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Abstract
Attenuating potential of floral extracts of Calendula officinalis on biochemical and antioxidant parameters in
blood and hepatic tissue of acetaminophen (APAP) induced hepatotoxicity in wistar rats was determined.
Increased (P<0.05) plasma activities of phosphatases, transferases, reduced levels of total proteins and
conjugated bilirubin following administration of APAP indicated acute hepatotoxicity. Hepatotoxic rats also
exhibited significant reduced levels of total thiols (TTH), reduced glutathione (GSH), total antioxidant status
(TAS) and antioxidant enzymes, and increased oxidative stress index (OSI), total oxidant status (TOS) and
malondialdehyde (MDA) levels in blood and hepatic tissue. Treatment with ethanolic floral extract restored
hepatic blood biomarkers, increased (P<0.05) the levels of TTH, GSH, TAS and antioxidant enzymes, and
reduced the levels of MDA, TOS and OSI in blood and hepatic tissue and histopathological alterations in
hepatotoxic rats. Study suggested that ethanolic floral extract of C. officinalis administrations attenuating
the APAP induced oxidative damage in hepatic tissue.

Introduction
Every cell in an organism has to maintain the balance
between oxidative and antioxidant status to sustain
its vitality. Any change in this balance in either
direction results in cell damage (1). Thiols - sulfur
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containing compounds - are the most important part
of antioxidant defense system in both extracellular
and intracellular medium. They consist of low
molecular weight (LMW) thiols such as reduced
glutathione (GSH), cysteine and protein bound
sulfhydryl groups (p-SH). They protect the organism
by scavenging reactive oxygen species (ROS) using
enzymatic and non-enzymatic mechanism. In blood,
alteration in redox state of LMW thiols are being
investigated as potential indicator of oxidative stress
whereas physiological importance of p-SH is poorly
understood (2). A number of clinical and experimental
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studies have shown that reduced levels of thiols
enhanced the drug/toxicant induced oxidative damage
in visceral organs (3, 4, 5, 6).
Applications of herbs/phytochemicals for the
treatment of various ailments have been used since
civilization. Calendula officinalis (Family Compositae)
have high medicinal potential used in folklore system
of medicine. Floral extracts of C. officinalis have
high concentration of polyphenolic compounds
(terpenoids and flavonoids) compared to other plant
parts (7, 8). Additionally, floral extracts of the plant
are rich source of polyunsaturated fatty acids (9),
mineral substances (10) and vitamin C (11)
contributing to their wide ethanomedicinal potential.
Recently, C. officinalis extracts have been approved
by food and drug administration as GRAS (Generally
Recognized as Safe) substance for use in food
industry (12). Experimental studies have shown that
the administration of polyphenolic compounds reduces
the drug/toxicant induced oxidative damage in
experimental models either by direct scavenging
potential or increased availability of thiols (5, 13, 14,
15). Further, clinical trials have shown that
supplementation of flavonoids increases the
availability of thiols (GSH, cysteine etc) for providing
protection to vital organs from oxidative insults. The
cellular mechanism of protection imparted by the
flavonoids is still unclear. Liver is most versatile vital
visceral organ of mammalian body having a prominent
role in synthesis of macromolecules, conversion of
endogenous and exogenous substances to harmless
and excretable compounds besides homeostasis of
internal environment (16). Therefore, the present study
was aimed to determine the levels of total thiols and
oxidative stress index in blood and hepatic tissue of
experimentally induced hepatotoxic rats and its
attenuation by administration of floral extracts of
Calendula officinalis.

Materials and Methods
Collection and preparation of extracts:

The flowers of C. officinalis bloom in early spring
and were collected from different parts of Jammu
(India) after taxonomic identification by Taxonomist,
Department of Botany, University of Jammu (AU-
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2875). During summer months flowering declines and
stops during peak hot weather of summer. Sufficient
fresh flowers were collected and air-dried in shade
(temperature not exceeding 40°C) for 3-4 weeks in
divisional laboratory. Air dried flowers were precrushed and later pulverized into fine powder using
electric blender. Aqueous extract was prepared by
soaking dry powder in 1:10 ratio in distilled water for
72 h with intermittent shaking. After 72 h of soaking
the content was filtered through filter paper (0.45
µm) and filtrate was concentrated under reduced
pressure using rotatory evaporator (10-15 rpm at 5055°C). Ethanolic extract was prepared by using ethyl
alcohol in extract container of soxhlet apparatus
according to standard method (17). The dried aqueous
and ethanolic floral extracts of C. officinalis were
stored in air tight containers. The extracts were
reconstituted in 0.1 % carboxy methylcellulose (CMC)
for oral gavage in wistar rats.
Induction of hepatotoxicity in experimental animals:

Adult wistar rats between (175-200 g) of either sex
were procured from Indian Institute of Integrative
Medicine, Jammu. Animals were provided standard
pelleted ration and ad-libitum drinking water under
standard managemental conditions. The experimental
protocol was dully approved by Institutional Animal
Ethics Committee (IAEC) vide letter no FVSc/C-11/
2456-68. Single high oral dose of APAP (3 g/kg b wt
in 0.1% CMC) was used for induction of acute
hepatotoxicity in experimental animals (18). Forty
two rats were randomly divided into 7 groups with 6
rats in each. The control (Group I) received only 1
ml/rat/day vehicle (0.1% CMC) for 7 days, Group II
received vehicle (0.1% CMC) 1 ml/rat/day followed
by a single oral dose of APAP (3 g/kg b wt) (SigmaAldrich, USA) on 5 th day of administration. Group III
was fed with standard drug silymarin (100 mg/kg b
wt) (Sigma-Aldrich, USA) orally daily for 7 days and
received APAP at earlier mentioned dose rate on 5 th
day of administration. Group IV and V received
aqueous and ethanolic extract (300 mg/kg b wt) of
C. officinalis orally daily for 7 days, respectively.
Group VI and VII received aqueous and ethanolic
extracts similar to group IV and V, respectively; in
addition APAP was administered on the 5 th day. The
dose of plant extract was determined on the basis of
reported toxic dose and pharmacological activities
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of the plant extract (3, 5, 11, 19).
Collection and processing of samples:

3-4ml blood samples were collected in sterilized
tubes containing heparin directly from heart of
anesthetized rats whereas hepatic tissue samples
were collected after sacrificing rats on 8 th day (24 hr
after 7 th dose administration). The blood samples
were centrifuged at 4000 rpm for 10 min to separate
plasma. Plasma was collected in glass vials followed
by storage at –4°C pending the estimation of
biochemical parameters and oxidative stress
parameters on the same day. Hepatic tissue (1 g)
were collected in 10 ml ice cold phosphate buffer
solution (0.5 M, pH-7.4) for stress parameters and
formal saline (10%) for histopathological studies.
Tissue samples were homogenized using teflon
coated homogenizer at 1000 rpm for 5-7 min at
refrigeration temperature and 10% tissue homogenate
was prepared for determining various stress
biomarkers.
Assaying of antioxidant parameters:

Total antioxidant status (TAS) in plasma and hepatic
tissue homogenate was determined and expressed
as mM of ascorbic acid equivalents by using 2, 22azinobis (3-ethylbenzothiazoline 6-sulphonate) (20).
Similarly, TOS level was measured using automated
method developed by Erel (21) and results expressed
in terms of micro mol H 2 O 2 Equiv/ L. The percent
ratio of TOS to TAS level was used for determination
of oxidative stress index (OSI) in plasma and tissue
homogenate (22). Total thiols (TTH) and
malondialdehyde (MDA) levels in blood and tissue
homogenate was determined as per the standard
methods (23, 24). The other antioxidant enzymes
viz. catalase (CAT) (25), superoxide dismutase (SOD)
(26), glutathione peroxidase (GPx) (27) and
glutathione-S-transferase (GST) (28) were determined
in blood and hepatic tissue by standard methods.
Reduced glutathione (GSH) in blood was determined
using standard protocol (29).
Assaying of blood biochemical parameters:

Blood biochemical parameters like total plasma
proteins, albumins total and direct bilirubin and
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activities of AST, ALT (aspartate and alanine
aminotransferases), GGT (gamma glutamyl
transferase), ALP (alkaline phosphatase) and LDH
(lactate dehydrogenase) in different treatment groups
were determined by standard kits (Transasia BioMedicals Ltd, India) using Chemistry Analyzer
(CHEM-7, ERBA, Mannheim).
Histopathological studies:

The histopathological studies were carried out
according to standard protocol. The formalin (10%)
fixed hepatic tissues were embedded in paraffin,
sectioned and stained with hematoxylin and eosin
(H & E) followed by examination under a light
microscope for histopathological assessment.
Statistical analysis:

The antioxidant parameters are presented as
Mean±Standard error. The results were analyzed
statistically by analysis of variance (ANOVA) in
completely randomized design (CRD) using Duncan
Multiple Range post hoc Test at 5% level of
significance.

Results
Blood biochemical parameters:

Significantly increased (P<0.05) levels of hepatic
biomarkers viz. ALT, AST, GGT, ALP and LDH
following APAP administration as compared to control
animals witnessed hepatotoxicity. APAP treatment
along with aqueous extract of C. officinalis
normalized the GGT, ALP and LDH activities whereas
activities of AST and ALT were higher (P<0.05) than
the control group; however, ethanolic extract of C.
officinalis with APAP restored the levels of all hepatic
biomarkers (Table I). Alterations in the plasma levels
of proteins and bilirubin profiles in various treatment
groups in wistar rats are presented in Table II. On
administering a single high dose of APAP, there was
decline (P<0.05) in total and indirect bilirubin while
the level of direct bilirubin was higher (P<0.05) than
the control group. The treatments of aqueous or
ethanolic floral extract of C. officinalis with APAP
restored the levels of total, direct and indirect

Indian J Physiol Pharmacol 2017; 61(4)
TABLE I :

401

Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis
administrations on plasma hepatic biomarkers in hepatotoxic rats.

Groups
Control
Acetaminophen (APAP)
Silymarin + APAP
Aqueous extract
Ethanolic extract
Aqueous extract + APAP
Ethanolic extract + APAP

Hepatoprotective Potential of Calendula Officinalis

ALT

AST

GGT

ALP

LDH

51.20± 2.90a
209.23± 9.33d
54.81± 2.19ab
80.29± 5.61c
98.03± 4.28c
69.72± 4.40bc
57.42± 5.12ab

87.37± 4.18a
301.10± 27.54c
84.07± 6.85a
159.03± 8.78b
192.58± 13.08b
198.43± 12.96b
82.80± 5.10a

3.35 ± 0.35ab
8.11 ± 0.34c
4.59 ± 0.40b
4.60 ± 0.67b
2.89 ± 0.24a
4.21 ± 0.30b
3.46 ± 0.40ab

215.63± 18.09a
440.48± 20.70b
267.88± 10.67a
434.58± 35.94b
427.20± 38.07b
301.52± 49.75a
229.83± 14.70a

250.40± 14.13a
520.52± 32.72c
233.88± 17.79ab
304.85± 31.53b
233.42± 21.86b
291.33± 27.62ab
276.20± 31.42ab

Values are given as Mean±SE of 6 animals unless otherwise stated. Values having different superscripts (a, b, c & d) in a column
are statistically different from one another at 5% level of significance. Values of AST & ALT (aspartate & alanine aminotransferase),
GGT (gamma glutamyl transferase), ALP (alkaline phosphatase) and LDH (lactate dehydrogenase) are expressed in U/L.

TABLE II :

Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis
administrations on plasma proteins and bilirubin profiles in hepatotoxic rats.

Groups
Control
Acetaminophen (APAP)
Silymarin + APAP
Aqueous extract
Ethanolic extract
Aqueous extract + APAP
Ethanolic extract + APAP

TB
0.547± 0.093 a
0.950± 0.116 c
0.713± 0.055 b
0.513± 0.084 a
0.517± 0.073 a
0.647± 0.104 ab
0.918± 0.117 c

DB

IB

TPP

Albumin

0.142± 0.019 b
0.095± 0.007 a
0.103± 0.012 b
0.080± 0.005 b
0.097± 0.009 b
0.087± 0.011 b
0.095± 0.010 b

0.405± 0.095 a
0.855± 0.112 b
0.610± 0.047 a
0.433± 0.084 a
0.420± 0.074 a
0.560± 0.097 ab
0.823± 0.109 ab

7.47± 0.26 d
5.43± 0.24 a
6.87± 0.31 cd
6.58± 0.26 bc
7.02± 0.25 cd
5.84± 0.23 ab
6.46± 0.30 bc

3.59± 0.13 b
2.50± 0.16 a
4.05± 0.23 b
4.11± 0.20 b
3.96± 0.20 b
3.76± 0.24 b
3.96± 0.17 b

Values are given as Mean±SE of 6 animals unless otherwise stated. Values having different superscripts (a, b, c & d)
in a column are statistically different from one another at 5% level of significance. Values of TB (total bilirubin) DB (direct
bilirubin) IB (indirect bilirubin) are expressed in mg/dlTPP (Total plasma proteins) and albumin are expressed in g/dl.

bilirubin. Regarding the effects on the total plasma
proteins, albumin and globulin, single oral
administration of APAP decreased (P<0.05) all of
these. Administration of silymarin to APAP restored
total plasma proteins and albumin whereas levels of
globulin were lower (P<0.05) than control group.
Administration with either aqueous or ethanolic floral
extract of C. officinalis in APAP administered rats
failed to restore the levels of total plasma proteins
while levels of albumin were restored.

increased TAS and TTH levels and restored those of
GSH (Fig. 1). Activities of CAT, SOD, GPx and GST
dropped (P<0.05) in APAP exposed rats compared
to control. Pre-treatment with silymarin restored the
activities of CAT, GPx, GST and SOD compared to
APAP treated group. The treatments of aqueous
extract with APAP were not able to normalize the
levels of CAT, SOD, GPx and GST. In contrast to
aqueous extract, the ethanolic extract with APAP
normalized CAT, GPx and GST, and not that of SOD
(Fig. 2).

Antioxidant system in blood:
Antioxidant system in hepatic tissue:

There was a decline (P<0.05) in the levels of TAS,
TTH, and GSH, and an increase in TOS and OSI on
APAP treatment. The administration of silymarin with
APAP restored TOS, OSI and GSH levels except
that of TAS which was lower (P<0.05) than control
group. Pre and post exposure of aqueous floral extract
of C. officinalis in APAP exposed rats improved levels
of TAS, TTH and GSH but decreased TOS (P<0.05)
level. Treatment with ethanolic extract, however,

Levels of different non-enzymatic components and
enzymatic parameters of antioxidant system in
hepatic tissue in various groups are presented in
Table III and Fig. 3 respectively. Significant (P<0.05)
reduction in TAS and TTH, and an increase in TOS
and OSI were observed in APAP treatment. Silymarin
treatment with APAP restored TOS and TTH but not
of OSI which may be due to reduced (P<0.05) level
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a
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a
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a
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0.00
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(e)
0.16

TTH (mM)

0.12
0.10

a

a

0.14

a

a

a

a

b

0.08
0.06
0.04
0.02

Control
Acetaminophen (APAP)
Silymarin + APAP
Aqueous Extract
Ethanolic Extract
Aqueous Ext. + APAP
Ethanolic Ext. + APAP

0.00

Treatment groups
Fig. 1 :

Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis administrations on
levels of TAS (a), TOS (b), OSI, (c), GSH (d) and TTH (e) in blood of hepatotoxic rats.
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Attenuating potential of aqueous and ethanolic floral extract of C. officinalis administrations on erythrocytes activities
of (a) CAT (µmol H 2O 2 decomposed/min/mg of Hb), (b) SOD (Unit/ mg of Hb), (c) GPx (Unit/ mg of Hb) and (d) GST
(µmol of CDNB conjugate formed/ min/ mg of Hb) in hepatotoxic rats. (Group 1 – control, Group 2 – acetaminophen
(APAP) treatment, Group 3 – silymarin with APAP, Group 4 and 5 – aqueous and ethanolic extract alone, Group 6
and 7 – aqueous and ethanolic extract along with APAP).
TABLE III :

Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis administrations
on the levels of TAS, TOS, OSI and TTH in hepatic tissue of hepatotoxic rats.

Groups

TAS (mM)

Control
Acetaminophen (APAP)
Silymarin + APAP
Aqueous extract
Ethanolic extract
Aqueous extract + APAP
Ethanolic extract + APAP

10.88 ±0.36 b
5.33±0.29 a
6.00±0.24 a
15.26 ±1.01 c
9.75±1.37 b
4.47±0.46 a
9.57±0.63 b

TOS (ìmol H2O2 Equiv/L)
30.79 ± 3.26 b
50.94 ± 4.46 a
32.74 ± 2.28 b
47.63 ± 6.49 cd
56.63 ± 5.94 d
27.16 ± 1.78 b
38.37 ± 3.88 bc

OSI
0.287± 0.033 b
0.964± 0.083 a
0.550± 0.046 cd
0.327± 0.061 b
0.637± 0.084 d
0.643± 0.089 d
0.429± 0.066 bc

TTH (mM)
5.22± 0.17 d
2.78± 0.25 a
5.23± 0.31 d
3.90± 0.25 bc
4.79± 0.34 d
3.20± 0.32 ab
4.63± 0.26 cd

Values are given as Mean±SE of 6 animals unless otherwise statedValues having different superscripts (a, b, c & d) in
a column are statistically different from one another at 5% level of significance.
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Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis administrations on hepatic tissue
activities of (a) CAT (µmol H 2 O 2 decomposed/ min/ g of tissue), (b) SOD (Unit/ g of tissue), (c) GPx (Unit/g of tissue)
and (d) GST (µmol of CDNB conjugate formed/min/g of tissue) in hepatotoxic rats. (Group 1 – control, Group 2 –
acetaminophen (APAP) treatment, Group 3 – silymarin with APAP, Group 4 and 5 – aqueous and ethanolic extract
alone, Group 6 and 7 – aqueous and ethanolic extract along with APAP).

of TAS. The treatments of aqueous floral extract of
C. officinalis with APAP failed to normalize the levels
TOS, OSI and TTH while ethanolic extract did all of
these. Similarly, single administration of APAP
reduced (P<0.05) the hepatic CAT, SOD, GPx and
GST activities compared to control group. Silymarin
treatment with APAP restored all of these while
aqueous extract treatments with APAP didn’t. The
ethanolic extract treatments with APAP restored the

activities of CAT, SOD and GPx but not of GST, and
was lower to the control group in APAP treated
animals.
APAP administration increases cellular membrane
damage as indicated significantly (P<0.05) increased
membrane lipid peroxidation i.e. MDA levels in both
erythrocytes and hepatic tissue. Administration of
silymarin/aqueous extract/ethanolic extract with
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APAP declined (P<0.05) the levels of MDA in blood,
although the values were higher (P<0.05) than control
group. Similarly administration of silymarin/aqueous
extract/ethanolic extracts of C. officinalis following
APAP lowered its values in hepatic tissue, although
the levels were higher than the control group (Fig.
4). Correlation analysis of oxidant and antioxidant
system of blood and hepatic tissue were presented
in Table IV. Correlation analysis of oxidant and
antioxidant parameters revealed, that significant
negative correlation between MDA level and TAS was
also observed with SOD, GPx and GST. Contrary to
blood, hepatic tissue showed that MDA levels was
significantly negative correlated with levels of TTH,
TOS, OSI, SOD and GPx.
Histopathological alterations in hepatic tissue:

Microscopic examination of hepatic tissue on APAP

405

administration showed infiltration of mononuclear
cells, small to large areas of hepatic necrosis which
were characterized by cytoplasmic dissolution
and fragmentation of nuclei and membranes as
compared to normal hepatic tissue (Fig. 5 A & B).
Treatment with either aqueous or ethanolic extract
of C. officinalis followed by APAP revealed presence
of mild infiltration of mononuclear cells around bile
duct and blood vessels at certain areas. Sinusoids
were dilated around the central vein in hepatic
tissue. The alterations showed the histopathological
slide on treatment of either aqueous or ethanolic
floral extracts of C. officinalis followed by
APAP administration (Fig. 5 C & D). Intensity
of structural alterations in microphotographs
reviled that ethanolic floral extract have more
protective potential than the aqueous extract of C.
officinalis.
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Box and whisker; means are inter-connected by lines (error bar: 95% for mean)
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Attenuating potential of aqueous and ethanolic floral extracts of C. officinalis administrations on malondialdehyde
(MDA) levels in (A) erythrocyte lysate (nmole of MDA formed/ml/h) and (B) hepatic tissue (nmole of MDA formed/g/h) of
hepatotoxic rats. (Group 1 – control, Group 2 – acetaminophen (APAP) treatment, Group 3 – silymarin with APAP, Group
4 and 5 – aqueous and ethanolic extract alone, Group 6 and 7 – aqueous and ethanolic extract along with APAP).

TABLE IV :

(n = 4 2 )
MDA (Blood)
MDA (Hepatic tissue)

Spearman correlation between oxidant and antioxidant parameters with cellular
damage indicator (MDA) in blood and hepatic tissue of hepatotoxic rats.
TAS

TOS

OSI

TTH

CAT

SOD

GPx

GST

–0.445*
–0.037

0.231
0.460*

0.011
–0.414*

–0.053
–0.608*

–0.215
–0.113

–0.466*
–0.554*

–0.635*
–0.525*

–0.472*
–0.183

*Statistically different at 5% level of significance.
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B
Infiltration of mononuclear cells

Necrotic changes

Cytoplasmic dissolution and fragmentation
of nuclei and membranes

C

Fig. 5 :

D

Representative histomicrograph of hepatic tissue (H&E stained, 10x) of control animals (A), alterations in hepatic tissue (B) on
acetaminophen administration and its attenuation by aqueous (C) or ethanolic (D) floral extract of C. officinalis administrations.

Discussion
Chronic hepatic diseases stand as one of the
foremost health troubles worldwide with liver cirrhosis
and drug induced liver injury leading to death in
western and developing countries. A better
understanding of the pathophysiology of drug induced

toxicity and the mechanisms involved in
hepatotoxicity are critical to improve human health
and public awareness of potentially harmful toxicants
(16, 30). Activities of AST, ALT, GGT, ALP, LDH
and levels of plasma proteins and bilirubin profile
(conjugated and unconjugated) are commonly used
plasma hepatic biomarkers to determine the extent
of hepatic damage in mammalians species. GGT
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activity is more sensitive but less specific hepatic
damage indicator than ALP and AST. Rapid increase
in activity of plasma GGT is indicative of either
obstructive jaundice or acute hepatocellular damage.
AST is present in high concentration in liver and to
a lesser extent in cardiac, skeletal muscle, kidney,
brain, pancreas, lung etc. ALT is mainly present in
liver cells and is a relatively specific indicator of
hepatocellular damage as compared to AST. It is
released early in liver damage and remains elevated
for weeks. ALP, a zinc containing enzyme, is found
in liver, bile duct, small intestines, bones, lungs and
kidney. ALP is also a critical enzyme in biological
process and is responsible for detoxification,
metabolism and biosynthesis of macromolecules for
different biological functions. Elevated levels of these
markers in blood indicate damage to liver and other
organs (31). Single high dose oral administration of
APAP increased plasma activities of AST, ALT, GGT,
ALP and LDH and bilirubin levels (total and indirect),
and decreased direct bilirubin indicating acute hepatic
damage in wistar rats. Bilirubin (unconjugated) is a
yellow pigment produced when heme is catabolized.
Hepatocytes render bilirubin water-soluble and
therefore easily excretable by conjugating it with
glucuronic acid (conjugated bilirubin) prior to
secreting it into bile. Exposure of hepatotoxicant
results in the increased levels of unconjugated
bilirubin probably due to inability of hepatocytes for
conjugation process. Increased total and direct
bilirubin following APAP exposure in present study
may result from production of more bilirubin than the
liver can process and/or damage/obstruction of
excretory ducts of the liver impairs its ability to
excrete normal amounts of bilirubin. Serum bilirubin
is considered to be one of the true tests of liver
functions since it reflects the ability of the liver to
take-up and process bilirubin into bile. Our findings
are consistent with the findings of Xu et al. (32) and
Hussein et al. (33) who reported in vitro
hepatoprotective effect of ethanolic flower extract C.
officinalis (by preventing the leakage of hepatocellular
enzymes from hepatocytes cell lines) as well as in
vivo studies in APAP induced hepatotoxicity in
experimental animals (34, 35).
Increased ROS formation as a consequence of
increased metabolic activities has been postulated
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to be the major determinant of organ functions.
Excessive intermediates metabolites (NAPQI) and
other reactive molecules viz. superoxide, hydrogen
peroxide, hydroxyl radicals, etc formation on
administration of APAP may lead to imbalance in
antioxidant system. Normally NAPQI is rapidly
conjugated with reduced GSH and is excreted as
the cysteine conjugate or the corresponding
mercapturic acid. During overdosing excess
production of NAPQI are responsible for the depletion
of GSH levels in hepatocytes leading to interaction
of NAPQI to other macromolecules especially
cysteine groups on different intracellular (enzymatic
and structural) and transporter proteins leading to
hepatocellular necrosis (16). Decreased GSH and
increased free radicals production within cells can
also oxidize macromolecules such as DNA, proteins,
and lipids which may cause cell dysfunction and
death (36). Increased levels of MDA in both
erythrocytes and hepatocytes results in reduced
cellular antioxidant defense to counter the free
radicals generated due to APAP metabolism.
Investigation of various components of antioxidant
system viz. total antioxidant status and total oxidant
status revealed that increased oxidant formation and
reduced antioxidant defense of erythrocyte and
hepatocytes both are responsible for the
hepatotoxicity on APAP exposure. Further, reduced
levels of TTH in blood and tissue, and reduced GSH
levels in blood may have been responsible for the
reduced TAS of the cell. TAS of the intracellular
medium depends on the availability of sulfhydryl group
(–SH group) and other antioxidant defense enzymes
viz. CAT, SOD, GPx and GST. Reduction in
enzymatic activities and availability of –SH group in
hepatotoxic rats may be either due to its excessive
utilization or decreased synthesis/recycling. The
reduced level of TAS increased the free radicals/
ROS interaction with macromolecules like membrane
lipid and cellular proteins leading to the oxidative
damage. The increased MDA levels may be due to
significant reduction of enzymatic viz. CAT, SOD,
GPx, and GST levels and non-enzymatic components
(-SH, GSH, etc) of antioxidant system which are
primarily responsible for the scavenging these free
radicals/ROS (36, 37). Observations showed toxic
insults from the APAP overdosing are primarily due
to imbalance of antioxidant status i.e. drug-induced
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oxidative damage in the hepatic tissue and
erythrocytes.
Attenuating potential of C. officinalis:

Dietary modifications and chemoprevention are
considerably effective approaches against oxidative
stress and are the focus of research these days.
Various herbal formulations in the market are also
claiming efficacy against hepatic disorders and are
based on their age old use in folklore system of
medicine. Because of diverse nature of cellular
damage during disorders, protective strategies depend
on the mechanism of hepatic damage (38). Protective
mechanism of various herbal extracts in hepatic
damage is uncertain and many theories have been
proposed (39). Floral extracts of C. officinalis - rich
source of polyphenolic compounds – have high
reducing power, antioxidant potential and scavenging
potential for the superoxide, peroxide, hydroxy and
free radicals (8, 40, 41). The level of conjugated
bilirubin was normalized in hepatotoxic rats which
may be due to increased availability of glucuronic
acid for conjugation by the polyphenolic compounds
present in the extract (42). Administration of floral
extracts in hepatotoxic rats restored plasma levels
of hepatic biomarkers i.e. phosphatases, transferases
and dehydrogenases possibly because of reduced
leakage by maintaining hepatocytes membrane
integrity. Oral administration of floral extracts in
hepatotoxic rats showed significant reduction in
membrane lipid peroxidation i.e. MDA levels of blood
as well as hepatic tissue. The reduction in MDA
levels may be either due to reduced levels of free
radicals concentration (increased direct scavenging
by polyphenolic compounds) or decreased production
of NAPQI and other free radicals by inhibiting
cytochrome P450 enzymes responsible for APAP
metabolism (43).
In various experimental and clinical studies protective
effects of polyphenolic compounds have been
attributed to free radicals scavenging potential or by
boosting and antioxidant defense of the mammals.
The direct scavenging of free radicals/ROS is a well
studied phenomenon; however, mechanism underlying
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the boosting of an antioxidant system is still a
researchable issue. Most of the researchers
hypothesizes that increased level of thiols (protein
and non-proteins) is one of the primary mechanisms
for enhancing antioxidant system of animals (44, 45).
Restoration of GSH level in the present study may
be due to increased activity of glutamate cysteine
ligase (GCL), a rate limiting enzyme for GSH
synthesis. Various studies have shown that flavonoids
present in the plant extract increase the GCL
activities and restore GSH level (44, 45). Similarly
increased levels of GSH in hepatotoxic rats were
also reported on repeated administration of floral
extract of C. officinalis (34). Observations indicated
that ethanolic extracts have more hepatoprotective
potential than the aqueous extract of C. officinalis.
The ethanolic floral extract contains significantly high
carotenoids primarily as compared to aqueous floral
extract of C. officinalis. (8, 9, 40). These observations
further signify the protective role of polyphenolic
compounds (carotenoids, terpenoids, etc) present in
the plant extracts. On administration of floral
extract in hepatotoxic rats, activities of CAT, SOD,
GST and GPx were normalised. This may be due
to restoration of GSH level which acts as cofactor
for CAT, GPx and GST which further act in scavenging
xenobiotics for restoring cellular redox (46). The
reduction in structural alterations in histopathological
observations in floral extract administered hepatotoxic
rats also indicated the hepatoprotective potential of
ethanolic floral extract of C. officinalis.
Conclusions

Observations of present study suggested that single
high oral dose of APAP administration induced acute
hepatotoxicity due to imbalance in antioxidant system
of hepatic tissue. Correlation analysis of oxidant and
antioxidant parameters revealed the negative (p<0.05)
correlation between MDA levels and TAS levels in
blood whereas in hepatic tissue MDA levels were
negatively correlated with TTH and TOS. Study
showed that ethanolic floral extract of C. officinalis
increased the levels of TTH and GSH which may be
responsible for the hepato-protection during APAP
induced oxidative damage.
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