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A B S T R A C T

Background and Objective: Persicaria maculosa (linn.) contains antibacterial, anti-inflammatory, and
antioxidant activities, although its protective effects in liver cells are debatable. The effect of Persicaria
maculosa (PM) and its active principle, tannic acid (TA), aqueous extracts on carbon tetrachloride-induced
hepatotoxicity in rats was investigated in this work.
Materials and Methods: Forty-two male Wistar rats were divided into seven groups: group-I act as
Normal group), group-II (Toxicant group CCl4 1.5ml/kg i.p), group-III Standard group which pre-treated
with silymarin (100mg/kg/day), groups-IV & V which were pretreated with PM aqueous extracts at a
dosage of 200 & 400 mg/kg/day o.p, followed by CCl4, groups-VI & VII which were pretreated with
aqueous extracts of TA at doses of 200 & 400 mg/kg/day o.p followed by CCl4 respectively. After 14 days,
liver enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP), bilirubin (BIL), and also oxidative stress biomarkers including lipid peroxidation
(LPO), in vitro antioxidant activity were measured by 2,2′- diphenyl-1-picrylhydrazyl DPMH. Quantitative
determination of some vital phytochemicals, and the histopathological changes were determined using
standard procedure.
Results: The findings showed that CCl4 caused a remarkable rise in levels of serum hepatic enzymes such
as ALT, AST, ALP and BIL (P≤0.001) compared with the control group. In addition, CCl4 led to the
increasing of LPO (P≤0.001) in liver tissue in comparison with the control group. Rats pretreated with
silymarin significantly reduced the adverse effects of CCl4 on serum and tissue markers. In this regard,
remarkable vascular congestion, hepatocellular degeneration, and vacuolization were observed in hepatic
tissue of CCl4-treated rats. The pre-treatment of Persicaria maculosa and tannic acid aqueous extracts
shows a significant improvement was observed in the functional and oxidative stress indices of hepatic
tissue alongside histopathology changes.
Conclusion: The current investigation found that Persicaria maculosa and its active ingredient Tannic acid
aqueous extracts may help to reduce hepatic oxidative injury in rats exposed to CCl4 by enhancing the
oxidant/antioxidant balance.
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the identical terms.
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1. Introduction

The liver is one of the largest organs in the human
body, and it controls metabolism, secretion, storage, and
detoxification. Hepatic injury is frequently associated to
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changes in these processes.1 The majority of hepatotoxic
substances harm liver cells by causing lipid peroxidation
(LPO) or oxidative damage.2

The difference between free radical formation and
antioxidant defence mechanisms is referred to as oxidative
stress. As a result, free radicals assault biomolecules such
as lipids, proteins, and DNA, resulting in a variety of
disorders at the cellular and organ level, culminating in
a disease aetiology such as hepatotoxicity, inflammation,
cancer, diabetes, cardiovascular, and neurodegenerative
disorders etc.3,4 DNA damage, lipid peroxidation, and
protein oxidation are all caused by oxidative stress, but it
also interferes with the physiologic adaption process and
the control of intracellular signal transduction pathways.5

Antioxidants (enzymatic and non-enzymatic) found in
living systems are usually effective at neutralising free
radicals’ negative effects. Synthetic antioxidants are being
employed in a variety of food and pharmaceutical industries,
despite the fact that they have been linked to toxicity.
As a result of their superior efficacy and fewer negative
side effects on health, consumers are increasingly seeking
natural antioxidants.6–8

Hepatotoxicity is a frequent condition that can have
catastrophic implications ranging from metabolic problems
to death.9,10 Different toxic materials can cause liver
damage in this way. The chemical liver injury was assessed
using a carbon tetrachloride (CCl4)-induced liver injury
model. CCl4 is a powerful toxin that is commonly utilised
in scientific study to provide experimental models that
simulate oxidative stress in a variety of pathophysiological
conditions.11 The toxicity of CCl4 is dependent on the
formation of trichloromethyl radical (CCl3• ), which in
the presence of oxygen is converted to trichloromethyl
peroxyl radical (CCl3O2• ), which is more lethal than
trichloromethyl radicals.12 By interacting with lipids,
proteins, and DNA, these radicals cause peroxidative
degeneration in a variety of tissues. CCl4 is the best
model for the formation of reactive oxygen species
(ROS) in numerous tissues, according to several prior
research investigations.13 After CCl4 injection, ROS such
as superoxide anion, hydroxyl radical, hydrogen peroxide,
and other radicals are produced, resulting in oxidative
stress.14,15 ROS has also been shown to activate matrix
metalloproteinase (e.g., collagenase), resulting in enhanced
tissue degradation, as seen in various arthritic reactions.16

As a result, natural compounds that can reduce ROS could
be beneficial in the treatment of inflammatory diseases.

Several research investigations on many herbal remedies
have been undertaken to guard against CCl4 poisoning
by increasing antioxidant enzymes. Since ancient times,
medicinal plants have played an important role in the
treatment of various diseases. Plants and their bioactive
substances have played a vital role in the treatment of
many liver illnesses in the lack of focused hepatoprotective

medications in allopathic treatments. Plant extracts have
continued to play an important role in human health care,
particularly in poor nations, where more than 80% of
the world’s population uses phytomedicine as a source of
health care.17 Due to the bioactive phytochemicals present,
decades of research has shown significant improvement
from using a variety of plant parts, either natively or as
extracts, in the treatment of a variety of illnesses.18–20

Phytochemicals are plant-derived compounds that have
the ability to alter human metabolism in ways that are
advantageous to the prevention of chronic and degenerative
diseases.21,22

Silymarin is a polyphenolic flavonoid derived from
Silybum marianum’s fruit and seed (milk thistle). It is a
well-known hepatic damage therapeutic agent that has been
utilised to treat liver cirrhosis and severe hepatitis. Silymarin
is also helpful in reducing the effects of toxic substances.23

Hepatic, renal, neuronal, and gastric damage have all
been found to be protected by silymarin.24 Silymarin’s
hepatoprotective activity is linked to its ability to stabilise
cytoplasmic membranes.25 Silymarin has been shown to
have a significant therapeutic effect on hepatic damage of
various etiologies in animal models.8,26

Persicaria (smartweed) is a genus of almost 100
species in the Polygonaceae family.27 The plants are
either perennials or annuals.28,29 Persicaria maculosa Gray
[syn. Polygonum persicaria L., (lady’s thumb)] is a weed
native to Europe that has spread over temperate and
tropical North and South America, Asia, North Africa,
and Australia as a weed.30The leaves and young shoots
can be consumed in salads, and the plant has been used
to treat diarrhoea and infectious infections.31 Persicaria
maculosa has been used in the treatment of wounds and the
prevention of fungal infections.32 P. maculosa boiled leaves
have been employed in the making of pistic, a very old
traditional Italian meal.33,34This species contains stilbenes,
flavonoids, phenolic acids, sesquiterpenes, and diterpenes,
according to previous phytochemical research.28,35,36 In
vitro pharmacological tests revealed that the plant has
antibacterial, antifungal, and insecticidal properties.37,38

Persilben, a unique naturally occurring E-stilbene with
antibacterial, antifungal, and antioxidant properties as
well as strong penetration into biological membranes
due to its high lipophilicity,39,40 has attracted attention
as a chemical ingredient responsible for the observed
actions. Furthermore, the plant’s flavonoids contain anti-
inflammatory and antioxidant properties.41

Tannic acid (TA) is a polyphenolic hydrophilic molecule
found in green tea, fruits, cereals, red wine, and nearly
all plants.42,43 TA is a water-soluble polyphenol molecule
with a complicated chemical structure (C76H52O46; Fig.
1), with a glucose core covalently connected to 3-5
gallic acid residues via ester bond hydrolysis.44 In vivo
research on animals and humans have shown that the
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bioavailability of polyphenols like TA varies greatly, with
the experimental setup and the chemical structure of the
polyphenolic compounds playing a role. According to
Afsana et al.,45 around 85% of digested TA vanished from
the colon in rats, implying that the majority of ingested
TA was hydrolyzed in the large intestine and absorbed as
gallic acid or degraded further. Numerous studies show
that TA possesses anti-oxidant,46 anti-inflammatory,47

anti-apoptotic,48 and anti-carcinogenic properties.49 Our
earlier research has demonstrated that TA can protect
against not only acetaminophen-induced hepatotoxicity,50

but also acute doxorubicin-induced cardio-toxicity by
reducing inflammation, oxidative stress, and apoptosis.51

TA has also been shown to inhibit lipid oxidation by
scavenging radicals.52,53 Antioxidant, anti-inflammatory,
anticarcinogenic, antimutagenic, and anti-atherogenic
activities of TA have been discovered.54 It also has the
ability to defend against medication toxicity.55

However, no studies have been done on the medicinal
potential of Persicaria maculosa and its active ingredient,
tannic acid, in aqueous extracts as a hepatoprotectant
against CCl4-induced toxicity. The antioxidant and
hepatoprotective properties of Persicaria maculosa aqueous
extracts and its active principle, tannic acid, against CCl4-
induced oxidative stress and hepatotoxicity are reported
in this study. To our knowledge, this is the first study to
examine the antioxidant and hepatoprotective properties
of Persicaria maculosa aqueous extracts and their active
principle, tannic acid, against CCl4-induced liver injury in
albino Wistar rats.

2. Materials and Methods

2.1. Collection of plant, identification and extraction

Persicaria maculosa were collected from Lethpora,
Pampora, Kashmir near the river Jhelum in July 2018 and
identification was confirmed by Prof. Akhtar H. Malik
(Centre for Biodiversity and Taxonomy, Department of
Botany, University of Kashmir) With voucher specimen
Herbarium No. 2925 (KASH). The root parts of Persicaria
maculosa were shade dried at room temperature for 10–15
days, ground into a fine powder and extracted sequentially
with water using the maceration method and then filtered
with No. 1 Whatman filter paper. The pure filtrate was then
concentrated to dryness in an oven at 400C.

2.2. Phytochemical chemicals

The secondary metabolites such as alkaloids, saponins,
tannins, flavonoids, steroids, terpenoids, proteins, amino
acids, glycosides, and anthraquinones were identified using
standard methods on the Persicaria maculosa extract.56,57

2.3. Chemicals

Standard sources were used to get silymarin (Sigma),
tannic acid (Himedia laboratories Pvt Ltd.), and CCl4
(Sisco Research Laboratory Pvt Ltd.). Erba Transasia
Biomedicals Ltd provided biochemical kits for the
measurements of alkaline phosphatase (ALP), serum
glutamic-oxaloacetic transaminase (SGOT), serum glutamic
pyruvic transaminase (SGPT), and bilirubin (BIL). All
other laboratory chemicals were acquired from Sisco
research laboratory Pvt. Ltd. in New Delhi, India, including
2,2′- diphenyl-1-picrylhydrazyl (DPMH), tris HCl buffer,
butanol, pyridine, TBA, hydrogen peroxide, and some
others.

2.4. Antioxidant activity

The DPMH 1, 1-diphenyl-2-picrylhydrazyl (DPMH) Assay
was used to determine the extract’s free radical scavenging
capacity.58 The scavenging activity of the stable 1, 1-
diphenyl-2-picrylhydrazyl (DPMH) Free radical was used to
determine the antioxidant properties of Persicaria maculosa
extracts and tannic acid. Different concentrations (20-100
g) of a 0.1Mm DPMH solution in methanol (0.2ml). The
mixture was vortexed and left for 30 minutes in a dark
room at room temperature. For the baseline correction, a
DPMH blank was made without chemical and methanol
was utilized. The reference standard was ascorbic acid.
Using a UV-Visible spectrophotometer, the decrease in
absorbance at 517nm was measured, and the residual
DPMH was determined. The radical scavenging activity was
expressed as the percentage inhibition and was calculated
using the following formula: Percentage of Inhibition =
[(Ao - A1)/Ao] X 100. Where Ao is the absorbance of
the control (without compound) and A1 is the absorbance
of the compound. The IC50 (concentration causing 50%
inhibition) values of each compound was determined
graphically.

2.5. Acute toxicity test

The OECD test guidelines for acute oral toxicity test
OECD-423 were used to conduct the acute oral toxicity
research, which followed the standard method protocol.59

Five groups of six rats were formed. The first was used as
a standard control group. Oral doses of Persicaria maculosa
and tannic acid of 5, 50, 300, and 2000 mg/kg b.w.p.o. were
given to separate groups. The rats in the experiment were
allowed free access to meals and drinks and were monitored
for 14 days for any signs of mortality or behavioural
changes.

2.6. Experimental animals

Wistar male albino rats (weight 130±10 g) were used in the
experiments. They were maintained in a temperature (24 ±
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2◦C) and humidity (40% ± 5%) controlled environment with
a 12 h light/dark cycle. Rats were provided with a standard
rodent diet and water ad libitum. The study was carried out
according to the Guidelines of Institutional Animal Ethics
Committee, at Pinnacle Biomedical Research Institute
(PBRI) Bhopal, Madhya Pradesh, India in agreement with
the Committee for the Purpose of Control and Supervision
of Experiments on Animals.

2.7. Experimental design

After one week of acclimatization, the animals were divided
randomly into seven groups each having six animals and
treated as follows: Group I was normal control and received
normal saline only. Group II was toxic, given dose of
CCl4 1.5 ml/kg i.p (1:1 v/v) solution in olive oil. Group III
received pretreatment with Silymarin (100 mg/kg) orally for
14 days and, on the last day, was given CCl4. Group IV & V
pretreated with Persicaria maculosa at doses of (200 & 400
mg/kg) orally for 14 days and, on the last day, was given
CCl4. Group VI & VII pretreated with tannic acid at doses
of (200 & 400 mg/kg) orally for 14 days and, on the last day,
was given CCl4.

The animals were anaesthetized with ethyl ether on the
16th day, and blood was extracted via retro-orbital puncture,
blood samples were obtained, serum was isolated from
blood, and an Erba Diagnostic Kit was used to perform a
marker of liver function test. The serum samples were stored
at −20◦C after centrifugation at 3000 rpm for 10 minutes.
For biochemical investigation, a piece of fresh liver was
removed and kept at −80◦C. For histological investigation, a
piece of rat liver was removed and placed in 10% formalin.

2.8. Biochemical analysis

2.8.1. Assessment of liver marker enzymes in serum
The biochemical parameters viz., SGPT, SGOT, ALP, and
bilirubin were assayed using commercially available kits
(Erba Diagnostics Kits).

2.8.2. Preparation of hepatic tissue homogenate
Hepatic tissue (100 mg) was homogenised in 1 mL
phosphate buffered saline (50 mM, pH 7.3) and centrifuged
at 3000 rpm for 10 minutes at 4◦C. For biochemical
investigation, the supernatant was isolated.60

2.8.3. Measurement of lipid peroxidation
The bioactive aldehydes produced by hepatic lipid
peroxidation (LPO) were measured using the thiobarbituric
acid reactive substances (TBARS) method.61 In a brief,
100µl of liver tissue homogenate were combined with
500µl of reagent containing 0.2% thiobarbituric acid (TBA)
in H2SO4 (0.05 M). In a boiling water bath, the mixture
was boiled for 30 minutes at 100◦C. Then, using varying
amounts of malondialdehyde (MDA) as a standard, the

optimal absorbance was determined at 532 nm, and the
results were reported as nmol/mg protein.

2.8.4. Histological analysis of liver
The rats’ liver samples were fixed in 10% formalin, then
dehydrated in graded alcohol before being embedded in
paraffin wax. Using an SPINCON rotary microtome, the
paraffin-embedded tissue was serially sectioned (5 µm).
The sections were stretched and stained with hematoxylin
and eosin (H&E) dyes after being placed on albumin-
coated sterile glass slides.62 After being mounted with
dibutylphthalate polystyrene xylene (DPX), the slides
containing tissue sections stained with H&E were examined
under a light microscope at ×10 magnification.

2.8.5. Statistical analysis
All data was expressed as mean ± standard deviation (n = 6
in each group). The significance of the biochemical results
of the different groups was tested using a one-way ANOVA.
The significance level is set to p≤0.001.

3. Results

3.1. Phytochemical analysis

Using phytochemical screening, we discovered that
the aqueous extract of Persicaria maculosa contains
phenols, flavonoids, saponins, glycosides, steroids, tannins,
terpenoids, and amino acids (Table 1).

Table 1: Preliminary phytochemical screening ofPersicaria
maculosa aqueous extract.

Phytochemical constituents Aqueous extract
Flavonoids +
Phenols +
Alkaloids +
Proteins +
Terpenoids +
Steroids +
Saponins +
Glycosides +
Anthraquinones +
Amino acids +
Tannins +

Positive (+), and Negative (−).

3.2. DPPH radical scavenging activity

The ability of Persicaria maculosa and tannic acid to
scavenge DPPH radicals was used to measure their
antioxidant activity. With an IC50 of 54.48 µg ml−1 and
IC50 = 49.41 µg ml−1, Persicaria maculosa and tannic
acid showed DPPH radical scavenging activity, which was
equivalent to that of ascorbic acid (IC50 37.62 µg/ml−1).
Table 2.
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Table 2: DPPH scavenging activities of extract of Persicaria
maculosa and its active principle i.e Tannic acid.

Concentrations
µg ml −1

% inhibition

Persicaria
maculosa

Tannic acid Ascorbic
acid

(Standard)
20 µg ml−1 29.34 30.00 40.58
40 µg ml−1 41.41 45.71 50.58
60 µg ml−1 51.57 57.61 62.98
80 µg ml−1 68.85 70.66 71.74
100 µg ml−1 75.29 78.02 79.59
IC50= IC50 =

54.48 µg
ml−1

IC50 = 49.41
µg ml−1

IC50 = 37.62
µg ml−1

Values were expressed as mean ± SD for triplicates

3.3. Acute toxicity studies

No mortality was observed in rats given up to 2000 mg/kg
of Persicaria maculosa and tannic acid orally. In addition,
treated rats showed no significant behavioural changes or
food aversion.Table 3

Table 3: Acute toxicity of aqueous extract of Persicaria maculosa
& its active principle i.e Tannic acid.

Oral Doses (mg
kg−1 b.wt)

Mortality

Persicaria
maculosa

Tannic acid

5 mg kg−1 Nil Nil
50 mg kg−1 Nil Nil
300 mg kg−1 Nil Nil
2000 mg kg−1 Nil Nil

3.4. Persicaria maculosa and its active ingredient,
tannic acid, have an inhibitory effect on CCl4-induced
hepatotoxicity.

ummarises the findings of the hepatoprotective effect
ofPersicaria maculosa and Tannic acid. AST, ALT, ALP,
and TB levels all increased significantly in the CCl4 group.
However, when Persicaria maculosa and Tannic acid were
used to pre-treat the plants, this rise was significantly
reduced. These findings suggested that PM and TA could
protect the liver from CCl4-induced damage. Group III
rats administered with the standard medication silymarin
demonstrated considerable (p≤0.001) protection against
CCl4-induced liver damage.

Values are expressed as mean ± SD; n=6. Aqueous
extract from PM (Persicaria maculosa), TA (Tannic
acid); AST (aspartate aminotransferase); ALT (alanine
aminotransaminase); ALP (alkaline phosphatase); BIL
(bilirubin); MDA (malondialdehyde).

3.5. Effect of Persicaria maculosa and tannic acid on
MDA level in liver

Hepatic lipid peroxidation was measured using the MDA
level. Table 4 shows the effects of Persicaria maculosa
and Tannic acid on CCl4-induced lipid peroxidation.
MDA levels were substantially higher in the CCl4 group
(p≤0.001). On the other hand, Pre-treatments with PM &
TA and silymarin, lowered MDA levels.

3.6. Histopathological studies

Normal rat liver slices showed a normal lobular architecture
with a central vein and radiating hepatic cords, as well
as intact hepatocytes with sinusoidal gaps and evenly
distributed cytoplasm in histological sections (Figure 1A).
The CCl4-treated group showed morphological changes and
fibrosis, as evidenced by disruption of tissue architecture,
fibre extension, massive fibrous septa development,
pseudo-lobe separation, and fibre accumulation. Massive
hepatocellular degeneration, necrosis, sinusoidal dilatation,
inflammatory cell infiltration, and cytoplasmic vacuolation
are all signs of this (Figure 1B). In silymarin-treated rats,
the changes were almost reversed, with portions of normal
liver architecture and patches of necrotic hepatocytes (Fig.
2C). When compared to Group II, the liver sections of rats
pre-treated with PM (200 mg/kg Figure 1D & 400 mg/kg
Figure 1E) followed by CCl4 showed a relatively normal
lobular pattern with a minor degree of fatty alteration,
necrosis, and lymphocyte infiltration (CCl4 control).
However, when compared to Group II (CCl4 control),
pre-treatments of TA extracts (200 mg/kg, Figure 1F
& 400 mg/kg, Figure 1G) followed by CCl4 resulted
in a reasonable improvement in hepatic architecture as
measured by reduced liver damage and associated hepatic
injuries by suppressing hepatocellular degeneration and
necrosis and thus significantly improving liver structure and
function.

4. Discussion

The liver is responsible for the metabolism, synthesis,
storage, and redistribution of nutrients, carbohydrates,
lipids, and vitamins, and hence plays a key role in metabolic
homeostasis. It is also the body’s major detoxification organ,
removing wastes and xenobiotics by metabolic conversion
and biliary excretion.63

Drugs, toxins, and excessive alcohol intake can all
cause liver damage. There is an urgent need for the
development of powerful and nontoxic hepatoprotective
medicines for the treatment of liver damage due to a
dearth of reliable hepatoprotective therapies in modern
medicine.64 Medicinal herbs have long been utilised in
traditional medicine to treat liver problems in many regions
of the world, particularly in developing countries. These
plants have been suggested for in vivo pharmacological
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Table 4: Effect of aqueous extract from Persicaria maculosa & Tannic acid on biochemical parameters & hepatic antioxidant enzymes
activity in liver homogenate in damaged liver rats induced by CCl4.

Design of treatment AST (U/L) ALT(U/L) ALP (U/L) BIL (mg/dl) MDA (nmol/mg
protein)

Group I normal control 135.69±11.761 49.05 ± 7.821 117.18 ± 7.494 0.41 ± 0.067 23.94 ± 2.707
Group II CCl4 control (1.5
ml/kg, i.p.)

168.8 ± 12.95 76.90 ± 4.449 222.11 ± 27.16 2.00 ± 0.062 78.08 ± 0.880

Group III SLY (100 mg/kg
+ CCl4)

132.16 ± 19.97 47.73 ± 8.294 113.22 ± 5.905 0.46 ± 0.056 33.92 ± 2.492

Group IV PM (200 mg/kg
+ CCl4)

157.35 ± 9.242 64.97 ± 6.827 163.94 ± 9.248 1.085 ± 0.042 62.44 ± 1.566

Group V PM (400 mg/kg
+ CCl4)

150.3 ± 9.467 58.34 ± 5.589 145.16 ± 7.304 0.65 ± 0.075 55.08 ± 2.538

Group VI TA (200 mg/kg
+ CCl4)

143.09 ± 5.695 57.46 ± 6.038 151.33 ± 6.800 0.88 ± 0.104 59.83 ± 2.116

Group VII TA (400 mg/kg
+ CCl4)

139.2 ± 9.399 53.03 ± 6.921 130.92 ± 8.153 0.53 ± 0.057 42.06 ± 2.656

Fig. 1: Histopathological analysis of experimental liver tissues
following administration of Persicaria maculosa and Tannic acid
aqueous extracts against CCl4 treated rats; A: Control rats; B:
CCl4 (1.5 ml kg−1i.p) treated rats; C: silymarin (100 mg kg−1)
+ CCl4 (1.5 ml kg−1i.p) treated rats; D: PM (200 mg kg−1)
+ CCl4 (1.5 ml kg−1i.p) treated rats; E: PM (400 mg kg−1)
+ CCl4 (1.5 ml kg−1i.p) treated rats; F: TA (200 mg kg−1) +
CCl4 (1.5 ml kg−1i.p) treated rats; G: TA (400 mg kg−1) +
CCl4 (1.5 ml kg−1i.p) treated rats. The blue color arrow represents
central vain; black arrow represents the nucleus, and the yellow
arrow represents inflammatory cells.

testing in order to identify good candidates.65 Furthermore,
medicinal herbs with anti-inflammatory and antioxidant
properties have emerged as promising options for research
into tissue repair.66

The negative effects of medicines and synthetic
antioxidants have prompted researchers to look for new
natural antioxidants and hepatoprotectants that are more
effective at controlling oxidative stress and preventing

disease progression.67,68 Antioxidants are chemicals that
hinder the propagation of oxidative chain reactions,
hence inhibiting the oxidation of essential biomolecules.69

However, this is the first study to look at the antioxidant,
anti-inflammatory, and hepatoprotective properties of PM
and TA aqueous extracts in albino wistar rats who were
exposed to CCl4.

The presence of alkaloids, saponins, tannins, flavonoids,
steroids, terpenoids, proteins, amino acids, glycosides,
and anthraquinones was discovered using phytochemical
screening in this study (Table 1). These phytochemicals are
said to have therapeutic and health-promoting qualities.70,71

The most abundant was phenol, which has antioxidant
and hepatocurative characteristics.72 Flavonoid was also
prevalent, which could explain its potent antioxidant
capabilities.73 The extract also contains a significant
amount of tannin and alkaloid, both of which have
antioxidant qualities.74 The phytochemical components
contained in any extract contribute to the total antioxidative
capacity of the extract, and a higher phenolic concentration
causes the plant material to operate as an antioxidative
agent.75

The antioxidant activity of PM and TA was studied in
this work by evaluating their involvement in DPPH radical
scavenging activity. DPPH is a molecule that contains a
persistent free radical that, when given an electron by
antioxidants, reduces the intensity of its purple solution
and, as a result, its absorbance.76 The antioxidant activity
of the aqueous extract of Persicaria maculosa & tannic
acid using DPPH method showed increased antioxidant
activity as concentration increases. DPPH results PM &
TA are in (Table 2) showed appreciable antioxidant activity
(IC50 = 54.48 µg ml−1and IC50 = 49.41 µg ml−1) compared
with ascorbic acid (IC50 = 37.62 µg ml−1). The antioxidant
activity of PM and TA against DPPH radicals in this
assay can be attributed to a direct function in trapping
free radicals by donating hydrogen atoms or electrons.
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Although hydrogen peroxide is not particularly reactive, it
can produce hydroxyl radicals, which can cause significant
cell damage.77 As a result, it’s critical to find compounds
that can effectively scavenge these reactive oxygen species.
The DPPH technique revealed that PM and TA had mild to
moderate antioxidant activity.

The toxicity of the extracts and pure components
was assessed in albino wistar rats using the general
guidelines of the Organisation for Economic Co-operation
and Development (OECD) Guidelines for Chemical
Testing.78According to the findings of this investigation,
the acute toxicity analysis (LD50) of the aqueous extract of
Persicaria maculosa was larger than 2000mg/kg, indicating
that the extract was relatively safe.

Hepatotoxicity was generated in this investigation by
giving CCl4 (1.5 ml/kg body weight), and the liver function
indices of hepatic damage were raised, as shown in Table 4.
The results showed that the rats in group II had higher
levels of ALP, AST, ALT, BIL, and MDA (CCl4 only).
Pre-treatments with PM and TA at doses of 200 and 400
mg/kg considerably reduced these enzyme levels in a dose-
dependent manner, similar to the effect of the conventional
hepatoprotective medication silymarin. According to our
findings, PM & TA were able to bring this level back to
normal. As a result of its protective effect on membrane
fragility, normal serum hepatic enzyme levels imply that PM
& TA promotes in the regeneration of hepatoparenchymal
cells. Our findings are consistent with earlier research.79,80

CCl4 poisoning has been shown to be a substantial
source of free radical generation in a variety of organs,
including the liver, kidney, lungs, brain, and blood.81 CCl4
is commonly used to generate liver toxicity in vitro and
in vivo models, and then plant-based medicines are tested
for their liver-protective properties. In the liver, CCl4 is
actively converted to the extremely reactive trichloromethyl
free radical CCl3*. In the presence of molecular oxygen,
CCl3* interacts with cellular macromolecular protein and
polyunsaturated fatty acids to create highly hazardous
trichloromethyl peroxyl radicals CCl3O, H2O2, O2

−, OH,
which cause liver damage.82–84 The CCl4 induced liver
damage raises liver marker enzymes and releases them
into the bloodstream. Elevated serum enzyme levels, such
as ALT and AST, indicate cellular leakage and loss of
cell membrane functional integrity in the liver.84,85 the
serum levels of ALT and AST were reduced to normal
levels after treatment with PM and TA, indicating that
the plasma membrane had stabilised and that the CCl4-
induced hepatic tissue damage had been repaired. ALP, on
the other hand, is a marker for pathological changes in
biliary flow.84,86 The increase in serum ALP caused by
CCl4 corresponds to high levels of serum bilirubin. The
effective management of ALP and bilirubin levels in the
PM and TA therapy groups indicates an early improvement
in the hepatocyte secretary system.84,87 Intoxication

with CCl4 promotes the disassociation and disruption of
polyribosomes on the endoplasmic reticulum, decreasing
protein production. By preserving the polyribosomes,
the PM & TA therapy restored protein production.
Histopathological investigations confirmed the chemical
results.

LPO is a well-known oxidative stress and cell damage
mechanistic pathway.88 By producing unneeded free
radicals and degrading macromolecules, CCl4 increases
oxidative stress. Our data suggest that intraperitoneal CCl4
injection raises MDA levels, a key LPO indicator, which
is comparable with Najmi et al., findings.89 MDA is
produced through the oxidation of polyunsaturated fatty
acids. Furthermore, peroxidation hinders the body’s natural
antioxidant system by producing too many reactive free
radicals.90 The results of this study show that pretreatment
with PM & TA reduces MDA levels in hepatic tissues
(p≤0.001) when compared to the CCl4 group, indicating
that the aqueous extract can protect against oxidative stress.
This hepatoprotective action could be due to the existence
of bioactive chemicals in PM & TA that have significant
radical scavenging activity, which could explain the plant’s
traditional depurative function against hepatocellular injury.

Toxicity caused by CCl4 treatment, as well as its
alleviation by PM and TA extracts, was visible in
histological sections of liver slices. Toxicity causes
structural changes in hepatic tissue, and the degree of
toxicity strongly correlates with the severity of liver
injury.91 The histopathological examination of CCl4-treated
rat liver slices revealed ballooning, hepatocyte degeneration,
hepatocellular necrosis, and inflammatory cell infiltration
which were consistent with the assay results for biochemical
parameters associated with hepatotoxicity in the serum
and tissue. Further treatment with SLY, PM, and TA
extracts improved morphological characteristics. As a
result, alterations in histological sections corroborated the
biochemical findings. The antioxidant effects of PM & TA
in vitro and in vivo could be attributed to the flavonoids
and phenolic chemicals included in the extract, which have
been reported to have antioxidant and hepatoprotective
properties.92 However, more research into the active
chemicals and biochemical pathways underlying Persicaria
maculosa & tannic acid’s antioxidant and hepatoprotective
properties is required.

According to the findings, Persicaria maculosa aqueous
extract and tannic acid have strong preventive potential
against oxidative stress and liver injury caused by CCl4
ingestion. The study went on to say that plants and their
chemicals have a lot of potential for reducing hepatotoxicity
and oxidative stress caused by medication side effects.

5. Conclusion

In vitro and in vivo studies have demonstrated that
aqueous extracts of Persicaria maculosa and one of its
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bioactive components, tannic acid, and exhibit antioxidant
and hepatoprotective properties. Intake of CCl4, an anti-
inflammatory drug, was found to cause hepatotoxicity
in rats, as evidenced by changes in oxidative stress
and liver function indicators in blood and tissue, as
well as changes in liver sections. Persicaria maculosa
& tannic acid aqueous extracts showed significant
hepatoprotective activity in rats against oxidative stress and
liver injury. PM & TA have hepatoprotective effectiveness
comparable to silymarin. Persicaria maculosa components,
according to the study, have tremendous therapeutic value
as antioxidants, anti-inflammatory, and hepatoprotective
agents. To our knowledge, this is the first study to
indicate that Persicaria maculosa and tannic acid aqueous
extracts can protect against carbon tetrachloride-induced
hepatotoxicity. However, more research is needed to
determine the specific mechanism of action of the numerous
elements found in Persicaria maculosa, which could aid in
the development of a novel natural medicinal drug.
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