cugenol lrealed . 90-day 
cont rol and 90-day eug ' l1ol lreated ral il1tesline. 

[Values arc mean ± SO for six animals in each group.J 

Cholestero l 
Ani mals (rng Ig fresh tissue) 

Group I 
IS-day control 5.86 ± 0.51 
Group 2 
IS-day eugenol treated 6.06 ± O.42NS 

Group 3 
90-day control 5.98 ± 0.77 
Group 4 
90-day eugenol treated 6.26 ± O.64NS 

Group 2 was compared with group I, group 4 was compared with group 3. 
NS Not signi ficant 

Phospholipids 

(mg/g fresh tissue) 

27.86 ± 2.43 

27.92 ± 2.62NS 

28.55 ± 2.73 

28 .87 ± 2.04 ·s 

Triglyccrid," 
(mg/g I"re, 1I tisslIe ) 

:< .24:i: 0. ] 1' 

3.35 ± O . ..I 2~s 

3.62 ± OAX 

3.72 ± 0. 32"oIS 

., 

r 
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