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Abstract
Lead (Pb2+) is a toxic heavy metal causes oxidative stress that affect vital organs in the body, such as kidneys. Lead (Pb2+) induces
formation of free radicals on cells, generation of Reactive Oxygen Species (ROS), Reactive Nitrogen Species (RNS) and decreases level of
endogenous antioxidant defense mechanism. Oxidative stress triggers synthesis of Heat Shock Protein (HSP) as sublethal response. The
imbalance level between oxidant and antioxidant defense mechanisms has been suggested to play an important role in cells death.
Administration of exogenous antioxidant from plant, such as liverwort (Marchantia polymorpha L.) assumed can decrease free radical
levels caused by heavy metal. The objective of this study was to investigate antioxidant activity of liverwort and to investigate whether
methanol extract of M. polymorpha was affect HSP70 expression and NO production in base-line levels on HEK293 (human embryonic
kidney) cell line. The DPPH was used to determine antioxidant activity, Griess assay to quantify nitric oxide and Western blotting was
used to detect HSP70 expression. The result showed that the activity of antioxidant scavenger of liverwort is about 5.22 µg mLG1 of
IC50 value. In addition, liverwort extract can increase cell viability and decrease NO production significantly between Pb(NO3)2 and
treatment group and also decrease HSP70 expression attained to base-line level.
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anti-cancer (Xiao et al., 2005; Huang et al., 2010; Hegazy et al.,
2012) and anti-hepatitis B (Xiao et al., 2006b). However, there
has been no report about antioxidant activity of liverwort
against oxidative stress caused by lead. The secondary
metabolite of M. polymorpha allegedly can decreased
excessive free radicals in cells. The objective of this study
was to investigate the antioxidant scavenging activity of
M. polymorpha extract, its effect to expression of Heat
Shock Protein 70 (HSP70) and NO concentration after
Pb(NO3)2-induced oxidative stress on HEK293 cells.

INTRODUCTION
Lead contamination in the environment is found from
cigarette smoke, fumes, food or objects that contain lead
(Suciani, 2007; Ashraf, 2011; Ariansya et al., 2012).
Administration of lead into the body through the respiratory
tract (inhalation) (Irwan et al., 2013) and gastrointestinal tract
(Faix et al., 2005). Lead as a toxicant has been widely used to
in vivo and in vitro experimental (Aykin-Burns et al., 2005;
Casado et al., 2007; Jankeer and El-Nouri, 2009; Mehana et al.,
2012; Missoun et al., 2010; Gurer et al., 2001; Ibrahim et al.,
2012). Lead is toxicant causes damage to the brain, heart,
liver, kidneys, gastrointestinal tract, respiratory tract and
changes in blood profile in humans or animals model as well
as rat and mice (Mugahi et al., 2003; Jankowska-Kulawy et al.,
2008; Reza et al., 2009; Mehana et al., 2012; Missoun et al.,
2010; Aziz et al., 2012).
Lead in the cell will trigger excessive formation of free
radicals because of its ability to bind to the enzymes, which
are forming natural antioxidants. The imbalance of oxidants
and natural antioxidants in cells will form oxidative stress
through two mechanisms, namely the formation of Reactive
Oxigen Species (ROS) and decrease the synthesis of
endogenous antioxidants enzyme (antioxidant defense
system) such as superoxide dismutase (SOD) and catalase
(CAT) (Flora et al., 2012). At high concentrations, ROS can be
important mediators of DNA, protein and lipid damage. Cells
under oxidative stress would trigger the activation of Heat
Shock Factor (HSF) and begin the process of Heat Shock
Proteins (HSP) synthesis as a sublethal response of cells to
environmental stress (Filipovic et al., 2008). Therefore, to
maintain cells homeostasis against free radicals excess, it is
need a way of balancing the oxidant and antioxidant cell by
adding an exogenous antioxidant compound (Gurer et al.,
2001) of plants that have antioxidant activity, such as
flavonoids and phenolic. One of Indonesian plant as
potential source of exogenous antioxidants is liverwort
(Marchantia polymorpha L.). In contrast to China and India,
study on the antioxidant activity of liverworts in Indonesia has
not been done.
The main secondary metabolite compounds in

MATERIALS AND METHODS

Marchantia polymorpha was collected in Mt. Merapi
area, Yogyakarta, Indonesia on September, 2014. Vitamin C
was used as antioxidant control. Treatment were divided
into 6 groups: Untreated as negative control, antioxidant
control (Vitamin C), positive control (10 µg mLG1 of lead
nitrate for 24 h) and treatment groups (10 µg mLG1 of lead
nitrate for 24 h then added by marchantia extract with
several doses: 10, 30, 60 and 90 µg mLG1 for 24 h to determine
cell viability and NO production and 5, 10 and 30 µg mLG1 to
determine HSP70 expression).
Plant material and extraction: Marchantia polymorpha were
washed with running water. Thallus (leaves) were separated
from rhizoid. Thallus allowed to air-dry in shade for a week.
During the drying process, the thallus wrapped with paper.
The plant material was subsequently homogenised in
electrical blender. About 350 g of powdered sample was
extracted until exhaustion by maceration with 3 L of methanol
80% for 2×24 h. The extracts were filtered and re-extracted
in same way three to four times until the colour of extract seen
transparent. The filtrate were combined and evaporated using
a rotary evaporator. Crude extract dissolved in dimethyl
sulphoxide (DMSO) (Huang et al., 2010).
Antioxidant scavenging assay: A total of 1 mL of each
sample extracts with various concentrations (0, 5, 10, 15, 25,
30, 50, 60, 75, 90 and 100 µg mLG1) were diluted using
methanol and added to cuvette. One milliliter of 0.1 mM DPPH
(Himaja et al., 2010) was added to each cuvette. Samples
were incubated for 30 min at room temperature and placed
in a dark room and absorbance was measure at 517 nm.
Ascorbic acid in various concentrations (2.5, 5, 7.5, 10, 12.5
and 15 µg mLG1) were used as a standard positive control
and methanol as blank, DPPH solution as negative control.
The results were calculated as percentage scavenging of
DPPH• (Charoensin, 2014):

M. polymorpha are flavonoid, terpenoid and phenol. The
primarily

flavonoids

in

Marchantiaceae

are

luteolin

(Gokbulut et al., 2012), quercetin, apigenin, O-glycoside,
C-glycosides (Xiao et al., 2006a), marchantin A and C
(Friederich et al., 1999) as well as polyphenols (Krishnan and
Murugan, 2013). Liverworts are used as anti-microbial,
anti-fungal (Veljic et al.,

2010; Khanam et al., 2011),
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Measure absorbance within 30 min in a plate reader in
595 nm. The NO concentrations are determined by nitrite
standard curve.

 (Absorbance negative control -Absorbancesample ) 
Scavenging of DPPH  percentage = 
  100
Absorbance negative control



Cell culture: Human embryonic kidney cell line (HEK293) was

Western blotting: Harvested cells were homogenized with

cultured in Dulbaccosʼs Modified Eagleʼs Medium (DMEM)

lysis buffer (tris-HCl 0,0005 M, pH 7.1, 2% SDS, 10% glycerol,
0.2 M DTT, a punch of bromphenol blue, 4% protese
inhibitor), followed by sonication and sentrifuged at
13000 rpm for 15 min. The protein concetration was
measured by the Bradford method (Bio-Rad Protein Assay;
Bio-Rad Laboratories Inc., Hercules, CA, USA). An equal
amount of proteins (5 µg) were separated by 10%
SDS-PAGE. Proteins were electrotransferred to an immobilion
polyvinylidene difluoride (PVDF) membrane. This was followed
by 1 h blocking with solution composed of 20 mM tris-HCl
(pH 7.6), 125 mM HCl, 0.2% tween 20, aquadest and 5% skim
milk. Specific antibodies used were anti-HSP70 (1:1000 of a
rabbit polyclonal antibody) and anti-"-tubulin (1:1000 of a
mouse monoclonal antibody). Detection was made using
HRP conjugated mouse anti-rabbit and goat anti-mouse
IgG (1:10000) and chemiluminescence/ECL (Amersham, GE
Healthcare, Buckinghamshire, UK). Densitometric analysis of
bands was performed using ImageJ software.

supplemented with 10% fetal bovine serum, 100 U mLG1
penicillin, 100 µg mLG1 streptomycin and 1% fungizon. Cell
cultures were kept under a 5% CO2 humidified atmosphere at
37EC. The cells were seeded in 96-well cell culture plates to
measure cell viability and NO concentration. In other hand,
cells were seeded in 6 cm (in diameter) culture disk to
measure expression of HSP70.
Cell viability assay: Cell survival was accessed by cleavage of
the tetrazolium salt WST-1 to formazan by cellular enzymes.
An expansion in the number of viable cells results in an
increase

in

the

overall

activity

of

mitochondrial

dehydrogenases in the sample. Quantification of the formazan
dye produce by metabolically active cells by scanning
multiwell spectrophotometer. Briefly, 1×103 cells in 100 µL of
media to each well were seeded into 96-well cell culture plate
and incubated for 72 h. The medium was then replaced with
100 mL fresh medium contained 10 µg mLG1 Pb(NO3)2 and

Statistical analysis: Statistically analysis was performed

incubation for 24 h. Marchantia extract was added in the next

using one-way ANOVA and Duncan for further analysis
(p<0.05). Statistical data analysis was performed with
SPSS software ver. 20. Densitometric of HSP70 bands was
analysis using description method.

day appropriate to its concentrations for 24 h. Then after, the
medium was replaced with 100 µL fresh medium and
10 µL cell proliferation reagent WST-1 (4-[3-(Iodophenyl)
-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate)
(Roche). Incubate the cells for 1 h in a humidified atmosphere.

RESULTS

Shake thoroughly for 1 min on a shaker. Measure the
absorbance of samples againts a background control as blank

Antioxidant scavanging activity of M. polymorpha extract:

using microplate (ELISA) reader at 450 nm. Cell viability is

The antioxidant scavenging activity of M. polymorpha
extract and vitamin C to radical DPPH were exhibited in
Table 1 and 2. The IC50 value is found to be 5.22 and
0.34 µg mLG1, respectively for M. polymorpha extract and
vitamin C.

calculated by the formula:

Cell viability =

Aborbance of sample
 100
Absorbance of control

Nitric oxide assay: The

sulfanilamide

solution

Table 1: Antioxidant activity of Marchantia extract
Marchantia concentration (µg mLG1) Antioxidant activity (%)
0
0
5
48.63
10
51.31
15
62.15
25
66.84
30
71.58
50
80.26
60
89.07
75
93.54
90
93.78
100
94.05
Values are the mean of three observations

and

NED solution were equilibrated to room temperature
(15-30 min). Add 50 µL of each sample (medium HEK293 cells
that had been treated) to 96-well microplate in triplicate.
Dispense 50 µL sulfanilamide solution to all samples and wells
containing the dilution series for the nitrite standard reference
curve. Incubate 5-10 min at room temperature, protected
from light. Dispense 50 µL of NED solution to all wells,
incubate at room temperature and protected from light.
A purple/magenta color will begin to form immediately.
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Fig. 1(a-j): Morphology of HEK293 cells after treatments with Pb(NO3)2, various concentration of Marchantia and vitamin C for
24 h, (a) Control, (b) Pb(NO3)2 10 µg mLG1, (c) Vitamin C 10 µg mLG1, (d) Pb(NO3)2 10 µg mLG1+vitamin C 10 µg mLG1,
(e) Marchantia 5 µg mLG1, (f) Pb(NO3)2 10 µg mLG1+Marchantia 5 µg mLG1, (g) Marchantia 10 µg mLG1,
(h) Pb(NO3)210 µg mLG1+Marchantia 10 µg mLG1, (i) Marchantia 30 µg mLG1 and (j) Pb(NO3)2 10 µg mLG1+Marchantia
30 µg mLG1 (magnification, 400x)
Table 2: Antioxidant activity of vitamin C
Vitamin C concentration (µg mLG1)

Morphology of HEK293: Figure 1 shows the morphology

Antioxidant activity (%)

IC50 (µg mLG1)

53.93
59.57
62.12
63.30
73.89
75.87

0.34

2.5
5
7.5
10
12.5
15

of HEK293 cells changed after treated with lead. The
morphological changes were observed under microscope
(magnification, 400x) in lead group neither in other groups
compared to the control group.
HEK293 cell viability: Marchantia polymorpha extract

Values are the mean of three observations

known have been flavonoid, terpenoid and phenolic
Table 3: Viabilities of HEK293 cells in the treatment of lead and Marchantia
Treatments
Control
Pb(NO3)2 10 µg mLG1
Pb(NO3)2 10 µg mLG1+Marchantia 10 µg mLG1
Pb(NO3)2 10 µg mLG1+Marchantia 30 µg mLG1
Pb(NO3)2 10 µg mLG1+Marchantia 60 µg mLG1
Pb(NO3)2 10 µg mLG1+Marchantia 90 µg mLG1
Pb(NO3)2 10 µg mLG1+vitamin C 10 µg mLG1

compounds which are implicated to free radical levels, the

Cell viability (%)

altered cell viability was found after treatment with Pb(NO3)2

b

100.00±11.07
59.13±11.84a
125.55±13.20c
143.08±10.56c
135.00±5.42c
68.04±11.08a
133.88±16.19c

and continued with various concentration of M. polymorpha
extract are increased cell viability in HEK293 (Fig. 2). In
addition, there is significant increase in cell viability
(treatment

lead+M.

polymorpha

10

µg

mLG1,

lead+M. polymorpha 30 µg mLG and lead+M. polymorpha
1

Values are the Mean±SD of three observations (p<0.05 compared to the
percentage viability of the control group)

60 µg mLG1) compared to control and lead group (Table 3). By
contrast, HEK293 (treatment with various concentration of

Table 4: Viabilities of HEK293 cell in the treatment of Marchantia

M. polymorpha extract alone) showed a dramatically

Treatments

reduced rate of proliferation and increased rate of cell death

Control
Marchantia 10 µg mLG1
Marchantia 30 µg mLG1
Marchantia 60 µg mLG1
Marchantia 90 µg mLG1
Vitamin C 10 µg mLG1

Cell viabilities (%)
100.00±11.07c
89.64±9.11c
56.44±8.54b
18.03±2.17a
16.19±1.09a
99.92±2.98c

(Table 4).
Nitric oxide concentration (NO) HEK293 cells: The NO
concentration in sample medium of HEK293 cell was assesed.
The increased of NO concentration in lead group (15.53 µM)

Values are the Mean±SD of three observations (p<0.05 compared to the
percentage viability of the control group)

related to decreased of cell viability (59.13%) (Fig. 3).
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(a)

M

160

levels

HEK293

cells

after

treatment

(a) Pb (NO3)2, Marchantia extract and vitamin C

(a) Pb(NO3)2, Marchantia extract and vitamin C and

and (b) Marchantia extract and vitamin C

(b) Treatment Marchantia extract and vitamin C

Table 5: NO concentration of HEK293 in the treatment of lead and Marchantia
Treatments

There is significant effect of M. polymorpha extract due

NO concentration (µM)

to NO concentration after administration of lead continued

7.83±1.55a

Control

15.53±2.50b

with M. polymorpha extract (Table 5) compared to lead

Pb(NO3)2 10 µg mLG1+Marchantia 10 µg mLG1

9.50±1.01 a

group (NO concentration and cell viability, 7.83 µM and

Pb(NO3)2 10 µg mLG1+Marchantia 30 µg mLG1

8.73±0.38 a

Pb(NO3)2 10 µg mLG1+Marchantia 60 µg mLG1

8.85±2.78 a

100%, respectively). Further, there is no significant effect

Pb(NO3)2 10 µg mLG1

1

Pb(NO3)2 10 µg mLG +Marchantia 90 µg mLG

1

Pb(NO3)2 10 µg mLG1+vitamin C 10 µg mLG1

8.73±1.01

in treatment groups compared

a

to control group. In

M. polymorpha alone, there is increased NO concentration in

9.50±2.90 a

Values are the Mean±SD of three observations (p<0.05 compared to the

all treatments compared to control group (Table 6).

percentage concentration of NO control group)
Table 6: NO concentration of HEK293 in the treatment of Marchantia

HSP70 expression: To further investigate the oxidative

Treatments

NO concentration (µM)

stress caused by lead, which is induced transcription of

Control

7.83±1.55a

Marchantia 10 µg mLG1

8.09±1.45 ab

hsp genes, it is performed Western blot to detected

Marchantia 30 µg mLG1

11.04±2.39 ab

expression of HSP70 in HEK293 cells. There was dramatically

Marchantia 60 µg mLG1

10.39±1.73 ab

over-expression of HSP70 in lead group and reduced in

Marchantia 90 µg mLG1

11.55±2.50 b

treatment groups. In addition, HSP70 expression is higher

Vitamin C 10 µg mLG1

8.22±2.61 ab

in M. polymorpha

Values are the Mean±SD of three observations (p<0.05 compared to the

(Fig. 4 and 5).

percentage concentration of NO control group)
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extract alone than control group

Pb (NO3)2+Vit C

Vitamin C

Pb (NO3)2+M 30

Marchantia 30

Pb (NO3)2+M 10

Marchantia 10

Marchantia 5

Pb (NO3)2

Control

Pb (NO3)2+M 5
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HSP70

a-tublin

Fig. 4: Expression of Heat Shock Protein 70 (HSP70) HEK293 cells after treatment Pb (NO 3)2, Marchantia extract and vitamin C
O-glycoside, C-glycosides (Xiao et al., 2006a), marchantin
A and C (Friederich et al., 1999) as well as polyphenols
(Krishnan and Murugan, 2013). These compounds are
assumed reduce free radicals or ROS in HEK293 cell induced by
lead as well as taurine (an antioxidant) against lead-induced
oxidative stress (Gurer et al., 2001).
Cell viability of HEK293 was decreased in lead group
(59.13%) compared to control group (100%). On the other
hand, cell viability was increased in treatment groups
(125.55, 143.08 and 135%, respectively in concentration
10, 30 and 60 µg mLG1) (Table 3). Beside this, cell viabiliy was
significantly decreased in Marchantia alone (Table 4).
Increased cell viability was also found in cells exposed to
Pb(NO3)2, followed by administration of vitamin C 10 µg mLG1
to be 133.88%. The contrary results, cell viability exposed
to Pb (NO3)2 and Marchantia extract at concentration of
90 µg mLG1 was decreased compared to control and
increased when compared to the treated with Pb(NO3)2 about
68.04%. Based on statistical test there was no significant
difference between treatment group of Pb(NO3)2 and
treatment group Pb(NO3)2+90 µg mLG1 extract Marchantia. The
same results was found among treatment groups
Pb(NO3)2+10 µg mLG1, Pb(NO3)2+30 µg mLG1 and
Pb(NO3)2+60 µg mLG1 extract Marchantia.
Lead has several effect cause dysfunction of physiology
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Fig. 5: Expression of Heat Shock Protein 70 (HSP70) HEK293
cells after treatment Pb(NO3)2, Marchantia extract and
vitamin C
DISCUSSION
Measurement of antioxidant scavenging activity of
M. polymorpha extract occured by reacting DPPH-methanol
solution with M. polymorpha extract. Absorbance of
DPPH-Marchantia extract solution was measure at 517 nm.
Further, IC50 value obtained from linear regression.
The results showed IC50 value of M. polymorpha extract
to be 5.22 µg mLG1 while, the IC50 value of vitamin C to be
0.344 µg mLG1. Gokbulut et al. (2012) collected samples of
M. polymorpha in the province of Anatolia, Turkey, get the
IC50 value of M. polymorpha extract with methanol solvent to
be 0.4495±0.029 µg mLG1 and ethyl acetate solvent to be
0.2756±0.001 µg mLG1. The IC50 value of methanolic extract
of M. polymorpha from Yogyakarta. Indonesia have a
higher antioxidant activity than methanolic extracts of
M. polymorpha from Turkey. Secondary metabolites
Marchantia extract consisting of flavonoids, terpenoids
and phenolic. The most flavonoids of Marchantia genus
are luteolin (Gokbulut et al., 2012), quercetin, apigenin,

and biochemistry in animals and humans. Lead induced
cell damage through lipid peroxidation, protein damage and
DNA damage leading to cell death also known as apoptosis.
The Pb2+ entry into the cell by utilizing the protein binding of
metal ions such as Ca2+ and Zn2+, which is flexible and able to
bind to the calcium and zinc binding-site. The Pb2+ has the
ability to replace Ca2+, Zn2+ and other divalent cations in
cellular systems that have an effect on changing the
environment inside the cell. The Pb2+ will be accumulated in
some cell organelles, such as mitochondria, endoplasmic
reticulum and the nucleus. The Pb2+ in the mitochondrial inner
membrane will cause damage, degradation of the energy
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molecule that has an unpaired electron in the orbital,

metabolism and forming generation of free radical. Moreover,
Pb2+ inhibits income (uptake) Ca2+ from the cytoplasm into the
mitochondria. The opening of the pore-permeability
transition induce cytochrome C release into the cytoplasm,
which is trigger apoptosis by activating caspase-9 and
caspase-3 (Yedjou et al., 2010).
Administration of Pb can decreased cell viability in nerve
cell culture (PC-12) and increased after given N-acetylcysteine
(NAC) as an antioxidant agent (Aykin-Burns et al., 2005). In this
study, cell viability of HEK293 decreased was found after
exposure to Pb(NO3)2 and increased after given Marchantia
extract. Marchantia extract has several active compound that
play an important role for the regulation of excess free radicals
cause oxidative stress on HEK293 cells after exposure to
Pb(NO3). Active compounds of M. polymorpha extract from
Yogyakarta, Indonesia known as flavonoids, phenolics and
terpenoids as a TLC analysis.
Antioxidant compounds have capability to stabilizing free
radicals formed due to induction of Pb(NO3)2, which causes
oxidative stress that leads to apoptosis. Flavonoids, phenolics
and terpenoids in M. polymorpha extract can reduce free
radicals in HEK293 cells by stabilizing the atoms bonding,
which do not have a paired electrons in its outer orbital. On
the other hand, Marchantia extract alone in HEK293 cells also
decreased HEK293 cell viability. Terpenoid in the extract
allegedly played an important role against cell apoptosis.
Terpenoids compounds can induce cell apoptosis (Lu et al.,
2012) through the activation of p53 (Liu et al., 2012).
Nitric oxide concentrations of HEK293 cells after treated
with Pb(NO3)2 for 24 h followed by several concentrations of
Marchantia and vitamin C for 24 h are presented in
Table 5 and 6. Nitric oxide concentration in Pb(NO3)2 group is
15.52 :M significantly than the control group 7.83 :M. This
result indicates HEK293 cells are in nitrosative stress
(a high concentration of NO inside cell) and decreased after
treated with Marchantia extract. The data showed, NO
concentration befall to base-line level (toward to control
group). There is no significant difference in NO concentration
between the treatment groups compared to control group
but significantly different when compared to lead group.
This indicates that Marchantia extract can reduce NO
concentration in HEK293 cells were exposed to Pb(NO3)2. In
Marchantia extract alone (30, 60 and 90 µg mLG1), NO
concentrations were increased compared to control group
in the amount of 11.04, 10.39 and 11.55 :M, respectively. Nitric
oxide concentration in group Marchantia alone (10 µg mLG1)
and vitamin C (10 µg mLG1) presents the concentration of NO
to be 8.09 and 8.22 :M. Nitric Oxide (NO) is a free radical made
from Reactive Nitrogen Species group. The NO• is a small

therefore, NO• also called free radicals. The NO• is a product of
Nitric Oxide Synthases (NOS), which acts on the metabolism
of arginine into citrulline with by product through electron
oxidative reactions. In normal physiological processes,
NO• have function as neurotransmitters, blood pressure
regulation, defense mechanisms, regulation of immunity and
smooth muscle relaxation. Administration of Pb2+ can increase
the production of NO• (Matovic et al., 2015). Excess of NO•
production is known as nitrosative stress. The NO• can bind to
O•- forming reactive peroxynitrite anion/peroxynitrite anion
(ONOO-), which is very reactive and cause DNA fragmentation
and lipid oxidation (Valko et al., 2007).
One of the stress protein is Heat Shock Protein 70 (HSP70).
To investigate whether HSP70 was expressed, it is determined
the HSP70 protein levels in HEK293 using Western blot
analysis. Figure 4 and 5 shows that Pb2+ caused significant
induction of HSP70 protein levels, in a manner related to what
investigated at morphology changes, cell viability and NO
production. There is significant of HSP70 protein levels
between lead group compared to control group. The
HSP70 were translated more reducing in treatment groups
(approach to base-line levels). Surprisingly, in Marchantia
alone HSP70 were translated more higher, which are related
to increased cell death and NO production. Unfortunately, it
did not found HSP70 in Pb(NO3)2+vitamin C, although treated
with vitamin C shows no differences to control group.
The HSP70 is expressed more higher when the cell is in
unbenefit condition due to environmental stress, such as the
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CONCLUSIONS
Lead induces formation of free radicals on cells,
generation of Reactive Oxygen Species (ROS), Reactive
Nitrogen Species (RNS) and caused oxidative stress in
HEK293 cell. Lead decreased cell viability, increased NO
production

and trigger HSP70 protein expression more

higher. Marchantia polymorpha L. can reduce formation of
free radicals, ROS, RNS and oxidative stress. Further, it also
impacte to increased cell viability, decreased NO production
and HSP70 protein expression.
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