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ABSTRACT: Marchantia species were traditionally used to treat liver
failure. Marchantia polymorpha chloroform extract showed a marked
hepatoprotective activity in a dose-dependent manner in paracetamol-
induced extensive liver damage in mice. At a dose of 500 mg/kg (MP-500), it
resulted in a reduction in aspartate transaminase by 49.44%, alanine
transaminase by 44.11%, and alkaline phosphatase by 24.4% with significant
elevation in total proteins by 58.69% with respect to the diseased group. It
showed significant reductions in total bilirubin, total cholesterol,
triglycerides, low density lipoprotein (LDL), very LDL, total lipids, and to
high density lipoprotein ratio (CH/HDL) by 53.42, 30.14, 35.02, 45.79,
34.74, 41.45, and 49.52%, respectively, together with a 37.69% increase in
HDL with respect to the diseased group. It also showed an elevation of
superoxide dismutase by 28.09% and in glutathione peroxidase by 81.83% in
addition to the reduction of lipid peroxidation by 17.95% as compared to the paracetamol only treated group. This was further
supported by histopathological examination that showed normal liver architecture and a normal sinusoidal gap. Metabolic profiling
by ultrahigh performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometer (UHPLC−QTOF/MS)
led to the tentative identification of 28 compounds belonging to phenols, quinolones, phenylpropanoid, acylaminosugars, terpenoids,
lipids, and fatty acids to which the activity was attributed. Four compounds were detected in the negative ionization mode which are
neoacrimarine J, marchantin A, chitobiose, and phellodensin F, while the rest were detected in the positive mode. Thus, it can be
concluded that this plant could serve as a valuable choice for the treatment of hepatotoxicity that further consolidated its traditional
use.

■ INTRODUCTION
Liver is the body’s largest organ that performs a number of
crucial tasks, including metabolism of protein, carbohydrates,
and fat; the process of detoxification; the production and
secretion of several enzymes; as well as the production of
bilirubin.1,2 Numerous infections, medications, long-term
diabetes, as well as alcohol in addition to many poisons can
act upon this organ, resulting in its deterioration with the
concomitant appearance of liver necrosis and cirrhosis.3

A large number of naturally occurring herbal products
showed a prominent effect on the liver in spite of the fact that
many of their bio-active constituents are still unknown. They
were frequently employed for the treatment of liver disorders
due to their effectiveness, fewer adverse effects and inexpensive
cost compared to synthetic agents. They exerted their effect on
liver via prohibition and scavenging of free radicals by their
antioxidant potential that facilitates the prevention of
infections and degenerative disorders as well.4

Bryophytes are often a group of lower green land plants
without well-developed vascular systems with a dominating

leafy generation called gametophyte (haploid generation);
meanwhile, their sporophytic (diploid generation) is a spore-
bearing and many times get along with the gametophyte for
their whole life cycle. The bryophytic plants generally exist in
less significant and low-pitched noticeable places and are
frequently disregarded by human beings.5−7 Hence, bryophytes
are less explored compared to vascular plants and remained
under-examined in many areas particularly their medicinal
importance.
Marchantia polymorpha L. is a thallus liverwort of class

Hepaticae with green to brown or purple colored, hexangular
marks on ramified branches of about 10 cm long and up to 2
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cm in width. It maturates on moist soil, damp rocks, stream’s
banks, puddles, and peat bogs. Undersides, they are covered by
many root-like rhizoids and give rise to reproductive structures
known as gametophores. Female gametophore plants contain a
stalk with rays containing archegonia which give rise to ova.
Male gametophores have a flat disc bearing antheridia that
develop sperms. It has been observed that people of Himalayan
areas make use of a mixture of ashes made from M. polymorpha
and Marchantia palmata plants, blended with honey and a
small quantity of fat for healing cuts, burns, and other skin
injuries.7−9 Besides, in numerous classical Greek references
and medical documents, the Marchantia species were used to
cure open wounds, prevent bacterial infections, treat external
wounds that are inflammatory or painful, work as snake
antivenom, and treat liver failure.10

Phytoconstituents existing in M. polymorpha are volatile
metabolites belonging to terpenoids such as thujopsene and β-
chamigrene in addition to aromatic compounds, comprising
bibenzyls and bisbibenzyls.11,12 Regarding its biological
activity, M. polymorpha exhibited a potent biological potential
particularly antifungal, antibacterial, anti-inflammatory, anti-
viral, and anti-cancer as well that is mainly relied upon its
metabolites represented by marchantin A, marchantin B,
neomarchantin A, riccardin H, and perrottetin E.13 Moreover,
a recent study performed on a M. polymorpha L. extract in vitro
revealed significant antioxidant and tyrosinase inhibition
potential.14 Besides, endophytes isolated from M. polymorpha
showed antiviral and anticancer potential owing to their
volatile cyclic dipeptides.15

Tracing the current literature, nothing was found regarding
the hepatoprotective potential of M. polymorpha L. as well as
its mechanisms of action. Meanwhile, the search for an
alternative therapy for treating of hepatic disorders, with
minimum side consequences particularly derived from natural
sources is considered mandatory worldwide. Thus, the current
study aimed to comprehensively validate the hepatoprotective
potential of the chloroform extract of M. polymorpha L. whole
body using paracetamol (PCM)-induced liver injury in mice
with subsequent measurement of the levels of oxidative stress
markers and liver biomarkers that was further supported by
histopathological studies. Besides, metabolic profiling of M.
polymorpha bioactive chloroform extract was performed using
ultra high performance liquid chromatography coupled with a
mass Q-TOF spectrometer (UPLC/MS) to further correlate
between the bioactivity and the prevailing secondary
metabolites to consolidate folk employment of bryophytic
plant species such as M. polymorpha L as a hepatoprotective
agent.

■ MATERIALS AND METHODS
Plant Material. Whole M. polymorpha L. plants were

obtained from Khanspure and Nathigalli areas (in the northern
region of Pakistan). The specimen of the plant species was
identified and authenticated by Dr. Zaheer-ur-Khan, a plant
taxonomist from Botany Department, Government College
University Lahore. The plant specimen was allocated in the
herbarium of Department of Pharmacy, University of Central
Punjab, Lahore, Pakistan with Voucher number of Cog-010 for
further reference. The plant material was carefully dried,
garbled, pulverized, and placed in a glass container.
Crude Plant Extracts Preparation. The ground plant

material (4 Kg) was macerated successively with three major
solvents, namely, n-hexane, chloroform, and methanol. 8 L of

each of the solvent were used consecutively and the plant
material was kept in each solvent for 7 days. Each solvent
extract was percolated thoroughly with muslin cloth, followed
by filtration through Whatman−1 filter paper and the filtration
operation was repeated twice or three times to get a maximum
yield of each. All the solvent extracts were subjected to
concentration using rotary evaporator under reduced pres-
sure.16 Hexane extract was dark-orange, whereas the chloro-
form extract was dark-brown, whereas the methanol extract
was greenish-black in color. Each of the extracted material was
further dried in an oven at 37 °C to get the semisolid extract.
Each extract was labeled and preserved in an airtight container
at 25−30 °C.
Chemicals and Drugs. Silymarin was purchased from local

pharmacy and PCM powder was obtained from Pacific Pharma
Limited, Lahore, Pakistan. The kits for the assay of serum
enzymes were provided by Sigma-Aldrich. Different doses of
chloroform extract (250 and 500 mg/kg) were prepared in
10% Tween20 solution, while PCM 250 mg/kg were prepared
in distilled water (DW) for administration. Silymarin (50 mg/
kg) was also prepared in DW.
UPLC/MS Metabolic Profiling of the Chloroform

Extract of M. polymorpha L. Metabolic profiling of the
chloroform extract of M. polymorpha L. was done using UPLC
coupled with mass Q-TOF spectrometer (UPLC/MS). Agilent
6520 Accurate-Mass Q-TOF mass spectrometer (MS) with
twin ESI 18 sources and Agilent 1290 Infinity 17 LC system
UHPLC was employed. Agilent Zorbax Eclipse XDB-C18,
narrow19 bore 2.1 × 150 mm, 3.5 μm (P/N: 930990-902)
were the column’s technical specifications. Temperatures for
the column and auto-sampler 20 were kept at 25 and 4 °C,
respectively. The flow rate was 0.5 mL/min, whereas formic
acid, concentrations of 0.1% in water and 0.1% in acetonitrile
were the mobile phases employed; meanwhile, the injection’s
volume was 1 micro-L. There was a 25 min run and a 5 min
recovery period. Electrospray ion source in both the negative
mode and positive mode was employed, and full scan MS
analysis was performed over the m/z 100−1000 range.
Nitrogen was provided at flow rates of 25 and 600 L/h,
respectively, for nebulizing and drying gas purposes. 350 °C
was the temperature of the drying gas, whereas the voltage for
fragmentation was calibrated to 125 V. An analysis was
conducted using a 3500 V capillary voltage. Agilent Mass
Hunter Qualitative Analysis B.05.00 was used to process the
data (Method: Metabolomics3 2017-00004.m). Compounds
were identified using the following search parameters in the
database: 4 METLIN AM PCDL-N- 170502.cdb: 5 ppm
match tolerance ions with positive charges include the
following: +H, +Na, +NH4, and −H.
In Vivo Hepatoprotective Evaluation of M. poly-

morpha L. Chloroform Extract. Experimental Animals.
Studies were conducted on Swiss albino male mice weighing
25−30 g. The animals were laid in Plexiglas cages (47 × 34 ×
18 cm3) in the Research Laboratory of Pharmacology and
Physiology, Faculty of Pharmacy, University of the Punjab
Lahore, Pakistan. The laboratory temperature was sustained at
26 ± 2 °C and humidity was maintained at 50−55% along with
12 h light−dark cycle. All the animals were adapted for 7 days
with the experimental status and fed with standard animal food
and water. The standard diet was prepared according to
Institutional guidelines and was composed of 20% fat (5%
sunflower oil + 14.5% cottonseed oil + 0.5% linoleic acid), 16%
proteins in addition to calcium (5%), amino acids mixture
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(40%), vitamins mixture (1%), minerals (7%), as well as casein
(11%). All the experimental protocols were approved by the
Pharmacy Animal Ethics Committee with approval no. 2101 in
the Faculty of Pharmacy, University of the Punjab Lahore,
Pakistan.

Experimental Protocol. Mice were divided into five groups,
each group consisting of animals. Group I served as control
and received DW only. Group II was the control diseased
group that orally administered with 250 mg/kg of PCM.
Meanwhile, group III served as the standard group that was
orally administered with 50 mg/kg silymarin in addition to 250
mg/kg of PCM. However, groups IV and V were the examined
extracts groups in which the animals were orally administered
with 250 and 500 mg/kg of M. polymorpha chloroform extract
(MP-250) and (MP-500), respectively, in addition to oral
administration of 250 mg/kg of PCM for 14 days.17 Mice were
anesthetized with ketamine + xylazine and blood was drawn for
biochemical evaluation by heart puncture following 15 days of
therapy. Blood was centrifuged at 4000 rpm for 15 min at
room temperature to obtain the serum.

Biochemical and Oxidative Stress Markers Evaluation. All
liver function tests including aspartate transaminase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP), and
total proteins (TP) as well as lipid profile parameters
comprising total bilirubin (TB), total cholesterol (TC),

triglycerides (TGs), low density lipoprotein (LDL), very
LDL (VLDL), total lipids (TL), and cholesterol to high
density lipoprotein ratio (CH/HDL) and HDL were evaluated
using serum analysis as previously reported by Parvez et al.18

However, for antioxidant investigations, 10% liver homogenate
was employed and oxidative stress parameters were assessed
including superoxide dismutase (SOD), lipid peroxidation
(LPO), and glutathione peroxidase (GPx) was analyzed using
the previously reported methods employed by Rajkapoor, et
al.19

Histopathological Evaluation. Liver specimens were
dehydrated, cleaned, and embedded in paraffin blocks after
being stored in 10% formalin solution. To report histology,
paraffin slices were cut and stained with hematoxylin and eosin
dye.20

Statistical Analysis. Results were represented as mean ± SD
(n = 6). Two-way ANOVA followed by post-hoc Dunnett test
was performed using Graph Pad Prism (San Diego, CA, USA)
software. p-value of less than 0.05 was considered statistically
significant.

■ RESULTS
UHPLC−QTOF−MS Metabolic Profiling of the Chloro-

form Extract of M. polymorpha L. Metabolic profiling of
the chloroform extract of M. polymorpha L. using UPLC

Table 1. UHPLC−QTOF−MS Metabolic Profiling of the Chloroform Extract of Marchantia polymorpha L. in the Negative
Ionization Mode

peak no RT (min) base peak (m/z) compound name compound class molecular formula mass refs

1 14.03 516.1303 Neoacrimarine J Quinolines C28H23NO9 517.1376 44
2 14.224 439.1560 MarchantinA Phenylpropanoid C28H24O5 440.1632 38
3 14.246 423.1560 Chitobiose Acylaminosugars C16H28N2O11 424.1679 45
4 14.897 537.1527 Phellodensin F Glycoside C26H30O10 502.1836 39

Table 2. UHPLC−QTOF−MS Metabolic Profiling of the Chloroform Extract of Marchantia polymorpha L. in the Positive
Ionization Mode

peak no RT (min) base peak (m/z) compound name compound class molecular formula mass refs

1 9.255 197.1166 4-(2-hydroxypropoxy)-3,5-dimethyl-Phenol phenol C11H16O3 196.1093 46
2 11.482 244.1901 dihydrojasmonic acid, methyl ester C13H22O3 226.1562 47
3 12.153 274.2733 C16 sphinganine lipid C16H35NO2 273.2659 48
4 12.454 228.1948 10-tridecynoic acid fatty acid C13H22O2 210.1608 49
5 12.518 158.1533 2,6-nonadien-1-ol alcohol C9H16O 140.1193 50
6 12.58 221.0802 eugenitin phenolic compound C12H12O4 220.0731 51
7 15.159 277.2149 8E-tetradecenyl acetate carboxylic ester C16H30O2 254.2257 52
8 15.471 299.0900 pterocarpin C17H14O5 298.083 53
9 15.664 219.1735 (+)-arnicenone sesquiterpene C15H22O 218.1662 54
10 15.842 279.2301 2-hexyl-decanoic acid fatty acid C16 H32O2 256.2407 55
11 15.888 398.2527 [6]-gingerdiol 3,5-diacetate carboxylic ester C21 H32 O6 380.2191 56
12 16.056 343.1534 deoxymiroestrol phytoestrogen C20 H22 O5 342.1464 57
13 16.232 221.1902 ishwarol sesqiterpene alcohol C15 H24 O 220.1828 58
14 16.439 343.1532 deoxymiroestrol C20 H22 O5 342.1460
15 16.565 425.3770 moretenone terpenoids C30 H48 O 424.3693 59
16 16.566 407.3660 4,4′-diapophytofluene carotenoid triterpenoid C30 H46 406.3586 60
17 16.74 456.2164 hericenoneB benzaldehydes C27H31NO4 433.2271 61
18 16.907 279.1589 emmotinA C16H22O4 278.1516 40
19 17.508 459.3821 longispinogenin triterpenoid C30H50O3 458.3748 62
20 18.305 320.2578 N-hydroxy arachidonoyl amine fatty acid C20H33NO2 319.2505 63
21 18.519 372.3098 1-linoleoyl glycerol fatty acid C21H38O4 354.2756 64
22 19.16 322.2732 (−)-isoamijiol diterpene C20H32O2 304.2383 65
23 19.48 331.2827 1-monopalmitin fatty acid C19H38O4 330.2755 66
24 20.317 384.3455 N-stearoyl valine C23H45NO3 383.3380 67
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coupled with quadrupole time of flight MS (UHPLC−QTOF)
in both positive and negative ionization modes. This led to the
tentative identification of 28 compounds; four of which were
identified in the negative ionization mode whereas the rest
were determined from the positive ionization mode, as
illustrated in Tables 1 and 2. These compounds belong to
various classes including benzoic acids and their derivatives,
phenols, oligothiophenes, quinolones, phenylpropanoid, acyla-
minosugars, terpenoids, lipids, and fatty acids. Tentative
assignment of the detected metabolites was performed based
upon comparing the mass of the existing metabolites in both
positive and negative and ionization modes with previously
reported data (references were illustrated in Tables 1 and 2)
together with public online databases such as pubchem and
Massbank. A scheme showing the chemical structures of the
identified compounds in the chloroform extract of M.
polymorpha L. is represented in Figure 1.
In Vivo Hepatoprotective Evaluation of M. poly-

morpha L. Chloroform Extract. Effect on Liver Stress
Markers. Paracetamol-induced an extensive liver damage in
mice evidenced by a pronounced elevation in ALT, AST, and
ALP levels estimated by 144.6, 82.57, and 55.22%, respectively,
with concomitant reduction in TP by 24.68% as compared to
the control group. In contrast, administration of (MP-250) and
(MP-500) resulted in a significant amelioration of the
extensive liver damage as revealed through the reduction of
ALT by 44.05 and 49.49%, respectively, AST by 35.98 and
44.07%, respectively, ALP by 18.93 and 23.08%, respectively,
in addition to a significant elevation in TP by 45.21 and
54.47%, respectively, with respect to the diseased group that
received paracetamol only. They approach in this respect
silymarin that revealed 51.49, 52.85, and 24.90% reduction in
ALT, AST, and ALP levels, respectively, in addition to 44.83%
elevation in TP (Figure 2).

Effect on Lipid Profile. Besides, oral administration of
paracetamol induced an extensive alteration in lipid profile

manifested by an abrupt elevation in TB, TC, TG, LDL,
VLDL, TL, and CH/HDL estimated by 80.49, 84.44, 138.43,
180.7, 181.64, 136.87, and 281.21%, respectively, together with
a significant reduction in HDL by 51.47% as compared to the
control group. However, administration of (MP-250) caused a
notable reduction in TB, TC, TG, LDL, VLDL, TL, and CH/
HDL by 30.81, 28.88, 29.72, 43.62, 27.51, 4.05, and 40.87%,
respectively, in addition to 20.93% elevation in HDL as
compared to the diseased group. Meanwhile, oral admin-
istration of (MP-500) resulted in a significant reduction in TB,
TC, TG, LDL, VLDL, TL, and CH/HDL by 51.35, 28.96,
35.07, 45.77, 34.79, 41.33, and 48.26%, respectively, together
with 37.49% increase in HDL with respect to the diseased
group. These results approached silymarin, the standard
hepatoprotective agent that showed 54.26% elevation in the
HDL level with 62.16, 34.73, 40.11, 51.55, 43.50, 29.90, and
57.68% decline in TB, TC, TG, LDL, VLDL, TL, and CH/
HDL, respectively, in comparison to the diseased group
(Figures 3 and 4).

Effect on Oxidative Stress Markers. In addition, oral
administration of paracetamol triggers a pronounced elevation
in oxidative stress elaborated by the diseased group expressed
by a decline in endogenous antioxidants estimated by 31.17
and 58.07%%, for SOD and GPx, respectively, with
concomitant elevation in LPO by 40.74%. In contrast,
administration of silymarin, (MP-250) and (MP-500) resulted
in an elevation of SOD by 33.56, 22.01, and 28.95%,
respectively, with concomitant increase in GPx by 114.14,
76.11, and 82.42%, respectively, compared to the diseased
group. Besides, they reduced LPO by 22.39, 11.59, and
14.26%, respectively, as compared to paracetamol only treated
groups (Table 3).

Histopathological Examination. M. polymorpha extracts
elicited a pronounced amelioration in the liver histology, as
presented in Figure 5. According to the histopathological
studies, the control group showed normal hepatocyte (white

Figure 1. Scheme showing the chemical structure of major identified compounds from the Marchantia polymorpha chloroform extract using
UHPLC−QTOF−MS.
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arrow) and normal sinusoids (blue arrow), whereas para-
cetamol intoxicated mice revealed significant vascular degen-
eration and centrilobular necrosis in hepatocytes in addition to
hepatocyte ballooning and degeneration (white arrow)
together with abnormal sinusoid architecture (blue arrow).
When compared to control, administration of various doses of
M. polymorpha extract led to mild degenerative alterations in
hepatocytes and sinusoids. The MP-250-treated group showed
normal hepatocyte architecture (white arrow) and a mild
shrinkage of sinusoid (blue arrow), whereas MP 500 revealed a
better amelioration in the liver histology manifested by normal
hepatocyte architecture (white arrow) and a normal sinusoidal
gap (blue arrow). Meanwhile, oral administration of silymarin,
standard hepatoprotective agent, showed preserved hepatocyte
architecture (white arrow) and a mild change in sinusoids
(blue arrow) (Figure 5).

■ DISCUSSION
Ethnopharmacological investigations showed that many plants
possess hepatoprotective properties and were employed
traditionally in various regions of the world to treat various
liver ailments.21,22 The current research assessed the
hepatoprotective potential of M. polymorpha, which further
consolidates its traditional usage. The antioxidant components
existing in plants as phenols, phenolic diterpenes, are mainly
responsible for their pharmacological properties.23,24 Metabolic

profiling performed using UHPLC−MS revealed the richness
of the plants with secondary metabolites with antioxidant
potential to which its hepatoprotective effect was attributed.
Paracetamol (Acetaminophen), a popular analgesic and
febrifuge medication was highly reputed to cause severe liver
injury in both experimental animals and in humans.25

Paracetamol-induced hepatotoxicity was used as a reliable
approach for screening hepatoprotective drugs. The liver is the
primary site for paracetamol metabolism, and the kidneys are
responsible for excreting it after its conjugation with
glucuronide and sulfate.26 It is known that a portion of
acetaminophen is metabolized via cytochrome P450 pathway
to N-acetyl-p-benzoquinamine, a highly poisonous metabolite
that is typically conjugated with glutathione and eliminated in
the urine. Acetaminophen intoxication depletes glutathione
reserves, resulting in the buildup of NAPQI, mitochondrial
malfunction, and the emergence of acute hepatic necrosis.26

The toxic metabolites (N-acetyl-p-benzoquineimine) can
alkylate and oxidize intracellular GSH, which causes liver GSH
depletion. Increased LPO is then caused by the abstraction of
hydrogen from a polyunsaturated fatty acid, which ultimately
causes liver damage from higher paracetamol doses.27 Reactive
metabolites can cause early cell stress in a variety of ways, such
as through diminishing glutathione (GSH) levels or by
attaching to enzymes, lipids, nucleic acids, and other cell
components. Studies showed that compounds that affect P450

Figure 2. Effect of Marchantia polymorpha at doses of 250 and 500 mg/kg and silymarin (50 mg/kg) on liver biomarkers; (A) AST; (B) ALT; and
(C) AST, and (D) total protein in PCM-induced hepatotoxicity in mice; results are expressed in mean ± SD; n = 5. *P < 0.05 considered to be
significant from PCM. One-way ANOVA variance followed by Dunnett’s multiple comparison tests was performed using graph pad prism software.
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activity can prevent the liver damage caused by PCM.28 The
monitoring of enzyme levels like AST and ALT is frequently
utilized in the assessment of liver damage caused by
acetaminophen. The enzyme is released into circulation by
necrosis or membrane injury, and as a result, it can be detected
in the serum. Hepatocytes’ mitochondria are the primary
location of AST. ALT is a better measure for identifying liver
damage since it is more specific to the liver in addition, damage
of liver cells is also linked to serum ALP and bilirubin levels.29

When acetaminophen was administered, it significantly
increased the levels of several enzymes, including AST, ALT,
ALP, GGTP, and TB, and decreased TP relative to the control
group. The increased levels of the blood marker enzymes AST,
ALT, ALP, and bilirubin were counteracted by co-administer-
ing the chloroform extracts of the plant under investigation in a
dose-dependent manner. The extract may have the ability to
stabilize membranes, prevents the leaking of intracellular
enzymes, which would otherwise cause higher serum enzyme
levels in acetaminophen-induced liver injury. This is consistent
with the widely held belief that the repair of the hepatic
parenchyma and the regeneration of the hepatocytes cause
serum levels of transaminases to revert to normal.30−32 Toxic
metabolite NAPQI frequently causes cell death, organ damage,
and covalent alteration of cellular target proteins.33 Effective
regulation of ALP, bilirubin, and TP levels suggested that the
hepatic cells’ secretory system was improved.33 Any
hepatoprotective medication’s effectiveness depends on its
ability to either mitigate the negative effects or bring back the
normal physiology of the liver after being interrupted by a
hepatotoxin.

Both silymarin (50 mg/kg) and the plant extract (250 and
500 mg/kg) reduced acetaminophen-induced raised enzyme
levels in the test groups, indicating the preservation of the
structural integrity of the hepatocyte cell membrane or the
regeneration of damaged liver cells. The rise in liver LPO
caused by acetaminophen suggested an increased LPO causing
tissue damage and failure of the antioxidant defense
mechanism to stop the creation of too many free radicals.
These alterations are significantly reversed by M. polymorpha
treatment highlighting that the antioxidant impact of M.
polymorpha is most likely the cause of its hepatoprotective
effects.34 Superoxide dimutase (SOD) enzyme activity
reduction is a sensitive indicator of hepatocellular injury and
is the most sensitive enzymatic signal in liver injury. According
to reports, SOD is among the most crucial enzymes in the
body’s enzymatic antioxidant defense system. As a result, the
radical’s harmful effects are lessened since it scavenges the
superoxide anion to produce hydrogen peroxide. The liver’s
reactive free radical-induced oxidative damage is decreased as a
result of M. polymorpha considerable increase in hepatic SOD
activity.35

One of the most prevalent tripeptides, nonenzymatic
biological antioxidants in the liver is glutathione. It keeps
membrane protein thiols intact and eliminates free radical
species like hydrogen peroxide and superoxide radicals.36 It
also serves as a GPx substrate. In mice treated with
acetaminophen, a lower amount of GSH is connected to
increased LPO. The level of GPx and GST was significantly (P
< 0.05) and dose-dependently elevated after administration of
M. polymorpha extract.36 Additionally, the hepatoprotective

Figure 3. Effect of Marchantia polymorpha at doses of 250 and 500 mg/kg and silymarin (50 mg/kg) on the lipid profile; (A) bilirubin; (B)
cholesterol; (C) triglycerides; and (D) total lipids in PCM-induced hepatotoxicity in mice; results are expressed in mean ± SD; n = 5 *P < 0.05
considered to be significant from PCM. One-way ANOVA variance followed by Dunnett’s multiple comparison tests was performed using graph
pad prism software.
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efficacy of M. polymorpha extract was supported by the
histological findings that greatly contributed to the counter-
acting of the damaged liver architecture. Acetaminophen
caused extensive vascular degenerative alterations and
centrilobular necrosis in hepatocytes. Administration of
different doses of the chloroform extract of M. polymorpha
caused only minor degenerative alterations and no centrilob-
ular necrosis, showing that the extract was effective at
protecting the liver. The investigated plant extract has
hepatoprotective and antioxidant properties that regulate
cellular permeability, stability, and decrease oxidative stress.
Numerous studies have shown that some flavonoids,
triterpenoids, and steroids have antioxidant characteristics
that protect the liver.37 Major compounds like marchantin A,38

phellodensin F,39 2,2,4,4,-tetramethyl-6-(1-oxopropyl)-1,3,5-
cyclohexanetrione emmotin A40 identified in M. polymorpha
extract using UHPLC−MS could be greatly attributed to its
major role in hepatoprotective activity. Marchantin A
previously reported to possess a potent anti-inflammatory

activity that undoubtedly ameliorate hepatic inflammation and
necrosis.41 Moreover, chitobiose and phellodensin F showed
potent antioxidant activity via free radicle scavenging proper-
ties that ultimately reflected on its ability to ameliorate liver
damage.39,42 Besides, eugenitin, a phenolic metabolite, was
previously recorded to possess notable antioxidant and anti-
inflammatory activity that in turn could participate in the liver
protective activity.43 Thus, it can be concluded that the M.
polymorpha showed marked hepatoprotective activity in a
dose-dependent manner that further consolidated its tradi-
tional use.

■ CONCLUSIONS
According to the current findings, M. polymorpha showed
marked hepatoprotective activity counteracting hepatocellular
injury in paracetamol-treated mice in a dose-dependent
manner. This was evidenced by the amelioration of liver stress
markers as AST, ALT, ALP, and TPs in addition to
normalization of antioxidant parameters such as LPO, SOD,

Figure 4. Effect of Marchantia polymorpha at doses of 250 and 500 mg/kg and silymarin (50 mg/kg) on lipid profile; (A) HDL; (B) LDL; (C)
VLDL; and (D) CH/HDL percentage in PCM-induced hepatotoxicity in mice; results are expressed in mean ± SD; n = 5. *P < 0.05 considered to
be significant from PCM. One-way ANOVA variance followed by Dunnett’s multiple comparison tests was performed using graph pad prism
software.

Table 3. Effect of Marchantia polymorpha at Doses of 250 and 500 mg/kg and Silymarin (50 mg/kg) on the Antioxidant Level
in PCM-Induced Hepatotoxicity in Micea

parameters control PCM silymarin MP-250 MP-500

SOD (ng/mL) 25.54 ± 0.14* 17.58 ± 0.19 23.48 ± 0.38* 21.45 ± 0.25* 22.67 ± 0.26*
GPx (ng/mL) 37.44 ± 0.19* 15.70 ± 0.27 33.62 ± 1.42* 27.65 ± 4.23* 28.64 ± 0.26*
LPO (ng/mL) 28.62 ± 0.08* 40.28 ± 0.10 31.26 ± 0.69* 35.61 ± 1.24* 34.52 ± 2.65*

aResults are expressed in mean ± SD; n = 5. *P < 0.05 considered to be significant from PCM. One-way ANOVA variance followed by Dunnett’s
multiple comparison tests was performed using graph pad prism software.
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and GPx. This was also accompanied by adjusting the lipid
profile such as TB, TC, TG, LDL, VLDL, TL, and CH/HDL
and elevating HDL that was further supported by the
histopathological examination of the dissected liver sections.
Furthermore, UHPLC−QTOF−MS metabolic profiling of the
chloroform extract of M. polymorpha L. led to the tentative
identification of 28 compounds belonging to various classes
including phenols, quinolones, phenylpropanoid, acylaminosu-
gars, terpenoids, lipids, and fatty acids to which M. polymorpha
hepatoprotective activity is attributed. Thus, it can be
concluded that this plant could serve as a valuable choice for
the treatment of hepatotoxicity that further consolidated its
traditional use. However, further preclinical studies are highly
recommended to be conducted to further ascertain the
obtained results.
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(15) Stelmasiewicz, M.; Świątek, Ł.; Ludwiczuk, A. Chemical and

Biological Studies of Endophytes Isolated from Marchantia
polymorpha. Molecules 2023, 28, 2202.
(16) Gilani, A. H.; Jabeen, Q.; Khan, A.-u.; Shah, A. J. Gut

modulatory, blood pressure lowering, diuretic and sedative activities
of cardamom. J. Ethnopharmacol. 2008, 115, 463−472.
(17) Arshad, N.; Ishtiaq, S.; Khan, F. Z. HPLC, GC-MS analysis,

hepatoprotective and antioxidant activities of Saussurea hypoleuca
spreng. root. Egypt. J. Chem. 2021, 64, 4343−4349.
(18) Parvez, M. K.; Al-Dosari, M. S.; Arbab, A. H.; Alam, P.; Alsaid,

M. S.; Khan, A. A. Hepatoprotective effect of Solanum surattense leaf
extract against chemical-induced oxidative and apoptotic injury in rats.
BMC Complementary Altern. Med. 2019, 19, 154−159.
(19) Rajkapoor, B.; Venugopal, Y.; Anbu, J.; Harikrishnan, N.;

Gobinath, M.; Ravichandran, V. Protective effect of Phyllanthus
polyphyllus on acetaminophen induced hepatotoxicity in rats. Pak. J.
Pharm. Sci. 2008, 21, 57−62.
(20) Sinaga, E.; Fitrayadi, A.; Asrori, A.; Rahayu, S. E.; Suprihatin, S.;

Prasasty, V. D. Hepatoprotective effect of Pandanus odoratissimus
seed extracts on paracetamol-induced rats. Pharm. Biol. 2021, 59, 31−
39.
(21) Lodhi, P.; Tandan, N.; Singh, N.; Kumar, D.; Kumar, M.

Camellia sinensis (L.) Kuntze extract ameliorates chronic ethanol-
induced hepatotoxicity in albino rats. Evidence-Based Complementary
Altern. Med. 2014, 2014, 1−7.
(22) Youssef, F. S.; Labib, R. M.; Eldahshan, O. A.; Singab, A. N. B.

Synergistic Hepatoprotective and Antioxidant Effect of Artichoke, Fig,
Blackberry Herbal Mixture on HepG2 Cells and Their Metabolic
Profiling Using NMR Coupled with Chemometrics. Chem. Biodivers.
2017, 14, No. e1700206.
(23) Fathy, S.; Emam, M.; Agwa, S. A.; Zahra, F. A.; Youssef, F.;

Sami, R. The antiproliferative effect of Origanum majorana on human
hepatocarcinoma cell line: suppression of NF-kB. Cell. Mol. Biol.
2016, 62, 80−84.
(24) Youssef, F.; Ashour, M.; Sobeh, M.; El-Beshbishy, H.; Singab,

A.; Wink, M. Eremophila maculata- Isolation of a rare naturally-
occurring lignan glycoside and the hepatoprotective activity of the leaf
extract. Phytomedicine 2016, 23, 1484−1493.
(25) Vermeulen, N.; Bessems, J.; Van de Straat, R. Molecular aspects

of paracetamol-induced hepatotoxicity and its mechanism-based
prevention. Drug Metab. Rev. 1992, 24, 367−407.
(26) Al-nuani, R. M. A.; Kadhim, N. J. The Effect of Capparis

Spinosa L. Plant on the Cytochrome and Glutathione to Reduce the
Hepatotoxicity induced by Paracetamol in Mice In Journal of Physics:
Conference Series; IOP Publishing, 2020.
(27) Ginting, C. N.; Lister, I. N. E.; Girsang, E.; Widowati, W.;

Yusepany, D. T.; Azizah, A. M.; Kusuma, H. S. W. Hepatotoxicity

prevention in Acetaminophen-induced HepG2 cells by red betel
(Piper crocatum Ruiz and Pav) extract from Indonesia via antioxidant,
anti-inflammatory, and anti-necrotic. Heliyon 2021, 7, No. e05620.
(28) Mitchell, J.; Jollow, D.; Potter, W.; Davis, D.; Gillette, J.;

Brodie, B. Acetaminophen-induced hepatic necrosis. I. Role of drug
metabolism. J. Pharmacol. Exp. Therapeut. 1973, 187, 185−194.
(29) Kozer, E.; Evans, S.; Barr, J.; Greenberg, R.; Soriano, I.;

Bulkowstein, M.; Petrov, I.; Levi, Z. C.; Barzilay, B.; Berkovitch, M.
Glutathione, glutathione dependent enzymes and antioxidant status in
erythrocytes from children treated with high-dose paracetamol. Br. J.
Clin. Pharmacol. 2003, 55, 234−240.
(30) Thabet, A. A.; Youssef, F. S.; El-Shazly, M.; El-Beshbishy, H. A.;

Singab, A. N. B. Validation of the antihyperglycaemic and
hepatoprotective activity of the flavonoid rich fraction of Brachychi-
ton rupestris using in vivo experimental models and molecular
modelling. Food Chem. Toxicol. 2018, 114, 302−310.
(31) Youssef, F. S.; Ashour, M. L.; El-Beshbishy, H. A.; Ahmed

Hamza, A.; Singab, A. N. B.; Wink, M. Pinoresinol-4-O-β-D-
glucopyranoside: a lignan from prunes (Prunus domestica) attenuates
oxidative stress, hyperglycaemia and hepatic toxicity in vitro and in
vivo. J. Pharm. Pharmacol. 2020, 72, 1830−1839.
(32) Sobeh, M.; Mahmoud, M. F.; Petruk, G.; Rezq, S.; Ashour, M.

L.; Youssef, F. S.; El-Shazly, A. M.; Monti, D. M.; Abdel-Naim, A. B.;
Wink, M. Syzygium aqueum: A polyphenol-rich leaf extract exhibits
antioxidant, hepatoprotective, pain-killing and anti-inflammatory
activities in animal models. Front. Pharmacol. 2018, 9, 566.
(33) Zaher, H.; Buters, J. T.; Ward, J. M.; Bruno, M. K.; Lucas, A.

M.; Stern, S. T.; Cohen, S. D.; Gonzalez, F. J. Protection against
acetaminophen toxicity in CYP1A2 and CYP2E1 double-null mice.
Toxicol. Appl. Pharmacol. 1998, 152, 193−199.
(34) Muhammad, D. R. A.; Tuenter, E.; Patria, G. D.; Foubert, K.;

Pieters, L.; Dewettinck, K. Phytochemical composition and
antioxidant activity of Cinnamomum burmannii Blume extracts and
their potential application in white chocolate. Food Chem. 2021, 340,
127983.
(35) Ilaiyaraja, N.; Khanum, F. Amelioration of alcohol-induced

hepatotoxicity and oxidative stress in rats by Acorus calamus. J. Diet.
Suppl. 2011, 8, 331−345.
(36) Prakash, J.; Gupta, S.; Kochupillai, V.; Singh, N.; Gupta, Y.;

Joshi, S. Chemopreventive activity ofWithania somnifera in
experimentally induced fibrosarcoma tumours in Swiss albino mice.
Phytother Res. 2001, 15, 240−244.
(37) Gupta, A. K.; Misra, N. Hepatoprotective activity of aqueous

ethanolic extract of Chamomile capitula in paracetamol intoxicated
albino rats. Am. J. Pharmacol. Toxicol. 2006, 1, 17−20.
(38) Huang, W.-J.; Wu, C.-L.; Lin, C.-W.; Chi, L.-L.; Chen, P.-Y.;

Chiu, C.-J.; Huang, C.-Y.; Chen, C.-N. Marchantin A, a cyclic bis
(bibenzyl ether), isolated from the liverwort Marchantia emarginata
subsp. tosana induces apoptosis in human MCF-7 breast cancer cells.
Cancer Lett. 2010, 291, 108−119.
(39) Chiu, C.-Y.; Li, C.-Y.; Chiu, C.-C.; Niwa, M.; Kitanaka, S.;

Damu, A. G.; Lee, E.-J.; Wu, T.-S. Constituents of leaves of
Phellodendron japonicum M axim. and their antioxidant activity.
Chem. Pharm. Bull. 2005, 53, 1118−1121.
(40) Saleem, H.; Sarfraz, M.; Khan, K. M.; Anwar, M. A.; Zengin, G.;

Ahmad, I.; Khan, S.-U.; Mahomoodally, M. F.; Ahemad, N. UHPLC-
MS phytochemical profiling, biological propensities and in-silico
studies of Alhagi maurorum roots: a medicinal herb with multifunc-
tional properties. Drug Dev. Ind. Pharm. 2020, 46, 861−868.
(41) Jantwal, A.; Rana, M.; Rana, A. J.; Upadhyay, J.; Durgapal, S.

Pharmacological potential of genus Marchantia: A Review. J.
Pharmacogn. Phytochem. 2019, 8, 641−645.
(42) Chen, A.-S.; Taguchi, T.; Sakai, K.; Kikuchi, K.; Wang, M.-W.;

Miwa, I. Antioxidant activities of chitobiose and chitotriose. Biol.
Pharm. Bull. 2003, 26, 1326−1330.
(43) Chang, H.-J.; Kim, Y.-H.; Kang, Y.-H.; Choi, M.-H.; Lee, J.-H.

Antioxidant and antibacterial effects of medicinal plants and their
stick-type medicinal concentrated beverages. Food Sci. Biotechnol.
2020, 29, 1413−1423.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c01867
ACS Omega 2023, 8, 19037−19046

19045

https://doi.org/10.1016/j.febslet.2005.08.054
https://doi.org/10.1016/j.febslet.2005.08.054
https://doi.org/10.1093/pcp/pcv044
https://doi.org/10.1093/pcp/pcv044
https://doi.org/10.1016/j.phytochem.2016.06.008
https://doi.org/10.1016/j.phytochem.2016.06.008
https://doi.org/10.1016/j.phytochem.2016.06.008
https://doi.org/10.1155/2000/570265
https://doi.org/10.1155/2000/570265
https://doi.org/10.1155/2000/570265
https://doi.org/10.15835/nbha48211884
https://doi.org/10.15835/nbha48211884
https://doi.org/10.3390/molecules28052202
https://doi.org/10.3390/molecules28052202
https://doi.org/10.3390/molecules28052202
https://doi.org/10.1016/j.jep.2007.10.015
https://doi.org/10.1016/j.jep.2007.10.015
https://doi.org/10.1016/j.jep.2007.10.015
https://doi.org/10.21608/EJCHEM.2021.65459.3403
https://doi.org/10.21608/EJCHEM.2021.65459.3403
https://doi.org/10.21608/EJCHEM.2021.65459.3403
https://doi.org/10.1186/s12906-019-2553-1
https://doi.org/10.1186/s12906-019-2553-1
https://doi.org/10.1080/13880209.2020.1865408
https://doi.org/10.1080/13880209.2020.1865408
https://doi.org/10.1155/2014/787153
https://doi.org/10.1155/2014/787153
https://doi.org/10.1002/cbdv.201700206
https://doi.org/10.1002/cbdv.201700206
https://doi.org/10.1002/cbdv.201700206
https://doi.org/10.1016/j.phymed.2016.08.006
https://doi.org/10.1016/j.phymed.2016.08.006
https://doi.org/10.1016/j.phymed.2016.08.006
https://doi.org/10.3109/03602539208996298
https://doi.org/10.3109/03602539208996298
https://doi.org/10.3109/03602539208996298
https://doi.org/10.1016/j.heliyon.2020.e05620
https://doi.org/10.1016/j.heliyon.2020.e05620
https://doi.org/10.1016/j.heliyon.2020.e05620
https://doi.org/10.1016/j.heliyon.2020.e05620
https://doi.org/10.1046/j.1365-2125.2003.01723.x
https://doi.org/10.1046/j.1365-2125.2003.01723.x
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1016/j.fct.2018.02.054
https://doi.org/10.1111/jphp.13358
https://doi.org/10.1111/jphp.13358
https://doi.org/10.1111/jphp.13358
https://doi.org/10.1111/jphp.13358
https://doi.org/10.3389/fphar.2018.00566
https://doi.org/10.3389/fphar.2018.00566
https://doi.org/10.3389/fphar.2018.00566
https://doi.org/10.1006/taap.1998.8501
https://doi.org/10.1006/taap.1998.8501
https://doi.org/10.1016/j.foodchem.2020.127983
https://doi.org/10.1016/j.foodchem.2020.127983
https://doi.org/10.1016/j.foodchem.2020.127983
https://doi.org/10.3109/19390211.2011.615805
https://doi.org/10.3109/19390211.2011.615805
https://doi.org/10.1002/ptr.779
https://doi.org/10.1002/ptr.779
https://doi.org/10.3844/ajptsp.2006.17.20
https://doi.org/10.3844/ajptsp.2006.17.20
https://doi.org/10.3844/ajptsp.2006.17.20
https://doi.org/10.1016/j.canlet.2009.10.006
https://doi.org/10.1016/j.canlet.2009.10.006
https://doi.org/10.1016/j.canlet.2009.10.006
https://doi.org/10.1248/cpb.53.1118
https://doi.org/10.1248/cpb.53.1118
https://doi.org/10.1080/03639045.2020.1762199
https://doi.org/10.1080/03639045.2020.1762199
https://doi.org/10.1080/03639045.2020.1762199
https://doi.org/10.1080/03639045.2020.1762199
https://doi.org/10.1248/bpb.26.1326
https://doi.org/10.1007/s10068-020-00793-9
https://doi.org/10.1007/s10068-020-00793-9
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c01867?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(44) Takemura, Y.; Takaya, J.; Okamura, Y.; Arima, Y.; Atarashi, T.;
Nagareya, N.; Ju-ichi, M.; Omura, M.; Ito, C.; Furukawa, H.
Constituents of Domestic Citrus Plants. PartXXXII. Four New
Acridone-Coumarin Dimers from a Citrus Plant. Chem. Pharm. Bull.
1998, 46, 1518−1521.
(45) Waghmare, S. R.; Ghosh, J. S. Chitobiose production by using a

novel thermostable chitinase from Bacillus licheniformis strain JS
isolated from a mushroom bed. Carb. Res. 2010, 345, 2630−2635.
(46) Saleem, H.; Htar, T. T.; Naidu, R.; Anwar, S.; Zengin, G.;

Locatelli, M.; Ahemad, N. HPLC−PDA polyphenolic quantification,
UHPLC−MS secondary metabolite composition, and in vitro enzyme
inhibition potential of. Bougainvillea glabra. Plants 2020, 9, 388.
(47) Miersch, O.; Sembdner, G.; Schreiber, K. Occurrence of

jasmonic acid analogues in Vicia faba. Phytochemistry 1989, 28, 339−
340.
(48) Wright, B. S.; Snow, J. W.; O’Brien, T. C.; Lynch, D. V.

Synthesis of 4-hydroxysphinganine and characterization of sphinga-
nine hydroxylase activity in corn. Arch. Biochem. Biophys. 2003, 415,
184−192.
(49) Krishnaveni, M.; Kalaivani, M.; Banu, C. R.; Kumari, G. K. GC-

MS/MS study of Parthenium hysterophorus L (N. Am) stem,
antimicrobial activity. Res. J. Pharm. Technol. 2015, 8, 517−519.
(50) Kemp, T. Identification of some volatile compounds from

Citrullus vulgaris. Phytochemistry 1975, 14, 2637−2638.
(51) Andrioli, W. J.; Silva, T. M.; da Silva, V. B.; Damásio, A. R.;

Maller, A.; Conti, R.; Jorge, J. A.; Arauj́o, J. M.; Silva, C. H.; Pupo, M.
T.; et al. The fungal metabolite eugenitin as additive for Aspergillus
niveus glucoamylase activation. J. Mol. Catal. B: Enzym. 2012, 74,
156−161.
(52) Ando, T.; Saito, O.; Arai, K.; Takahashi, N. (Z)-and (E)- 12-

Tetradecenyl acetates: Sex pheromone components of oriental corn
borer (Lepidoptera: Pyralidae). Agric. Biol. Chem. 1980, 44, 2643−
2649.
(53) Huang, X.; Mu, B.; Lin, W.; Qiu, Y. Pterocarpin and isoflavan

derivatives from Canavalia maritima (Aubl.) Thou. Rec. Nat. Prod.
2012, 6, 166−170.
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