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ABSTRACT 

 
Active compounds in Sarang Semut are flavonoids, tannins, polyphenols, and tocopherols which serve as 

primary antioxidants in the body. The existence of these antioxidants enables Sarang Semut to be used to address 
the free radicals induced by plumbum (Pb). The objective of this study was to analyze antioxidant effects of Sarang 
Semut on the number of apoptosis spermatogenic cells, malondialdehyde (MDA) levels and superoxide dismutase 
(SOD) of serum. Compared to the control group, the number of apoptosis of spermatogenic cells and the MDA 
level of serum of the group exposed to Pb showed a significant increase (P < 0.05), and the level of SOD of serum 
showed a significant decrease (P < 0.05). After the provision of the extract and fraction of Sarang Semut, the 
exposed group showed a significant decrease (P < 0.05) in the number of spermatogenic cells and MDA level of 
serum, and a significant increase (P < 0.05) in the level of SOD. Antioxidants of Sarang Semut can decrease the 
number of apoptosis spermatogenic cells and the MDA level of serum, and increase the level of SOD serum of rats 
exposed to Pb.  
Keywords: Lead acetate; Sarang Semut; Apoptosis; spermatogenic cells.  

 
 
 
 
 
 
 
 
 
 
 
 
 
*Corresponding author 



          ISSN: 0975-8585 
 

July - August    2014  RJPBCS  5(4)  Page No. 283 

INTRODUCTION 
 

Plumbum (Pb) is a toxic and dangerous pollutant to human health. Plumbum has toxic 
effect on the male reproductive system. Studies in experimental animals, especially in rats and 
rabbits, showed that Pb is toxic to testicular function and tissue. Plumbum can interfere the 
mitosis of spermatogenic cells and cause a change in the proliferation of sertoli cells. This 
causes a decrease in the number of sperms in testes and further reduction in the number of 
epididymis sperms (Corpas et al., 1995). Corpas et al. (2002) mentions that Pb acetate 
poisoning during spermatogenesis can delay spermiation and immature spermatogenic cells 
release in the seminiferous tubules of the testes. Plumbum can cause apoptosis of 
spermatogenic cells in the seminiferous tubules of the testes (Wang et al., 2006; Adhikari et al., 
2001). Therefore apoptosis is presumed to be the toxic effect of Pb on spermatogenic cells in 
the testes.  

 
Plumbum toxic effect on testes is caused by the production of excessive reactive oxygen 

species (ROS) (Hsu and Guo, 2002; Mariola et al., 2004). In addition to the increase in ROS, Pb 
inhibits the activity of antioxidant enzymes, including glutathione peroxidase, catalase, and 
superoxide dismutase (Bolin et al., 2006; Patrick, 2006; Ercal et al., 2001), therefore, 
antioxidant provision may be an alternative therapy.  

 
Myrmecodia pendans known as Sarang Semut is one of Indonesian traditional herbal 

plants belonging to Rubiacea, widely used for the treatment of various types of cancer or 
tumors, tuberculosis, and rheumatism. Analysis result of antioxidants of crude extract of Sarang 
Semut show that the extract has antioxidant activity (Subroto and Saputro, 2008). Antioxidant 
ability of Sarang Semut has also been evidenced by Bustanussalam (2010) that the value of EC50 
of the fraction of the water of Sarang Semut is 30.66 mg / mL. Antioxidant activity test with 1,1-
diphenyl-2-picrilhydrazil (DPPH) method shows the value of EC50 of the ethanol extract of 
Sarang Semut is 3.6830 µg/ mL while the value of EC50 of  black tea extract is 8.1720 µg/ mL 
(Utomo et al., 2012).  

 
Sarang Semut is known to contain flavonoids, polyphenols, tannins and tocopherols. 

Flavonoids, polyphenols, and tocopherols are primary antioxidants (Subroto dan Saputro, 
2008). Primary Antioxidant is a compound that can stop the chain reaction of radical formation. 
Flavonoid is a heavy metals chelating compound in addition to being an antioxidant (Middleton 
et al, 2000).Tocopherols serve as antioxidant that can neutralize or reduce the negative effects 
of free radicals from Pb. Data show that antioxidant plays important role in controlling the 
effects of Plumbum (Khaki and Khaki, 2010). 

 
In addition to flavonoids, polyphenols, and tocopherols, Sarang Semut also contains Zn. 

The existence of Zn enlarges the ability of Sarang Semut to reduce the toxicity of Pb. This is due 
to the fact that Zn and Pb compete for binding metallothionin sites in the protein transport in 
the digestive tract. The competition between Zn and Pb may decrease Pb absorption (Flora et 
al., 2006). A study shows that zinc supplementation prevents the inhibition of delta 
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aminolevulinic acid dehydratase (δ -ALAD) and the cellular of SOD increases in the testes of rats 
exposed to Pb (Batra et al., 1998).  

 
Although some researchers have reported the ability of antioxidants to reduce the 

negative impacts of Pb, the antioxidant ability of Sarang Semut inhibits the negative impacts of 
Pb acetate on the apoptosis of spermatogenic cells has not been reported. This study focuses 
on whether the provision of ethanol extract and ethyl acetate fraction of Sarang Semut orally 
prevents the apoptosis of spermatogenic cells of rats exposed to Pb.  

 
MATERIALS AND METHODS 

 
Chemicals  
 

OxiselectTM MDA adduct ELISA kit of Cell Biolabs Inc. was used in the examination of 
malondialdehyde (MDA) level of serum. Rat SOD kit of medicinewas used for the examination of 
SOD level. Tunel-universal apoptosis detection kit of GenScript, Inc. USA was used for the 
examination of the apoptosis of spermatogenic cells. Plumbum asetat (CH3COO)2Pb*3 H2O 
(Merck, Germany) was in crystalline form. The ethanol extract and ethyl acetate fraction of 
Sarang Semut.  

 
Experimental Animal and Research Design  
 

Fifty adult male Wistar strain rats weighing 160-200 g were used as experimental animals 
in this study. Rats were obtained from The Laboratory of Biochemistry, Faculty of Medicine, 
University of Airlangga. Experimental animals were placed in a polypropylene cage with a light 
cycle of 12 hours bright and     12 hours dark, with a temperature of 25° C and humidity ranging 
from 50% to 65%. Rice bran was used as the base of the cage replaced at any time during cage 
cleaning. Experimental animals were given food and ad libitum water. Rats feed used was 
standard feed from PT. Charoen Pokpan Indonesia. All animals were treated in accordance with 
the principles of laboratory animal treatment. Experimental protocol has been approved by the 
ethics committee in accordance with the guide of the use, care and treatment of laboratory 
animals developed by the Research Ethics Committee of the Faculty of Public Health, University 
of Airlangga Surabaya. The study design used is the separate sample pretest-posttest control 
group. 

 
Grouping and Treatment of Experimental Animal  
 

After the acclimatization for 2 weeks, fifty adult male Wistar strain rats were randomly 
divided into 2 groups. Group I consisted of 11 rats, group II consisted of 39 rats. For 8 weeks, 
group I (normal control) was fed standard feed and distilled water. Group II was fed standard 
feed and Pb acetate at a dose of 1.000 ppm/200 g BW (body weight)/day. After 8 weeks, 4 rats 
of group I and 4 rats of group II were sacrificed for early examination to examine the number of 
apoptosis spermatogenic cells, MDA level of serum, and SOD enzyme level of serum. Other rats 
were continued to the next treatment, in which 7 rats were fed standard feed and distilled 
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water (group III), while the group which was fed standard feed and Pb acetate at a dose of 
1.000 ppm/200g BW/daywas randomly divided into 5 groups, namely group IV which was fed 
standard feed and Pb acetate at a dose of 1.000 ppm/200g BW/day, group V which was fed 
standard feed and Pb acetate at a dose of 1.000 ppm/200g BW/day and the extract of Sarang 
Semut at a dose of 27 mg/200 g BW/today, group VI which was fed standard feed and Pb 
acetate at   a dose of 1.000 ppm/200g BW/day and the extract of Sarang Semut at a dose of 54 
mg/200 g BW/day. Group VII was fed standard feed and Pb acetate at a dose of 1.000 
ppm/200g BW/day and EtOAc fraction of Sarang Semut with a dose of   4 mg/200g BW/day, 
group VIII was fed standard feed and Pb acetate at a dose of 1.000 ppm/200g BW/day and 
EtOAc fraction of Sarang Semut at a dose of  8 mg/200g BW/day, for 8 weeks. Plumbum acetate 
and the extract and EtOAc fraction of Sarang Semut were given through stomach sonde.  

 
Animal sacrifice and sample collection  

 
Twenty-four hours after the last treatment, all experimental animals were sacrificed by 

anaesthetizing them with ether, and blood samples were collected intra-cardiac. Blood samples 
obtained from each rat were put into plain bottles. Serum was obtained with a centrifugation 
at 3000 rpm for 20 minutes. Blood serum was used for the examination of SOD level through 
ELISA method (Lequin, 2005) and MDA level through ELISA method (Sevilla et al., 1997). Left 
testes was cut from each rat and put into a fixative solution of 10% neutral buffer formalin 
prepared for TUNEL-asay.  
 
TUNEL analysis of apoptosis  

 
Testicular tissues prepared with standard histological method were sliced to a thickness 

of 5 µm then stained with Tunel-universal apoptosis detection kit. This kit uses TdT enzyme 
which incorporates labeled nucleotides into a DNA end chain produced by the process of 
apoptosis. The surgical procedure performed was in accordance with the instruction of the 
manufacturer. Spermatogenic cells undergoing apoptosis were measured by counting the 
number of TUNEL cores for each seminiferous tubules section. Selected ten tubules sections 
approaching round per specimen were assessed and the average number of positive TUNEL 
cells per section was calculated.  

 
 Statistical Analysis  
 

The data obtained are presented as mean ± standard deviation (SD). Data analysis was 
performed through analysis of variance (ANOVA) and Duncan's test to determine which 
treatments were different from each other. The level of significance was set to the value of P < 
0.05.  
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RESULTS 
 

Apoptosis of spermatogenic cells 
 

Spermatogenic cells observed were spermatogonia, spermatocytes and round 
spermatids cells. The number of spermatogenic cells undergoing apoptosis of the group 
exposed to Pb for 8 weeks (group II) and the group exposed to Pb for 16 weeks (group IV) 
increased significantly (P<0.05), compared to their respective control groups. The highest 
number of apoptotic spermatogenic cells obtained at the group exposed to Pb for 16 weeks 
(group IV). When combined with the extract and fraction of Sarang Semut, the number of 
apoptotic spermatogenic cells of groups V, VI, VII and VIII showed a significant decrease (P 
<0.05), compared to the exposed groups (group II and IV) (Table 1).  

 
Table 1: Mean and Standard Deviation of the Number of Spermatogenic cells in Apoptosis of Rats in Treatment 

Group 
 

Group Mean ± SD number of spermatogenic 
cells in apoptosis 

I. Control (8
th

 week) 45.800 
a
 ± 3.17385 

II. Pb exposure (8
th

week) 53,400 
b
 ± 4.78400 

III. Control (16
th

week) 49.933 
b
 ± 2.98976 

IV. Exposed to Pb (16
th

week) 63.300 
c
 ± 1.99499 

V. Exposed to Pb+ ESS 27 mg/200 g BW 49.666 
ab

 ± 4.27910 

VI. Exposed to Pb+ ESS 54 mg/200 g BW 51.183 
b
 ± 2.45309 

VII. Exposed to Pb+FSS 4 mg/200 g BW 52.166 
b
 ± 2.96760 

VIII. Exposed to Pb + FSS 8 mg/200 g BW 45.900 
a
 ± 1.33267 

 
Different superscripts in the same column indicate no significant difference         (p < 0.05); SD = Deviation 

Standard, ESS = Extract of Sarang Semut, FSS = Fraction of Sarang Semut 

 
Histological over view of the testes of rats of control group only fed  standard feed 

without   Pb acetate showed that fewer cells gave a positive reaction to TUNEL assay staining 
(marked with red arrows), the arrangement of the seminiferous tubules was dense with intact 
basal membrane (BM), lumen ( L) of tubules contained spermatozoa (Figure 1A). In the group 
exposed to Pb, the observation in 8th week showed that more cells gave a positive reaction to 
TUNEL assay staining, the basal membrane was released (Figure 1B). In the group exposed to 
Pb, observation in 16th week showed that the diameter of the seminiferous tubules shrinked, 
the arrangement of spermatogenic cells was not in order and fewer, the tubular lumen with 
few spermatozoa (Figure 1C). The group of rats exposed to Pb and received extract and or 
fraction of Sarang Semut showed a significant increase in the number of spermatogenic cells. 
Spermatogenic cells in seminiferous tubules have well developed cytoarchitecture, i.e 
outermost layer of spermatogonia, primary and secondary spermatocytes middle layers and 
innermost layer of spermatozoa. The arrangement of the seminiferous tubules was dense with 
intact basal membrane, and fewer cells gave positive reaction to TUNEL assay staining 
compared to the group exposed to Pb. (Figure 1D and Figure 1E).  
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A                                                        B     

    
C                                                                D 

 
E 

 
 

Figure 1: Photomicrograph showing TUNEL-stained cells in the testes of rats treated with 0 ppm Pb (A), 1.000 
ppm Pb for 8 weeks (B), 1.000 ppm Pb for 16 weeks (C), 1.000 ppm Pb and Sarang Semut extract ( D), 1.000 ppm 
Pb and Sarang Semut fraction (E). 40 x10 magnification. SL = Leydig cell, SC = spermatogenic cell, L = lumen, MB = 

Basal membrane. 

 
The Malondialdehyde (MDA) Level of Serum 
 

The MDA level of serum is shown in Table 2. The MDA level of serum of rats of group 
exposed to Pb for 8 weeks (group II) and of group exposed to Pb for 16 weeks (group IV) 
showed significant increase (P < 0.05) compared to their respective control groups. The highest 
level of serum MDA of rats was found in the group exposed to Pb for 16 weeks (group IV) and it 
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was not different significantly (P > 0.05) from the level of serum MDA of rats of group II. When 
combined with the extract and fraction of Sarang Semut, the MDA level of serum of rats of 
group V, VI, VII and VIII showed a significant decrease (P < 0.05), compared to the exposed 
group (group IV).  
 

Tabel 2: Mean and Standard Deviation of MDA level of serum of Rats in Treatment 
 

Group Mean ± SD MDA level of Serum of rats 
(pmol/mL serum) 

I. Control (8
th

 week) 11,475
 a

 ± 2,08387 

II. Pb exposure (8
th

week) 31,725
 bc

 ± 16,68140 

III. Control (16
th

week) 21,900
 ab

 ± 6,16993 

IV. Exposed to Pb (16
th

week) 33,333
 c
 ± 13,61935 

V. Exposed to Pb+ ESS 27 mg/200 g BW 17,866
 a

 ± 6,09973 

VI. Exposed to Pb+ ESS 54 mg/200 g BW 17,323
 a

 ± 5,74909 

VII. Exposed to Pb+FSS 4 mg/200 g BW 18,350
 a

 ± 5,54355 

VIII. Exposed to Pb + FSS 8 mg/200 g BW 15,450
 a

 ± 3,94398 

 
Different superscripts in the same column indicate no significant difference         (p < 0.05); SD = Deviation 

Standard, ESS = Extract of Sarang Semut, FSS = Fraction of Sarang Semut 

 
The Superoxide Dismutase (SOD) Level of Serum 
 

The SOD level of rats of groups II and IV showed a significant decrease (P < 0.05) 
compared to their respective control groups. Groups V, VI, VII and VIII showed a significant 
increase (P < 0.05) in the SOD level of serum (Table 3).  
 

Tabel 3:  Mean dan Standar Deviasi of Enzyme SOD Level of Serum of  Rats in Treatment 
 

Group Mean ± SD of Enzyme SOD of Serum of 
rats (U/mL Serum) 

I. Control (8
th

 week) 9,8250
 b

 ± 0,48563 

II. Pb exposure (8
th

week) 8,2000
 a

 ± 0,35590 

III. Control (16
th

week) 9,5500
 b

 ± 0,57533 

IV. Exposed to Pb (16
th

week) 8,4000
 a

 ± 0,45607 

V. Exposed to Pb+ ESS 27 mg/200 g BW 9,4333
 b

 ± 0,53166 

VI. Exposed to Pb+ ESS 54 mg/200 g BW 9,7333
 b

 ± 0,83347 

VII. Exposed to Pb+FSS 4 mg/200 g BW 9,8000
 b

 ± 1,14717 

VIII. Exposed to Pb + FSS 8 mg/200 g BW 9,8833
 b

 ± 0,33116 

 
Different superscripts in the same column indicate no significant difference         (p <0.05); SD = Deviation 

Standard, ESS = Extract of Sarang Semut, FSS = Fraction of Sarang Semut 
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DISCUSSION 
 

Apoptosis is an important physiological mechanism to keep cell proliferation balanced 
with cell death in limiting the number of spermatogenic cells in the seminiferous tubules of the 
testes. In this case, cell death due to apoptosis plays an important role in limiting the 
population of male germ cells during spermatogenesis. However, excessive apoptosis can cause 
damage to the male reproductive function. The decrease in the number of spermatogenic cells 
in large numbers as a result of toxicant exposure, lack of growth factors, the decrease in the 
supply of hormones (testosterone, FSH, LH), heat exposure, radiation and chemotherapy are 
known to be caused by apoptosis. The loss of spermatogenic cells due to apoptosis is the main 
cause of disruption of spermatogenesis and testicular atrophy. Apoptosis can occur when the 
testicular environment does not support the ongoing spermatogenesis (Lee et al., 1997).  

 
In this study, spermatogenic cells undergoing apoptosis were identified with TUNEL 

assay staining. This method relies on the existence of the 3'-OH group generated by DNA 
fragmentation. Plumbum serves as the inducer of oxidative stress in the blood and soft tissues. 
There is a correlation between oxidative stress with the apoptosis of spermatogenic cells. 
Excessive reactive oxygen species (ROS) causes oxidative damage to DNA, it can accelerate the 
process of apoptosis of spermatogenic cells (Aitken and Roman, 2008). The results of this study 
show that in the group of rats exposed to Pb, the number of spermatogenic cells undergoing 
apoptosis are more than that of the rats of the control group not exposed or exposed and 
received extract or fraction of Sarang Semut. These results are in line with the study conducted 
by Adhikari et al. (2001) and  Wang et al. (2006).  

 
Several researchers have shown that exposure to Pb increases ROS in testes (Mariola et 

al., 2004). Reactive oxygen species plays an important role in the apoptosis of testicular cells 
exposed to Pb. There is a positive correlation between the increase in ROS and a higher level of 
caspase-3 found in the apoptosis of cells in the testis (Wang et al., 2003). Vigeh et al. (2011) 
describe Pb ability to increase ROS and inhibit antioxidant enzymes and DNA damage. This is in 
line with Khaki and Khaki (2010) whose research found that there is a significant correlation 
between ROS with increased DNA damage and the apoptosis of  liver cells of  Wistar rats 
exposed to Pb acetate.  

 
Plumbum can cause oxidative stress by increasing the hydroxyl radical in the testes (Ding 

et al., 2000; Ercal et al., 2001). Hydroxyl radicals react with lipids and membrane proteins 
resulting in impaired permeability of the membrane system which Pb to the increase in 
intracellular Ca2+.. Increased Ca2+ causes mitochondrial depolarization and the release of 
cytochrome c which in turn caspase 9 and caspase 3 are enabled. Mean while, according to Sakr 
and Badawy (2011), the increase in intracellular Ca will activate the core nuclease that causes 
DNA fragmentation.  

 
These results indicate that Sarang Semut is able to reduce the number of apoptotic 

spermatogenic cells, either in the form of extractor fraction. The approach that can describe it 
is that Sarang Semut has a component of active materials that can suppress oxidative stress. 
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Oxidative stress in blood and testicular tissue caused by Pb can be inhibited by compounds 
contained in Sarang Semut. Identification results show that the extract and fraction of Sarang 
Semut contain flavonoids, polyphenols, and tocopherols, and this is in line with the study of 
Subroto Saputro (2008). Flavonoids, polyphenols and tocopherols are primary antioxidants. 
Primary Antioxidants are compounds that can stop the chain reaction of radical formation. 
Antioxidants are the main factors of defense against oxidative  stress caused by ROS (Agarwal 
and Prabakaran, 2005).  

 
The results show that in the group exposed to Pb without receiving the extract or 

fraction of Sarang Semut, the number of spermatogenic cells undergoing apoptosis is higher 
than that of the control group unexposed to Pb and that of the group exposed to Pb and 
received Sarang Semut. The high number of spermatogenic cells undergoing apoptosis can be 
due to high MDA level of serum induced by Pb. Possible track to explain this is as follows: Pb 
induces excessive ROS production. Highly reactive Reactive oxygen species is hydroxyl radical 
(OH-) (Xu et al., 2008). Then the reactive radicals attack polyunsaturated fatty acids and cause 
lipid peroxidation. The final result of lipid peroxidation is MDA. Reactive oxygen species and 
MDA will attack DNA together or individually. Thus, the DNA damage can occur directly due to 
ROS or due to ROS derived to MDA. Plumbum-induced DNA damage causes an increase in p53 
protein significantly (Xu et al., 2008). The active p53 protein leads to increased expression of 
Bax protein which is proapoptotic Bax and suppresses the activity of Bcl-2 which is anti-
apoptotic (Qiang and Guo, 2001, Xu et al., 2006). Increased Bax triggers an increase in the 
permeability of the mitochondrial membrane, opens Mitochondria Permeability Transition Pore 
(MPTP), and allows the mitochondrial to release cytochrome-c into the cytosol through the 
MPTP (Josephin et al., 2002). Cytochrome-c in the cytoplasm binds to Apaf-1 (apoptotic 
protease activating factor-1) and activates caspase-9, followed by a series of caspase cascade, 
that eventually caspase-3 activates DNA-ase that breaks the DNA chain so that the cells 
undergo apoptosis (Wang et al., 2006; K haki et al., 2012).  

 
Group of rats exposed to Pb and receiving extract or fraction of Sarang Semut showed 

lower MDA level than the group exposed to Pb. The approach that can describe it is that the 
extract and fraction of Sarang Semut contain components of active materials that can prevent 
lipid peroxidation. Lipid peroxidation can be prevented by the existence of fat-soluble 
antioxidants such as tocopherol, or antioxidants that can chelate Fe2+ or Cu2+ as a catalyst for 
redox reactions (Sadek, 2012). According to Middleton et al. (2000) Lipid peroxidation can be 
prevented at initial stage by radical scavengers and at propagation stage can be prevented by 
peroxyl radical scavengers. Sarang Semut contains tocopherol. Tocopherol is intracellular 
antioxidant that protects polyunsaturated fatty acid and cell membranes from oxidative 
damage. Tocopherol (vitamin E) has been shown to inhibit damage caused by free-radical. 
Tocopherol is an antioxidant that is very active in preventing lipid peroxidation by seizing lipid 
peroxyl. Tocopherol will transfer the hydrogen atom (with its single electron). Tocopherol does 
not only dredgeoxygen radicals from the membrane, but also cuts peroxyl and alkoxyl radicals 
generated during lipid hydroperoxide conversion that sparks the peroxidation chain reaction. 
Thus, it prevents the propagation of lipid peroxidation chain reaction (Bansal and Bilaspuri, 
2009). Sarang Semut also contains phenols and flavonoids. Flavonoids can chelate iron ions to 
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form inert complex which can not initiate lipid peroxidation (Sadek, 2012). Flavonoids also 
serve as free radical scavenger. Flavonoids can reduce the hydroxyl radical (OH •) as the 
initiator of the chain reaction of lipid peroxidation of the cell membrane in which the end 
product is MDA, so that flavonoids can prevent the initial of lipid peroxidation chain reaction of 
cell membranes triggered by the hydroxyl radical (Middleton et al., 2000 ). The existence of Zn 
in Sarang Semut is presumed to also be able to reduce MDA level because Zn can inhibit lipid 
peroxidation by displacing transition metal such as iron and copper from catalytic site.  

 
The results of this study indicate that the group of rats exposed to Pb has lower SOD 

enzyme level of serum than that of control group unexposed to Pb and of the group exposed to 
P and received the extract or Sarang Semut. The results of this study are in line with the 
researches conducted by Salawu et al. (2009), Sudjata et al. (2011), and (Ayinde et al., 2012). 
Plumbum causes the antioxidant enzyme inhibitory effect by disupting some essential metals 
required for antioxidant enzyme activity (Sudjata et al., 2011). Plumbum can replace Zn in 
methaloenzyme. The interaction mentioned has been demonstrated where Pb replaces Zn to 
form Cu-Pb-SOD (El-Thohomy, 2010). Low level of serum SOD enzyme is one of the causes of 
the high number of spermatogenic cells undergoing apoptosis in rats exposed to Pb compared 
to the control group in this study.  

 
The results of this study indicate that Sarang Semut can increase the SOD enzyme level 

of serum in the form of extract and fraction. The approach that can describe it is that the active 
materials of Sarang Semut that are able to build a system of protection against oxidative stress 
damage caused by exposure to Pb. The higher level of SOD enzyme in rats exposed to Pb and 
received the extract or fraction Sarang Semut compared to rats exposed to Pb may be caused 
by ameliorative effect of the content of chemical compounds in Sarang Semut, including 
tocopherols, flavonoids and Zn. A fact has been confirmed by the results of the study by Mollina 
et al. (2003) in which the provision of α-tocopherol induces an increase in SOD activity in rats 
undergoing oxidative stress due to induced by ethanol, and the provision of quercetin 
flavonoids results in higher SOD and GPx activity compared to the ethanol group. The presence 
of Zn in Sarang Semut enlarge Sarang Semut ability to reduce the toxicity of Pb. Zn contained in 
Sarang Semut also acts as an antioxidant because Zn becomes the cofactor of free radical 
scavenger enzyme such as SOD and protects the group of sulfihidril. A study suggests that zinc 
supplementation prevents the inhibition of δ-ALAD and increased cellular SOD in the testes of 
rats exposed to Pb (Hsu and Guo, 2002).  
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