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ABSTRACT
The present work investigated the Hepatoprotective and antioxidant potential
of methanolic extract of Acorus calamus rhizomes on Wistar rats against
AlCl3-induced liver injury. In vitro free radical scavenging activity of
methanolic extract of Acorus calamus was estimated using Hydrogen
peroxide scavenging and Nitric oxide (NO) radical scavenging methods.
Hepatotoxicity was induced by oral administration of AlCl3 at 40 mg/kg body
weight of Wistar rats daily for a period of 5 weeks. Experimental rats received
MEAC orally at the doses of 100, 200 and 400 mg/kg daily for 5 weeks.
Vitamin-E, a routine Hepatoprotective drug, was used as a reference drug.
Hepatoprotective effects were investigated by assessment of serum biochemical
enzymes such as alanine transaminase (ALT), aspartate transaminase (AST),
alkaline phosphatase (ALP) total bilirubin (TB), malondialdehyde (MDA), and
antioxidant enzymes (SOD, CAT, GPx and GSH), along with histopathological
studies. Hydrogen peroxide scavenging and Nitric oxide (NO) radical
scavenging activity of MEAC exhibits the IC50 value of 157.61 and 302µg/ml
respectively. Oral treatment with MEAC exhibited a significant decrease in the
levels of AST, ALT, ALP and TB. The extract significantly diminished MDA
levels. The activities of the antioxidant enzymes were significantly augmented
in rats pretreated with MEAC 100, 200 and 400mg/kg respectively.
Histopathological examination demonstrated lower liver damage in MEACtreated groups as compared to AlCl3 groups.

INTRODUCTION
Absorption and accumulation of Al in
humans occurs via diet as in some food
products and additives medication like
antacids vaccines and parenteral fluids,
adding to cosmetics, inhaled fumes, and
particles from occupational exposures
[1]. Aluminum gets access to the body via

the gastrointestinal and respiratory tracts and
accumulates in many tissues, such as kidney,
liver, heart, blood, bone and brain [2]. The
toxic effect of aluminum has been suggested
to be mediated by reactive oxygen species
generation resulting in the oxidative
deterioration of cellular lipids, proteins and
DNA and also induces changes in the
activities of tissue antioxidant enzymes [3]
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altered gene expression and apoptosis. The
induced oxidative stress by aluminum and its
salts is responsible for hepatotoxicity [4],
nephrotoxicity, cardiac toxicity, reproductive
toxicity and also neurodegenerative disease
and Alzheimer like neurofibrillary tangle
formation. Therefore, the external supply of
antioxidants is important to suppress caspase
activation and for the defense against the
deleterious effects of oxidative stress [5].
Several chelating agents and antagonists are
developed to reduce the metal toxicity, some
of them are burned with undesirable side
effects. To avoid intrinsic limitations and
variability of efficacy of heavy metal
chelating agents, metal intoxication therapy
now
development
is
focused
on
phytochemical actions.
Acorus calamus commonly known as
Bach has been used in the Indian and
Chinese system of medicine for hundreds of
years to cure disease especially the CNS
abnormalities [6]. Ethanolic extract of this
plant traditionally used for antidiabetic
antiproliferative and immunosuppressive,
Antidiarrheal and Hypolipidemic activities
[7-10]. It is reportedly useful in clearing
speech in children. In Ayurvedic medicine,
it is used for the treatment of insomnia,
melancholia, epilepsy, hysteria, loss of
memory remittent fever and neurosis [11].
Recently, Acorus calamus has been reported
to possess high antioxidant activity [12].
Based on this background, the present study
was carried out to investigate the possible
In-vitro
Antioxidant
activities
and
Hepatoprotective activity of AC against
Alcl3 induced intoxication.
MATERIALS AND METHODS
Materials
All chemicals, used in this study, were of
analytical grade. Aluminum chloride (AlCl3)
was purchased from Sigma Chemical
Company, St. Louis, Missouri, USA. The
fresh rhizomes of Acorus calamus were
collected
from
the
outskirts
of
Maisammaguda situated in the state of
Telangana (India) and the methanol extract
was prepared using soxhlet extraction
process.
Animals: An ethical approval of this
experimental study was obtained from the

Institutional Animal Ethical Committee of
Malla Reddy College of pharmacy,
Hyderabad
with
Reg.
No
1217/PO/Re/S/08/CPCSEA.
Thirty six
albino rats with average body weight from
150 to 250 g were utilized in this study.
They were procured from Teena labs, Plot
no 41, SV cooperative industrial estates,
Bachupally (V), Quthbullapur. The rats were
housed in polypropylene cages and
maintained under standard conditions (12 h
light and dark cycles at 25 ± 3°C and35-60
% humidity). Standard pelletized feed and
tap water were provided ad-libitum.
In-vitro Antioxidant activity Experiments
Procedure:
1) Hydrogen peroxide (H2O2) scavenging
activities: The ability of the hydroxyl radical
to remove or add hydrogen molecules to
unsaturated hydrogen bonds of organic lipids
makes it potentially one of the most reactive
oxidants in biological systems. It has very
short half-life. The procedure involved UVspectrophotometric
determination
of
Hydrogen peroxide radical scavenging.
Three solutions i.e. Standard, Test and
Control were prepared.
Preparation of standard ascorbic acid
solutions: Different concentrations (50–250
µg/ml) of the ascorbic acid were prepared in
distilled water. 1 ml of each solution of
ascorbic acid was mixed with 2 ml of 0.1 M
phosphate buffer solution and 600 µl of 100
mM H2O2 solution. After 10 minutes
absorbance of different concentration of
ascorbic acid solutions was taken at 230 nm.
Preparation of Test solutions: Various
concentrations (50, 100, 150, 200, 250
µg/ml) of the Extract were prepared in
distilled water. 1ml of each solution of
extract was mixed with 2ml of 0.1 M
phosphate buffer solution and 600 µl of 100
mM H2O2 solution. After 10 minutes
(approximately) absorbance of different
concentration of extract solutions were taken
at 230 nm.
Preparation of Control solution: For
control 2 ml of 0.1 M phosphate buffer
solution was mixed with 600 µl of 100 mM
H2O2 solution. After 10 minutes absorbance
of control was taken at 230 nm.
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Percentage Hydrogen peroxide radical
scavenging activity of MEAC and ascorbic
acid was calculated by using the formula:
I% = Ac - (At - Ab) /Ac X 100
Where, I% = Percentage inhibition, Ac =
Absorbance of control (0.1 M phosphate
buffer solution and H2O2), At =Absorbance
of ascorbic acid / plant extract with H2O2
after 10 min., Ab=Absorbance of ascorbic
acid / plant extract without H2O2.
The results were expressed as percentage
(%) inhibition exhibited by the test
substances and the standard IC50 value was
calculated in each case.
2) Nitric oxide scavenging activity: Nitric
oxide radical scavenging activity was
determined according to the method reported
by (Garrat). Sodium nitro prusside in
aqueous solution at physiological pH
spontaneously generates nitric oxide, which
interacts with oxygen to produce nitrite ions,
which can be determined by the use of the
Griess Illosvoy reaction. 2 ml of 10 mM
sodium nitroprusside in 0.5 ml phosphate
buffer saline (pH 7.4) was mixed with 0.5 ml
of extract at various concentrations and the
mixture incubated at 25°C for 180 min.
From the incubated mixture 0.5 ml was
taken out and added into 1.0 ml sulfanilic
acid reagent (33% in 20% glacial acetic
acid) and incubated at room temperature for
5
min.
finally,
1.0
ml
naphthylethylenediaminedihydrochloride
(0.1% w/v) was mixed and incubated at
room temperature for 30 min before
measuring the absorbance at 540 nm was
measured with a spectrophotometer. The
nitric oxide radicals scavenging activity was
calculated. Methanolic extract of Acorus
calamus exhibited good nitric oxide
scavenging activity. The results were
expressed as percentage (%) inhibition
exhibited by the test substances and the
standard IC50 value was calculated in each
case.
Experimental Design: Rats were randomly
divided into six groups (n=6 each). The first
group (Group-I) included the control rats
which received distilled water, in second
group (Group-II) AlCl3 treated groupinjected with AlCl3 daily at a dose 40 mg/kg
b.w/p.o for 5 weeks, in third group (Group-

III) Vitamin-E treated group-injected with
AlCl3 40 mg/kg b.w/p.o and Vitamin-E 100
mg/kg b.w, in fourth group (Group-IV)
AlCl3 + MEAC group- injected with AlCl3
40 mg/kg b.w and methanol extract of
Acorus calamus 100 mg/kg b.w/p.o. daily
for 5 weeks,in fifth group (Group-V) AlCl3
+ MEAC group- injected with AlCl3 40
mg/kg b.w/p.o and methanol extract of
Acorus calamus 200 mg/kg b.w/p.o. daily
for 5 weeks and in sixth group (Group-VI)
AlCl3 + MEAC group- injected with AlCl3
40 mg/kg b.w/p.o and methanol extract of
Acorus calamus 400 mg/kg b.w/p.o. daily
for 5 weeks were administered. At the end
of the experiment, rats were fasted
overnight. The body weight of the rats was
measured. The animals were sacrificed on
35th day by carbon dioxide inhalation
through euthanasia chamber and blood was
immediately collected by carotid bleeding
method. Blood was centrifuged using Remi
centrifuge at 4000 rpm for 15 mins & the
resultant serum was collected and stored at 20°C till analysis. Livers were dissected
rapidly, a part of these tissues were minced
and then homogenized with phosphate buffer
using tissue homogenizer. Homogenates
were centrifuged at 10,000 x g for15minutes
at 4 °C and the resultant supernatant was
removed and stored at -80°C until used for
antioxidant enzyme activities and lipid
peroxidation (MDA)assays. The other part
of tissue was promptly washed with normal
saline and stored in 10%v/v buffered
formalin and then processed further for
histopathological studies.
Biochemical Assessment: Serum Alanine
aminotransferase (ALT) and aspartate
aminotransferase
(AST)
were
calorimetrically assessed according to the
method of Reitman and Frankel while serum
alkaline phosphatase (ALP) was measured
according to the method described by
Belfeld. [13]Total bilirubin was determined
calorimetrically according to Schmidt and
Eisenburg method. [14]
Biochemical estimation of markers of
oxidative stress: Reduced glutathione
(GSH) level was determined in the liver and
kidney tissue homogenates according to
Ellman method [15], enzymatic antioxidant
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catalase (CAT) activity were also assessed
according to Aebi et al., method [16].
Glutathione peroxidase was assayed
according to the procedure of Hafeman et
al., method [17] with some modifications.
Malondialdehyde (MDA) level was analyzed
by estimation of the produced thiobarbituric
acid reactive substances (TBARS) by the
method of Buege and Aust.[18] Glutathione
reductase activity was measured according
to previous reports.[19]
Histopathological study:
On completion of the regimen animals
were sacrificed the liver was dissected out
and fixed in 10% buffered neutral formalin
solution and further processed to obtain of
paraffin blocks. Five-micron thick paraffin
sections were prepared and routinely stained
with Hematoxylin and Eosin (H&E) and
examined for the histopathological changes
using the light microscope.
Statistical analysis: The obtained results
were analyzed for statistical significance
using one way ANOVA followed by Dunnet
test using the graph pad statistical software
for
comparison
between
different
experimental groups. P-values < 0.001 were
considered statistically significant.
RESULTS AND DISCUSSION
The most likely mechanism of
antioxidant protection is direct interaction of
the extract (or compounds) and the hydrogen
peroxide rather than altering the cell
membranes and limiting damage. Hydrogen
peroxide is a weak oxidizing agent that
inactivates a few enzymes directly, usually
by oxidation of essential thiol (- SH) groups.
It can cross cell membranes rapidly; once
inside the cell, it can probably react with
Fe²+ and possibly Cu²+ ions to form
hydroxyl radicals and this may be the origin
of many of its toxic effects. The reducing
capacity of a compound may serve as a
significant indicator of its potential
antioxidant activity. However, the activities
of antioxidants have been attributed to
various mechanisms such as prevention of
chain initiation, decomposition of peroxides,
reducing
capacity
and
radical
scavenging.Nitric oxide is a free radical
produced in the mammalian cells and is
involved
in regulation of various

physiological processes. However excess
production of nitric oxide is associated with
several diseases. Methanolic extract of
Acorus calamus rhizomes has demonstrated
dose dependent radical scavenging activity
against NO free radicals. Acorus calamus
demonstrated dose dependent antioxidant
activity comparable with Ascorbic acid. The
antioxidant activity of methanol extract of
Acorus calamus rhizomes was compared
with L-Ascorbic acid which is a well known
antioxidant. IC50 value of L-Ascorbic acid
by Hydrogen peroxide method was found to
be 123.94 µg/ml (Table-1) comparatively
IC50 value of MEAC was found to be
157.61 µg/ml (Table-2). IC50 value of LAscorbic acid by Nitric oxide method was
found to be 258 µg/ml (Table-3), the
rhizomes extract of Acorus calamus showed
prominent IC50 value of 302.0 µg/ml
(Table-4)
Biochemical results:The body weight of
rats from toxin group were significantly
(p<0.0001) decreased when compared with
normal control group. Treatment with
extract of rhizomes of Acorus calamus prior
to AlCl3 intoxication has shown a dose
dependant protection. (Table-5) Liver weight
of rats from toxin group were significantly
(p<0.0001) decreased when compared with
normal control group. Treatment with
extract of rhizomes of Acorus calamus prior
to AlCl3 intoxication has shown a dose
dependant protection. (Table-6) Oral
administration of AlCl3 to Wistar albino rats
for 35 days resulted in significant increase
(P˂0.001) in serum activities of AST, ALT,
ALP and Total bilirubin concentration.
Interestingly, the levels of all these
parameters showed significant improvement
toward their normal levels seen in the
control rats received the vehicle when
MEAC and Vitamin-E were concomitantly
administered with AlCl3. (Table-7).The
effects on some components of the oxidative
system in the liver of Wistar albino rats after
35 days of exposure to AlCl3 and MEAC are
represented in (Table-8). There was a
significant depletion of GSH level, GPx,
Catalase and Glutathione reductase activities
with concurrent significant elevation (P˂
0.05) in the MDA level in the liver tissues of
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orally exposed rats to AlCl3 when compared
with the other experimental groups.
Vitamin-E, MEAC administration along
with AlCl3 ameliorate the deleterious effects
produced by Al via improvement of
antioxidant status, causing elevation of GPx
, GSH, GR and Catalase levels and a
significant decrease (P ˂ 0.05) in the levels
of MDA when compared with AlCl3 treated
group. Notably, enhanced antioxidant level
in the extract treated groups than normal
indicates the high antioxidant potential of
MEAC.
MEAC is able to inhibit the free radical
generation, could further reduce the

oxidative threat caused by aluminum, which
could mitigate the consumption of
endogenous enzymatic and non enzymatic
antioxidants and increased their levels and
markedly reduces the hepatic and renal LPO.
In view of the present study, it can be
concluded that MEAC played an important
role as an antioxidant, which includes free
radical scavenging and metal-chelating
property and thereby improved the
detrimental state of liver cells which
unraveled its use as a possible
mitigator/attenuating agent in aluminum
induced hepatotoxicity.

Table- 1: % Inhibition of H2O2 by Ascorbic acid
S. No
1
2
3
4
5

Conc(µg/ml)

Absorbance
(control) Ac

Absorbance
(test) Af

% inhibiton

IC50(µg/ml)

50
0.42
39.86
100
0.372
47.61
0.71
123.94
150
0.322
54.65
200
0.269
62.11
250
0.191
73.10
Values represent the mean ± SEM; number of readings in each group = 3
Table -2: % Inhibition of H2O2 by Methanol Extract

S. No
1
2
3
4
5

Conc(µg/ml)

Absorbance
(control) Ac

Absorbance
% inhibition
IC50
(test) Af
(µg/ml)
50
0.470
33.82
100
0.424
40.28
0.71
157.61
150
0.394
44.50
200
0.344
51.54
250
0.290
59.15
Values represent the mean ± SEM; number of readings in each group = 3
Table -3: % Inhibition of Nitric oxide by Ascorbic acid

S. No
1
2
3
4
5

Conc(µg/ml) Absorbance Absorbance
% inhibition
IC50
(control) Ac
(test) Af
(µg/ml)
50
0.157
25.39
100
0.122
31.83
0.543
258
150
0.103
35.33
200
0.073
40.86
250
0.052
44.72
Values represent the mean ± SEM; number of readings in each group = 3
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Table 4: % Inhibition of Nitric oxide by Methanol extract
S. No
1
2
3
4
5

Conc(µg/ml)

Absorbance
(control) Ac

Absorbance % inhibition IC50(µg/ml)
(test) Af
50
0.185
20.23
100
0.151
26.49
0.543
302
150
0.127
30.91
200
0.102
35.52
250
0.089
37.91
Values represent the mean ± SEM; number of readings in each group = 3

Table -5: Effect of Methanolic Extract of Rhizomes of Acorus calamus on Body weight in
Aluminium chloride Induced Oxidative stress in Rats:
Change in
Initial
Weight After
S. No
Group
body
weight(gm) treatment(gm)
weight(gm)
I
Control
197±4.47
199±1.32
±2
#
#
II
AlCl3 treated (40mg/kg (oral))
226±4.41
195±4.49
-31#
Vitamin E + AlCl3l(100mg/kg+
III
239±3.99 ̽ ̽ ̽
228±5.89 ̽ ̽ ̽
-11 ̽ ̽ ̽
40mg/kg (oral))
Meth. ext. A.calamus + AlCl3
IV
140±4.58̽
98±7.28̽
-42 ̽
(100mg/kg+40mg/kg (oral))
Meth. ext. A.calamus + AlCl3
V
180±3.47̽̽̽̽ ̽
163±4.25̽ ̽
-17 ̽
(200mg/kg+40mg/kg (oral))
Meth. ext. A.calamus + AlCl3
VI
200±6.96̽ ̽
192±5.93̽ ̽
-8 ̽
(400mg/kg+40mg/kg (oral))
Values are expressed as mean ±SEM, n=6. Using t-test, the intergroup variation between various
groups was conducted by graph pad Prism software & Data were analyzed by using one way
analysis of variances (ANOVA). Values are expressed as mean ± SEM. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01,
and ∗∗∗𝑝 < 0.001 as compared to AlCl3 treated group (Group II) [Groups III to VI were
compared with Group II], # 𝑝 < 0.001 as compared to Control group (Group I) [Group II was
compared with Group I].

Table-6: Effect of Methanolic Extract of Rhizomes of Acorus calamus on Organ weight in
Aluminium chloride Induced Oxidative stress in Rats:
S. No
Group
Liver(gm)
I
Control
8gm
II
AlCl3 treated (40mg/kg (oral))
7.51gm#
III
Vitamin E + AlCl3l(100mg/kg+ 40mg/kg (oral))
7.5gm ̽ ̽ ̽
IV
Meth. ext. A.calamus + AlCl3 (100mg/kg+40mg/kg
8.42gm ̽
(oral))
V
Meth. ext. A.calamus + AlCl3 (200mg/kg+40mg/kg
8.11gm ̽ ̽
(oral))
VI
6.84gm ̽ ̽ ̽
Meth. ext. A.calamus + AlCl₃ (400mg/kg+40mg/kg
(oral))
Values are expressed as mean ±SEM, n=6. Using t-test, the intergroup variation between
various groups was conducted by graph pad Prism software & Data were analyzed by
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using one way analysis of variances (ANOVA). Values are expressed as mean ± SEM. ∗𝑝 <
0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001 as compared to AlCl3 treated group (Group II) [Groups
III to VI were compared with Group II], # 𝑝 < 0.001 as compared to Control group (Group
I) [Group II was compared with Group I].
Table-7: Effect of Methanolic Extract of Rhizomes of Acorus calamus in Serum Biochemical
Parameters for Hepatoprotective activity in Aluminium chloride induced Oxidative stress
in Rats:
S. No

Group

SGOT(U/L)

SGPT(U/L)

ALP(U/L)

Bilirubin
(mg/dl)

I
II
III

Control
8.66±0.22
10.35±0.22
110.29±0.23
0.20±0.04
#
#
#
#
AlCl3 treated (40mg/kg (oral)) 19.35±0.22 22.35±0.22
274.58±0.17
1.62±0.17
Vitamin E + AlCl3l(100mg/kg+ 7.21±0.07 ̽ ̽ ̽ 11.98±0.57 ̽ 120.70±0.12 ̽ ̽ ̽ 0.80±0.04 ̽ ̽ ̽
40mg/kg (oral))
̽̽
IV
Meth. ext. A.calamus + AlCl3
11.51+0.48 ̽ 10.54±0.18̽
154.70±0.47̽
1.23±0.09̽
(100mg/kg+40mg/kg (oral))
V
Meth. ext. A.calamus + AlCl3
9.54±0.09 ̽ ̽
8.72±0.09̽ ̽
137.30±0.18 ̽ ̽
1.09±0.09̽ ̽
(200mg/kg+40mg/kg (oral))
VI
7.35±0.09 ̽ ̽ ̽ 5.68±0.17̽ ̽ ̽ ̽ 124.60±0.15 ̽ ̽ ̽ 0.65±0.02 ̽ ̽ ̽
Meth. ext. A.calamus + AlCl₃
(400mg/kg+40mg/kg (oral))
Values are expressed as mean ±SEM, n=6. Using t-test, the intergroup variation between various
groups was conducted by graph pad Prism software & Data were analyzed by using one way
analysis of variances (ANOVA). Values are expressed as mean ± SEM. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01,
and ∗∗∗𝑝 < 0.001 as compared to AlCl3 treated group (Group II) [Groups III to VI were
compared with Group II], # 𝑝 < 0.001 as compared to Control group (Group I) [Group II was
compared with Group I].
Table 8: Effect of Methanolic Extract of Rhizomes of Acorus calamus on
Antioxidant Parameters in Aluminium chloride Induced Oxidative stress in rat Liver.
S. No
Group
MDA(n GSH(µg/mg)
Catalase
GR(u/ml) GPx (µg/mg)
m/gm)
(K/min)
I

Control

II

AlCl3 treated
(40mg/kg (oral))
Vitamin E +
AlCl3l(100mg/kg+
40mg/kg (oral))
Meth. ext.
A.calamus + AlCl3
(100mg/kg+40mg/
kg (oral))
Meth. ext.
A.calamus + AlCl3
(200mg/kg+40mg/
kg (oral))
Meth. ext.
A.calamus + AlCl3
(400mg/kg+40mg/
kg (oral))

III

IV

V

VI

155.7±0.8
4
429.1±1.4

27.5±0.5
#

21±1.0

20.83±0.60
#

#

38.33±0.5
#

13.5±0.5

11.5±0.5

11.33±0.49

21.16±0.47

155.6±1.0
8̽̽̽

35.7±0.5 ̽ ̽ ̽

18.91±0.5 ̽ ̽

24.66±0.92 ̽ ̽

34.33±0.55 ̽ ̽

178.1±1.4
8̽

28.53±0.5̽

15±0.5̽

17.51±0.42 ̽

28.01±0.36̽

159.35±0.
84̽ ̽

31.52±0.5̽ ̽

18.52±1.0̽ ̽

18.2±0.5 ̽ ̽

30.35±0.33̽ ̽

148.48±0.
93̽ ̽ ̽

33.84±0.5̽ ̽ ̽

25.15±0.5̽ ̽

24.53±0.42̽ ̽ ̽

35.31±0.5 ̽ ̽̽ ̽

#
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Values are expressed as mean ±SEM, n=6. Using t-test, the intergroup variation between various
groups was conducted by graph pad Prism software & Data were analyzed by using one way
analysis of variances (ANOVA). Values are expressed as mean ± SEM. ∗𝑝 < 0.05, ∗∗𝑝 < 0.01,
and ∗∗∗𝑝 < 0.001 as compared to AlCl3 treated group (Group II) [Groups III to VI were
compared with Group II], # 𝑝 < 0.001 as compared to Control group (Group I) [Group II was
compared with Group I].

Figure 1: Histopathological changes in the liver tissue of experimental groups
However, further studies on the active
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