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ABSTRACT
Background: The antioxidants can be used for protective in oxidative stress that is 
one of the important mechanisms of lead acetate-induced lung toxicity. Objective: The 
current study was carried out to evaluate the effectiveness of Chitosan- Pinus merkusii 
extract nanoparticle as antioxidant and anti-caspase 3 in against lead acetate-induced 
lung toxicity on wistar rats. Methods: Chitosan- Pinus merkusii nanoparticle were 
characterized by Dynamic Light Scattering (DLS) and Scanning Electron Microscope 
(SEM). The male rats were divided into control group (Rats were given with distilled 
water); lead acetate group (Rats were injected with lead acetate 20 mg/kg BW i.p) and 
the treatment group (Rats were given the Chitosan- Pinus merkusii nanoparticle 150 
mg; 300 mg; 600 mg/kg BW orally and were injected with lead acetate 20 mg/kg BW). 
The lung tissues were collected to evaluate the malondialdehyde (MDA), Superoxide 
Dismutase (SOD), Glutathione Peroxidase (GPx), histological evaluations of lung damage 
and immunohistochemical of the expression of caspase 3. Results: The results of DLS 
showed that the size of Chitosan- Pinus merkusii nanoparticle was 430.5±24.8 nm. 
SEM images of the Chitosan- Pinus merkusii nanoparticles showed an irregular shape 
and the morphology surface showed the rough surface. Administration of lead acetate 
resulted in a significant increase in MDA level, caspase 3 expression and decrease in 
level of SOD and GPx. Treatment with the Chitosan- Pinus merkusii nanoparticle 600 
mg/kg BW but not 150 and 300 mg/kg BW significantly decreased the MDA levels, 
caspase 3 expression and also increase in level of SOD and GPx were compared with 
lead acetate group. The lead acetate-induced thickened the alveolar septa and loss of the 
normal structure of lung cells (Necrosis), whereas treated with Chitosan-Pinus merkusii 
nanoparticle inhibited lung cell necrosis. Conclusion: From the results of this study 
demonstrated that Chitosan- Pinus merkusii nanoparticle could be a potent against lead 
acetate- induced lung toxicity, through increasing antioxidant and inhibiting caspase 3 
expression.

Key words: Chitosan- Pinus merkusii nanoparticle, Antioxidant, Caspase 3, Lead acetate, 
Lung toxicity.

INTRODUCTION

Lead is a highly toxic metal whose wide-
spread use has caused extensive environ-
mental pollution and health problems in 
human and animal.1,2 Lead acetate is one 

of  a toxic heavy metal which induced dam-
age in most of  the body organs as kidney,3 

testis,4 liver,5 heart6 and lung.7 The oxidative 
stress is an important mechanisms of  lead 
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acetate-induced lung cell damages via Reactive oxygen 
species (ROS) generation.7 Oxidative stress focuses the 
attention of  worldwide researchers for its damaging 
effects on the body and also responsible for the death 
of  a cell. Oxidative stress can occur when there is an 
imbalance between the generation of  ROS and the 
scavenging capacity of  antioxidants in the lung cells. It 
has been reported that lead-induced overproduction of  
Reactive oxygen species (ROS) or free radicals such as 
superoxide ion (O2

-), Hydroxyl radical (OH-) and Nitric 
oxide (NO) and consequently enhance lipid peroxida-
tion, impairment of  antioxidant enzymes activities, 
such as superoxide dismutase (SOD), Catalase (CAT) 
and Glutathione peroxidase (GPx).8,9 In addition, free 
radicals are highly reactive to membrane lipids, protein, 
DNA and to be the major contributing factors to stress 
injuries and to cause rapid lung cell damage.5 Several 
experimental studies have reported of  lead-induced 
apoptosis in rat tissue including testis, fibroblasts, liver 
and lung.10,11 Xu et al. (2006) have shown that lead elicits 
DNA damage and apoptosis in a cell, accompanied by 
an increase in Bax/BCl2 ratio and caspase 3 activity.12

It was reported that Malondialdehyde (MDA) is sec-
ondary products of  lipid peroxidation, may be used as 
a biomarker of  lung damage. The increase in MDA lev-
els suggests enhanced lipid peroxidation leading to lung 
cell damage and decreased the activity of  antioxidant 
defense mechanisms to prevent the formation of  exces-
sive free radicals.5,8

Studies have revealed that antioxidants possess the abil-
ity of  both preventing and curing the damage caused by 
the toxic effects of  lead that causes the generation of  
free radicals in the body. The natural product antioxi-
dants have been reported to provide protection against 
lead-induced oxidative stress and emerged as a potential 
therapeutic to prevent free radical generated damage in 
the body. The natural product can be a good alternative 
as the antioxidant, because of  their low costs, availability 
and lack of  undesirable side effects.13

This study has been focused on natural products of  
Chitosan- Pinus merkusii having antioxidant properties 
for protective in reducing free radical-induced lung 
cell damage. It has been demonstrated that Pinus plant 
were due to the phytochemicals possessed, including 
alkaloids, polyphenols, flavonoids, lignans, triterpenes, 
sterols, glycosides, triterpenoids and saponins.14,15 Some 
researcher has stated that Pinus plant showed stronger 
effects for antioxidant (Free radical scavengers), anti-
bacterial agents, anticancer, anti-inflammatory, immune-
stimulating, antiviral and estrogenic activities.15,16 Recent 
research activities have shown that Pinus plant is an 
important source of  pycnogenol that contains pro-

anthocyanidins (Procyanidins).17,18 Proanthocyanidins 
are potent, antioxidant (Free radical scavengers), anti-
bacterial agents, exhibit vasodilatory, anticancer, anti-
inflammatory, immune-stimulating, antidiabetes and 
anti-atherosclerosis.19-21

In recent years, synthesis of  natural product nanoparti-
cles is an interesting issue of  the nanoscience and nano-
biotechnology. The natural product nanoparticle has 
the opportunities to prevent and treat diseases in both 
human and animal. Nanoparticles vary in size but are 
generally ranging from 100 to 800 nm. Nanoparticle-
based natural product delivery systems offer enhanced 
drug stability, treatment efficacy and penetration power 
compared to a pure natural product.22,23 Chitosan is one 
of  natural product which exhibits adhesiveness, bio-
compatibility, biodegradability and is widely used in bio-
medical and pharmaceutical applications.24,25 Chitosan 
nanoparticles has been studied extensively by research-
ers for their controlled drug release properties and are 
used for both invitro and invivo applications.26,27 Its also 
non-toxic and have many biological activities such as 
antibacterial, antioxidant, antihyperlipidemic, anti-dia-
betic, anti-HIV, anti-inflammatory, drug delivery and 
immunostimulant, make it an ideal delivery agent for 
applications in medicine.27-29 The objective of  the pres-
ent study was carried out to evaluate the antioxidant and 
anti-caspase 3 activity of  Chitosan- Pinus merkusii extract 
nanoparticle in against lead acetate-induced lung toxic-
ity in wistar albino rats.

MATERIALS AND METHODS

Preparation of Chitosan- Pinus merkusii Extract 
Nanoparticles 
The chitosan- Pinus merkusii extract nanoparticle was 
prepared according to the procedure first reported by 
based on the ionic gelation of  chitosan- Pinus merkusii 
extract with Sodium Tripolyphosphate (TPP) anions.30,31  
Briefly, concentrations of  chitosan solutions (0.2% 
w/v) were prepared in 0.1% v/v glacial acetic acid and 
filtered. The TPP solution (0.1% w/v) was prepared in 
deionized water. Pinus merkusii extract 0.4% w/v in 
ethanol 70% was added to chitosan solution (0.2% w/v) 
under constant stirring. The mixture was then sonicated 
for 5 min and TPP solution was added dropwise under 
constant stirring. The ratio of  chitosan: TPP solution 
was maintained at 2:1 throughout the experiment. The 
supernatant obtained was subjected to ultracentrifuga-
tion at 25000 rpm for 20 min to sediment the chito-
san-propolis conjugated nanoparticles, which were then 
subjected to further characterization.
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Characterization of nanoparticles by Scanning 
Electron Microscopy and Dynamic Light Scattering
The surface morphological features such as particle size, 
shape and topography of  the Chitosan-Pinus merkusii 
extract nanoparticle were observed using SEM. 
Dynamic light scattering was done using Malvern 
Instruments version 2.2. The average particle size of  
the Chitosan- Pinus merkusii extract nanoparticle was 
determined.

Experimental Animal
Male Wistar rat weighing approximately 200-250 g (2.5-3 
months) were obtained from Gadjah Mada University, 
Yogyakarta, Indonesia for experimental purpose. They 
were housed in plastic cages in an air-conditioned room 
with a temperature maintained at 26 ± 2oC and 12 h 
alternates’ light and dark cycles. The rats were given ad 
libitum with tap water and fed with standard commer-
cial rat chow. This study was reviewed by the Ethical 
Clearance Committee for preclinical research, Institute 
of  Tropical Disease, Airlangga University and obtained 
ethical clearance under No.178/ITD/1/2018.

Experimental Design
The sample used 50 male rats were divided into 5 
groups: control group (Rats were given daily with dis-
tilled water); Lead acetate group (Rats were injected with 
lead acetate solution, i.p., at a dose of  20 mg/kg BW for 
the 7 consecutive days and the treatment group (Rats 
were given the Chitosan- Pinus merkusii extract nanopar-
ticle 150 mg; 300 mg; 600 mg/kg BW orally once in a 
day for 11 days and on 4th day, were injected with lead 
acetate solution, i.p., at a dose of  20 mg/kg BW one hr 
after the Chitosan- Pinus merkusii extract nanoparticle). 
On day 11, the rats were sacrificed and lung tissues were 
homogenized in ice-cold 50 mM sodium phosphate 
buffer (pH 7.4) containing 0.1 mM ethylenediamine tet-
raacetic acid (EDTA). The supernatant was separated by 
centrifugation at 1000 g for 20 min at 4oC. The superna-
tant was used for the analyzes of  MDA and antioxidant 
enzymes (SOD and GPx). The lung was also fixed in 
a 10% neutral buffered formalin solution for immuno-
histochemical evaluation of  the expression of  caspase 
3 and histopathological evaluation of  the lung damage.

Measurement of MDA 
MDA was determined in the supernatant of  homoge-
nate lung tissue by the thiobarbituric acid (TBA) method 
which estimates the MDA formation. The concentra-
tion of  MDA was measured at 532 nm and calculated 
by the absorbance coefficient of  MDA-TBA complex.5 
MDA is expressed as nanomoles MDA/mg tissue.32

Measurement of Antioxidant Enzymes 
Tissue preparation for enzyme assay of  rat lung was 
rapidly thawed from -70οC at room temperature for 5 
min and manually homogenised in cold phosphate buf-
fer (pH 7.4) and debris removed by centrifugation at 
3500 g for 10 min (Centrifuge 5415 R, Eppendorf  AG, 
Hamburg, Germany). Supernatants were recovered and 
used for enzyme activity and protein assays. 
The activity of  SOD was measured with SOD detection 
kit according to the manufacturer’s instructions. The 
SOD activity is then evaluated by the degree of  inhibi-
tion of  this reaction. The level of  SOD was measured 
at 505 nm and through a standard curve and expressed 
as U/mg protein.5,33

The activity of  GPx was measured with GPx detection 
kit according to the manufacturer’s instructions. The 
GPx was evaluated spectrophotometrically against blank 
at 340 nm. GPx 1 unit was l mol of  oxidized NADPH 
per min per mg of  tissue protein. The GPx activity was 
expressed as U/mg protein.5,33

Histopathological examination of the lung damage
The tissue of  the lung was fixed in a 10% neutral buff-
ered formalin solution, embedded in paraffin and used 
for histopathological examination with hematoxylin and 
eosin (H and E) stain.5

Immunohistochemical Examination of the 
Expression of Caspase 3
The paraffin-embedded lung was cut into 4 µm sec-
tions and mounted on positively charged slides for 
the expression of  caspase-3 immunohistochemistry.11 
Immunohistochemistry reactions were performed 
using the peroxidase/anti-peroxidase (PAP) method. 
Non-specific peroxidase reactions were blocked with 
methanol containing 0.1% H2O2. The sections were 
also incubated with normal goat serum to avoid non-
specific reactions once the samples were incubated with 
specific antibodies against caspase-3 (dilution,1:2000, 
Santa CruzCA, USA). Tissue sections were then washed 
with phosphate buffer and incubated with secondary 
antibodies (1:2000; Sigma, USA), before being washed 
in phosphate buffer again and, finally, incubated with 
the PAP complex (dilution,1:200). The peroxidase reac-
tion was carried out using a solution of  3,3’-diamino-
benzidine tetrahydrochloride containing 0.01% H2O2 in 
Tris-HCl buffer (0.05 M, pH 7.6). After immunostain-
ing, the lung sections were lightly counterstained with 
hematoxylin and observed under a light microscope.

Statistical Analysis 
Data were presented as means ± standard deviation. 
Statistical comparison of  biochemical and antioxidant 
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enzyme parameters was done using one-way analysis 
of  variance followed by the LSD test using a statisti-
cal package program (SPSS V. 17.0). In cases where 
ANOVA showed significant differences, LSD test was 
performed. P<0.05 was considered to be statistically 
significant.

RESULTS 

Characterization of Chitosan- Pinus merkusii 
extract nanoparticles by Scanning Electron 
Microscopy 
Scanning Electron Microscopy (SEM) images of  the 
chitosan- Pinus merkusii nanoparticles prepared using 
ionic gelation revealed that the nanoparticle surface 
showed the rough surface morphology and an irregular 
shape [Figure 1]. 

Characterization of Chitosan- Pinus merkusii 
Nanoparticles by Dynamic Light Scattering
The average particle size of  the Chitosan- Pinus merkusii 
extract nanoparticles by Dynamic Light Scattering was 
430.5±24.8 nm as shown in Figure 2.

Effects of Chitosan- Pinus merkusii Extract 
Nanoparticle on Lead Acetate-Induced Changes 
in MDA, SOD and GPx of Lung Tissue 
Table 1 showed the results of  the level of  MDA, SOD 
and GPx of  lung tissue changes in all groups. In the 
lead acetate group, the level of  MDA of  lung tissue was 
significantly increased compared to the control group 
(p<0.05). Treatment with Chitosan-Pinus merkusii extract 
nanoparticle at dose 600 mg/Kg BW markedly reduced 
lung tissue MDA in lead acetate treatment which was 
significantly different from the lead acetate group 
(p<0.05). Table 1 also showed the results of  the lead 
acetate group, the level of  SOD and GPx of  lung tissue 
were significantly decreased compared to the control 
group (p<0.05). Treatment with Chitosan- Pinus merkusii 
extract nanoparticle at dose 600 mg/Kg BW markedly 
enhanced lung SOD and GPx which was significantly 
different from the lead acetate group (p<0.05). 

Effects of Chitosan-Pinus merkusii Extract 
Nanoparticle on the Expression of Caspase 3 of 
Lead Acetate
An increase in the expression of  caspase 3 indicates 
lung cell apoptosis. Figure 3 showed the results of  
the expression of  caspase 3 of  lung cell apoptosis. In 
the lead acetate group, the expression of  caspase 3 of  
lung tissue was significantly increased compared to 
the control group (p<0.05). Treatment with Chitosan-
Pinus merkusii extract nanoparticle at dose 600 mg/Kg 

BW markedly reduced lung tissue caspase 3 expression 
which was significantly different from the lead acetate 
group (P<0.05). 

Effects of Chitosan- Pinus merkusii Extract 
Nanoparticle on Lead Acetate Induce Lung Cell 
Damage
Figures 4 show the histological changes in the lung of  
control group shows normal architecture with nor-
mal appearance of  alveolar. In the lead acetate group 
showed lung cell damage (Thickened the alveolar septa 
and necrosis). In the rats, treated with Chitosan-Pinus 
merkusii extract nanoparticle, the number and mor-
phological integrity of  lung cells are being preserved. 
Observations indicate that the lung toxic effects lead 
acetate was reduced by Chitosan-Pinus merkusii extract 
nanoparticle [Figure 4].

DISCUSSION
In the field of  medicine, the nanotechnology has devel-
oped with various aspects such as drug delivery, tissue 
engineering for the diagnosis of  various diseases.22,23 

Due to new advances in nanotechnology, it is now pos-

Figure 1: Scanning Electron Microscope Images of Chitosan- 
Pinus merkusii Nanoparticles.

Figure 2: Size Distribution of Chitosan- Pinus merkusii Ex-
tract Nanoparticles by Dynamic Light Scattering.
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extract nanoparticles showed an irregular shape and the 
morphology surface showed the rough surface. In our 
study, administration of  lead acetate significant increase 
MDA level, as a product of  lipid peroxidation and 
showing oxidative damage to the lung. The various toxic 
effects induced by lead acetate in biological systems 
have been linked to increased MDA or lipid peroxida-
tion.3,7 The present investigation resulted in significantly 
increased MDA levels in the lung of  lead acetate treated 
rat in comparison to the control group. This means 
that it increased the oxidative stress in the lead acetate-
treated rats. It is known that lead acetate induced oxida-
tive stress and tissue damage could be caused by two 
mechanisms including increased generation of  Reactive 
Oxygen Species (ROS) and by causing direct depletion 
of  antioxidant reserves.7 The lipid peroxidation can be 
increased by lead acetate administration, which may 
affect the cytoplasmic membranes and mitochondrial, 
causing more severe oxidative damage in the tissues and 
consequently releasing lipid hydroperoxides into circula-

Figure 3: Immunohistochemical study of Chitosan- P merkusii 
extract nanoparticle on caspase 3 expression of lead acetate-

induce lung toxicity. Control group (A); Lead acetate group 
showed caspase 3 expression of were significantly increased 
(B); Dose dependent-manner of Chitosan- Pinus merkusii ex-
tract nanoparticle 150 mg/kg BW; 300 mg/kg BW and 600 mg/
kg (C; D and E) decreased lung tissue caspase 3 expression.

Table 1: Effects of Chitosan- Pinus merkusii extract nanoparticle on lead ac-
etate induced changes in MDA, SOD and GPx

Groups Means SD
MDA SOD GPx

(nmol/mg) (U/mg) (U/mg)
Control Groups 2.13a±0.35 8.37a ±0.76 6.98a±0.71

Lead Acetate Groups 3.94b±0.32 4.91b±0.57 4.23b±0.62

Chitosan- P. merkusii  150 mg/kg BW 4.12b±0.97 4.67b±0.48 4.47b±0.68

Chitosan- P. merkusii  300 mg/kg BW 3.86b±0.51 5.72b±0.83 4.62b±0.43

Chitosan- P. merkusii  600 mg/kg BW 3.01c±0.43 6.42c±0.65 5.37c±0.41
a,b,cDifferent superscript within each column indicate significant difference between the means (p<0.05)

sible to produce natural product nanoparticles that can 
be utilized in a variety of  innovative ways. Nanoparticle-
based natural product delivery systems offer enhanced 
drug stability, treatment efficacy and penetration power 
compared to a pure natural product.23

The variety of  polymers that were used for herbal 
extract-loaded nanoparticles, however chitosan has 
received great attention in both the medical and pharma-
ceutical fields.23 Chitosan, a biodegradable and biocom-
patible polymer, is a modified natural carbohydrate and 
the second most abundant polysaccharide in nature.25,27 

We made Pinus merkusii extract was encapsulated into 
chitosan nanoparticle with use sodium tripolyphosphate 
on ionotropic gelation method, which has more advan-
tages over Pinus merkusii extract. Due to this modifica-
tion can improve biodistribution and increase specificity 
and sensitivity and reduced pharmacological toxicity.26,27 
The results of  the DLS showed that the size of  Chito-
san-Pinus merkusii extract nanoparticle was 430.5±24.8 
nm. The SEM images of  the Chitosan-Pinus merkusii 

Figure 4: Normal Lung in Control Group (A); The lead acetate 
treated group shown thickened the alveolar septa (red ar-

rows) and necrosis (black arrows) as compared to the control 
group (B); Treated with Chitosan- Pinus merkusii extract 
nanoparticle 150 mg/kg BW, 300 mg/kg BW showed like a 

lead acetate treated group (C, D); and Treated with 600 mg/kg 
showed regeneration in lung cells (E), using haematoxyline 

and eosin stain technique (×400).
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tion which reflects the induction of  oxidative stress.1,2 In 
this study, Chitosan- Pinus merkusii extract nanoparticle, 
which behaves as a powerful antioxidant and free radi-
cal scavenger, can decrease the MDA level perturbed by 
lead acetate in rats lung. Treatment of  rats with Chi-
tosan- Pinus merkusii extract nanoparticle at a dose of  
600 mg/kg BW prevented the levels of  MDA to rise 
when the rats were challenged with lead acetate. This 
means that Chitosan- Pinus merkusii extract nanoparticle 
minimized the toxic effect of  lead acetate via its anti-
oxidant activity. The antioxidant protective mechanism 
decreases the oxidative stress and scavenges the free 
radical responsible for the lung damage and thus inhibit 
the lipid peroxidation as measured by MDA levels. 
The findings of  this study suggest that Chitosan- Pinus 
merkusii extract nanoparticle could attenuate oxidative 
stress by decreasing the lipid peroxidation (MDA level) 
in the lead-treated lung. 
The activities of  SOD and GPx have been used to 
assess oxidative stress in cells. Many studies have shown 
that lead acetate has a high affinity for SH groups in 
several enzymes such as SOD and GPx, thus it can alter 
antioxidant activities by inhibiting functional SH groups 
in these enzymes.1,2,5 In the present study, the activity of  
SOD and GPx in rat lung was decreased by lead acetate 
treatment. This decreased SOD and GPx activities with 
lead acetate treatment is in agreement with previous 
studies. This showed that lead acetate-induced oxida-
tive stress by inhibiting the activity of  this antioxidant 
enzyme. Interestingly, the administration of  Chitosan-
Pinus merkusii extract nanoparticle increased the activities 
of  SOD and GPx in the lung of  lead-treated rats, which 
might be due to the ability of  Chitosan- Pinus merkusii 
extract nanoparticle to reduce the accumulation of  free 
radicals. Chitosan- Pinus merkusii extract nanoparticle 
acts as a scavenger for the oxygen-derived free radi-
cals, thus protecting from lung damage. The decrease 
in lipid peroxidation due to Chitosan- Pinus merkusii 
extract nanoparticle has been attributed to alterations in 
the antioxidant defense system which includes enzymes 
such as SOD and GPx, which normally protect against 
free radical toxicity. The mechanism of  action of  Chito-
san- Pinus merkusii extract nanoparticle also may involve 
the scavenging of  free radicals which can inhibit free 
radical formation. 
It has been reported that the lead toxicity condition can 
cause excessive production of  ROS, there is an imbal-
ance between the production of  oxidants and the defense 
systems of  antioxidant which may promote the induc-
tion of  lipid peroxidation, proteins and DNA damage, 
leading to lung cell death via apoptosis or necrosis.9,12 
Expression of  the caspase-3 is a hallmark of  apoptosis 

and can be used in cellular assays to quantify activators 
and inhibitors of  the “Death cascade”.13 In this study 
showed that in the lead acetate group, the expression of  
caspase 3 of  lung tissue was significantly increased com-
pared to the control group. Dose dependent-manner of  
Chitosan-Pinus merkusii extract nanoparticle decreased 
lung tissue caspase 3 expression in lead acetate treat-
ment. It has been reported that cell apoptosis induced 
by lead toxicity was associated with mitochondrial injury 
and changes in levels of  apoptogenic proteins including 
Bcl-2, Bax and caspase-3.11 In lead toxicity, the expres-
sion levels of  caspase-3 and Bax significantly increased, 
while the levels of  Bcl-2 significantly decreased. 
The Histopathological results demonstrating struc-
tural changes in the lung tissue of  heavy metal toxicity 
such as lead acetate were reported by some research-
ers. In the present study, histopathological view of  lung 
sections in the lead acetate treated group showed the 
lung cell damage (Necrosis) as compared to the con-
trol group. The lung damage (Necrosis) was considered 
mild in the groups treated with Chitosan- Pinus merkusii 
extract nanoparticle. 

CONCLUSION 
The results of  the present study indicate that lead ace-
tate-induced lung toxicity might be related with both 
oxidant and caspase 3. The administration of  Chitosan- 
Pinus merkusii extract nanoparticle lessened the effects of  
lead acetate-induced lung toxicity possibly by increasing 
antioxidant and inhibiting caspase 3 expression. Further 
investigation of  these promising protective effects of  
Chitosan- Pinus merkusii extract nanoparticle against lead 
acetate-induced lung cell damage may have a consider-
able impact on developing clinically feasible strategies 
to treat patients with lead acetate-induced lung toxicity.
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• The Dynamic Light Scattering showed that the size of  Chitosan- Pinus merkusii extract nanoparticle was 
430.5±24.8 nm. 

• Scanning Electron Microscope images of  the Chitosan- Pinus merkusii extract nanoparticles showed an 
irregular shape and the morphology surface showed the rough surface. 

• Administration of  lead acetate 20 mg/kg BW i.p for 7 days resulted in a significant increase in MDA level, 
caspase 3 expression and lung cell necrosis. Lead acetate also a significant decrease in SOD and GPx. 

• Treatment with the Chitosan- Pinus merkusii extract nanoparticle decreased the elevated MDA levels, cas-
pase 3 expression and inhibited lung cell necrosis. The Chitosan- Pinus merkusii extract nanoparticle also 
significant increase in SOD and GPx. 

• This study concluded that Chitosan- Pinus merkusii extract nanoparticle could be a potent natural prod-
uct provide a promising lung protective effect against lead acetate induced lung toxicity in rats, through 
increasing antioxidant and inhibiting caspase 3 expression.
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