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ABSTRACT

Pteris vittata has traditionally been used for wound healing, abdominal pains, diarrhea but its
hepato-protective and anti-inflammatory activities still cause of concern. Three extracts were
prepared i.e., n-hexane, chloroform and methanol by wusing successive extraction.
Hepatoprotective activity of these were checked in rats by carbon tetrachloride (CCls 0.5
ml/kg) induced hepatic insult and Silymarin 200 mg/kg was used as standard drug. The
biochemical and histopathological parameters were determined. In-vitro anti-inflammatory
activity was done by using egg albumin denaturation method. The biochemical parameter
confirmed that methanol extract of Pteris vittata lowers the alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bilirubin and cholesterol levels in rats and has shown
maximum hepatoprotective activity as compared to other extracts. The histopathological
examination of liver tissues also indicated that the methanol extract of Pteris vittata exhibited
the strongest hepatoprotective activity against CCly induced hepatotoxicity. In-vitro anti-
inflammatory activity showed that the value of ICsy confirmed that chloroform and n-hexane
extract exhibited maximum anti-inflammatory activity when compared to standard drug

(diclofenac sodium).

575
IJBPAS, March, 2020, 9(3)



Wagqas M et al

Research Article

It is concluded that Pteris vittata possesses hepatoprotective and anti-inflammatory activities

which might be due to the presence of phytoconstituents which were confirmed by

phytochemical investigation. Pteris vittata if used as natural remedy will help the mankind to

recover from illness like liver diseases and inflammation without any significant adverse

effect.
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1. INTRODUCTION

Liver plays an important role in survival as
it is involved in the coordination of
metabolism in the body which includes
xenobiotic metabolism, glucose
homeostasis and removal of toxicants.
Synthesis of steroidal hormones and plasma
proteins degradation and synthesis take
place in liver. Through systemic supply of
nutrients energy is continuously provided
to the whole body, which is managed by
the liver [1-2]. Particularly liver is

susceptible to injuries induced by
chemicals. The chemical induced liver
diseases have a wide spectrum, ranging in
severity from minor variations in liver
structure to acute hepatic failure, cirrhosis
and cancer of liver [3]. The ability to
prevent liver damage 1is called anti-
hepatoxicity or hepatoprotection. The
protective response of the body to

damaging stimuli such as infectious
microorganisms and irritants/allergens is
known as inflammation. = Molecular
mediators, damage to blood vessels and

immune cells are the major cause of

inflammation  [4]. Most  important
mechanism involved in inflammation is
metabolism of arachidonic acid (AA). AA
is metabolized by two pathways named
cyclooxygenase (COX) pathway and 5-
(5-LOX) to

prostaglandins (PG), thromboxane A2 and

lipoxygenase  pathway
to  hydroperoxy-eicosatetraenoic  acid
(HPETE’S), leukotrienes (LT) respectively.
These all mediators are essential in series
of inflammatory events. AA can cross the
endothelium membrane due to neutrophils
stimulation and as a result of this, COX and
5-LOX pathway can convert AA to
prostaglandins and leukotrienes. A drug
that causes inhibition of COX and 5-LOX
pathways resulting in decreased production
of LT and PG would have the great anti-
inflammatory and analgesic effect and have
fewer side effects on gastrointestinal tract
(GIT) [5]. Since the beginning of human
civilization medicinal plants have been
used because of their therapeutic values and
a large number of allopathic/modern drugs

are isolated from natural sources [6]. To
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fulfill primary health care needs about 80%
of the world’s population depends mainly
on natural medicines [7]. The presence of
various secondary metabolites in plants are
responsible for their medicinal properties.
These secondary metabolites have a wide
range of bio medicinal activity, safety and
efficacy in order to obtain a variety of
drugs from them [4]. Pteris vittata is a
pteridophyte belonging to the Pteridaceae
family. Pteris vittata is native to China but
also cultivated in many countries [8]. It is
commonly growing along roadsides and
calcareous substrates such as in habitats
with high alkaline pH and places
contaminated with arsenic [9]. It is
universally known as hyper accumulator of
arsenic. Traditionally, Pteris vittata has
been used in the treatment of abdominal
pain, diarrhea and flu. Relatively less
information is present 1in literature
regarding the pharmacological activities of
ferns [10]. Pteris vittata is reported to
haveanti-oxidant properties,anti-cancer
properties, anti-microbial properties and
anti-diabetic properties [11-12]. In current
study in-vivo hepatoprotective (rats as
animal model) and in-vitro anti-
inflammatory activities of different extracts
of Pteris vittata were evaluated.

2. MATERIALS AND METHODS

2.1. Animals: Swiss albino rats having
weight 150-200 gm were used in this study

and were kept under environmentally

controlled conditions i.e. 25+2 °C. The 12 h
dark/light cycle was maintained and they
were fed with standard diet. The
experiment protocol was accepted by the
Institutional Research Ethics Committee
(IREC) as described in The University of
Lahore guidelines.
2.2. Chemicals: Carbon tetrachloride,
silymarin, solvents for extractions and
phytochemical analysis were procured from
department laboratory

2.3. Plant material and solvent
extraction: Pteris vittata was collected
from botanical garden of Government
College University, Lahore. The whole
plant was shade dried and then pulverized.
The powdered plant material (1 kg) was
successively extracted by using n-hexane,
chloroform and methanol. The powdered
plant material was soaked in n-hexane,
chloroform and methanol for 7 days each
and then filtered. To obtain extracts these

three filtrates were subjected to rotary

evaporator (Heidolph Laborota 4000
Rotavap, = Germany) wunder reduced
pressure.

2.4. Hepatoprotective activity study

design and treatments:

On the basis of previously reported studies
experimental protocol was followed [13].
Six groups were made having five rats in
each group. Rats of group 1 were given
only vehicle 1 ml/kg/day of 1% carboxy-
methylcellulose (CMC); per os (p.o.) for
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seven days. Rats of group 2 were treated
with 0.5 ml/kg dose of CCl, i.p. once daily
for seven days. Rats of group 3 received 0.5
ml/kg dose of CCl, i.p. and 200 mg/kg
dose of silymarin orally for seven days.
Rats of group 4 to 6 were given i.p. 300
mg/kg dose of n-hexane, chloroform and
methanol extracts of Pteris vittata
respectively and 0.5 ml/kg dose of CCl, for
seven days.

After 24 h of last treatment, animals were
sacrificed in order to collect their blood
from heart. 2.4.1. Biochemical analysis:
Biochemical analysis was done by
separating the blood serum at 2500 rpm for
15 min. Liverfunction biochemical markers
(ALT, AST, total bilirubin and cholesterol)
were checked in the blood serum of rats.
ALT and AST levels were measured using
spectrophotometric analysis [14]. Total
bilirubin levels were determined using
method proposed by Walters [15]. Levels
of total cholesterol were determined using
method proposed by Allain [16].

2.4.2. Histopathological analysis: Liver
samples were fixed in 10% buffered
formalin, embedded in paraffin, sectioned
and stained with hematoxylin and eosin

(H&E) for

analysis. The slides were observed under

general  histopathological
light microscope and the liver histology
from different treatment groups were

compared.

Research Article
2.5. In-vitro anti-inflammatory
activity/Inhibition of albumin

denaturation: On the basis of previously
reported studies experimental protocol was
followed [17]. Double distilled water was
used as control. Samples were prepared by
making different

50,100, 250, 500, 800 and 1000 pg/L) of

concentrations (25,

standard drug (Diclofenac sodium) and
three extracts of Pteris vittata. Diclofenac
sodium was used as standard drug.
Standard solution is prepared by adding 0.2
ml of egg albumin, 2.8 ml of phosphate
buffer saline and 2 ml of different
concentrations (25, 50, 100, 250, 500, 800
and 1000 pg/L) of diclofenac sodium
separately. It was prepared by adding 0.2
ml of egg albumin, 2.8 ml phosphate buffer
saline and 2 ml of all the three extracts of
Pteris vittata of different concentrations
(25, 50, 100, 250, 500, 800 and 1000 ng/L)
separately. Sample mixture was incubated
at 37 °C for 15 min. After that sample
mixture was heated at 70 °C in water bath
for 5 min. and cooled down. The sample
solution was checked for the presence of
turbidity and if turbidity was present, then
the absorbance of sample mixture was
checked at 660 nm wavelength using UV
spectrophotometer. The reading was taken
in triplet. Formula wused to calculate
absorbance is given below.

% inhibition = [(Ac-At)/ Ac] x 100
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Where,
Ac = absorbance of control sample.

At = absorbance of test sample.
2.6. Statistical analysis
Statistically all data was expressed as mean
+ S.E.M. One way ANOVA followed by
Dunnett’s multiple comparison test using
SPSS 15.0 software was used to evaluate
the results. The results were considered to
be statistically significant if the P-values
were less than 0.05.

3. RESULTS

3.1. Phytochemical analysis

The analysis of phytochemical constituents
showed presence of alkaloids, tannins,
carbohydrates, phenols and fats in all three
extracts of Pteris vittata (Table 1).

3.2. Hepatoprotective activity

3.2.1. Effect of different extracts of Pteris
biochemical

vittata on parameters

Extracts (n-hexane, chloroform and
methanol) of Pteris vittata were evaluated
for their hepatoprotective activity against
CCly induced hepatotoxicity. After CCly
administration, the normal group of rats
showed a significant increase in ALT, AST,
total bilirubin and cholesterol levels.
Treatment with different extracts of Pteris
300 mg/kg showed

decreased in

vittata at dose
significant biochemical
parameters i.e. ALT, AST, total bilirubin
and cholesterol when compared with CCl,
group as shown in the Table 2 and Figure

1.

3.2.2. Histopathological inspection

Microscopic examination of livers of

normal rats showed normal hepatic
architecture ~ (Figure  2a).  Classic
centrilobular necrosis (hepatocyte

vacuolation and ballooning, deposition of
lipid droplets in hepatocytes and infiltration
of inflammatory cells) was observed in
liver sections of untreated CCly intoxicated
rats  (Figure 2b). However, this

centrilobular necrosis was markedly
inhibited by treatment with silymarin
(Figure 2¢) and by all extracts of Pteris
vittata (Figure 2d, 2e and 2f). An increase
in the degenerative regions, the number of
degenerative hepatocytes and the number
of inflammatory cells infiltrated in hepatic
parenchyma was observed in CCly control
group. These changes were ameliorated by
treatment with all Pteris vittata extracts at
300 mg/kg and by silymarin at 200 mg/kg.
The methanol extract of Pteris vittata
exhibited the strongest effect, followed by
the chloroform extract and n-hexane
extract.

3.3. Evaluation of in- vitro anti-
inflammatory activity

In-vitro anti-inflammatory activity of Pteris
vittata was performed by inhibition of
albumin  denaturation  method.  The
chloroform and n-hexane extract of Pteris
vittata has shown more inhibitory effect as
compared to standard drug diclofenac

sodium. The ICsy of chloroform and n-
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hexane extracts were 614ug/L and 661
ug/L respectively, which were less than
ICsg of diclofenac sodium (704 pg/L), thus

showing that chloroform and n- hexane

extracts exhibited maximum anti-

inflammatory activity. The results of the
activity are shown in Table 3 and

Figure 3.

Table 1: Phytoconstituents in various extracts of Pteris vittata
. Methanol
Detection test n-hexane extract Chloroform extract ethano
extract
Alkaloids +++ +++ ++
Glycosides +++ - +++
Tannins +++ ++ +++
Proteins - - -
Carbohydrates +++ +++ +++
Fats +++ +++ +++
Phenols +++ +++ 4+

“+” represents weak presence, “++” moderate presence, “+++” strong presence and “—

” represents absence

Table 2: Assessment of biochemical parameters of different extracts of Pteris vittata

Groups ALT AST Total bilirubin Cholesterol
(IU/L) (IU/L) (mg/dL) (mg/dL)
Control | 37.67 +1.96% 74.4 +3.14* 1.404 +0.01* 105.00 + 3.53*
CCls 230.00 £ 5.0 255.400 +3.00 3.98 +0.08 216.00 +4.30
S“y:‘a“ 5440 £2.7% | 9040457+ | 1.556+0.07* 131.200 + 3.56*
n_
hexane 125.20 +£3.5% | 173.00 +4.63* 3.228 £ 0.07* 179.200 £ 1.77*
extract
Chlorof
orm 83.40+2.6* 131.00 £ 3.45* 2.100 £ 0.09* 160.200 + 2.13*
extract
Methan
ol 69.00+2.7* 98.60 £ 3.31* 1.6940 £ 0.02* 146.00 £ 2.21*
extract

The values are expressed as mean + SEM (n=5). Results were found to be statistically significant (*P<0.05) when

compared with CCl, group
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Table 3: In- vitro anti-inflammatory activity of different extract of Pteris vittata

Concentrati | Absorbance+S.E o, Inhibiti ICs
Samples ons M on (ug/L)
(ng/L)
Control - 0.820 +0.000577 - -
n-hexane 25 0.743 £0.015
extract 50 0.736 + 0.031 9.75
100 0.646 = 0.015 10.97
250 0.556 = 0.005 661
500 0.473  0.005 21.95
800 0.356 £ 0.015 32.92
1000 0.27 £ 0.01 42.68
57.31
67.07
Chloroform 25 0.673 £0.011
extract 50 0.586 = 0.005 18.29
100 0.543 £ 0.015 29.26
250 0.48 +0.01 614
500 0.443 £ 0.011 34.14
800 0.386 = 0.005 41.46
1000 0.283 £ 0.005 46.34
53.65
65.85
Methanol 25 0.756 +£0.102 7.8
extract 50 0.73 +£0.001 10.97
100 0.692 + 0.004 15.73
250 0.582 £ 0.027 29.14 954.69
500 0.538 +0.004 34.26
800 0.519 +0.010 36.82
1000 0.376 £ 0.005 54.14
Diclofenac 25 0.715 £ 0.001 12.92
sodium 50 0.656 £ 0.001 20
100 0.615 £ 0.002 25
250 0.529 + 0.001 27.8
500 0.512 £ 0.001 37.7 704
800 0.33 +0.001 59.75
1000 0.322 +0.001 60.73

Values are expressed as mean = S.E.M. (n=3)

300

250

H Control

CCl4

200

150 7 Silymarin

100 H n-hexane extract
chloroform extract
50 ' I methanol extract

Total bilirubin Cholesterol

Figure 1: Effect of Pteris vittata extracts on biochemical parameters i.e.
ALT, AST, bilirubin, cholesterol when compared with CCls group and
Silymarin group
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Figure 2: Histopathology of liver sections isolated from each group. (a) Control
(b) CCl, control (c) Silymarin control (d) n-hexane extract (e)
Chloroform extract (f) Methanol extract; (CV: Central vein, PT: Portal triad regions, Hematoxylin-eosin stain, Scale
bars = 120 pm)
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Figure 3: Effect of different Pteris vittata extracts on inhibition of protein (egg albumin) denaturation (A) n-hexane
extract, (B) chloroform extract, (C) methanol extract and (D)diclofenac sodium at various concentrations

4. DISCUSSION
Phytochemical screening is done for
isolating various plant components to
activity and therapeutic

assess biotic

usefulness. In plants therapeutic

significance depends on existence of

definite chemical constituents having
explicit physiologic activity [18]. The three
extracts of Pteris vittata were evaluated for
phytochemical screening. The result of
phytochemical screening confirmed the
presence of different phytoconstituents i.e.
alkaloid, tannins, glycosides, carbohydrate,

fats, phenols and absence of proteins in all

the three extracts. The existence of these
highly polar phytoconstituents along with
other simple carbohydrates in Pteris vittata
plant might be the likely cause behind the
hepatoprotective activity exhibited by
Pteris vittata.

The drug induced hepatotoxicity is the
major cause of liver damage. Many herbal
drugs have been identified to have
hepatoprotective activity, for example,
Murraya  koenigi, Feronia  limonia,
Tecomella undulata etc [19]. The three
extracts of Pteris vittata i.e. n- hexane,

chloroform and methanol were evaluated
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for their hepatoprotective activity using in-
vivo animal model i.e. Swiss albino rats
against CCl, induced hepatotoxicity. CCly
is a hepatotoxic agent that becomes
activated in the presence of CYP450
enzymes and is converted to its metabolite
trichloromethyl (CCly") free radicals, which
can also convert to trichloromethyl peroxy
radical (CCl30;,7) in the presence of
oxygen. Both these metabolites are highly
reactive, with CCls free radical binding to
biomacromolecules and CCl30, radical
being involved in oxidation of poly
unsaturated  fatty acids of cellular
membranes, thus altering the integrity and
permeability of cell membrane and causing
leakage of liver enzymes into blood stream
[20]. The effect of all the three extracts of
Pteris vittata at a dose of 300 mg/kg on the
biochemical parameters i.e. ALT, AST,
total bilirubin and cholesterol were
determined. Leakage of cellular enzymes
ALT and AST into plasma occurs due to
disturbances caused in transport functions
of hepatocytes thereby indicating sign of
hepatic injury. Hepatic injury is better
investigated by ALT values, as it is more
specific to the normal liver functioning.
Increased AST levels indicate the cellular
leakage and loss of functional ability of cell
membrane in liver. Bilirubin originates
of heme in the

from breakdown

reticuloendothelia system. It gets converted

to the conjugated form by entering
microsomes of hepatocytes. In bile it is
present in this conjugated form and is
passed along bile ducts into the intestine.
High levels of bilirubin in blood indicate
reduced conjugation or decreased bilirubin
transport. Bilirubin levels are used as an
index to evaluate normal liver functioning
instead of hepatocellular injury [21].
Cholesterol is a precursor in the synthesis
of bile acids. Biliary secretions contribute
to the presence of cholesterol in the gut.
High levels of cholesterol, known as
hypercholesterolemia, can occur in
obstructive jaundice, hemolytic jaundice
and liver damage [22]. Silymarin was used
as standard drug. Its source are the seeds of
Silybum marianum which is an edible plant
being employed from primitive times for
herbal treatment of various liver diseases
[23]. It was observed that serum level of
biochemical parameters of the group
treated with CCl, were increased, while the
groups treated with plant extracts showed
decrease in serum level of biochemical
parameters.  Significant decrease in
biochemical parameters was also observed
in a group treated with standard drug i.e.
silymarin at a dose of 200 mg/kg. The
biochemical parameters of all the six
groups i.e. control group, CCl, treated
group, n-hexane group, and chloroform

group, methanol group and silymarin
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treated group were studied. Methanol
extract of Pteris vittata had shown
significant ~ decrease in  biochemical
parameters as compared to n-hexane and
chloroform extracts when compared to
standard drug. In correlation to the
biochemical parameters, the degenerative
regions, the number of degenerative
hepatocytes and the number of
inflammatory cells infiltrated in hepatic
parenchyma were high in the CCl, control
compared with the normal control.
However, the groups treated with extracts
of Pteris vittata showed significant
inhibition in the CCly treatment-related
centrilobular hepatic damage. Thus, the
histopathological findings provide evidence
that all Pteris vittata extracts in this study
exert hepatoprotective effects, with the
methanol extract in particular showing
most favorable hepatoprotective effect.
Thus, it has been proved that methanol
extract of  Pteris vittata has
hepatoprotective potential and can be used
as hepatoprotective agent.

In the present study, the protein
denaturation bioassay was studied to
evaluate in-vitro anti-inflammatory
properties of three extracts (n-hexane,
chloroform and methanol) of Pteris vittata.
Denaturation is a process in which the
protein loses its secondary and tertiary
structure by stress or any chemical agent.

The major cause of inflammation is protein

denaturation. Previously, the effect of

different plant extracts on protein
denaturation have been evaluated, for
example, Camellia sinensis, Albuca setosa
etc [17]. In the present study ICsy (half
maximal inhibitory concentration) and
percentage inhibition of extracts were
determined to evaluate in-vitro anti-
inflammatory  activity. ICso  gives
information about how much a drug or a
compound is used to inhibit the specific
biological function. Lower value of ICs
means more ability of a drug or compound
and more pharmacological activity. ICsy of
chloroform and n-hexane extracts was less
than ICsy value of diclofenac sodium,
whereas ICsq value of the methanol extract
was higher than the ICsg value of diclofenac
sodium. Thus, the present study confirmed
that chloroform and n-hexane extract of
maximum  anti-

Pteris  vittata  has

inflammatory  activity  at  different
concentrations on protein denaturation
when compared to diclofenac sodium.

Phenolic compounds are present in plants
and are well known to possess several
notable biological properties [24]. Phenolic
compounds are sub classified into phenolic
acid, flavonoid and tannin. Caffeic acid,
chlorogenic acid, rutin, quercetin, apigenin,
kaempferol and luteolin are some of the
phenolic compounds that have been
reported to be present in Pteris vittata [11].

Number of hydroxyl groups on the
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aromatic ring in phenolic compounds is
responsible for radical scavenging activity
[25]. The phenolic compounds delay or
inhibit progression of various diseases by
preventing peroxidation of lipid membrane
[26-27].

Activated  neutrophils  and

macrophages release reactive oxygen
species (ROS) causing inflammation injury
and this ROS induced inflammation in turn
stimulates release of cytokines (interleukin-
1, tumor necrosis factor-a. and interferon-
o). But, the main mediators promoting the
inflammatory process are the free radicals
and thus, the antioxidants by neutralizing
these free radicals reduce inflammation
[11]. Thus, in the present study, the
hepatoprotective and anti-inflammatory
activity can be attributed to the presence of
polyphenols, particularly anti-oxidative
flavonoids.

5. CONCLUSION

Pteris  vittata was not investigated
previously for in-vivo hepatoprotective and
in-vitro anti-inflammatory activity. The
present study showed that Pteris vittata has
both hepatoprotective and anti-
inflammatory potentials. This plant can be
used in future in the formulation of
medicines for the treatment of different
liver conditions and inflammation.
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