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ABSTRACT

Introduction: Stichopus hermanii (SH), which contains various antioxidant agents, tends to protect oxidative stress 
caused by chronic cigarette smoking (CCS). This study, therefore, aims to investigate the protective effect of SH sup-
plementation against CCS-induced oxidative stress in rat salivary glands. Methods: A total of 30 male Wistar rats, 
which were equally divided into the control (C), cigarette smoke (CS), and treatment (T) groups, were used to carry 
out this research. In T group, 17 mg/kg BW of SH was administered for 90 days. Their salivary glands were removed 
for oxidative stress marker analyses ie malondialdehyde (MDA) level, total antioxidant status (TAS), superoxide 
dismutase (SOD) and catalase (CAT) activity, with the data analyzed using one-way ANOVA and Tukey’s multiple 
comparison test to obtain a p-value of less than 0.05, which were considered statistically significant. Results: The re-
sults showed that in the CS group oxidative stress occurred which was characterized by significantly increased MDA 
levels, reduced TAS, SOD and CAT activity. While the T group significantly decreased MDA levels, enhanced TAS, 
SOD and CAT activity.  Conclusion: In conclusion, SH supplementation tends to prevent oxidative stress produced 
by CCS in rat salivary glands.
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INTRODUCTION

Free radicals and oxidants are produced physiologically 
in the process of cell metabolism. When the balance 
between oxidants and antioxidants is disturbed it causes 
oxidative stress. Oxidative stress is the cause of several 
pathological conditions. Physiologically, free radicals 
are produced by immune reactions, wound healing, 
ATP synthesis, radiation exposure, drugs, pesticides, 
pollutants, smoking, and stress (1, 2).

Chronic cigarette smoking (CCS) is widely associated with 
an increased risk of various adverse health conditions. 
Many studies have shown that tobacco smoking 
increases the prevalence of periodontal diseases and the 
rate of tooth loss (3, 4). Cigarette contains nicotine, along 
with over 4000 bioactive and toxic compounds such as 

carbon monoxide and hydrogen carbide, capable of 
inducing oral cancer (5, 6). 

The smoke also contains a number of free radicals, 
which increases reactive oxygen species (ROS) that 
cause extensive oxidative damages. In addition, the 
oxidants derived from smoke are a major factor in the 
inflammatory reaction of cigarettes. This oxidant has the 
ability to change the antioxidant defenses and regulate 
inflammation (7, 8). 

Most of the pathogenesis of oral inflammation are 
related with reactive oxygen species (ROS) which 
can cause tissue damage due to oxidative stress. The 
human body combats oxidative stress by activating an 
antioxidant defense system. Antioxidants work as free 
radical scavengers and neutralize excess ROS, thereby 
protection tissue damage. ROS can cause tissue cell 
membrane damage known as lipid peroxidation. Lipid 
peroxidation can be measured by the end product such 
as malondialdehyde (MDA) (9,10).

Saliva is an oral cavity complex fluid that produces by 
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major and minor salivary glands. The saliva consists 
of an antioxidant capacity, which plays an important 
role in health (9, 10). It is the first line of defense 
against free radical-mediated oxidative stress, with 
the antioxidant capacity in patients with periodontal 
significantly lower compared to those that are healthy 
(11). Total antioxidant status (TAS) is the total salivary 
component which act as antioxidant properties. Salivary 
TAS is comprised of many elements such as superoxide 
dismutase, peroxidase (SOD), catalase (CAT) and 
non-enzyme elements including uric acid, vitamin C, 
reduced glutathione, and oxidized glutathione (12-17). 

It is usually the first biological medium to come in 
contact with cigarette smoke. Therefore, smoking tends 
to decrease the activity of the salivary antioxidant 
system (10, 12).  There are many studies about the 
role of salivary antioxidant and some of them claimed 
recently that an imbalance between free radicals and 
antioxidants in saliva may play significant roles in 
beginning and developing of oral disease. Furthermore, 
CCS also has the ability to alter the salivary antioxidant 
capacity that causes oxidative stress and progression of 
several oral inflammations (18, 19).

Today, many people consume antioxidant supplements 
to improve their health, in the form of pills or tablets, 
which have no preventive effects and are harmful to 
our health (20). In many developing countries, natural 
ingredient is an essential alternative antioxidant. 
According to a number of studies, Stichopus hermanii 
(SH) comprises antioxidant activities, which is due to 
the riboflavin, flavonoid, saponin, tannin, and omega-
three compounds contained therein (21-23). SH is safe 
for treatment, as there is no adverse effect on its daily 
oral extraction for six months (24).

However, there have not been any study conducted on 
the evaluation of the effect of SH on oxidative stress due 
to incessant cigarette smoking. Therefore, this study aims 
to analyze the protective effect of SH supplementation 
against CCS-induced oxidative stress in rat salivary 
glands.

MATERIALS AND METHODS

SH Extraction
SH was obtained from Raas Island, Madura, East Java, 
Indonesia. It was cleaned, cut into pieces and dried 
for 3-4 days. The body wall dried samples were then 
pulverized in a blender, followed by the extraction 
process using the maceration method. Dried body wall 
of SH powder extracted in a row using three types of 
solvent by maceration method to produce different 
fractions namely n-hexane, ethyl acetate and ethanol. 
Maceration with n-hexane is continued with semipolar 
(ethyl acetate) and solvents ethanol as a polar solvent. 
Each stage is repeated until the solvent clear. The solvent 
is evaporated with rotary vacuum evaporator at 50oC, 

until nonpolar fractions are formed, semi-polar and polar. 
Furthermore, the crude extract, which is stored at -200C 
in the vial (21, 22). Then a qualitative identification 
of secondary metabolite as bioactive compounds was 
tested, ie alkaloids, flavonoids, terpenoids, tannins and 
steroids. 

Animals
A total of 30 healthy 12 weeks old male Wistar (Rattus 
norvegicus) rats, weighing between 200 to 250 g 
were used for this study. They were housed in a cage 
under standard conditions with the administration 
of commercial standard diet (triglycerides, free fatty 
acids, free amino acids, sugars, vitamins, and minerals)  
and distilled water ad libitum. The rats were also 
acclimatized for seven days before the experiment was 
conducted (25).

CCS Exposure
Exposure to cigarette smoke is carried out using an 
electronic machine consisting of an electronic valve, 
vacuum pump, timer, and inhalation chamber. A timer 
is used to adjust the fresh air and cigarettes smoke that 
enter and exit to the inhalation chamber, which are 
used to prevent oxygen deficiency. Rats are passively 
exposed to smoke once a day in the morning. Exposure 
was immediately removed from the burning of 5 kretek 
cigarettes per rat,  which was carried out for 10 minutes 
and carried out for 90 days (26, 27).

SH Administration
SH extract was dissolved in Na-CMC 2% to form a 
supency and administrated using gavage at a dose of 17 
mg / kg BB before CCS exposure every morning for 12 
weeks.

Experimental Design 
This study was carried out in line with the approved 
animal research and the ethical clearance committee 
guidelines of the Universitas Hang Tuah (No.112/KEPK/
VIII/2017). The randomized post-test control group 
design was used to carry out the experimental laboratory 
research on thirty male Wister rats, which were equally 
divided into the control (C), cigarette smoke (CS), and 
treatment (T) groups. The C group (as control put into 
the room air),  CS group (cigarette smoke exposure), and 
T group  (CS and 17 mg/kg BW SH supplementation for 
90 days). After 90 days, rats were fasted overnight and 
anesthetized with intraperitoneal ketamine/xylazine (60 
mg/kg and 6 mg/kg) respectively. Rats were euthanized 
by decapitation and salivary glands were quickly 
biopzied (28).

Tissue Preaparation
Both of the parotid and submandibular salivary glands 
were taken to obtain sufficient sample volumes for 
a number of biochemical examination parameters. 
Both salivary glands are taken immediately washing 
out the blood with ice-cold 0.9% saline solution and 
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placed in microtube individually used for preparation 
of tissue homogenates. Specimens from each organ 
were weighted and stored at -80°C. Homogenates of 
the tissues were prepared as 1.0 g/10 mL in 250 mM 
sucrose, 1 mM EDTA, 1 mM DL-dithiothreitol and 15 
mM Tris HCl (pH 7.4), using tissue homogenizer. Each 
homogenate was centrifuged for 30 min at 800 g. The 
resulting supernatant fraction was used to determine 
tissue MDA levels, TAS, SOD and CAT activities (29). 

Oxidative Stress Measurement in Rat Salivary Glands 
The MDA level assay method depends on the formation 
of MDA as an end product of lipid peroxidation, which 
reacts with thiobarbituric acid producing thiobarbituric 
acid reactive substance (TBARS), a pink chromogen, 
which can be measured spectrophotometrically at 532 
nm (30). 

TAS was measuresing the oxidation of ABTS (2,2-Azino-
di-[3-ethybenzthiazoline sulphonate]) by metmyoglobin, 
which is inhibited by non-enzymatic antioxidants 
contained in the sample. Oxidized ABTS can then be 
detected via spectrophotometry at a wavelength of 
740 nm. The capacity of antioxidants in the sample to 
inhibit oxidation of ABTS is compared with the capacity 
of known concentrations of Trolox, and results are 
expressed as nmol of Trolox equivalents per g tissue or 
ml plasma (31).

SOD is an enzymatic antioxidant that catalyses the 
dismutation of superoxide anions to oxygen and 
hydrogen peroxide. SOD  activity assay by measures 
the percentage of superoxide radicals that undergo 
dismutation in a given sample. Absorbances were 
read at 440 nm using a spectrophotometer. Results are 
expressed as units of SOD activity per mg tissue (32).

CAT activity assayed based on formation of chromic 
acetate from dichromate and glacial acetic acid in 
presence hydrogen peroxide, chromic acetate that 
produced was measured colorimetrically at 570 nm, 
one enzyme unit was defined as the amount of enzyme 
which catalyzed the oxidation of 1 μmole H2O2 per 
minute under assay conditions. The values of catalase 
activity are expressed as U mg-1 protein units. One 
unit catalase is responsible for consumption of 1 mol of 
H2O2 per minute (33).

Total protein content was measured to determine the 
amount of protein contained in each gram of tissue. 
It was measured using the bicinchoninic acid (BCA) 
method. Bovine serum albumin (BSA) was used as a 
standard (31).

Statistical Analyses
The data are presented as mean ± standard deviation (SD). 
All data were tested for normality with the Kolmogorov-
Smirnov test and for homogenity with the Levene test. 
After confirming the normality and homogeneity of data 

distribution, the parameters of the groups studied were 
compared by analysis of variance (ANOVA) and Tukey’s 
multiple-comparison test, and a p value of <0.05 was 
considered significant using SPSS. 

RESULTS  

Secondary metabolites are non-essential metabolites for 
the growth of organisms and found in a unique form 
or vary between species and one the other. Secondary 
metabolism in marine organisms has produced a 
number of very important compounds because of their 
diversity and habitats. Bioactive components extracted 
from SH body wall samples are presented in Table I. The 
presence of secondary metabolite compounds in crude 
extracts of the SH’s body wall sampled was confrmed, 
positive based on the test.

Table I: Qualitative analysis of crude extracts of body wall samples 
of SH

Secondary metabolite compounds Present

Alkaloids +

Flavonoids +

Terpenes +

Tannins +

Steroids +

Based on the ANOVA test, it was discovered that there 
was a significant difference among groups in MDA levels 
(p=0.000) as shown in Table II. It was discovered that 
there was a significant difference among groups in TAS, 
SOD, and CAT activities (p=0.000) as shown in Table III. 

Table II: Assessment of lipid peroxidation markers (MDA level) in rat 
salivary gland (nmol Eq/mg protein)

Group MDA level (Mean ±SD) ANOVA (p-value)

C 0.29 ± 0.05

0.000*
CS 0.68 ± 0.07

T 0.31 ± 0.06

Note: Data are presented as mean ±standard deviation (n = 10 per group). * Significant 
different 

Table III: Assessment of antioxidant markers ie TAS (μmol uric acid 
Eq/mg protein), SOD and CAT activity (unit/mg protein)  in rat sal-
ivary gland 

Group Marker ANOVA
(p-value)

TAS SOD CAT

C 0.24 ± 0.05 1.24 ± 0.07 31.42 ±6.18 0.000*

CS 0.12 ± 0.03 0.58 ± 0.07 17.23 ±2.22 0.000*

T 0.23 ± 0.07 1.15 ± 0.09 30.15 ±6.32 0.000*

Note: Data are presented as mean ±standard deviation (n = 10 per group). * Significant 
different 

Based on the results of Tukey’s multiple-comparison test 
discovered that the lipid peroxidation (MDA) average 
levels was significantly higher in group CS compared 
with group C and group T (p=0.000). TAS, SOD and 
CAT average activities was significantly lower in group 
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of the cell membrane known as lipid peroxidation and 
produce various toxic compounds including various 
types of aldehydes, such as MDA. High MDA levels are 
an indication of high cell membrane damage and also 
as a marker of free radical activity (9). Previous study 
proves that cigarette smoke exposure indeed can also 
increase MDA levels and reduce antioxidant activity in 
blood plasma and saliva (36).

On the other hand, there was a significant decrease in 
the salivary antioxidant activity which was marked by 
a decrease in the TAS, SOD and CAT activity in the CS 
group compared to the C group. The prior study showed 
that the parameters of TAS were significantly lower in 
smokers (37). Lowered TAS, SOD, and CAT in this study 
are evidence that cigarette smoke-induced free radical 
generation, which significantly reduced the antioxidant 
(38).

The toxic agents contained in cigarette smoke, such 
as ROS and RNS stimulating lipid peroxidation and 
oxidation of proteins and DNA bases; aldehydes can 
modify; hydroquinone complexes diffuse across cell 
membranes, give rise to semiquinones and lead to the 
formation of superoxide radicals and hydrogen peroxide 
(H2O2). It is proved that smoking causes increased 
oxidative stress damage. The damage caused by ROS 
in cigarette smoking occurs as an imbalance between 
oxidant and antioxidant of these species. Defence 
against oxidative stress is provided by a system of 
enzymes and antioxidants capable of preventing excess 
production of ROS and neutralizing free radicals (9,38). 
The antioxidants have the ability to protect the body 
from damage due to the induction of oxidative stress. 
Antioxidant enzymes such as superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (GPX) 
are an important line of defense against oxidative cell 
damage preventing lipid peroxidation, and protein and 
DNA oxidation. It also exists in submandibular and 
parotid salivary glands, however, its amount in the 
saliva of cigarette smokers is lower than that of healthy 
people (38).

The most promising strategy to prevent oral cavity from 
the oxidative damage caused by these reactive species 
is the use of antioxidant molecules. These compounds 
can act as direct antioxidants through free radical 
scavenging mechanisms and/or as indirect antioxidants 
by enhancing the antioxidant status (enzymatic and 
non-enzymatic). An antioxidant agent is needed that is 
able to prevent oxidative stress in the oral cavity due 
to exposure to cigarette smoke which has a key role in 
the initiation and development of several inflammatory 
conditions of the oral cavity. One natural ingredient that 
has antioxidant potential is SH. 

SH containing secondary metabolites as a bioactive 
compounds with experimentally confirmed 
pharmacological activity. Secondary metabolites are 

CS compared with group C and group T (p=0.000) as 
shown in Table IV. The oxidative stress markers were 
significantly different (p<0.005) in group C compared to 
group CS and group T. Furthermore, based  on the results 
of Tukey’s multiple-comparison test discovered that the 
lipid peroxidation (MDA), TAS, SOD and CAT  average 
was found no significant difference in group C when 
compared to the group T with a p-value above 0.05, 
as shown in Table IV. In summary, SH supplementation 
was significant less than 0,05, which proved to be 
able to prevent an increase in MDA levels and also the 
amount of reduction in TAS, SOD, and CAT activities at 
rat salivary glands.

Table IV: Intergroup comparison of the lipid peroxidation and antiox-
idant activities markers in rat salivary gland

Marker p-value

Group C 
versus CS

Group C 
versus T

Group CS 
versus T

MDA level 0.000* 0.502 0.000*

TAS 0.000* 0.823 0.000*

SOD activity 0.000* 0.832 0.000*

CAT activity 0.000* 0.520 0.000*
Note: Data are presented p-value (n = 10 per group). * Significant different 

DISCUSSION

Smoking is a bad habit that interferes with oral health 
and has the most important role as the initiation and 
development of several oral inflammatory conditions. 
Cigarette smoke contains a large number of toxic agents 
and free radicals, which can induce cytotoxic destroy 
in cellular components, and cellular function. Cigarette 
smoke changes the antioxidant capacity of saliva. 
Cigarette smoke exposure increases the production of 
ROS, which can result in impaired redox homeostasis 
in human bodies (6, 34). The results of the preliminary 
study prove that smoking can interfere with the oxidative 
stress mechanism of periodontal tissue, inhibit defense 
mechanism against plaque bacteria, blood vessel 
obstruction and delay wound healing (35).

Saliva is the first fluid that is exposed to cigarette smoke. Its 
antioxidant system plays an important role in oral health 
(3, 4). Therefore, this study was designed to investigate 
the balance between oxidant and antioxidant activity 
that cause an oxidative stress in saliva induced by CCS. 
CCS cause oxidative stress which is characterized by 
an imbalance between ROS and antioxidant activity in 
saliva. The increase in ROS was marked by a significant 
increase in MDA levels as one of the end products of 
lipid peroxidation in the CS group compared to C 
group. In this study, CCS significantly increased the lipid 
peroxidation levels of salivary glands, with MDA mostly 
studied. It is typically quantified with TBARS assay (30). 
Generally, a rise in oxygen-free radicals tend to increase 
the oxidative stress damaged through lipid peroxidation 
(14). Thousands of ROS and RNS (Reactive Nitrogen 
Species) in cigarette smoke can damage the structure 
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non-essential metabolites for the growth of organisms 
and found in a unique form or vary between species and 
one the other. The function of secondary metabolites 
is to defend yourself from conditions unfavorable 
environment, for example to overcome pests and 
disease, attracts pollinators, and as signaling molecules 
(39). Secondary metabolism in marine organisms has 
produced a number of very important compounds 
because of their diversity and habitats. Identification 
of secondary metabolite content is the important initial 
step in natural ingredients research which can be a 
precursor for synthesis new drugs or prototypes of 
active drugs certain (40). Based on the test results of 
the identification of secondary metabolites as bioactive 
components above, the SH body wall extracts used in 
this study proved that SH contains alkaloids, flavonoids, 
terpenoids, tannins, and steroids. 

The effect of antioxidant supplementation on salivary 
gland redox balance is relatively little known. Redox 
state homeostasis in living systems is very complex 
and lifestyle factors undeniably concur in determining 
the impact of changes in oxidative stress response in 
both unhealthy and healthy subjects. A large part of 
studies investigating the effectiveness of antioxidant 
supplementation therapy in humans raised contrasting 
results (41). The prior study prove that Vitamin E and C 
supplementation reduces oxidative stress and improves 
antioxidant enzymes (42). The supplementation of 
N-acetylcysteine during a short period was effective 
in reducing oxidant action and increasing antioxidant 
action (43). But there are no research that investigates 
the protective effect of SH supplementation against CCS-
induced oxidative stress in saliva. Our study is the first to 
investigate the protective effect of SH supplementation 
against CCS-induced oxidative stress in rat salivary 
glands. 

In this study, SH extract supplementation eliminates 
the adverse effect of CCS on oxidative stress markers. 
It contains bioactive compounds, especially phenolic, 
alkaloids, flavonoids, terpenoids, tannins, and steroids.  
Phenolic is the main antioxidant compounds of SH 
(21). It protects oxidative stress by directly neutralizing 
reactive oxidant capacity (44). Phenolic compounds 
can function as antioxidants because they can reduce 
ROS activity, including superoxide anion radicals and 
hydroxyl radicals in mitochondria and the endoplasmic 
reticulum through redox reactions and hydrogen peroxide 
in saliva. Phenolic compounds have radical elimination 
capabilities due to their abilities to donate hydrogen and 
form stable radical intermediates (44). Flavonoids have 
efficiencies in scavenging peroxyl radicals. Functional 
hydroxyl groups in flavonoids mediate their antioxidant 
effects by scavenging free radicals and/or by chelating 
metal ions. The chelation of metals could be crucial in the 
prevention of radical generation which damage targets 
biomolecules (46). Alkaloid scavenges free-radical such 
as hydroxyl radical (*OH) and chelating ferrous ion. 

The ferrous ion chelating effects of the alkaloids have 
a similar pattern with their *OH scavenging effects. The 
mechanism of *OH scavenging effects of the alkaloids 
was closely related to their ferrous ion chelating 
activities (47). Terpenes, one of the most extensive 
and varied structural compounds occurring in nature, 
display a wide range of biological and pharmacological 
activities. Their effect on the chelating properties of 
Fe(2+). Terpenes have been shown to provide relevant 
protection under oxidative stress conditions in different 
diseases including liver, renal, neurodegenerative and 
cardiovascular diseases, cancer, diabetes as well as 
in ageing process (48). Tannins can act as antioxidant 
because it has free radical scavenging activity, chelation 
of transition metals, inhibition of prooxidative enzymes 
and lipid peroxidation (49). Previous studies have also 
shown that golden sea cucumber extract (stichopus 
hermanii) can reduce MDA level of male rats induced 
with streptozotocin (50).  

Therefore, it is suggested that phenolic has the ability to 
directly neutralize ROS, reduce lipid peroxidation, and 
increase the activities of antioxidant enzymes such as 
SOD and CAT. In addition, the antioxidant and radical 
activity of SH is due to the oxidative stress caused by the 
flavonoids and phenolic compounds, which increases 
the activity (45, 46). It is also possible that phenolic in 
SH interact synergistically to protect rat salivary glands 
against oxidative stress caused by CCS. 

The limitation of this research is that the secondary 
metabolite compound has not been identified 
quantitatively so the antioxidant compound which 
have the primary role as protective agent have not been  
determined.

CONCLUSION

In conclusion, the toxic effects of CCS on the rat salivary 
glands was significantly reduced by SH through the 
reduction of lipid peroxidation and by restoring its 
antioxidant. The study showed that SH supplementation 
protects the rat salivary glands from the oxidative stress 
induced by CSS.   

ACKNOWLEDGEMENT

The authors are grateful to the Universitas Hang Tuah 
Grant (No:028 /PTS.188.H13/B/XII/2017) for funding 
and supporting this research.
 
REFERENCES
 
1. Ichiishi E, Li XK, Iorio EL. Oxidative stress 

and diseases: clinical trials and approaches. 
Oxidative Medicine and Cellular Longevity. 
2016;2016:3458276. doi:10.1155/2016/3458276. 

2. Kumar J, Teoh SL, Das S, Mahakknaukrauh P. 
Oxidative stress in oral diseases: understanding its 



Mal J Med Health Sci 16(SUPP4): 76-82, July 202081

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

relation with other systemic diseases. Front Physiol. 
2017;8:693-707. 

3. Millar WJ, Locker D. Smoking and oral health 
status. J Can Dent Assoc. 2007;73(2): 155.

4. Johnson, GK, Hill M. Cigarette smoking and the 
periodontal patient. J Periodontol. 2004; 75(2):196-
209. 

5. Moravej-Salehi E, Moravej-Salehi E, Hajifattahi 
F. Passive smoking: oral and dental effects. Iran J 
Public Health. 2015;44(4):600-601.

6. Galazyn-Sidorczuk M, Brzóska MM, 
MoniuszkoJakoniuk J. Estimation of polish 
cigarettes contamination with cadmium and lead, 
and exposure to these metals via smoking. Environ 
Monit Assess. 2008; 137(1-3):481-93.

7. Palanisamy P, Saravanan G, Farook J. Oxidative 
stress bio markers and antioxidant status in cigarette 
smokers compared to non smokers. J Pharm Sci 
Res. 2009;1(2):55–62.

8. Anand Mohan CS, Theagarajan P. Evaluation 
of total antioxidant levels in smokers and non-
smokers with chronic periodontitis. Streamdent. 
2011; 2(1):9–11. 

9. Tonguç MÖ, Öztürk O, Sütçü R, Ceyhan BM, Kılınç 
G, Sönmez Y, et al. The impact of smoking status on 
antioxidant enzyme activity and malondialdehyde 
levels in chronic periodontitis. J Periodontol. 
2011;82:1320–8.

10. Kurtul N, Gokpınar E. Salivary lipid peroxidation 
and total sialic acid levels in smokers and smokeless 
tobacco users as Maras powder. Mediators Inflamm. 
2012;2012:619293. doi: 10.1155/2012/619293.

11. Olshan AF, Weissler MC, Watson MA, Bell DA: 
GSTM1, GSTT1, GSTP1, CYP1A1 and NAT1 
polymorphisms, tobacco use, and the risk of head 
and neck cancer. Cancer Epidemol Biomarkers 
Prev. 2000; 9(2):185-91. 

12. Rahmani M, Ghorchi V, Rezaei F, Vaisi-Raygani 
A. Evaluation of Total Antioxidant Capacity of 
Saliva in High School Students. Glob J Health 
Sci. 2015;8(4):89-94. Published 2015 Jul 31. 
doi:10.5539/gjhs.v8n4p89.

13. Ahmed AM. Salivary antioxidants superoxide 
dismutase and glutathione peroxidase in smokers 
comparing to non-smokers. Bio Sci Res. 2013; 4: 
4–9.

14. Baharvand M, Maghami AG, Azimi S, et al. 
Comparison of superoxide dismutase activity in 
saliva of smokers and non smokers. South Med J. 
2010; 103(5): 425–7. 

15. Aoshiba K, Nagai A. Oxidative stress, cell death, 
and other damage to alveolar epithelial cells 
induced by cigarette smoke. Tob Induc Dis. 2003; 
1(3): 219–26.

16. Avti PK, Kumar S, Pathak CM, Vaiphei K, Khanduja 
KL. Smokeless tobacco impairs the antioxidant 
defence in liver, lung, and kidney of rats. Toxicol 
Sci. 2006; 89(2): 547–53.

17. Beevi SS, Rasheed MH, Geetha A. Evaluation of 

oxidative stress and nitric oxide levels in patients 
with oral cavity cancer. Jpn J Clin Oncol. 2004; 
34(7): 379-85.

18. Bokor-Bratic M, Vuckovic N. Cigarette smoking 
as a risk factor associated with oral leukoplakia, 
Archive of Oncology. 2002; 10(2):67-70. 

19. Azizi, A., Sarlati, F., Parchakani, A. and Alirezaei, 
S. Evaluation of whole saliva antioxidant capacity 
in patients with periodontal diseases. Open journal 
of stomatology. 2014; 4(4):228-31. 

20. Bjelakovic G, Nikolova D, Gluud C. Antioxidant 
supplements and mortality. Curr Opin Clin Nutr 
Metab Care. 2014;17(1):40-4.

21. Bordbar S, Anwar F and Saari N. High-value 
components and bioactives from sea cucumbers 
for functional foods- a review. Mar Drugs. 2011; 
9(10): 1761-805. 

22. Winarni D, Handono C D, Sugiharto. Efek 
imunostimulatori beberapa fraksi teripang 
lokal phyllophorus sp terhadap histologi 
limfa mencit (mus musculus) yang diinfeksi 
mycobacteriumtuberculosis. Media Jurnal Ilmiah 
Biologi FST. 2013; 1(1):1-13.

23. Khotimchenko Y. Pharmacological Potential of 
Sea Cucumbers. Int J Mol Sci. 2018;19(5):1342. 
Published 2018 May 2. doi:10.3390/ijms19051342

24. Manan WW, Mahalingam SR, Arshad K, Bukhari 
S, Ming LC. Safety and efficacy of sea cucumber 
containing products. Arch Pharm Pract. 2016; 7(5): 
S48–S52. 

25. Hoffman WP, Ness DK, Van Lier RB. Analysis of 
rodent growth data in toxicology studies. Toxicol 
Sci. 2002; 66(2): 313–9.

26. Ypsilantis P, Politou M, Anagnostopoulos C, 
Kortsaris A, Simopoulos C. A rat model of cigarette 
smoke abuse liability. Comp Med. 2012;62(5):395-
399.

27. Shraideh Z, Awaidah W, Najar H, Musleh M. A 
modified smoking machine for monitoring the 
effect of tobacco smoke on albino rats. JJBS. 2011; 
4(2):109-12.

28. Uzunhisarcikli M, Kalender Y, Dirican K, 
Kalender S, Ogutcu A, Buyukkomurcu F. Acute, 
subacute and subchronic administration of 
methyl parathion-induced testicular damage in 
male rats and protective role of vitamins C and E. 
Pestic Biochem Physiol. 2007;87(2):115–22. doi: 
10.1016/j.pestbp.2006.06.010.

29. Noeman SA, Hamooda HE, Baalash AA. 
Biochemical study of oxidative stress markers in 
the liver, kidney and heart of high fat diet induced 
obesity in rats. Diabetol Metab Syndr. 2011;3(1):17. 
Published 2011 Aug 3. doi:10.1186/1758-5996-3-
17.

30. Ho E, Karimi Galougahi K, Liu CC, Bhindi R, 
Figtree GA. Biological markers of oxidative stress: 
Applications to cardiovascular research and 
practice. Redox Biol. 2013; 8(1): 483-91.

31. Schmidt CM, Blount JD, Bennett NC. Reproduction 



Mal J Med Health Sci 16(SUPP4): 76-82, July 2020 82

is associated with a tissue-dependent reduction of 
oxidative stress in eusocial female Damaraland 
mole-rats (Fukomys damarensis). PLoS One. 
2014;9(7):e103286. Published 2014 Jul 28. 
doi:10.1371/journal.pone.0103286

32. Giuca MR, Giuggioli E, Metelli MR, et al. Effects of 
cigarette smoke on salivary superoxide dismutase 
and glutathione peroxidase activity. J Biol Regul 
Homeost Agents. 2010; 24(3): 359-66.

33. Hadwan MH. Simple spectrophotometric assay for 
measuring catalase activity in biological tissues. 
BMC Biochem. 2018;19(1):7. Published 2018 Aug 
3. doi:10.1186/s12858-018-0097-5

34. Arbabi-Kalati F, Salimi S, Nabavi S, Rigi S, Miri-
Moghaddam M. Effects of tobacco on salivary 
antioxidative and immunologic systems. Asian 
Pac J Cancer Prev. 2017;18(5):1215-1218. 
doi:10.22034/APJCP.2017.18.5.1215.

35. Nikolaev IV, Kolobkova LN, Landesman EO, 
Stepanov  EV, Koroleva OV. Antioxidant and 
peroxidase activity of saliva in patients with 
inflammatory periodontal diseases and ability of 
their correction. Biomed Khim. 2008; 54: 454-62.

36. Ahmadi-Motamayel F, Goodarzi MT, Jamshidi 
Z, Kebriaei R. Evaluation of salivary and serum 
antioxidant and oxidative stress statuses in 
patients with chronic periodontitis: a case-control 
study. Front Physiol. 2017;8:189. doi:10.3389/
fphys.2017.00189.

37. Karademirci M, Kutlu R, Kilinc I. Relationship 
between smoking and total antioxidant status, total 
oxidant status, oxidative stress index, vit C, vit E. 
Clin Respir J. 2018 ;12(6): 2006-12. 

38. Ugochukwu  L OBI, Anyadike N, Okaforchidimma, 
Dioka CE, Meludu SC. Evaluation of total antioxidant 
status, superoxide dismutase and malondialdehyde 
in apparently healthy active tobacco smokers in 
Nnewi Metropolis, SouthEast, Nigeria. Journal of 
Scientific and Innovative Research. 2017; 6(3): 
105-12.

39. Pickens LB, Tang Y, Chooi YH. Metabolic engineering 
for the production of natural products. Annu Rev 
Chem Biomol Eng. 2011;2:211-236. doi:10.1146/
annurev-chembioeng-061010-114209.

40. Chezem WR, Clay NK. Regulation of plant 
secondary metabolism and associated specialized 
cell development by MYBs and bHLHs. 
Phytochemistry. 2016;131:26-43. doi:10.1016/j.
phytochem.2016.08.006.

41. Conti V, Izzo V, Corbi G, et al. Antioxidant 

supplementation in the treatment of aging-
associated diseases. Front pharmacol. 2016;7:24. 
doi:10.3389/fphar.2016.00024.

42. Ryan MJ, Dudash HJ, Docherty M, et al. Vitamin 
e and c supplementation reduces oxidative stress, 
improves antioxidant enzymes and positive 
muscle work in chronically loaded muscles of 
aged rats. Exp Gerontol. 2010;45(11):882-895. 
doi:10.1016/j.exger.2010.08.002.

43. de Jesus Pires de Moraes A, Andreato LV, 
Branco BHM, et al. Effects of N-acetylcysteine 
supplementation on cellular damage and oxidative 
stress indicators in volleyball athletes. J Exerc 
Rehabil. 2018;14(5):802-809. doi:10.12965/
jer.1836152.076.

44. Murniasih T, Putra M, Pangestuti R. Antioxidant 
capacities of holothuria sea cucumbers. Annales 
Bogorienses. 2015; 19(2): 21-6.

45. Takahama U, Hirota S. Possible reactions of dietary 
phenolic compounds with salivary nitrite and 
thiocyanate in the stomach. Antioxidants (Basel). 
2017;6(3):53.  doi:10.3390/antiox6030053.

46. Kumar S, Pandey AK. Chemistry and biological 
activities of flavonoids: an overview. 
Scientificworldjournal. 2013;2013:162750. 
doi:10.1155/2013/162750.

47. Liu CM, Kao CL, Wu HM, et al. Antioxidant and 
anticancer aporphine alkaloids from the leaves 
of Nelumbo nucifera Gaertn. cv. Rosa-plena. 
Molecules. 2014;19(11):17829-17838. Published 
2014 Nov 3. doi:10.3390/molecules191117829.

48. Yousefbeyk F, Gohari AR, Hashemighahderijani 
Z, et al. Bioactive terpenoids and flavonoids from 
daucus littoralis smith subsp. Hyrcanicus rech.f, 
an endemic species of iran [published correction 
appears in daru. 2014 Apr 02;22(1):33]. Daru. 
2014;22(1):12. doi:10.1186/2008-2231-22-12.

49. Maisetta G, Batoni G, Caboni P, Esin S, Rinaldi AC, 
Zucca P. Tannin profile, antioxidant properties, 
and antimicrobial activity of extracts from two 
Mediterranean species of parasitic plant Cytinus. 
BMC Complement Altern Med. 2019;19(1):82. 
doi:10.1186/s12906-019-2487-7.

50. Dita Sukmaya Prawitasari, Indri Safitri, Harianto 
Notopuro. Effects of golden sea cucumber extract 
(Stichopus hermanii) on fasting blood Glucose, 
plasma insulin, and mda level of male rats (rattus 
norvegicus) Induced with streptozotocin. Fol Med 
Indones, Vol. 55 No. 2 June 2019 : 107-111. 


