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Abstract

Background: Decoction prepared from leaves of Atalantia ceylanica is used in traditional medicine in Sri Lanka for
the treatment of various liver ailments since ancient times. Lyophilized powder of the water extract of A. ceylanica
leaves was investigated for its phytochemical constituents, antioxidant and hepatoprotective activity in-vitro.

Methods: The total phenolic and flavonoid contents were determined using Folin Ciocalteu method and
aluminium chloride colorimetric assay respectively. The antioxidant activities of the decoction were investigated
using 1,1-Diphenyl-2-picrylhydrazyl (DPPH), hydroxyl radical, nitric oxide scavenging assays and ferric ion reducing
power assay. Hepatotoxicity was induced on porcine liver slices with ethanol to study hepatoprotective activity.
Porcine liver slices were incubated at 37°C with different concentrations of the water extract of A. ceylanica in the
presence of ethanol for 2 hours. The hepatoprotective effects were quantified by the leakage of alanine transaminase
(ALT), aspartate transaminase (AST) and lactate dehydrogenase (LDH) to the medium. Thiobarbituric acid reactive
substances (TBARS) assay was performed to examine the anti-lipid peroxidation activity caused by the plant extract.

Results: The mean ± SD (n =9) for the levels of total phenolics and flavonoids were 4.87 ± 0.89 w/w% of gallic acid
equivalents and 16.48 ± 0.63 w/w% of (−)-Epigallocatechin gallate equivalents respectively. The decoction demonstrated
high antioxidant activity. The mean ± SD values of EC50 were 131.2 ± 36.1, 48.4 ± 12.1, 263.5 ± 28.3 and 87.70 ± 6.06 μg/ml
for DPPH, hydroxyl radical, nitric oxide scavenging assays and ferric ion reducing power assay respectively.
A significant decrease (p <0.05) was observed in ALT, AST and LDH release from porcine liver slices treated with A.
ceylanica extract at a concentration of 2 mg/ml in the presence of ethanol (5 M) compared to that of ethanol (5 M)
treated slices. Furthermore, a reduction in lipid peroxidation was also observed in liver slices treated with the leaf extract
of A. ceylanica (2 mg/ml) compared to that of ethanol induced liver toxicity (p <0.05).

Conclusions: The results suggest that aqueous extract of A. ceylanica exerts hepatoprotective activity against
ethanol induced liver toxicity of porcine liver slices which can be attributed to the antioxidant properties
possessed by the plant material.
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Background
During hepatic drug biotransformation, free radicals are
continuously generated. Free radicals are highly reactive,
unstable molecules that react rapidly with adjacent mole-
cules via a variety of reactions including: hydrogen ab-
straction, electron capturing and electron sharing leading
to lipid peroxidation, protein oxidation, DNA strand
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breaks, and modulation of gene expression [1]. Experimen-
tal evidence shows that these free radicals are involved in
liver diseases and also lead to atherosclerosis, cancer, stroke,
asthma, arthritis and other age related diseases [2,3].
Plants as natural source of antioxidants have the potential

to scavenge free radicals and inhibit their generation. It is a
well established fact that the mechanism of hepatoprotec-
tive effects of certain drugs are related to their antioxidant
capacity in scavenging free radicals and reactive oxygen
species [4]. Since, toxic effects of synthetic antioxidants
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have been reported, the interest for searching of natural
antioxidants of plant origin has increased [5]. Use of plant
derived drugs in medical practice has shown that they are
relatively non-toxic, safe and even free from serious side
effects [6].
Atalantia ceylanica (Family: Rutaceae) locally known as

“Yakinaran” is a dicotyledonous densely branched shrub
up to 2.5 m height distributed in Sri Lanka and Southern
India [7]. The juice of the leaves is used in the preparation
of pills administered for catarrh, bronchitis and other
chest complaints [8]. The root is used in the treatment of
ague [8]. Decoction prepared from leaves of Atalantia cey-
lanica is used in the treatment of liver diseases by trad-
itional medical practitioners of Sri Lanka.
Due to the lack of scientific investigations carried out so

far, the current research was launched to determine the
phytochemical composition, antioxidant and hepatopro-
tective activity of the decoction prepared from Atalantia
ceylanica.

Methods
Chemicals and equipment
The chemicals gallic acid, Folin Ciocalteu reagent,
trichloroacetic acid, 2-deoxy-D-ribose and ethylenedi-
amine tetra acetic acid (EDTA) were purchased from
Sigma Chemicals Co. (P.O. Box 14508, St. Louis, MO
63178 USA). 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free
radical, (−)-epigallocatechin gallate, aluminium chloride
and sulfanilamide were purchased by Fluka (Fluka chemie
GmbH, CH-9471 Buchs). L-ascorbic acid, hydrogen perox-
ide, N-(1-naphthyl)-ethylene diamine dihydrochloride and
ethanol were purchased from BDH Chemicals (BDH Che-
micals Ltd, Poole, England). Sodium nitroprusside was pur-
chased from Qualigens (A division of GlaxoSmith Kline
Pharmaceuticals Ltd). Ferric chloride, potassium ferricyanide
and sodium nitrite were purchased from Riedel De Haen
Ag, Wunstorfer Strasse 40, SEELZE1, D3016, Germany.
Lactate dehydrogenase (LDH) enzyme assay kit was pur-

chased from DiaSys (Alte Strasse 9, 65558, Holzheim,
Germany). Alanine transaminase (ALT) and Aspartate trans-
aminase (AST) enzyme assay kits were purchased from
POINTE, SCIENTIFIC, INC (5449 Research Drive, Canton
MI 48188, USA).
SHIMADZU UV 1601 UV Visible spectrophotometer

(Shimadzu Corporation, Kyoto, Japan) was used to read
the absorbance. Deionized water was obtained from
LABCONCO WATER PRO-PS UV ultra filtered water
system (LABCONCO Corporation, Kansas city, Missouri).

Plant materials
The leaves of Atalantia ceylanica (Yakinaran) were col-
lected from Nachchaduwa, Anuradhapura, Sri Lanka and
was identified and confirmed by Department of Botany,
Bandaranaike Memorial Ayurvedic Research Institute,
Nawinna, Colombo, Sri Lanka. Voucher specimens are
deposited at the above premises.

Preparation of the decoction
Washed plant leaves were dried until a constant weight
was achieved. Dry weight of 30 g of plant material (n =3)
was ground to a fine powder and boiled with 800 ml of de-
ionized water until total volume reduced to 100 ml (1/8th
of the original volume). The decoction was sonicated and
filtered. The filtrate was centrifuged (2000 rpm, 10 min)
and the supernatant was freeze dried. The freeze dried
samples were weighed, and stored at −20°C in sterile tubes
until further use. Lyophilized samples of A. ceylanica were
prepared in triplicates and the yield was calculated as a
percentage of dry weight.

Determination of total phenolic content
Total phenolic content of decoctions of A. ceylanica was
determined by Folin Ciocalteu method [9]. Calibration
curve was constructed using gallic acid standards and
the total phenolic content was expressed as w/w% gallic
acid equivalents.

Determination of flavonoid content
The flavonoid content was measured by the aluminium
chloride colorimetric assay [10]. Calibration curve was
plotted using (−)-epigallocatechin gallate (EGCG) stan-
dards and flavonoid content was expressed as w/w%
EGCG equivalents.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity
Free radical scavenging ability of the decoction prepared
was assessed by DPPH radical scavenging method with
slight modification [11]. DPPH reagent prepared in absolute
ethanol (100 μM, 750 μl) was added to test sample (250 μl)
and the mixture was allowed to stand for 30 minutes in the
dark. Absorbance was measured at 517 nm. Percentage in-
hibition was calculated according to equation 1:

% Inhibition ¼ Absorbance of control – Absorbance of sample
Absorbance of control

� 100

ð1Þ
L-Ascorbic acid was used as the reference standard

antioxidant. The effective concentration needed to scav-
enge DPPH free radical by 50% (EC50) was calculated by
regression analysis of the dose response curve plotted be-
tween percentage inhibition versus concentration of the
test samples and the standard.

Hydroxyl radical (HO.) scavenging activity
Hydroxyl radical scavenging activity was measured based
on the competition between deoxyribose and the test
compound (the plant extract) to react with hydroxyl
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radical generated from Fe2+/Ascorbate/EDTA/H2O2 sys-
tem according to the procedure as previously described
with slight modification [12]. Gallic acid was used as the
reference standard antioxidant. The percentage scaven-
ging of hydroxyl radical for A. ceylanica and the stand-
ard antioxidant was calculated according to equation 1.
EC50 was calculated as described previously.

Nitric oxide radical (NO.) scavenging activity
NO. scavenging activity of the decoctions prepared was
measured based on Griess - Ilosvay reaction with slight
modification [13]. The interference from the plant extract
with the pink chromophore formed was minimized by back-
ground subtraction of absorbance for respective concentra-
tions. L-Ascorbic acid was used as the reference standard
antioxidant. The percentage scavenging of NO. for A. ceyla-
nica and the standard antioxidant was calculated according
to equation 1. EC50 was calculated as described previously.

Ferric ion reducing power assay
The ferric ion reducing power of the decoctions pre-
pared was determined according to a method described
previously [14]. L-ascorbic acid was used as the refer-
ence standard antioxidant. Dose response curve was
plotted between the absorbance versus concentrations of
plant extracts or standards by linear regression analysis.
EC50 was defined as the corresponding concentration of
the plant extract which gives an absorbance value of 0.5.

Porcine liver tissue collection
Porcine liver tissue of either sex was obtained from the
registered slaughter house in Dematagoda, Sri Lanka
(See Additional file 1) with permission obtained from
the chief municipal veterinary surgeon. A sample of
liver tissue without distinction of lobes was excised
using sterile scalpel blades and transferred immediately
into ice cold sterile Krebs Ringers-4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) buffer (KRHB)
and transported to the laboratory on the day of the ex-
periment within 5 minutes in a ice bath.

Preparation of medium
Tissue slices were prepared in sterile KRHB and maintained
according to a method described previously [15,16]. The
buffer (KRHB) composition includes HEPES (2.5 mM),
NaCl (118 mM), KCl (2.85 mM), CaCl2 (2.5 mM), KH2PO4

(1.5 mM), MgSO4 (1.18 mM) and glucose (4.0 mM). The
pH was adjusted to 7.4 by 1 N NaOH. The medium was
autoclaved for sterilization.

Hepatoprotective activity of A. ceylanica decoction in vitro
Porcine liver tissue was washed several times in fresh ice
cold KRHB and cut into thin slices (20–25 mg) using
sharp sterile scalpel blades. Liver slices (100 mg) were
transferred into clean sample collection glass vials filled
with KRHB (3.0 ml). Vials were capped and pre-incubated
for 30 minutes in a shaker water bath at 37°C. Liver slices
(100 mg) were drained carefully and transferred into sep-
arate vials having different concentrations of A. ceylanica
(400, 1000 and 2000 μg/ml) co-exposed with ethanol
(5 M) and incubated at 37°C for 2 hours. The final volume
was adjusted to 3.0 ml with KRHB. Same experiment was
carried out with the plant extract in the absence of ethanol
to assess any hepatotoxic effect induced by the plant ex-
tract itself. A control was carried out in KRHB (3.0 ml)
and ethanol (5 M) was used to induce hepatotoxicity. After
the incubation period, the spent media were collected and
the liver slices were homogenized at 4°C, the homogenates
were sonicated for 4 seconds and centrifuged at 4°C. The
supernatants of the tissue homogenates and the media ob-
tained from post incubation of tissues were assayed for ala-
nine transaminase (ALT), aspartate transaminase (AST)
and lactate dehydrogenase (LDH).The percentage cytotox-
icity was calculated using equation 2:

Thepercentage cytotoxicity ¼Enzyme activity in themedium
Total Enzyme activity

� 100

ð2Þ

Where Total Enzyme activity = Enzyme activity in the
medium+ Enzyme activity in the tissue homogenate,
Medium=Medium used for the incubation of liver tissue
The tissue homogenates were also assayed for total

protein content and lipid peroxides formed [17,18].
Standard curves were plotted using bovine serum albu-
min (BSA) and 1,1,3,3-Tetraethoxypropane (TEP) stan-
dards respectively and amount of lipid peroxides
formed was expressed as micrograms of malondialde-
hyde (MDA) equivalents formed per gram of protein.

Statistical analysis
A minimum of three independent experiments were carried
in triplicates unless otherwise specified. Students T test was
performed for statistical analysis and results are presented
as mean ± standard deviation (Mean ± SD). Value of p <0.05
was considered as significant. Regression analysis and statis-
tical analysis were carried out using Microsoft Excel. Cali-
bration curves of the standards were considered as linear if
R2 > 0.99. EC50 values were calculated from either linear or
logarithmic dose response curves where R2 > 0.90.

Results and discussion
Extraction yield, phenolic and flavonoid contents
The extraction yield obtained for lyophilized samples of A.
ceylanica was 8.56 ± 1.50% of dry weight. Phenolic com-
pounds contain hydroxyl groups which contribute to
the free radical scavenging and act as primary antioxi-
dants [19]. A. ceylanica exhibited total phenolic content
of 4.87 ± 0.89 w/w% gallic acid equivalents (Table 1). In



Table 1 The extraction yield, total phenolic content and
flavonoid content obtained for A. ceylanica

Extraction yield
(w/w% of dry weight)

8.56 ± 1.50 (n =3)

Phenolic content
(w/w% Gallic acid equivalents)

4.87 ± 0.89 ( n =9)

Flavonoid content
(w/w% (−)-Epigallocatechin
gallate equivalents)

16.48 ± 0.63 (n =9)
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a similar study carried out using the ethanolic leaf ex-
tract of Atalantia monophylla (Family: Rutaceae), has
shown that the total phenolic content present was
560 mg/g (56% w/w% gallic acid equivalents) which is
very high compared to the present study [20]. Higher
solubility of phenolic compounds in ethanol compared
to water may be associated with this observation, apart
from the duration of extraction, temperature used and
method of extraction [21].
Flavonoids are considered as potential antioxidants

exerting their antioxidant activity by the mechanisms of
radical scavenging and metal ion chelation to inhibit
lipid peroxidation [22]. Aluminium chloride colorimet-
ric assay yielded total flavonoid content of 16.48 ± 0.63
w/w% (−)-Epigallocatechin gallate (EGCG) equivalents
for A. ceylanica (Table 1). Methanolic extract of Aegle
marmelos leaves which belongs to the same family of A.
ceylanica exhibits a total phenolic content of 9.84 ±
0.023 mg/kg gallic acid equivalents and a total flavonoid
content of 8.248 ± 0.029 mg/kg EGCG equivalents [23].
This indicates that the aqueous extract of A. ceylanica
possess a higher content of phytochemicals compared
to Aegle marmelos.
Figure 1 The dose response curves for percentage scavenging of
DPPH by A. ceylanica decoction in comparison with L-Ascorbic
acid. The results are presented as mean + SD for A. ceylanica (n =9)
and L-Ascorbic acid (n =9).
DPPH radical scavenging activity
1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical was
used to determine hydrogen donating ability of the plant
extracts. DPPH reacts with hydrogen donors (free radical
scavengers) to yield a stable product 1,1-Diphenyl-2-
picrylhydrazine resulting in a color change from purple to
yellow [24]. In the current study, the values for EC50 ob-
tained for DPPH assay were 131.2 ± 36.1 μg/ml and 3.30 ±
0.27 μg/ml for A. ceylanica and L-Ascorbic acid respect-
ively (Figure 1). The results indicate that hydrogen do-
nating ability of L-Ascorbic acid is greater than A.
ceylanica. A previous study carried out with Murraya
koenigii (Indian curry leaf tree) which belongs to the
same family, Rutaceae has shown that the EC50 values for
DPPH scavenging were 187 μg/ml and 917 μg/ml for its
methanolic and aqueous leaf extracts respectively [25].
These values indicate that decoction prepared from A.
ceylanica leaves is a better scavenger of free radicals
than Murraya koenigii aqueous leaf extract and the
EC50 value is comparable to the EC50 value of the meth-
anolic leaf extract.

Hydroxyl radical (HO.) scavenging activity
Hydroxyl radical is an extremely reactive free radical
formed in biological systems which can react and dam-
age biomolecules found in living cells. Hydroxyl radicals
can initiate lipid peroxidation of the cell membrane. Iron
catalysed .OH radical formation degrades deoxyribose to
thiobarbituric acid reactive substances (TBARS) which
generates a pink chromogen on heating with thiobarbitu-
ric acid (TBA) [12]. In the present investigation, A. ceyla-
nica demonstrated an EC50 value of 48.4 ± 12.1 μg/ml
compared to gallic acid which showed a value of EC50 =
Figure 2 The dose response curves for percentage scavenging of
hydroxyl radicals by A.ceylanica decoction and Gallic acid. The
results are presented as mean + SD for A. ceylanica (n =9) and Gallic
acid (n =9).



a b

Figure 3 The dose response curve for percentage inhibition of nitric oxide radicals by A. ceylanica (a) and L-Ascorbic acid (b). A linear
relationship was observed between % I versus natural logarithm of concentration of A. ceylanica. The results are presented as mean + SD of three
independent experiments.

Figure 4 The reduction capability of different concentrations of
A. ceylanica decoction in comparison with L-Ascorbic acid. The
results are presented as mean + SD for A. ceylanica (n =9) and
L-Ascorbic acid (n =9).
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27.69 ± 4.14 μg/ml. The results obtained strongly indi-
cate that the aqueous extract of A. ceylanica leaf is cap-
able of protecting deoxyribose in the presence of
hydroxyl radicals in a dose dependent manner (Figure 2).
Ethanolic extract of Ruta graveolens leaf and hydro-
ethanolic extract of Citrus aurantium leaf, the plants
which belong to the same family have shown an EC50

value of 160.09 μg/ml and 96.76 ± 0.95 μg/ml respect-
ively indicating a higher capacity to scavenge hydroxyl
radical by A. ceylanica [26,27].

Nitric oxide radical (NO.) scavenging activity
Formation of NO. is elevated in infections and inflam-
mation, and in the aerobic environment NO. reacts with
oxygen to produce strong oxidants such as peroxynitrite
anion (ONOO−). Although NO. does not interact with
biological macromolecules directly, peroxynitrite anion
(ONOO−) will give rise to adverse effects such as DNA
fragmentation, cell damage and neuronal cell death [28].
Nitric oxide generated spontaneously from sodium ni-
troprusside (SNP) in aqueous solution at physiological
pH interacts with oxygen to produce nitrite ions causing
diazotization of sulphanilamide which in turn undergoes
coupling with naphthylethylenediamine dichloride form-
ing an azo-dye. Scavengers of nitric oxide compete with
oxygen which leads to reduced production of nitrite ions.
The EC50 values obtained were 263.5 ± 28.3 and 276.3 ±
25.8 μg/ml for A. ceylanica and L-ascorbic acid respect-
ively (Figure 3). These results suggest that there is no sig-
nificant difference between NO scavenging abilities of A.
ceylanica and L-Ascorbic acid (p >0.05). Citrus aurantium
and Citrus acidissima are two plants which belong to the
family of Rutaceae. A. ceylanica leaf has a higher antioxi-
dant potential to scavenge NO radicals compared to
hydro-ethanolic extract of Citrus aurantium leaf (EC50 =
765.41 ± 0.82 μg/ml) but a lesser scavenging ability com-
pared to methanolic extract of Citrus acidissima leaf
(EC50 = 152 μg/ml) [27,29].

Ferric ion reducing power assay
Ferric ion reducing power assay measures the electron-
donating capacity of an antioxidant [30]. The presence of
reducing agents (i.e. antioxidants) causes the reduction of
the Fe3+/ferricyanide complex to the ferrous form. The ab-
sorbance measured at 700 nm of the resultant blue-green
coloured solution is proportional to the amount of Fe2+ in
the system. Therefore an increased absorbance is indica-
tive of higher reducing power. The reducing power of



Table 2 The EC50 values for antioxidant tests for aqueous
leaf extract of A. ceylanica with respect to reference
standard antioxidants

Antioxidant test A. ceylanica
(μg/ml)

Ascorbic acid
(μg/ml)

Gallic acid
(μg/ml)

DPPH assay (n =9) 131.2 ± 36.1 3.30 ± 0.27 -

HO. scavenging (n =9) 48.4 ± 12.1 - 27.69 ± 4.14

NO. scavenging (n =3) 263.5 ± 28.3 276.3 ± 25.8 -

Fe3+ reducing
power (n =9)

87.70 ± 6.06 2.78 ± 0.30 -
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A. ceylanica leaf extract as well as the standard L-Ascorbic
acid increased progressively in a dose dependant manner
over the concentration ranges studied, however the re-
ducing power of L-Ascorbic acid was greater than A.
ceylanica. The corresponding concentrations of L-
Ascorbic acid and A. ceylanica to produce a blue-green
colored product of 0.5 absorbance (EC50) were 2.78 ±
0.30 and 87.70 ± 6.06 μg/ml respectively. The reduction
capability of A. ceylanica aqueous leaf extract compared
to L-ascorbic acid is presented in Figure 4. The results
obtained for antioxidant activity experiments are tabu-
lated in Table 2.

Hepatoprotective activity of A. ceylanica aqueous extract
Liver slices have been successfully used for assaying he-
patoprotective activity of compounds such as curcumin
[31] and Pterocarpus marsupium extract [32]. Further it
has been found that, liver tissue collected from slaugh-
ter house is a useful model to study hepatotoxicity of
different substances on the organ level [33]. There is a
similarity in liver specific metabolic activities with por-
cine liver cells with that of human liver cells [34]. The
Figure 5 Percentage enzyme leakage of porcine liver slices after 2 ho
different concentrations of A. ceylanica (400, 1000, 2000 μg/ml) with
compared to ethanol (5 M) treated sample for the corresponding enzyme
LDH = Lactate dehydrogenase.
present study was therefore carried out using liver slices
prepared from fresh porcine liver obtained from the
slaughter house.
Trial experiments were carried out to optimize the

conditions to cause liver damage by ethanol to investi-
gate the protective effect of A. ceylanica aqueous extract
on liver slices. It was found that the concentration of
the ethanol and exposure time required to induce liver
damage was 5 M and 2 hours respectively. The activities
of the three enzymes ALT, AST and LDH were in-
creased in the porcine liver slices treated with ethanol
(5 M) indicating cellular leakage and loss of functional
integrity of the cell membrane [35]. Percentage AST,
ALT, and LDH released in liver slices treated with etha-
nol for 2 hours were 70.36%, 71.33% and 53.06% re-
spectively and for untreated liver slices (control), the
values were 25.05%, 23.43% and 20.67% respectively
(Figure 5). There was a significant (p <0.05) reduction
of percentage release of ALT, AST and LDH after treat-
ment with A. ceylanica at a concentration of 2 mg/ml
(Figure 5). This confirms the protective effect of the de-
coction prepared from A. ceylanica against ethanol in-
duced hepatic damage. The prevention of the leakage of
intracellular enzymes may be attributed to the mem-
brane stabilizing activity caused by the phytochemicals
present in the plant extract.
In the pathogenesis of ethanol-induced liver injury,

oxidative stress plays an important role [36]. Free radi-
cals generated on ethanol consumption react with vari-
ous cellular components and cause damage to the
tissues eventually forming products such as lipoperox-
ides, conjugated dienes and malondialdehyde (MDA)
with simultaneous reduction of levels of antioxidants
like Vitamin E and glutathione in the tissues [37]. The
ur exposure to medium (negative control), ethanol (5 M) and
ethanol (5 M). Each value represents mean + SD (n =3). *p <0.05 when
assayed. AST = Aspartate transaminase, ALT = Alanine transaminase,



Figure 6 MDA equivalents formed in liver tissue homogenates after exposure to different conditions for 2 hour incubation period.
Each value represents mean + SD (n =3). *p <0.05 when compared to ethanol (5 M) treated sample. MDA =Malondialdehyde.
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porcine liver slices being treated with ethanol (5 M)
produced high amount of lipid peroxides (1495.5 ±
544.8 μg/g amount of MDA equivalents) compared to
untreated liver slices, indicating the oxidative damage
caused by exposure to high levels of ethanol (Figure 6).
Treatment of porcine liver slices with ethanol (5 M)
with 2 mg/ml of plant extract for 2 hours has reduced
the formation of lipid peroxides significantly (p <0.05)
compared to the sample treated with 5 M ethanol
alone (Figure 6). The results indicate the contribution
of the secondary metabolites of A. ceylanica to reduce
or scavenge lipid peroxides generated from free radi-
cals. The plant extracts alone in KRHB did not show
any toxicity on liver tissue over the concentrations
studied. It is well documented that antioxidants pro-
tect against toxicity caused by reactive oxygen species
(ROS) in the prevention of their generation, disruption
of attack, scavenging of reactive metabolites and en-
hancing the resistance to ROS attack on sensitive bio-
logical targets [38].
A similar study carried out by Sinha et al. [39], on he-

patoprotective activity of Picrorhiza kurroa Royle Ex.
Benth aqueous root extract (Family: Scrophulariaceae)
using mouse liver slice culture, the authors concluded
that the high antioxidant activity of this plant is respon-
sible for the suppression of alcohol induced toxicity. In
a recent study carried out by Shokrzadeh and coauthors
(2014), have found that ethanolic extract of Zataria
multiflora can exert hepatoprotective activity against
liver toxicity induced by cyclophosphamide (CP) in
mice [40]. Although CP is extensively used in chemo-
therapy, it possesses a wide spectrum of side effects
including hepatotoxicity. Based on their results the
authors concluded that Zataria multiflora, could be
used concomitantly as a supplement agent against hep-
atotoxicity for the patients undergoing chemotherapy
with CP.

Conclusion
The results obtained in this study indicate that the de-
coction prepared from A. ceylanica leaves possess ef-
fective hepatoprotective activity against ethanol induced
toxicity in porcine liver slices. This can be attributed to
the radical scavenging capacity of the plant extract
hence justifying the use of this plant material in the
treatment of various liver diseases in traditional medi-
cine. The pharmacological profiles of this plant extract
based on in vivo studies and clinical trials should be fur-
ther investigated.

Additional file

Additional file 1: IACUC Principles and procedures of animal care
and use.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Experimental work, acquisition of data, analysis and drafting of the manuscript
were carried out by CDF. PS contributed through conception and designing of
the project, data interpretation and revising the manuscript for intellectual
content. Both authors read and approved the final manuscript.

Acknowledgements
We acknowledge the financial assistance by National Science Foundation
(Grant number RG/2005/HS/17) Sri Lanka and Department of Biochemistry &
Molecular Biology, Faculty of Medicine, University of Colombo. Authors
particularly thank Ms. Sudeepa Sugathadasa and Ms. Pushpa Jeewandara,

http://www.biomedcentral.com/content/supplementary/1472-6882-14-395-S1.pdf


Fernando and Soysa BMC Complementary and Alternative Medicine 2014, 14:395 Page 8 of 8
http://www.biomedcentral.com/1472-6882/14/395
Department of Botany, Bandaranayake Memorial Ayurvedic Research
Institute, Nawinna, Colombo, Sri Lanka, for the identification of the plant
material. The technical assistance offered by Mr. Jayantha Weerasinghe, Mr.
Thisira Andrahennadi, Mr. Saman Kolombage and Ms. Nilusha Rajapakse,
Department of Biochemistry & Molecular Biology, Faculty of Medicine,
University of Colombo, is gratefully acknowledged.

Received: 15 May 2014 Accepted: 6 October 2014
Published: 14 October 2014
References
1. McCord JM: The evolution of free radicals and oxidative stress. Am J medi

Sci 2000, 108:652–659.
2. Hikino H, Kiso Y: Natural Products for Liver Disease. London: Academic Press;

1988:39–42.
3. Liao KL, Yin MC: Individual and combined antioxidant effects of seven

phenolic agents in human erythrocyte membrane ghosts and
phosphatidyl choline liposome systems: Importance of the partition
coefficient. J Agric Food Chem 2000, 48:2266–2270.

4. Ahmadi A, Ebrahimzadeh MA, Ahmad-Ashrafi S, Karami M, Mahdavi MR,
Saravi SSS: Hepatoprotective, antinociceptive and antioxidant activities of
cimetidine, ranitidine and famotidine as histamine H2 receptor
antagonists. Fundam Clin Pharmacol 2011, 25(1):72–79.

5. Jayaprakash GK, Rao LJ: Phenolic constituents from lichen Parmontrema
stuppeum”. Food Control 2000, 56:1018–1022.

6. Momin A: Role of Indigenous Medicine in Primary Health Care. In
Proceedings of the first International Seminar on Unani Medicine. New Delhi,
India: 1987:54.

7. Dassanayake MD, Forsberg FR: A Revised Handbook to the Flora of Ceylon,
Volume 5. New Delhi:Oxford: IBH Publishing Co; 1985:406–475.

8. Jayaweera DMA: Medicinal Plants (Indigenous and Exotic) Used in Ceylon, Part V.
Colombo: A publication of the National Science Council of Sri Lanka; 1982.

9. Makkar HPS, Blummel M, Borowy NK, Becker K: Gravimetric determination
of tannins and their correlations with chemical and protein precipitation
methods. J Sci Food Agric 1993, 61:161–165.

10. Zhishen J, Mengcheng T, Jianming W: The determination of flavonoid
contents in mulberry and their scavenging effects on Superoxide
radicals. Food Chem 1999, 64:555–559.

11. Silva IK, Soysa P: Evaluation of phytochemical composition and
antioxidant capacity of a decoction containing adenanthera pavonina L.
and Thespesia populnea L. Pharmacogn Mag 2011, 7(27):193–199.

12. Halliwell B, Gutteridge JM, Arnoma OL: The Deoxyribose method: A simple
test tube assay for the determination of rate constant for reaction of
hydroxyl radical. Anal Biochem 1987, 165:215.

13. Garret D: The quantitative analysis of drugs. Champman Hall Japan 1964,
3:456–458.

14. Oyaizu M: Studies on products of browning reactions: antioxidative
activities of products of browning reaction prepared from glucosamine.
Jpn J Nutr 1986, 44:307–315.

15. Wormser U, Ben ZS, Stivelband E, Eizen O, Nyska A: The Liver slice system:
A rapid in vitro acute toxicity test for primary screening of hepatotoxic
agents. Toxicol in Vitro 1990, 4:783–789.

16. Invittox protocol no.42: The ERGATT/FRAME Data Bank of in Vitro Techniques in
Toxicology: Liver Slice Hepatotoxicity Screening System. England: INVITTOX; 1992.

17. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein measurement with
the Folin phenol reagent. J Biol Chem 1951, 193:265.

18. Lynch SM, Frei B: Mechanisms of copper- and iron dependent oxidative
modification of human low-density lipoprotein. J Lipid Res 1993, 34:1745–1751.

19. Dhalwal K, Shinde VM, Namdeo AG: Antioxidant profile and HPTLC
densitometric analysis of umbelliferone and psoralen in Aegle marmelos.
Pharma Biol 2008, 46:266–272.

20. Reddy KH, Sharma PV, Reddy OV: A comparative in vitro study on
antifungal and antioxidant activities of Nervilia aragoana and Atlantia
monophylla. Pharm Biol 2010, 48(5):595–602.

21. Pawar CR, Surana SJ: Optimizing conditions for gallic acid extraction from
Caesalpinia decapetala wood. Pak J Pharm Sci 2010, 23(4):423–425.

22. Oboh G, Puntel RL, Rocha JBT: Hot pepper (Capsicum annuum, Tepin and
Capsicum chinese, Habanero) prevents Fe2+-induced lipid peroxidation
in brain in vitro. Food Chem 2007, 102:178–185.
23. Siddique NA, Mujeeb M, Najmi AK, Akram M: Evaluation of antioxidant
activity, quantitative estimation of phenols and flavonoids in different
parts of Aegle marmelos. African J Plant Sci 2010, 4(1):001–005.

24. Molyneux P: The use of the stable free radical diphenylpicrylhydrazyl
(DPPH) for estimating antioxidant activity Songklanakarin. J Sci Technol
2004, 26(2):211–219.

25. Mishra J, Yousuf A, Singh RD, Aradhana: Phytochemical investigation and
in-vitro antioxidant potential of leaves of Murraya koenigii. Int J Integr Biol
2009, 7(3):171.

26. Pandey P, Mehta A, Hajra S, John J, Mehta P: Antioxidant property, total
Phenolic content and inhibition of a-amylase activity of Ruta graveolens L.
leaves extract. J Pharm Res 2011, 4(6):1735–1737.

27. Muthiah PL, Umamaheswari M, Asokkumar K: In-vitro antioxidant activities
of leaves, fruits and peel extracts of Citrus. Int J Phytopharmacy 2012,
2(1):13–20.

28. Malinski T: Nitric oxide and nitroxidative stress in Alzheimer's disease.
J Alzheimers Dis 2007, 11:207–218.

29. Attarde DL, Chaudhari BJ, Bhambar RS: Phytochemical investigation and
in vitro antioxidant activity of extracts from leaves of Limonia acidissima
linn. (Rutaceae). J Pharm Res 2011, 4(3):766–768.

30. Yen GC, Chen HY: Antioxidant activity of various tea extracts in relation
to their antimutagenicity. J Agric Food Chem 1995, 43:27–32.

31. Naik RS, Mujumdar AM, Ghaskadbi S: Protection of liver cells from ethanol
cytotoxicity by curcumin in liver slice culture in vitro. J Ethnopharmacol
2004, 95:31–37.

32. Mahnaaz M, Swati K, Devasagayam TP, Saroj G: Pterocarpus marsupium
extract reveals strong in vitro antioxidant activity. Drug Discov Ther 2009,
3:151–161.

33. Grosse-Siestrup C, Pfeffer J, Unger V, Nagel S, Witt C, Fischer A, Groneberg DA:
Isolated hemoperfused slaughterhouse livers as a valid model to study
hepatotoxicity. Toxicol Pathol 2002, 30:749.

34. Vilei MT, Granato A, Ferraresso C, Neri D, Carraro P, Gerunda G, Muraca M:
Comparison of pig, human and rat hepatocytes as a source of liver
specific metabolic functions in culture systems–implications for use in
bioartificial liver devices. Int J Artif Organs 2001, 24(6):392–396.

35. Drotman RB, Lawhorn GT: Serum enzymes as indicators of chemical
induced liver damage. Drug Chem Toxicol 1978, 1:163–171.

36. Christina AJ, Saraswathy GR, Robert SJ, Kothai R, Chidambaranathan N,
Nalini G, Therasal RL: Inhibition of CCl4-induced liver fibrosis by Piper
longum Linn. Phytomedicine 2006, 13:196–198.

37. Pal R, Nath R, Gill KD: Lipid peroxidation and antioxidant defense
enzymes in various regions of adult rat brain after coexposure to
cadmium and ethanol. Pharmacol Toxicol 1993, 73:209–214.

38. Habibi E, Shokrzadeh M, Chabra A, Naghshvar F, Keshavarz Maleki R, Ahmadi A:
Protective effects of Origanum vulgare ethanol extract against
cyclophosphamide-induced liver toxicity in mice. Pharm Biol 2014, 15:1–6.

39. Sinha S, Bhat J, Joshi M, Sinkar V, Ghaskadbi S: Hepatoprotective activity of
Picrorhiza kurroa Royle Ex. Benth extract against alcohol cytotoxicity in
mouse liver slice culture. Int J Green Pharmacy 2011, 5(3):244–253.

40. Shokrzadeh M, Chabra A, Ahmadi A, Naghshvar F, Habibi E, Salehi F,
Assadpour S: Hepatoprotective effects of zataria multiflora ethanolic
extract on liver toxicity induced by Cyclophosphamide in mice. Drug Res
2014, 64:1–7.

doi:10.1186/1472-6882-14-395
Cite this article as: Fernando and Soysa: Total phenolic, flavonoid
contents, in-vitro antioxidant activities and hepatoprotective effect of
aqueous leaf extract of Atalantia ceylanica. BMC Complementary and
Alternative Medicine 2014 14:395.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Chemicals and equipment
	Plant materials
	Preparation of the decoction
	Determination of total phenolic content
	Determination of flavonoid content
	1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity
	Hydroxyl radical (HO.) scavenging activity
	Nitric oxide radical (NO.) scavenging activity
	Ferric ion reducing power assay
	Porcine liver tissue collection
	Preparation of medium
	Hepatoprotective activity of A. ceylanica decoction in�vitro
	Statistical analysis

	Results and discussion
	Extraction yield, phenolic and flavonoid contents
	DPPH radical scavenging activity
	Hydroxyl radical (HO.) scavenging activity
	Nitric oxide radical (NO.) scavenging activity
	Ferric ion reducing power assay
	Hepatoprotective activity of A. ceylanica aqueous extract

	Conclusion
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

