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Abstract

A¯atoxin B1, a metabolite of Aspergillus ¯avus is a potent hepatotoxic and hepatocarcino-
genic mycotoxin. Lipid peroxidation and oxidative DNA damage are the principal mani-
festations of a¯atoxin B1-induced toxicity which could be mitigated by antioxidants. Many
plant constituents, e.g. ¯avonoids, lignans and spice principles (capsaicin, curcumin,
eugenol, etc.) have been reported to prevent liver damage associated with lipid perox-
idation. In this study we investigated ternatin, a tetramethoxy¯avone isolated from Egletes
viscosa, for possible protection against liver injury induced by a¯atoxin B1 in rats.

Seventy two hours after a single intraperitoneal dose of a¯atoxin B1 (1 mg kg71), the
concentration of malondialdehyde, the product of lipid peroxidation in liver homogenates,
and serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were signi®cantly elevated (P< 0�01). Subcutaneous ternatin (25 mg kg71) pretreatment
greatly reduced a¯atoxin B1-induced increases in the levels of serum enzymes (ALT from
5071� 763 to 293� 66 international units L71 and AST from 4241� 471 to 449� 108
international units L71) and elevated malondialdehyde levels (from 11�37� 1�27 to
0�79� 0�22 nmol (mg wet tissue)71) in a manner similar to oral vitamin E
(300 mg kg71), a standard antioxidant. Further, histological changes induced by a¯atoxin
B1 such as hepatocellular necrosis and bile-duct proliferation were markedly inhibited in
animals pretreated with ternatin or vitamin E.

These data provide evidence that ternatin inhibits lipid peroxidation and affords
protection against liver damage induced by a¯atoxin B1. Ternatin might, therefore, be a
suitable candidate for the chemoprevention of a¯atoxicosis associated liver cancer.

Mycotoxicosis as a result of a¯atoxins is a health
hazard to man. In acute and subacute poisoning the
liver is the main target organ and the information
available indicates a higher risk of liver cancer in
populations consuming a¯atoxin-contaminated
foods (Burfening 1973). Among the a¯atoxins,
a¯atoxin B1, a metabolite of Aspergillus ¯avus,
induces hepatocellular necrosis and carcinoma in
man and in animals (Newberne & Butler 1969;
Peers & Linsell 1977). The biochemical basis of
a¯atoxin B1-induced cellular damage and carcino-
genecity has not been well established. Its activa-
tion by the cellular cytochrome P450 enzyme
system to form the reactive intermediate, a¯atoxin

B1-8,9-epoxide has been described (Baertschi et al
1988). This epoxide can subsequently be trapped as
a DNA-adduct which is generally considered as the
critical step in tumour initiation (Choy 1993).
A¯atoxin B1 has recently been shown to induce
lipid peroxidation-associated liver damage in rats
(Shen et al 1994).

Many plant substances, e.g. ¯avonoids (Cholbi et
al 1991; Galvez et al 1995; Keli et al 1996); lignans
and neolignans (Haraguchi et al 1997) and spice
principles such as capsaicin, eugenol and curcumin
have antioxidant properties and can inhibit lipid
peroxidation (Pulla Reddy & Lokesh 1992). These
substances often serve as hepatoprotective agents in
the prevention of toxicity caused by certain drugs
and environmental chemicals wherein pathogenic
oxidative and lipid peroxidative reactions are
believed to play an essential role (Hara et al 1991;
Kwan et al 1995), but their potential to inhibit
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a¯atoxin B1-induced peroxidation has not been
evaluated.

Egletes viscosa L. (Asteraceae), popularly known
as Macela da terra, is a small medicinal herb that
grows abundantly in the northeast of Brazil. Infu-
sions prepared from its ¯ower heads are commonly
employed in folk medicine for the treatment of
gastritis, intestinal colic and liver disorders (Braga
1960). The bio¯avonoid ternatin (405-dihydroxy-
3,30,7,8 tetramethoxy¯avone) has been isolated
from the dried ¯ower heads (Lima et al 1996) and
studied for its biological activity in laboratory
animals. Ternatin was found to have anti-in¯am-
matory, anti-anaphylactic, antithrombotic and
hepatoprotective properties in animal models
(Souza et al 1992; Rao et al 1994; Souza et al
1994). It has also been shown to have antiviral
activity and to moderate the cytotoxicity of ternatin
against tumour cells in man (Beutler et al 1998).
More recently, we have demonstrated that ternatin
has antiperoxidative action in the rat model of
hepatotoxicity induced by carbon tetrachloride
(Souza et al 1997) and paracetamol (Souza et al
1998). In this study we investigated whether ter-
natin prevents hepatic damage induced by a¯atoxin
B1 in rats.

Materials and Methods

Animals
Male Wistar rats, 140±160 g, were used for the
experiments. They were housed in polypropylene
cages and maintained at 22� 2�C with a 12-h
light±dark cycle. They were allowed free access to
water and feed (purina chow).

Drugs and treatments
A¯atoxin B1 and thiobarbituric acid (TBA) were
obtained from Sigma (St Louis, MO). Ternatin was
isolated from dried ¯ower buds of E. viscosa L. by
procedures and methods described elsewhere (Lima
et al 1996). A¯atoxin B1 and ternatin were dis-
solved in dimethylsulphoxide (DMSO; Reagen,
Brazil) and then diluted with distilled water to the
required concentration. The ®nal concentration of
DMSO in these solutions was 3%. Vitamin E
(Ephymal) was purchased from Roche, Brazil, and
all other chemicals used were of analytical grade.
A¯atoxin B1 was administered intraperitoneally
(i.p.) and ternatin subcutaneously (s.c.), in volumes
of 5 mL kg71. Vitamin E was suspended in corn oil
at the desired concentration and was given orally
(p.o.; 10 mL kg71). Control animals received the

same volume of vehicle (3% DMSO, s.c., or corn
oil, p.o.).

A¯atoxin B1-induced liver damage
Liver damage was induced in overnight-fasted male
rats by a single intraperitoneal injection of a¯atoxin
B1 (1 mg kg71). Five groups of animals (n � 8)
were pretreated before injection of a¯atoxin B1.
The ®rst group served as vehicle-treated control
and received the vehicles 3% DMSO (5 mL kg71,
s.c.)� corn oil (10 mL kg71, p.o.). The second
group served as ternatin control and received ter-
natin in 3% DMSO (25 mg kg71, s.c.). The third
group served as a¯atoxin B1 control and received
vehicles only (as for the ®rst group). The fourth and
®fth groups of animals were treated with ternatin
(25 mg kg71, s.c.) and vitamin E (300 mg kg71,
p.o.), respectively. All pretreatments were given
once daily for four consecutive days. At the end of
this period, the third, fourth and the ®fth groups of
animals were given a¯atoxin B1 (1 mg kg71, i.p.)
injection. Blood samples were collected 72 h (3
days) later, under light ether anaesthesia from the
sino-orbital plexus. The blood was centrifuged at
2000 g for 5 min and the serum was separated and
kept at 4�C to assay for alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). The
rats were then killed by cervical dislocation and
decapitation, and liver tissues were collected,
washed with cold saline, blotted dry, and a 200-mg
sample from each liver was homogenized in ice-
cold 0�15 M potassium chloride solution to give a
10% homogenate.

The doses of 25 mg kg71 ternatin and
300 mg kg71 vitamin E were selected on the basis
of previous work and on literature ®ndings (Shen et
al 1994; Souza et al 1997).

Measurement of lipid peroxidation
Lipid peroxidation was assayed by measuring
malondialdehyde as thiobarbituric acid (TBA)-
reactive material (Uchiyama & Mihara 1977). In
brief, H3PO4 (1%, 3 mL) and aqueous TBA solu-
tion (0�6%, 1 mL) were added to the 10% homo-
genate (0�5 mL). The mixture was well shaken and
heated on a boiling-water bath for 45 min. After
cooling n-butanol (4 mL) was added and the mix-
ture shaken. After separation of the butanol layer
by centrifugation at 1200 g for 15 min its optical
density at 535 and 520 nm was determined in a
spectrophotometer (Beckman DU 640B). The dif-
ference between the results of the two optical
density determinations was taken as the TBA value
and the amount of malondialdehyde in the liver
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homogenate was calculated on the basis of a molar
extinction coef®cient of 13�700 M

71 cm71 (Ester-
bauer et al 1984).

Determination of serum enzymes
Levels of ALT and AST in rat serum were analysed
by use of the RA-XT biochemical analyser with the
respective test kits (Technicon, Bayer Diagnostic,

Brazil) and the values were expressed in inter-
national units L71.

Histological changes in the liver
Liver tissue from each rat was ®xed in 10% neutral
formalin and processed for paraf®n embedding.
Sections (6mm) were prepared and stained with
haematoxylin and eosin dye. Histological changes

Figure 1. Photomicrograph of vehicle-treated rat liver section showing normal architecture (a); liver section from rat treated
intraperitoneally with a¯atoxin B1 (1 mg kg71), showing cellular necrosis, intense hepatocellular vacuolization, cellular exudation
and bile duct proliferation (b); liver section from rat treated subcutaneously with ternatin (25 mg kg71) showing almost complete
protection against a¯atoxin B1 toxicity (c); cellular exudation is minimal and the liver architecture is well preserved; and liver
section from rat treated orally with vitamin E (300 mg kg71) showing protection against a¯atoxin B1 toxicity (d). Necrosis and
centrilobular changes are not remarkable. All sections were stained with haematoxylin and eosin dye; magni®cation �100.

Table 1. Effects of pretreatment with ternatin and vitamin E on a¯atoxin B1-induced changes in serum levels of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST), and on malondialdehyde concentration in rat liver homogenates.

Group Dose (mg kg71) and route Alanine
aminotransferase

(international units L71)

Aspartate
aminotransferase

(international units L71)

Malondialdehyde
(nmol mg71 wet tissue)

Vehicle control ± 129�3� 17�6 162�5� 12�7 2�48� 0�57
Ternatin control 25, intraperitoneal 106�9� 22�4 164�9� 26�4 1�78� 0�38
A¯atoxin B1control 1, intraperitoneal 5071�4� 763�0* 4240�9� 471�1* 11�37� 1�27*
A¯atoxin B1�ternatin

1, intraperitoneal
�25, subcutaneous

293�1� 66�1{ 449�2� 108�0*{ 0�79� 0�22{

A¯atoxin B1�vitamin E
1, intraperitoneal
�300, oral

218�5� 58�4{ 203�9� 46�2{ 4�81� 0�52{

Results are expressed as means� standard error of the mean (n� 8). Malondialdehyde concentrations are given in terms of
thiobarbituric acid-derived conjugates. *P< 0�001, signi®cantly different from vehicle control value. {P< 0�001, signi®cantly
different from a¯atoxin B1 control value.
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were studied under light microscopy by a person
unaware of the treatment groups.

Statistical analysis
The results are expressed as the mean� the stan-
dard error of the mean (s.e.m.) and statistical sig-
ni®cance between groups was analysed by one-way
analysis of variance and then the Student±
Newman±Keuls multiple comparison test. Values
of P< 0�05 were considered to be indicative of
signi®cance.

Results and Discussion

The thiobarbituratic acid reaction of liver homo-
genates and the levels of serum enzymes in rats
from vehicle and test groups are presented in Table
1. Signi®cant (®vefold) elevation of mal-
ondialdehyde concentration was observed 72 h after
a single intraperitoneal injection of a¯atoxin B1,
indicating the occurrence of lipid peroxidation.
This study con®rms the earlier report of the lipid
peroxidation-inducing effect of a¯atoxin B1. Shen
et al (1994) observed an increase in mal-
ondialdehyde concentration as early as 1 day after
administration of a¯atoxin B1 (1 mg kg71), with a
peak level after 3 days. Therefore this study
examined the effect of ternatin, a natural ¯avonoid
from Egletes viscosa, on the a¯atoxin B1-induced
peak increase in the levels of malondialdehyde and
the serum enzymes ALT and AST. Although ter-
natin per se had no signi®cant effect on these
levels, the a¯atoxin B1-induced elevations of the
concentration of malondialdehyde in the liver
homogenates and the levels of the serum enzymes
were signi®cantly (P< 0�05) inhibited by ternatin
pretreatment in a manner similar to that observed
after treatment with vitamin E, a known antioxidant
(Table 1). These results indicate that ternatin and
vitamin E are effective inhibitors of a¯atoxin B1-
induced lipid peroxidation.

A¯atoxin B1 treatment markedly enhanced serum
enzyme activityÐ39- and 26-fold for ALT and
AST, respectively, compared with the vehicle-
treated control group. This elevation of serum
enzyme activity re¯ects the extent of cell damage;
this was further con®rmed by histopathological
examinationÐthe appearance of liver sections from
vehicle-treated control animals was normal (Figure
1a) whereas intense hepatocellular micro-
vacuolization, necrosis and focal areas of par-
enchymal collapse were apparent in those from
a¯atoxin B1-treated rats. These lesions were mostly
perilobular. In¯ammatory exudate and bile duct
proliferation were apparent throughout the lobule

(Figure 1b). In contrast, for ternatin and vitamin E-
treated rats lobular structure was well preserved,
and less exudation and hyperplasia of bile ducts
were apparent (Figures 1c, d).

Although several plant substances such as ¯avo-
noids (rutin, quercetin, catechin, sylimarin, gardinin
D), spice principles (curcumin, eugenol, capsaicin),
lignans and neolignans (honokiol, magnolol) have
been reported to afford protection in other models of
lipid peroxidation, they have not been tested against
a¯atoxin B1-induced lipid peroxidation. Most of
these substances have been reported to be potent
antioxidants and it is probable that they not only
inhibit hepatocellular damage but also the carcino-
genecity of a¯atoxin B1. In this study ternatin was
effective in mitigating the severity of histopatholo-
gical changes and the elevation of serum transami-
nases (ALT, AST). A¯atoxin B1 toxicity is believed
to be mediated by the generation of toxic metabolites
(Baertschi et al 1988) that initiate lipid peroxidation
(Shen et al 1994). Indeed, the report that ternatin
protects against CCl4-induced lipid peroxidation
(Souza et al 1997) suggests that protective action is at
the lipid peroxidation step rather than on a¯atoxin B1

metabolism. Studies indicate that polymethoxy-
¯avonoids are more potent inhibitors of lipid perox-
idation in-vivo than are highly polar hydroxylated
compounds (Cholbi et al 1991), which are exten-
sively metabolized and become less active in-vivo.
Ternatin, being a tetramethoxy¯avone, can act as a
free-radical scavenger and prevent the lipid perox-
idation induced by toxic metabolites of a¯atoxin B1.

In conclusion, the results of this study are in-vivo
evidence of the protective effect of ternatin against
a¯atoxin B1-induced hepatotoxicity. Inhibition of
lipid peroxidation might constitute the principal
mechanism of its hepatoprotective function. Fur-
ther studies are required to establish its interaction
with the cytochrome P-450 system in the formation
of toxic metabolites. We suggest that ternatin might
be a suitable candidate for the chemoprevention of
a¯atoxicosis-associated liver damage and cancer.
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