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Hepatoprotective effect of three herbal
extracts on aflatoxin B I -intoxicated rat
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ABSTRACT
Introduction: Roots of Ixora coccinea (Rubiaceae),
and Rhinacanthus nasuta (Acanthaceae) and
whole plants of Spilanthes ciliata (Asteraceae) are
extensively used by tribal communities in South
India to treat liver diseases. However, the veracity
of these tribal claims has not been investigated
scientifically using the liver toxin, aflatoxin. This
study reports on the protective effects of these
three herbal ethanolic extracts on the aflatoxin
BI (AFB1)-intoxicated livers of albino male
Wistar rats.
Methods: Biochemical parameters, including
serum hepatic enzymes (glutamate oxaloacetate
transaminase, glutamate pyruvate transaminase
and alkaline phosphatase), were studied. Hepatic
tissues were processed for assay of reduced
glutathione (GSH) and histological alterations.
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INTRODUCTION
The liver is the first organ to encounter ingested nutrients,
drugs and environmental toxicants that enter the hepatic
portal vein from the digestive system, and liver function
can be detrimentally altered by injury resulting from

acute or chronic exposure to toxicants.
Aflatoxin

B1

(AFB1)

is

a

hepatotoxic

and

hepatocarcinogenic compound produced by the fungus,
Aspergillus (A.) flavus. A variety of human foods,
such as cereals, millets and oil seeds, are susceptible
to infection by A. flavus, which produces aflatoxins

vitro.

Conclusion: It was concluded that the
hepatoprotective effects of the three plant
extracts observed in this study might result from
their potent antioxidative properties.
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AFB1 is also biotransformed by
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P450

enzymes to yield

an electrophilic epoxide, which attacks the DNA to

initiate hepatotoxicity and genotoxicity via oxidative
in natural products, highly encouraging results were

obtained at our laboratory with Ixora (I.) coccinea
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Linn. (Rubiaceae) (IC), Rhinacanthus (R.) nasuta Linn.

(Kurz.) (Acanthaceae) (RN) and Spilanthes (S.) ciliata
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extensively used in traditional medicines of Kerala to
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treat liver ailments. We report the protective effect of
the ethanolic extracts of these three plants against AFB1-

induced hepatotoxicity in Wistar rats.

METHODS
For preparation of plant extracts, whole plants of S.
ciliata and roots of I. coccinea were collected from
the Herbal Garden of the Institute, while R. nasuta
roots were collected from Kudappanakunnu in the
Thiruvananthapuram district of Kerala, India. They were
authenticated by Dr Mathew Dan, the plant taxonomist
at the Institute, and voucher specimens of all three plants
were deposited at the Institute's herbarium. The officinal
parts of the three plants were thoroughly washed with
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during its growth, harvest, transport and storage.

damage. (1-4) While searching for hepatoprotective agents

Results: Pre-treatment of the rats with oral
administration of the plant ethanolic extracts,
Ixora coccinea (IC), Rhinacanthus nasuta (RN),
Spilanthes ciliata (SC), prior to AF B I was found
to provide significant protection against toxin induced liver damage, determined 72 hours after
the AF B I challenge (1.5 mg/kg, intraperitoneally)
as evidenced by a significant lowering ofthe activity
of the serum enzymes and enhanced hepatic
reduced GSH status. Pathological examination
of the liver tissues supported the biochemical
findings. The three plant extracts, IC, RN and SC,
showed significant antilipid peroxidant effects in
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tap water, shade -dried and powdered separately. Each
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Fig.! Histological evidence for the protective effect of IC/SC/RIWthanolic extracts on aflatoxin-induced hepatic damage in
rats. (a) A section of liver of the normal control rat shows hepatic cells with well-defined nuclei and cytoplasm (Haematoxylin
& eosin, x 350). (b) A section of aflatoxin-treated rat liver shows broad infiltration of lymphocytes and Kupffer cells, disturbed
lobular architecture, fatty degenerative changes and focal necrosis (Haematoxylin & eosin, x 350). (c-e) Sections of IC (500 mg/
kg) / SC (300 mg/kg) / RN (200 mg/kg) + aflatoxin-treated rat liver show marked improvement over the aflatoxin control group
(Haematoxylin & eosin, x 350). (f)A section of silymarin + aflatoxin-treated rat liver shows marked protection of the hepatic cells
(Haematoxylin & eosin, x 350).

type of powder (100 g) was then extracted separately

Wistar albino male rats (200-250 g) and Swiss

using ethanol overnight with constant stirring. The

albino male mice (25-30 g), obtained from the Institute's

extract was filtered and the filtrate was concentrated

animal house, were used for the present study. They were

under reduced pressure to yield 8% (S. ciliata), 18%

housed under standard conditions and fed commercial

(I. coccinea) and 1% (R. nasuta) of the crude extracts,

rat feed (Lipton India Ltd, Mumbai, India) and water

which were then referred to as SC, IC and RN,

ad libitum. All experiments involving the animals were

respectively. For administration, the plant extracts were

conducted according to the National Institutes of Health

suspended separately in 0.5% Tween-80 to the required

guidelines, after obtaining approval from the Institute's

concentrations.

Animal Ethics Committee.
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The effects of aflatoxin B I (AFBI)
I ) and plant extracts on serum enzyme levels in rats (n = 3).

Group

SGOT (IU/L)

SGPT (IU/L)

72.1 ± 2.76

26.3 ± 1.77

Normal control
AFBI (1.5 mg/kg)

144.0 ± 3.86**

62.4 ± 7.28**

AFBI (1.5 mg/kg) + IC (100 mg/kg)

102.4 ± 2.37

57.1 ± 3.14

SAKP (IU/L)

2.31*

78.7 ± 5.02
153.3 ±

8.61**

93.2 ± 2.76

AFBI (1.5 mg/kg) + IC (200 mg/kg)

78.8 ± 1.62*

30.1 ±

AFBI (1.5 mg/kg) + IC (300 mg/kg)

76.3 ± 1.71

32.3 ± 2.16

62.7 ± 1.65

00 mg/kg)

120.0 ± 1.81

56.3 ± 2.13

87.3 ± 4.31

AFBI (1.5 mg/kg) + SC (200 mg/kg)

95.3 ± 1.61

40.3 ± 1.16

82.3 ± 2.11

AFBI (1.5 mg/kg) + SC (300 mg/kg)

86.3 ± 1.78*

30.3 ± 1.72*

60.7 ± 3.75*

50.2 ± 2.15

90.3 ± 6.11

AFBI (1.5 mg/kg) + SC

(

I

AFBI (1.5 mg/kg) + RN (100 mg/kg)

100.3 ± 1.62

60.3 ± 1.65*

AFB (1.5 mg/kg) + RN (200 mg/kg)

76.3 ± 1.72*

32.3 ± 2.61*

56.3 ± 1.11*

AFB (1.5 mg/kg) + RN (300 mg/kg)

80.3 ± 2.81

40.3 ± 1.31

62.3 ± 2.75

AFBI (1.5 mg/kg) + Silymarin (100 mg/kg)

70.1 ±

28.3 ± 4.05*

80.1 ±

I

I

2.71*

2.16*

Values are expressed as mean ± SD.* p 0.01 when compared to the AFB control group.
p
0.001 when compared to the normal
control group, using Student's t -test.
IC: Ixora coccinea; SC: Spilanthes ciliata; RN: Rhinacanthus nasuta; SG OT: glutamate oxaloacetate transaminase; SGPT: gl utamate pyruvate
transaminase; SAKP: alkaline phosphatase
I

The procedure for AFB1-induced hepatotoxicity

adopted by Dalvi et al(9) was followed. Briefly, the
animals were divided into 12 groups of three each. Group
1,

the normal control group, and Group 2, the AFB1

(DTNB) that gives a yellow coloured complex with a

maximum absorption of 412 nm. (12)
The antilipid peroxidant effects of the three plant
extracts were studied in vitro, following the modified

control group, were administered per orally, the vehicle,

method of Yoshiyuki et al(") and Masao et

Tween-80 (0.5%) for two consecutive days. Groups

0.5 g of the rat liver tissue was sliced and homogenised

3-11, the plant drug -treated groups, received varying
doses of the three crude extracts (IC: 100, 200 and 300
mg/kg; SC: 100, 200 and 300 mg/kg; RN: 100, 200 and
300 mg/kg) for two consecutive days (the doses were
fixed based on our previous experiments). Group 12 was
administered per orally the reference drug, silymarin

with 10 ml of 150 mM KC1-Tris-HC1 buffer (pH

(100 mg/kg), for two days. On the second day, the rats

tubes. Subsequently, 0.1 N HC1, 0.2 ml of 9.8% sodium

from Groups 2-12 were challenged with AFB1 (1.5 mg/

dodecyl sulphate, 0.9 ml of distilled water and 2 ml of

kg, intraperitoneally) (Sigma Chemicals, Spruce Street,

0.6% thiobarbituric acid were added to each tube and

St Louis, MO, USA), as a 0.3% solution in dimethyl

vigorously shaken. The tubes were placed in a boiling

sulphoxide (DMSO), 1.5 hours after administration of

water bath at 100°C for 30 minutes. After cooling, the

the vehicle/herbal drug regimen.

flocculent precipitate was removed by adding 5 ml of

al.(14)

Briefly,

7.2). The reaction mixture was composed of 0.25 ml

liver homogenate, Tris-HC1 buffer (pH 7.2), 0.1 mM
ascorbic acid (AA), 4 mM FeC12 and 0.05 ml of various
concentrations of the three plant extracts. The mixture (in

triplicate) was incubated at 37°C for one hour in capped

All the animals were sacrificed by decapitation 72

n-butanol and centrifuged at 3,000 rpm for 20 minutes.

hours following the AFB1 treatment, since liver damage

The absorbance of the supernatant was measured at 532

following AFB1 administration is found to be severe

nm.

at 72 hours post -treatment, as measured by significant

changes in the activities of microsomal and serum

Thick paraffin sections (thickness,

7 p.m)

of

buffered formalin-fixed liver samples were stained with

enzymes.(9) Blood samples were collected to evaluate

haematoxylin-eosin for photomicroscopic observations

the biochemical parameters, and the liver tissue samples

of the liver histological architecture of the control

were collected for histopathological studies.

and herbal drug -treated rats. Groups of ten mice each

Biochemical parameters, including serum enzymes,

were treated with RN, IC or SC extract at different

glutamate oxaloacetate transaminase (SGOT), glutamate

concentrations (100, 500 and 1,000 mg/kg, per orally).

pyruvate transaminase (SGPT) and alkaline phosphatase

They were observed continuously for one hour for any

(SAKP), were assayed according to the standard

gross behavioural changes, symptoms of toxicity and

methods.(1") Reduced glutathione (GSH) was estimated
by its reaction with dithio-bis-2-nitrobenzoic acid

and then again 24 hours after dosing with the extracts.

mortality, if any, and intermittently for the next six hours
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Table II. Effect of Aflatoxin BI (AFBI) and the plant
extracts, or Silymarin on reduced glutathione levels in
Wistar rats (n = 3).
Group

GSH (nmol / mg protein)
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was found to be almost comparable to the control values.
IC, SC and RN showed significant inhibition of FeC12AA stimulated rat liver lipid peroxidation in vitro (Table
III). In the toxicity study, no mortality occurred within

Normal Control

0.841 ± 0.001

24 hours with the three doses of the three plant extracts

AFBI (1.5 mg/kg)

0.403 ± 0.001**

tested. The LD50 of IC, SC and RN was therefore

AFBI (1.5 mg/kg) + IC (100 mg/kg)

0.475 ± 0.002

AFBI (1.5 mg/kg) + IC (200 mg/kg)

0.744 ± 0.003*

AFBI (1.5 mg/kg) + IC (300 mg/kg)

0.482 ± 0.001

AFBI (1.5 mg/kg) + SC

greater than 1,000 mg/kg per orally in the mice (data not
shown).

00 mg/kg)

0.465 ± 0.001

AFBI (1.5 mg/kg) + SC (200 mg/kg)

0.520 ± 0.003

DISCUSSION

AFBI (1.5 mg/kg) + SC (300 mg/kg)

0.682 ± 0.002*

AFB1 is the most abundant and toxic form of all naturally

AFBI (1.5 mg/kg) + RN (100 mg/kg)
AFB
AFB

I

I

(

I

0.485 ± 0.002

occurring aflatoxins. Itis teratogenic, hepatocarcinogenic

(1.5 mg/kg) + RN (200 mg/kg)

0.722 ± 0.001*

and hepatotoxic to various animal species.(16-18) AFBI is

(1.5 mg/kg) + RN (300 mg/kg)

0.567 ± 0.002

AFBI (1.5 mg/kg) + Silymarin (100 mg/kg) 0.768 ± 0.001*
Values are expressed as mean ± SD.* p
0.01 when compared
to the AFB control.** p 0.001 when compared to the normal

first metabolised (Phase

Cytochrome

P450

1

metabolism) mainly by the

enzyme (CYP450) system found in the

microsomes, producing a variety of metabolites such as

Rhinacanthus nasuta.

AFBI epoxide and hydroxylated metabolites (AFM1,
AFP1, AFQ1 and aflatoxicol). AFBI epoxide is a very
reactive and unstable metabolite of AFB1 that will bind
to cellular macromolecules like DNA, RNA, lipids
and proteins, leading to lipid peroxidation and cellular

The data was expressed as mean ± standard deviation

injury.(") The formation of AFB 1-DNA adduct is highly

(SD), and statistical comparisons were performed using

correlated to the carcinogenic effect in both animal and

Student's t-test.(")

human cancers. «0) The major AFB 1 -DNA adduct formed

I

control group.
GSH: glutathione; IC: Ixora coccinea; SC: Spilanthes ciliata; RN:

in liver is aflatoxin B1-N7-guanine.(21) This adduct is

unstable and subjected to decomposition in the rat liver,

RESULTS

The effects of the three plant extracts on AFB I- nduced

hepatotoxicity in rats are shown in Table

I.

which culminates in the destruction of hepatic cells.

The SGOT,

A variety of physical and chemical agents have been

SGPT and SAKP levels were elevated significantly after

reported to reduce AFB 1-induced hepatotoxicity via

AFBI injection. In contrast, treatment with IC (200

different mechanisms.(9,22) While some agents interfere

mg/kg), RN (200 mg/kg), SC (300 mg/kg) or silymarin

with AFBI absorption, biotransformation and covalent

(100 mg/kg) reduced these enzyme levels significantly.

binding to cellular macromolecules, others enhance

The SAKP levels of the three plant extracts also showed

the detoxification of the toxin through conjugation or

significant reduction, almost comparable to that of the

through quite different and unknown mechanisms. The

silymarin-treated group.

results obtained in the present study showed that the pre-

Histological studies supported the biochemical

treatment of rats with the three plant extracts (IC, SC

findings. Liver sections of the normal control animals

and RN) caused a significant reduction in AFB 1 -induced

showed normal cellular architecture with distinct hepatic

serum enzyme levels, indicating their hepatoprotective

cells. The liver sections of rats intoxicated with AFBI

effects. The leakage of these hepatic housekeeping

showed disturbed lobular architecture, ballooning, fatty

enzymes serves as an indirect biochemical index of

degenerative changes and focal necrosis. In the AFBI +
IC, SC or RN groups, an almost normal architecture of
the liver was noticed, indicating the hepatoprotection
afforded by the three plant extracts IC, SC and RN.

hepatocellular damage. (23'24) The hepatic marker enzymes
SGOT and SGPT showed significantly lower values in the
plant drug -treated groups that were almost comparable
to the silymarin-treated groups. It is interesting to note
that the SAKP levels of the three plant extract-treated

(Figs. 1-6).
Rats administered with AFBI were found to have

groups were significantly lower than those of the

significantly lower levels of hepatic GSH. IC, SC and

silymarin-treated groups. The ability of the extracts to

RN, when administered at 200 mg/kg, 300 mg/kg and 200

reduce the serum levels of SGPT, SGOT and SAKP

mg/kg, respectively, completely restored the decrease in

suggests that the protective action might have occurred

GSH levels in the liver caused by AFBI (Table II). In

at a site in the chain of events leading to cell necrosis and

the silymarin-treated group, the elevation of GSH levels

also at the activation steps of AFBI required for hepatic
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Table III. Inhibitory effect of plant extracts, IC / SC / RN on FeCl2
in rat liver homogenate in vitro (n = 3).
Treatments

-

ascorbic acid (AA)

-

J
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induced lipid peroxidation

MDA
wet liver)

Concentration
(pg /ml)

MDA
inhibition(%)

(n mole/g

Normal control

330

1.41 ± 1.85

FeCl2-AA

3.81 ± 1.59**

FeCl2-AA + IC

1.81 ±

2.50

50.9

FeCl2-AA + IC

5

1.31 ±

1.95*

65.6

FeCl2-AA + IC

10

2.10±
2.16±

1.43

44.8

1.43

47.9

1.43*

70.8

1.18± 1.06*

71.5

FeCl2-AA + SC
FeCl2-AA + SC

5

FeCl2-AA + SC

10

1.21 ±

FeCl2-AA + RN

FeCl2-AA + RN

5

FeCl2-AA + RN

10

Values are expressed

as

mean ± SD. Significance

*

p

0.01 when compared

2.23 ± 2.41

46.2

1.81 ± 1.72

56.3

1.29 ± 1.11*

68.9

to the FeCl2-AA group.**

p

0.001 when compared

to

the normal control group;
MDA: malondialdehyde

cell injury. However, it is difficult to speculate on the

carbon tetrachloride:29' Martin-Aragon et al reported

exact protective mechanism, since only crude extracts

that treatment with ursolic acid significantly reversed the

were used in this study. We have previously reported the

decreased glutathione levels in the rat

hepatoprotective effects of IC, SC and RN with other

study, ursolic acid showed radical scavenging properties,

toxins.(5-8)

which suggested that ursolic acid treatment can normalise

The hepatic damage is associated with an increase

liver.'

In their

the disturbed antioxidant status of rats by maintaining

in the tissue malondialdehyde (MDA) level, an indirect

the levels of glutathione and by inhibiting the production

index of lipid peroxidation. The decrease of MDA in vitro

of MDA due to its radical scavenging properties:")

that was observed in the present study and the increase

Perhaps, compounds such as ursolic acid and flavonoids

of hepatic GSH levels in the liver of IC, SC and RN +

that are present in IC, SC and RN are responsible for the

AFB

I

treated rats indicate that the three plant extracts

hepatoprotective effects observed here.

have significant antioxidant effects, which is important

The overall significance of this study is that it has

for removing free radicals and reactive intermediates

demonstrated that the plant extracts, viz. IC, SC and

of environmental

RN, that have reported therapeutic activity against liver

generated

from the

metabolism

diseases in the traditional medicine of Kerala, also

toxins.
GSH, a key antioxidant, is an important constituent

protect against AFB 1-induced liver damage in rats. This

of intracellular protective mechanisms against various

may provide an impetus for further investigations on the

noxious stimuli, including oxidative stress. GSH depletion

therapeutic efficacy of the extracts and their practical

in hepatocyte mitochondria, has been shown to be an

application in the treatment of liver diseases. Further

important mechanism in the pathology of experimental

studies are ongoing in our laboratory to pinpoint the exact

liver

injury.' It has

been reported that higher GSH levels

help to lower AFBI toxicity through conjugation with the

phytochemicals responsible for the hepatoprotective
properties of these three plant extracts.

toxin:9) The above findings are supported by other similar
studies:22,2')
We have earlier reported that the triterpenoid ursolic
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