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Abstract

Ocimum gratissimum found in tropical regions is a traditional herb commonly which prevents free  
radical damage and protects liver from oxidative stress and fibrosis.  Ocimum gratissimum polyphenol 
extract (OGPE) was purified by resin tube to 33.24% polyphenol and 8.2% flavonoid, which were three- 
fold higher compared with the pre-purification concentrations.  The abstract was used to determine if  
the antioxidant components in the O. gratissimum extract (OGE) were responsible for protective effects  
on liver fibrosis.  High-performance liquid chromatography analysis revealed that the content levels of 
catechin, caffeic acid and epicatechin in OGPE also increased three-fold.  Male Wistar rats were admin- 
istered with carbon tetrachloride (CCl4) and varying amounts of OGPE doses [0-12 mg/kg body weight  
(BW)] or OGE dose (40 mg/kg BW) for 8 weeks.  Results showed that OGPE at 12 mg/kg BW, similar  
to OGE at 40 mg/kg BW, maintained the liver weight, significantly ameliorated CCl4-induced steatosis,  
and mitigated other pathological changes.  OGPE (12 mg/kg BW) also maintained the levels of serum 
alanine aminotransferase and aspartate aminotransferase, as well as the levels of malondialdehyde, cata- 
lase and α-smooth muscle actin in liver tissues from CCl4-induced changes.  These findings suggest that  
antioxidant components in OGPE were the major factors that prevented liver fibrosis.  Moreover, higher  
polyphenol concentrations were necessary for higher effectiveness.

Key Words: liver fibrosis, Ocimum gratissimum polyphenol extract



56 Chen, Chiu, Shyu, Tsai, Lee, Hung, Hwang, Liu and Wang

Introduction

Oxidative stress is an important factor that in- 
duces liver fibrosis and a key feature of hepatitis induced  
by conditions such as anoxic/reoxygenation injury, 
autoimmune hepatitis, viral hepatitis and alcoholic  
hepatitis (30).  Exposure to minimum amounts of oxi- 
dative stress over a long period may induce activation  
of and morphological changes in hepatic stellate cells  
(HSCs).  These changes, including increase in proli- 
ferative activity, synthesis, and degradation/remodel- 
ing of the extracellular matrix, chemotaxis, contractility,  
pro-inflammatory activity and retinoid loss (16), can  
cause liver fibrosis progression.

Carbon tetrachloride (CCl4) is a xenobiotic used  
extensively as an industrial solvent, and is employed  
in research to induce oxidative stress.  CCl4 is assumed  
to initiate free radical-mediated lipid peroxidation 
that leads to the accumulation of lipid-derived oxida- 
tion products (31, 32, 36) and excess collagen deposi- 
tion in the liver, resulting in liver fibrosis.  Researchers  
have previously demonstrated that natural antioxidants,  
particularly polyphenols and flavonoids, prevent CCl4  
toxicity, especially hepatotoxicity, by inhibiting lipid  
peroxidation (34), suppressing alanine aminotransferase  
(ALT) and aspartate aminotransferase (AST) activities  
(34), and increasing antioxidant enzyme activities (17).

Ocimum gratissimum is commonly used in folk  
medicine and is widely distributed in tropical and warm  
temperate geo-locations (15, 28).  O. gratissimum con- 
sists of abundant antioxidants and possesses many thera- 
peutic functions, including anti-inflammation (21), 
analgesic and spasmolytic activities (5), antidiarrheal  
(15), antitumor (27), antiviral (4) and antihypergly-
cemic activities (2), and improves phagocytic func-
tion without affecting the humoral or cell-mediated  
immune system (3).  Moreover, O. gratissimum extract  
(OGE) has protective effects in cardiac (8) and liver 
(9, 13, 22) tissues, and inhibits lipid peroxidation, 
thereby preventing free radical damage and protect-
ing organs from oxidative stress.

Recent reports have demonstrated that OGE can  
inhibit HSC activation and has protective effects against  
liver fibrosis (10).  However, it remains unclear whether  
or not polyphenol and flavonoids in OGE are respon- 
sible for the protective effects.  To elucidate this pro- 
tective effect, this study investigated the effectiveness  
of Ocimum gratissimum polyphenol extract (OGPE) 
against OGE to prevent CCl4-induced liver fibrosis.

Materials and Methods

Preparation of OGPE

O. gratissimum leaves were washed, and then 
boiled with distilled water for 1 h.  The solution was  

chilled to 4°C and filtered through two layers of gauze.   
The filtrate was centrifuged at 20,000 × g at 4°C for  
15 min to remove insoluble pellets.  The supernatant  
(OGE) was then collected, lyophilized and stored at  
−20°C.  For purification, 10 g of OGE was dissolved  
with 500 ml distilled water.  Polyphenols and fla-
vonoids were obtained with a resin tube during O. 
gratissimum polyphenol extract (OGPE) solution fil- 
tration to purify OGE (23).  The resin tube was then 
rinsed with alcohol to separate the extract.  Finally, 
the extract was lyophilized and stored at −20°C.

Polyphenol Content Measurement

The method used by Singleton et al. (33) was 
carried out.  Distilled H2O (10 ml), Folin-Ciocalteu 
reagent (0.5 ml) and the extract (1 ml) were mixed, 
shaken, and kept at room temperature for 15 min.  
Approximately 3 ml 20% Na2CO3 was added to the 
solution, and the mixture was heated at 100°C for 
1 min in a water bath.  The polyphenol content was  
calibrated to gallic acid standard using a spectropho- 
tometer at 725 nm.

Flavonid Content Measurement

The AlCl3 method (20) was used to determine the  
flavonoid content.  Methanolic extract solution (1 ml)  
was added to 1 ml 2% methanolic AlCl3 (6H2O) and 
the mixture was allowed to react for 6 min.  Up to 4  
ml 4% NaOH was added to the solution, and the mix- 
ture was left to stand for 15 min.  Absorbance was 
measured at 510 nm using rutin as a standard.

High-Performance Liquid Chromatography (HPLC) 
Analysis

Extracted methanolic solutions (20 µl), filtered  
on Millipore membrane (0.45 mm), were analyzed on  
a Lichrospher 100 RP 18 (5 µm) C18 column (4.6 ×  
1506 mm) with an acidic CH3CN:H2O gradient.  The  
linear gradient detected by an elution program using  
an L-4250 UV-vis detector set at 280 nm at a 1 ml/min  
flow rate was as follows: 0 to 10 min, 5% to 10% B  
in A; 10 to 20 min, 10% to 20% B in A; 20 to 30 min,  
20% to 30% B in A; 30 to 40 min, 30% to 40% B in A;  
40 to 55 min, 40% to 55% B in A; 55 to 60 min, 45%  
to 20% A in B; 60 to 65 min, 20% to 0% A in B; 65 to  
70 min, 0% to 50% A in B; 70 to 75 min, 50% to 30%  
B in A; and 75 to 80 min, 30% to 10% B in A [A: acetic  
acid/water (2%, v/v); B: 0.5% acetic acid in water/ 
acetonitrile (50:50, v/v), both adjusted to pH 2.6 with  
O-phosphoric acid] at -30°C.  Gallic acid, protocate- 
chuic acid, catechin, epigallocatechin gallate, caffeic  
acid, epicatechin, rutin, quercetin and naringenin were  
quantified by comparison with pure standards.
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Animals and Treatment

Male Wistar rats weighing 200-240 g were housed  
in conventional cages with free access to water and 
rodent chow at 20-22°C with a 12-hour light-dark  
cycle.  All procedures that involved laboratory animal  
use were in accordance with the guidelines of the In- 
stitutional Animal Care and Use Committee of China  
Medical University for the care and use of laboratory  
animals.  Rats were treated intraperitoneally with 
CCl4 [8% CCl4/corn oil; 1 ml/kg body weight (BW) 
twice a week; Monday and Thursday] for 8 weeks, 
as described by Hernandez-Munoz et al. (14), with  
some modifications.  The rats were orally treated with  
various dosages of OGE (40 mg/kg BW) or OGPE (0-12  
mg/kg BW) four times a week (Tuesday, Wednesday,  
Friday, and Saturday) (24, 25).  Control rats were treated  
with corn oil and fed a normal diet.  At the end of the  
experiment, blood and livers were immediately ob- 
tained after the animals were sacrificed.  Liver tissue  
samples were obtained from the left liver lobe and 
cut into two pieces.  One piece was fixed in formalin  
for pathological examination; the other piece was used  
for further biological analyses.  Liver homogenates 
(10%, w/v) were obtained in 50 mM phosphate buf-
fer, pH 7.0, and stored at -80°C for analysis within 2  
weeks.

Histological Examinations

A portion of the liver was fixed in 10% forma-
lin, processed using routine histology procedures, 
embedded in paraffin, cut into 5-µm sections, and 
mounted on a slide.  The samples were stained with 
hematoxylin and eosin for histopathological exami-
nation.  Masson stain was used to confirm CCl4-
induced liver fibrosis evidenced by fiber extensions  
and collagen accumulation.  Liver steatosis was graded  
on a 3-point scale: 1+, hepatocytes in one-third of the  
lobules showing fatty accumulation; 2+, hepatocytes  
in two-thirds of the lobules; and 3+, hepatocytes in  
all lobules.  The criteria used for scoring fibrosis se- 
verity were as follows: 0, normal; 1+, fibrosis present  
(collagen fiber present that extends from portal triad  
or central vein to peripheral region); 2+, mild fibrosis  
(collagen fiber present with extension without com-
partment formation); 3+, moderate fibrosis (collagen 
fiber present with some pseudo lobe formation); and  
4+, severe fibrosis (collagen fiber present with thick- 
ening of the partial compartments and frequent pseudo  
lobe formation).

Measurement of Plasma Transaminase Activities

AST and ALT activities in the plasma were 
measured using Boehringer Mannheim reagents as 

recommended by the International Federation of 
Clinical Chemistry Scientific Committee (6, 7).

Measurement of Hepatic Lipid Peroxidation

Lipid peroxidation was determined based on 
the amount of thiobarbituric acid-reactive substances  
(TBARS) (11).  The fluorescence of the samples was  
detected at an excitation wavelength of 515 nm and 
an emission wavelength of 555 nm in a F4500 fluo-
rescence spectrophotometer (Hitachi, Japan) using 
1,1,3,3-tetramethoxypropane as the thiobarbituric 
acid-reactive standard.

Preparation of Tissue Extract

All procedures were performed at 4°C.  Liver 
samples were lysed by 30 strokes using a Konetes 
homogenizer at a ratio of 100 mg tissue/ml lysis 
buffer.  The lysis buffer consisted of 50 mM Tris-
HCl, pH 7.4, 2 mM EDTA, 2 mM EGTA, 150 mM 
NaCl, 1 mM PMSF, 10 µg/ml leupeptin, 1 mM sodi-
um orthovanadate, 1% (v/v) 2-mercaptoethanol, 1% 
(v/v) Nonidet P40, and 0.3% sodium deoxycholate.   
The homogenates were centrifuged at 100,000 × g for  
1 h at 4°C.  The supernatant was stored at -70°C for 
Western blot assay.

Electrophoresis and Western Blot

Tissue extract samples were prepared as described  
above.  Sodium dodecyl sulfate-polyacrylamide gel  
electrophoresis was carried out as described by 
Laemmli (19) using 10% polyacrylamide gels.  The 
samples were electrophoresed at 140 V for 3.5 h, and  
the gels were equilibrated for 15 min in 25 mM Tris- 
HCl, pH 8.3, containing 192 mM glycine and 20% (v/v)  
methanol.  Electrophoresed proteins were transferred  
to nitrocellulose membrane (Hybond-C Extra Sup-
ported, 0.45 Micro) (Amersham) using a Hoefer  
Scientific Instruments Transphor Units at 100 mA for  
14 h.  The nitrocellulose membrane was incubated at  
room temperature for 2 h in blocking buffer contain- 
ing 100 mM Tris-HCl, pH 7.5, 0.9% (w/v) NaCl, 0.1% 
(v/v) Tween 20 and 3% (v/v) fetal bovine serum.  
Antibodies against α-smooth muscle actin (α-SMA) 
(Sigma) and α-tubulin (Santa Cruz Biotechnology,  
Inc., USA) were diluted to 1:2,000 in an antibody bind- 
ing buffer containing 100 mM Tris–HCl, pH 7.5, 0.9%  
(w/v) NaCl, 0.1% (v/v) Tween 20 and 1% (v/v) fetal  
bovine serum.  Incubations were performed at room  
temperature for 3.5 h.  The immunoblots were washed  
three times in 50 ml blotting buffer for 10 min and 
then immersed for 1 h in a second antibody solution 
containing horseradish peroxidase goat anti-rabbit 
IgG (Promega) for α-SMA, and horseradish peroxi-
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dase goat anti-mouse IgG (Promega) for α-tubulin, 
which were diluted in binding buffer to 1,000-fold.  
After washing with blocking buffer, the membrane 
was visualized using chemiluminescence (Amersham 
Pharmacia Biotech, Piscataway, NJ, USA).

Statistical Analysis

Experimental results were expressed as mean ±  
SD.  Data were assessed using ANOVA.  Student’s t- 
test was used to compare data between groups.  P < 
0.05 was considered statistically different.

Results

Polyphenol and Flavonoid Contents in OGPE

After the OGE was purified, the polyphenol and  
flavonoid concentrations of OGPE were 33.24% and  
8.2%, respectively, which were three-fold higher com- 
pared with the pre-purification concentrations.

HPLC Analysis of OGPE Content

Following a spectrophotometer test from a pre- 
vious experiment in which various flavonoids and poly- 
phenols were found, an HPLC test was performed to  
analyze the content level of polyphenols and flavonoids  
of OGE and OGPE (Fig. 1).  Comparison of the con- 
tent levels of various polyphenols and favonoids showed  
that catechin, caffeic acid and epicatechin were sig- 
nificantly raised at least three-fold from 0.3, 2.7, and  
3.7 mg/g in OGE to 2.3, 7.2, and 11.7 mg/g in OGPE,  
respectively (Table 1).  The rutin content was margin- 
ally increased from 32.7 to 40.2 mg/g.

BW of Rats during the Experiment

During the 8-week experiment, no significant 

differences were observed in the bodyweight among 
all the test groups.  The weight of all rats increased 
from about 120 g to about 350 g.

Organ Weight

The liver, kidney and spleen of the sacrificed  
rats were weighed.  The organ weights of the groups  
relative to their bodyweights after 8 weeks were an- 
alyzed (Table 2).  Liver weight was significantly in- 
creased in the CCl4-treated group (group B) compared  
with the control group A, whereas the groups co-treated  
with OGE or OGPE maintained their organ weight.  
Most changes in organ weights occurred in the liver;  

Table 1.  Phenol acid and flavonoid in OGE and OGPE

No. Compound
Phenolic Compound (mg/g Extract)

Water Extract Purified Extract
1 Gallic Acid UD UD
2 Protocatechuic Acid UD UD
3 Catechin   0.3   2.3
4 Epigallocatechin Gallate UD UD
5 Caffic Acid   2.7   7.2
6 Epicatechin   3.7 11.7
7 Rutin 32.7 40.2
8 Quercetin UD UD
9 Naringenin UD UD

UD, compound level undetected

Fig. 1. HPLC analysis of polyphenol and flavonoid content in  
OGE and OGPE.  Peak number 3 corresponds to the cate- 
chin; peak number 5 corresponds to the caffeic acid; peak  
number 6 corresponds to the epicatechin; peak number 
7 corresponds to the rutin.
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Table 2.  OGPE effects on the ratio of organ to body weight of CCl4-induced liver fibrosis in rats after 8 weeks

Groupa Ratio of Liver and Body Ratio of Spleen and Body Ratio of Kidney and Body
A 3.35 ± 0.13b 0.29 ± 0.06 0.73 ± 0.05
B 4.70 ± 0.66# 0.33 ± 0.07 0.78 ± 0.04
C 3.58 ± 0.17* 0.29 ± 0.01 0.70 ± 0.03
D 4.48 ± 0.26# 0.38 ± 0.07 0.80 ± 0.06
E 3.91 ± 0.65* 0.29 ± 0.02 0.74 ± 0.06

#P < 0.05 as compared with control group, *P < 0.05, as compared with CCl4-treated group.
aA, control sample; B, CCl4-treated sample; C, CCl4-treated sample with 40 mg OGE/kg BW; D, CCl4-treated sample 
with 6 mg OGPE/kg BW; E, CCl4-treated sample with 12 mg OGPE/kg BW.  bThe data are expressed as mean ± SD, n = 8.

Fig. 2. Analysis of OGPE on liver pathology by H&E stain (upper panel) and Masson stain (down panel) after CCl4 treatment in 
rats after 8 weeks.  (A) Control sample; (B) CCl4-treated sample; (C) CCl4-treated sample with 40 mg OGE/kg BW; (D) 
CCl4-treated sample with 6 mg OGPE/kg BW; (E) CCl4-treated sample with 12 mg OGPE/kg BW.  Magnification, ×400.  
Black arrows mark the locations of steatosis; blue areas indicate collagen fibers.
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thus, no significant changes in the weights of the kid- 
ney and spleen were observed between the groups.

Histological Exam of Rat Livers

A histopathological examination was performed  
to monitor the morphological changes and fibrosis in  
the rat liver.  Representative photographs of the liver  
morphology are shown in Fig. 2.  Compared with the  
rat liver morphology and the state of fibrosis of the  
control group (Fig. 2A), CCl4-induced liver morpho- 
logical changes were evidenced by marked necrosis  
with fatty deposit development.  Treatment with OGE  
or OGPE on CC14-intoxicated rats significantly ame- 
liorated the CCl4-induced steatosis and mitigated other  
pathological changes such as fibrosis and inflamma- 
tion (Fig. 2, B, C and E).  According to the products 
of the Masson and H&E staining, the liver morpho- 
logical changes and fibrosis produced by the CCl4 
treatment were quantified as follows: 50% of CCl4- 
exposed rats had liver morphological change of grade  
2 severity and 100% had liver fibrosis of grade 2 or 
above (Table 2).  OGE or OGPE exposure greatly re- 
duced liver morphological changes and fibrosis (Table  
3).  The average severity scores for morphological 
changes and liver fibrosis in OGE- or OGPE-treated 
rats were significantly reduced compared with CCl4 
controls (Table 3).

Blood Serum Chemistry

The ALT value increased in the CCl4-treated group  
(132 IU/l) compared with the control group (56 IU/l),  
and a significant difference was observed between the  
experimental groups (Table 4).  The groups co-treated  
with OGE or OGPE maintained their ALT levels.  These  
results were similar for AST values (P < 0.05).  ALP,  
LDH and total cholesterol between the groups were 
not significantly different.  The experimental results 
showed that co-treatment with OGE and OGPE ex-
tracts effectively inhibited liver inflammation.

Liver Lipid Peroxidation Level and Antioxidant Enzyme 
Activity

TBARS assay indicated a significantly increased  
malondialdehyde (MDA) level in the liver of rats treated  
with CCl4 (15.14 nmol/mg) compared with the control  
group (7.98 nmol/mg) (P < 0.01), and the rest of the  
groups maintained similar MDA levels to the control  
group (Fig. 3, upper panel).  Catalase levels decreased  
significantly in the CCl4-treated group (3.24 IU/mg)  
compared with the control group (6.72 IU/mg) (P <  
0.01), and the OGE- or OGPE-treated groups main- 
tained their catalase level similar to the control group  
(Fig. 3, lower panel).

α -SMA Level

α-SMA is an indicator of liver fibrosis and was  
detected by using Western blot in this study.  The results  

Table 4.  OGPE effects on serum ALT, AST, ALP, LDH and cholesterol after CCl4 treatment in rats after 8 weeks

Groupa ALT (IU/L) AST (IU/L) ALP (IU/L) LDH (IU/L) Total Cholesterol (mg/L)
A   56 ± 7b 114 ± 9 243 ± 51   1233 ± 134 48 ± 3
B 132 ± 73# 221 ± 120# 336 ± 128   1508 ± 589 54 ± 17
C   59 ± 8* 121 ± 12* 275 ± 49   1242 ± 323 49 ± 5
D 114 ± 68# 252 ± 151# 330 ± 77 11485 ± 395 56 ± 19
E   56 ± 9* 128 ± 15* 241 ± 60   1347 ± 414 47 ± 11

#P < 0.05 as compared with control group, *P < 0.05, as compared with CCl4-treated group.  a, bGrouping and data pre- 
sentation are as in the footnote to Table 2.

Table 3.  OGPE effects on histopathological evidence of CCl4-induced liver fibrosis in rats after 8 weeks

Severity Score of Fatty Metamorphosis Severity Score of Hepatic Fibrosis
Groupa N 0 1 2 3 Average 0 1 2 3 4 Average

A 8 8 0 0 0 0.0 ± 0.0b 8 0 0 0 0 0.0 ± 0.0
B 8 0 4 4 0 1.5 ± 0.5## 0 0 6 2 0 2.3 ± 0.5##

C 8 2 6 0 0 0.8 ± 0.5* 0 6 2 0 0 1.3 ± 0.5*
D 8 0 6 2 0 1.3 ± 0.5## 0 0 8 0 0 2.0 ± 0.0##

E 8 2 6 0 0 0.8 ± 0.5* 0 7 1 0 0 1.1 ± 0.4*
##P < 0.01 as compared with control group.  *P < 0.05 as compared with CCl4-treated group.  a, bGrouping and data pre- 
sentation are as in the footnote to Table 2.
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showed increased α-SMA levels of all groups treated  
with CCl4.  Treatment with OGE and OGPE reduced 
α-SMA increases (Fig. 4) in contrast to the level of  
the control group.  Significant differences existed be- 
tween the CCl4-treated group and the group treated 
with 6 mg/kg OGPE (P < 0.05), and the other two O. 
gratissimum-treated groups (P < 0.01).

Discussion

To investigate the mechanism of the protective 
effects of OGE in the liver, the present study carried  
out a purification process, which increased the 
polyphenol concentration three-fold from 11.07% to  
33.24%.  This result allowed us to set the comparison  
OGPE dosage to a third that of OGE while main-
taining the polyphenol content.  After a short-term 
test, the two dosages yielded almost identical effec- 
tiveness (data not shown).  OGPE also decreased CCl4- 
induced liver fibrosis, lowered liver α-SMA deposition,  
and restored liver lipid peroxidation, liver catalase ac- 
tivity, and serum ALT and AST levels as effectively as  
regular OGE.  These results suggest that polyphenols  
may be the primary ingredients in the treatment against  
liver fibrosis.

Polyphenols are free radical scavengers and me- 

diators of peroxidation in the body.  Thus, phenolic  
constituents contribute to the reduction of free radicals  
produced by virus or chemical-induced inflammation,  
which can cause liver damage and fibrosis (1, 12, 29).   
The present data showed that various polyphenols 
and favonoids were present in OGPE, including cate- 
chin, epigallocatechin gallate (EGCG) and caffeic acid.   
Yasuda et al. (37) reported that EGCG, present in 0.1%  
in drinking water, can partially exert an anti-fibrotic 
effect on the liver by targeting PDGFRβ and IGF-1R.   
EGCG is also capable of inhibiting activation of HSC  
cells, which lowers liver fibril-forming collagen ex- 
cretion leading to fibrosis (26).  Moreover, caffeic acid  
phenethyl ester (2.84 mg/kg BW) attenuates BDL- 
induced cholestatic liver injury, bile duct proliferation  
and fibrosis (35), and caffeic acid also suppresses 
CCl4-induced lipid peroxidation and alleviates liver 
damage (18).  The OGPE (12 mg/kg BW) used in our  
experiment contained comparatively less of the indi- 
vidual components described in the previously men- 
tioned research, but with catechin, caffeic acid, EGCG  
and rutin at less than 5%, generating a comparative  
result in fibrosis prevention.  Notably, OGPE may con- 
tain other polyphenols from the extraction process  
that contributed to the increased effectiveness on liver  
fibrosis.  Future research is required to further identify  
other components in the mixture.

This research demonstrated that polyphenols are  
the primary components responsible for scavenging 
free radicals and reducing oxidative stress by restor- 
ing catalase activity.  In addition, OGPE, as an antioxi- 
dant source, warrants further research to be developed  

Fig. 3. Effects of OGPE on liver lipid peroxdation (upper panel)  
and catalase activity (down panel) after CCl4 treatment 
in rats after 8 weeks.  A to E are as described in the 
legend to Fig. 2.  ##P < 0.01 as compared with control 
group.  *P < 0.05; **P < 0.01 as compared with CCl4-
treated group.
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as a viable option in the treatment of liver fibrosis 
because the polyphenols identified may only consti-
tute a percentage of the total polyphenol content.
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