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_________________________________________________________________________________________________ 

ABSTRACT---   Excessive noise exposure may cause mechanical and metabolic (oxidative stress) to the inner ear 

structure (cochlea), resulting in acoustic trauma (TA). Oxidative stress which caused by increasing of free radical 

ROS/RNS in the organs of Corti, causing apoptosis and necrosis of cochlear hair cell. Oxidative stress was characterized 

by increasing of malondialdehyde (MDA), decreasing of glutathione peroxidase (GPx) enzyme, and abnormal 

otoacoustic emission value (refer). Defense mechanism toward oxidative stress was mediated by endogenous antioxidant 

enyzme (superoxide dismutase/SOD, catalase/CAT, and GPx). Cellular mechanism of glutation peroxidase mimetic was 

similar as GPx. 

     Aim of this study was to determine the impact of glutathione peroxidase mimetic to glutathione peroxidase and 

malondialdehyde level in blood, also otoacoustic emission value on soldiers with risk of TA due to explosion of Howitzer 

105 artillery weapon. The design of this study was clinical trial pre and post design, randomized, double blind and 

placebo controlled, on 34 new recruit soldiers in Artillery Academy of Indonesian Army, during the soldiers were trained 

to firing Howitzer 105 artillery weapon, from 7th-10th July 2014 in Cimahi and Batujajar. Subjects were divided into 2 

groups, the exposure group (group given treatment) and control group. Exposure group was given glutathione 

peroxidase mimetic (Ebselen SPI 1005) 200mg, orally once daily during the training, meanwhile control group was 

given. Malondialdehyde and Glutathione Peroxidase level in blood, pure tone audiometry and otoacoustic emission 

value (DPOAEs) was measured from those two groups, before and after firing training. The data was analyzed using 

parametric and non parametric, with Number Needed to Treat (NNT, 95%CI) and significance value (p<0.05). 

     The results of this study showed the number of acoustic trauma events in controle group based on pure tone 

audiometry test was 23.5%, exposure group was 0%, and based on DPOAEs test the controle group showed 47.1% 

abnormal/refer, exposure group showed 100% normally/pass, and this difference stastically significance (p<0.051). The 

group which was given Ebselen SPI 1005 showed increasing 82.4% erythrocyte GPx level (NNT, 95%CI=1.889 [1.159-

3.016]; p=0.004), showed increasing 88.2% plasma GPx level (NNT, 95%CI=1.417 [0.970-1.775]; p<0.001), decreasing 

100% erythrocyte MDA level (NNT, 95%CI = 2.125 [1.335-3.987]; p=0.01),  showed decreasing 94.1% plasma MDA 

level (NNT, 95%CI=2.125 [1.29-3.904]; p=0.01), and resulting 100% in normal/pass DPOAEs value (NNT, 95%CI = 

2.125 [1.335-3.987]; p=0.01). This study concluded that giving Ebselen SPI 1005 to soldiers with risk of acoustic trauma 

during the firing Howitzer 105 artillery weapon, increasing GPx level in blood, decreasing MDA level in blood, and 

resulting normally DPOAEs value (pass). 
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1. INTRODUCTION 
     The Indonesian National Armed Forces (TNI) soldiers are part of the Indonesians, they must be professionally supported 

by excellent physical abilities, including the optimal ability of the five senses in carrying out their main tasks. After 

retirement, they should have keep good physical abilities (including the ability of the five senses), so after returning to the 

community, they still have a good quality of life. 

     The Field Artillery Training Center (Pusdik Armed) as armed forces institution uses 105 Howitzer as one of the student 

training tools since 1985 until these days, with 3-4 times training frequencies per year. When firing the gun, the soldiers 

are approximately +1 meter apart from the gun. The number of fire ranges is around 2 – 10 shots per gun, and at the time 

of firing, there are many soldiers who do not wear hearing protection devices. Theoretical data show the sound pressure 

for guns of 9 mm = 157 dB, riffles of M-16 = 157 dB, grenades = 164 dB, and Howitzer of 105 = 183 dB.10,11 A study in 

Pusdik Armed Cimahi (2002) showed that 30% gun firing soldiers are suffered from acoustic trauma (TA).4 A study in 

Magelang showed the number of TAs in the cadets of Police Academy is 12.4%.5 

    According to Regulation of the Minister of Manpower and Transmigration Number Per.13/Men/X/2011 Year 2011 on 

Threshold Limit Values for Physical and Chemical Factors in Workplace, it is not allowed for a person to get exposed of 

noise over 140 dBA, although only for a moment. 

     In addition to causing mechanical damages in the form of tympanic membrane rupture, osicle damages or 

endolymphatic hydrops, large impulsive sounds (explosions, fires, bombs), when those are exposed to the ear, italso cause 

metabolic damages in the form of oxidative stress inside the cochlea. 

     Metabolic damages to oxidative stress are characterized by increased radical oxygen species or radical nitrite species 

within the cortical organ, resulting in the formation of free radicals such as superoxide anion (O2
-), hydroxyl radical (OH-

), hypochlorite (OCl-) and nitric oxide (NO-), as well as increased neurotoxicity (glutamate) and ischemia/reperfusion of 

cochlear blood flow (CBF), subsequently DNA and cell protein damages, and mitochondrial DNA mutations. These 

mutations are associated with cellular dysfunction, with the final outcome of apoptosis of the outer hair cells in the cochlea. 

     Other free radical targets are cell membranes, resulting in lipid peroxidation and cell necrosis. Free radical (ROS/RNS) 

levels in cells cannot be measured, so the main indicator is measuring the level of malondialdehyde (MDA) as a result of 

lipid peroxidation. MDA levels in peripheral blood describe oxidative stress that occurs in other organs inside the body. 

The higher the level of MDA is the greater activity of free radicals. 

      In the cells, ROS/RNS is unstable and cannot be measured. Therefore, the main indicator of cell damages due to 

oxidative stress is measuring the level of MDA. Blood sampling from peripheral veins to measure MDA levels reflects 

oxidative stress throughout the body.21 A study on soldiers in Turkey stated that there is a significant increase in blood 

MDA levels before and after a weapon explosion of 138 dB.6 

     Another indicator of hearing degradation uses an autotoustic emission tool which is sensitive to assess an early damage 

to cochlear hair cells. A study of young soldiers in France who were observed during 15 days using Distorsion Product 

Otoacoustic Emissions (DPOAEs) showed a high frequency hearing loss with persistent tinnitus, which occurred in 24 

hours after exposured to an automatic machine-gun explosion.8. 

     Neutralization of free radicals (ROS/RNS) in the cochlea is done by endogenous antioxidant enzymes such as 

glutathione peroxidase (GPx), superoxid dismutase (SOD) and catalase (CAT) working to convert free radicals to non-

toxic. 

     Glutathione peroxidase is an important enzyme that retains cell function and viability. This enzyme has a high activity 

in vascular stria cells, cortical organs, and mitochondria. In the blood, the enzyme can be measured in erythrocytes (eGPx) 

which describes intracellular GPx, as well as plasma (pGPx) which describes extracellular GPx. In mammals, GPx levels 

are equally good in the liver and in the inner ear. Research in Turkey showed an increase in plasma MDA levels, as well 

as decreased GPx levels and SOD erythrocytes due to noise with an intensity of 104 dB in employees who worked during 

1 – 7 years.22 

     Exogenous antioxidants increase the levels of the intra-cell antioxidant enzymes, thus preventing apoptosis/necrosis. 

Research on experimental animals as well as in humans showed that glutathione peroxidase mimetic (ebselen) has the same 

cellular mechanism as GPx. Phase-2 ebselen (SPI-1005) clinical research in America had been conducted on 80 marines. 

Subjects were divided into 4 groups, each group were receiving an oral dose of 200 mg, 400 mg, 600 mg in 2 administration, 

and the last group receiving a placebo for 3-5 days during the firing practice. The study was approved by the World Medical 

Association Declaration of Helsinki (2004). The results showed that ebselen (SPI-1005) could reduce the hearing loss. 

     The study to determine the effect of oral ebselen administration as exogenous GPx on GPx and MDA levels of blood 

and its effect on DPOAEs in a person with TA risk has not been published, especially in Indonesia. Laboratory and 

audiology examination to determine the initial risks of TA occurrence in soldiers either during firing practice or in periodic 

examination are still not standardized, as are prevention (with ear protection or drug administration and rehabilitation for 

TA sufferers have not yet implemented as a hearing conservation program (PKP), especially in the TNI. 
 

2. MATERIALS AND METHOD 
     This study is a quantitative research with a double blind randomized clinical trial placebo controlled pre-and post-test 

design. Treatment and control groups were drawn from the same affordable populations. Subject selection was done by 

random permutation blocks. The observations were conducted in double blind.66-70 This study has received Ethical 
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Approval from Medical Research Ethics Committee of Faculty of Medicine Padjadjaran University Number 

41/UN6.C2.1.2/KEPK/PN/2014 dated February 6th, 2014, and research was permited by DanKodiklat TNI-AD Number: 

B/553/III/2014 dated March 13th, 2014. 

     The subject of the study was the new enlisted rank students of the Field Artillery Education Center (Pusdik Armed) 

Kodiklat TNIAD, with initial health data during initial selection showing general physical health status, ear, hearing and 

labor functions within normal limits, conducting routine firing exercises of 105 Howitzer gun on July 7 – 10th, 2014 in 

Batujajar West Java. Subjects were divided into two groups, i.e group I/treatment administered oral mimetic glutathione 

peroxidase during firing practice and group II/control administered placebo. In accordance with the current standard firing 

procedures in Pusdik Armed, during the training, the soldiers were not given any medication. 

     The examination of hearing function of the research subjects used Diagnostic Audiometer AD 229e Interacoustics type 

AD 229e with serial number 004094, final calibration on January 24th, 2008, while examination of cochlear hair cell 

function used DPOAE tool MADSEN Capella, made in Denmark calibrated in 2013, Level II Rumkit Audiology Dustira 

Cimahi. The measurement method of blood MDA levels used TBARS (thiobarbiturate acid reactive substance) method, 

while the measurement of blood GPx levels used colorimetric assay method from Oxford Bimedical Research FR 17. The 

working principle was the indirect examination of c-GPx and GSSG activities. 

     For the workings and data collection techniques of this study, determination of research subjects in health clinics Pusdik 

Armed were initially conducted on day D-2. Each subject was then given some explanations about the intent and purpose 

of the study. Explanation was done by ignoring the rank level. The subjects were free for not following the study. After 

obtaining subjects’ approval, medical history and otoscopy were done by the researchers. 

     On the day D-1 day, all subjects were subjected to pure tone audiometry and DPOAE, routine blood and urine, SGOT, 

SGPT, Ureum, Creatinine, Electrocardiography (ECG), GPx examination and 1st blood MDA (PRE). The examination 

was done in Division of ENT and Pathology Clinic Dustira Hospital. The allocation of subjects into the treatment and 

control was done by random permutation blocks to obtain a balanced number of subjects. The researchers did not know 

which one was selected as the treatment group or the control group. 

     On day D, morning at 04.30 WIB, the treatment group was given a capsule containing 200 mg glutathione peroxidase 

mimetic (ebselen, SPI 1005) orally, while the control group was given a capsule containing 200 mg sucrose powder 

(placebo). The capsule administration to the subjects who had been randomized by permutation blocks was performed by 

Pusdik Armed physicians randomly without knowing the stuffing of the capsule as well as the subjects of the treatment or 

control group. 

     On day D and D+1, starting at 09.00, the entire research groups carried out the 105 Howitzer gun firing practice. On 

day D, the subject served as a firer was beside the gun, and on day D+1, the subject served as an observer at the target 

location with a distance of approximately 500 meters from the fall of the bullet. 

     On day D+2, all subjects were subjected to be checked in pure tone audiometry and DPOAE, routine blood and urine, 

SGOT, SGPT, Ureum, Creatinine, Electrocardiography (ECG), GPx examination and 2nd blood MDA (POST). The results 

were then submitted to the researchers, continued by data processing. 

 

3. RESULTS AND DISCUSSION 
a. Results 

     For the characteristics of the subjects, the average age in the treatment group was 20.7 years (SD = 0.90) whereas in the 

control group was 20.8 years (SD = 0.90), the age range of the two groups was 19 – 22 years. 

     The characteristics of smoking habits in both subjects to determine that confounding variables were negligible are shown 

in Table 1 

 

Table 1 Characteristics of Subjects by Smoking Habits 

Variable Smoking (+) Smoking (-) p*) 

Treatment Group (n=17) 16 1  

.,0 
Control Group (n=17) 16 1 

Total (n=34) 32 2  

Description *) : based on Exact Fisher Test 

     The statistical calculation in Table 1 using Exact Fisher test shows p = 1.0, which means there is homogeneity of 

smoking habit variable in both groups, thus confounding variable (smoking history) can be ignored. 

 

Measurement of Sound Pressure Level of Gun and Noise Dose (%dose) 

     Initial data based on the theory, the sound pressure level of 105 Howitzer gun was 183 dBA while the measurement on 

the same gun in Pusdik Armed Kodiklat TNI-AD 2002 was 173.4 dBA with a frequency of 0.09 seconds. Currently, the 

sound pressure level of 105 Howitzer gun is 148.6 dBA with decaying time up to 60 dBA for about 2 seconds, as well as 

the noise dose received by the soldier at 1 meter beside the gun of 481.43% - 2858.35% (NIOSH) .  
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 The Results of Blood, Routine Urine, Hepatic and Renal Function Examination as well as EKG 
     Blood sampling and cardiac function examination in both groups were performed before and after the firing practice. 

Routine blood, routine urine, hepatic and renal function and electrocardiography (EKG) examination were done to evaluate 

the side effects of ebeselen SPI 1005 and placebo that had been given before. In both groups, the overall examination 

results were within normal limits, both before and after firing practice. 

 

The Results of Erythrocyte and Plasma GPx Examination in Both Groups 

     After carrying out the firing, blood sampling was done to the two groups to assess the levels of erythrocyte and plasma 

GPx, and the results can be seen in Table 2 to 5 below. 

 

Table 2 The Comparison of Difference in Erythrocyte GPx Levels in Both Groups Before and After Treatment 

Erythrocyte GPx 

(nmol/min/ml) 

Group P value*) 

Control (n=17) Treatment (n=17) 

Mean **) 

Median 

Standard Deviation 

41.5 

-3.82 

215.,67 

58.8 

16.55 

246.08 

 

0.049 

Description :  *) based on Mann-Whitney test 

                     ** ) Mean Difference (pre-post) 

      

Table 2 shows mean after treatment (Ebternen SPI 1005 1x200 mg/day orally), erythrocyte GPx values increase 

compared before treatment, and the result is statistically significant (p < 0.05). Table 3 shows the comparative increase and 

decrease in erythrocyte GPx levels in both groups after firing the 105 Howitzer gun. 

 

Table 3 The Comparison of Increase and Decrease in Erythrocyte GPx Levels in Both Groups after the Treatment 

Group  

Erythrocyte GPx (nmol/min/ml) 

p*) 

 

NNT (95%CI)**)  

Increase Decrease 

N % n % 

Treatment  (n=17) 14 82.4 3 17.6 

0.004 

 

1.889  

(1.159 – 3.016) Control (n=17) 5 29.4 12 70.6 

Amount (n=34) 19 55.9 15 44.1   

Description: *) based on Logistic Regression test 

                     **) Number Needed to Treat with 95% Confidential Interval  

     Table 3 shows that the treatment group has NNT (95% CI) = 1.889 (1.159 – 3.016), compared with the control group, 

which is statistically significant (p <0.05). This means that the administration of Ebselen SPI 1005 1x200 mg/day orall in 

2 soldiers will prevent 1 soldier (50%) from the risk of decrease in erythrocyte GPx levels due to 105 Howitzer gun 

explosion. Table 4 shows the comparison of increases and decreases in plasma GPx levels in both groups after firing the 

105 Howitzer gun. 

 

Table 4 The Comparison of Difference in Erythrocyte GPx Levels in Both Groups after the Treatment 

Plasma GPx  

(nmol/min/ml) 

Group P value*) 

Control 

(n=17) 

Treatment 

(n=17) 

Mean 

Median 

Standard Deviation 

-4.05 

-5.09 

7.37 

1.05 

7.64 

15.07 

 

0.006 

Description : *) based on T – Independent test 
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         Table 4 from the obtained mean, found that plasma GPx in the treatment group after Ebselen SPI 1005 1x200 mg/day 

orally increases compared with the previous, whereas in the control group, the mean plasma after placebo decreases, which 

is statistically significant (p < 0.05). 

      Table 5 shows a comparison of the increase and decrease in plasma GPx levels in both groups of soldiers after being 

administered SPI 1005 1x200 mg orally in the treatment group and placebo in the control group, and after the 105 Howitzer 

gun practice, as follows: 

 

Table 5 The Comparison of Increase and Decrease in Plasma GPx Levels in Both Groups after the Treatment 

Group   

Plasma GPx (nmol/min/ml) 

p*) 

 

NNT (95%CI) 
Increase Decrease 

N % n % 

Treatment  (n=17) 15 88.2 2 11.8 
< 0.001 

 

1.417  (0.970 – 1.775) 
Control (n=17) 3 17.6 14 82.4 

Amount (n=34) 18 52.9 16 47.1   

Description: *) based on Logistic Regression test 

                     **) Number Needed to Treat with 95% Confidential Interval 

      

Table 5 shows that the treatment group has NNT (95% CI) = 35 (95% CI = 1.417 (0.970 – 1.775), compared with 

the control group which is statistically significant (p <0.001). It means that Ebselen SPI 1005 1x200 mg/Day orally on 3 

soldiers will prevent 2 soldiers (70%)from the risk of decreasing plasma GPx levels due to the 105 Howitzer explosion. 

 

The Results of Erythrocyte and Plasma MDA Level Examination from Both Groups 

     The results of erythrocyte and plasma MDA measurements in both treatment groups are presented in Table 6 to Table 

9 below. 

 

Table 6 The Comparison of Difference in Erythrocyte MDA Levels in Both Groups Before and After Treatment                

Erythrocyte MDA (mmol/L) Group  

P value*) 
Control 

(n=17) 

Treatment 

(n=17) 

Mean 

Median 

Standard Deviation 

-0.48 

-5.46 

11.97 

-10.79 

3.36 

14.83 

 

0.002 

Description : *) based on T – Independent test 

       From table 6, when viewed from the mean obtained, it found that the mean erythrocyte MDA values in the treatment 

group after Ebselen SPI 1005 1x200 mg/day peroral decrease compared with before the drug administration, and this is 

statistically significant (p < 0.05 ). 

      Table 7 shows the comparison of erythrocyte MDA levels in both groups after the groups were being given Ebselen 

SPI 1005 1x200 mg orally (treatment group) and placebo (control group), and after carrying out the 105 Howitzer firing 

practice. 

 

Table 7 The Comparison of Increase and Decrease in Erythrocyte MDA levels in Both Groups after the 

Treatment 

Group  

Erythrocyte MDA (mmol/L)  

p*) 
NNT (95%CI) Increase Decrease 

N % N % 

Treatment  (n=17) 17 100 0 0  

< 0.001 1.417 (0.994 – 1.836) 
Control (n=17) 5 29. 12 470.6 

Amount (n=34) 22 64. 12 735.3   

Description :*) based on Exact Fisher Test 
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     Table 7 shows that the treatment group has NNT (95% CI) = 35 (95% CI = 1.417 (0.994 – 1.836), compared with the 

control group which is statistically significant (p <0.001). It means that Ebselen SPI 1005 1x200 mg/day orally on 3 soldiers 

will prevent 2 (70%) soldiers from the risk of increased erythrocyte MDA levels of due to the 105 Howitzer gun explosion. 

 

Table 8 The Comparison of Difference in Plasma MDA Levels in Both Groups Before and After Treatment                

 

Plasma MDA (mmol/L) 

Group  

P value*) 
 Control 

(n=17) 

Treatment 

(n=17) 

Mean 

Median 

Standard Deviation 

-3.35 

3.36 

14.83 

-22.52 

-10.07 

37.58 

 

0.02 

Description : *) based on Mann-Whitney test 

     From table 8, when viewed from the obtained mean, it found that the mean plasma MDA values in treatment group after 

being given Ebselen SPI 1005 1x200 mg orally decrease compared with before the drug administration. 

     Table 4.9 shows the comparison of plasma MDA levels in both groups of soldiers after being given SPI 1005 1x200 mg 

orally in the treatment group and placebo in the control group, and after carrying out the 105 Howitzer firing practice, 

presented as follows: 

 

Table 9 The Comparison of Increase and Decrease in Plasma MDA levels in Both Groups after the Treatment 

Group  

Plasma MDA (mmol/L)  

p*) 

 

NNT (95%CI) 
Increase Decrease 

N % N % 

Treatment  (n=17) 16 94. 1 15.9 
0.01 

 

2.125 (1.29 – 3.904) 
Control (n=17) 8 47.1 9 52.9 

Amount (n=34) 24 70.6 10 29.4   

Description :*) based on Logistic Regression test 

        From Table 4.9, it is seen that treatment group has NNT (95% CI) = 2.125 (1.29 – 3.904), compared to control group, 

which is statistically significant (p < 0.05). This means that the administration of SPI 1005 1x200 mg/day orally to 2 

soldiers will prevent 1 soldier (50%) from the risk of increasing plasma MDA levels due to 105 Howitzer gun explosion. 

      To find the correlation strength between GPx levels and blood MDA levels in both groups after being given Ebselen/SPI 

1005 1x200 mg orally and carrying out the gun firing practice, Pearson correlation test was performed. The results showed 

that erythrocyte GPx levels and plasma MDA levels have a very strong correlation and are statistically significant (p < 

0.001). However, the direction of correlation is negative, it means the higher the erythrocyte GPx levels is the lower the 

plasma MDA levels, and this is not a mere coincidence. 

 

The Results of Pure Tone Audiometry  

     The results of a pure tone audiometry showed that the number of soldiers who experienced Acoustic Trauma (TA) is 4 

out of 17 people in the control group who were given a placebo (according to the standard procedure of firing guns), while 

there is no TA the treatment group given Ebselen/SPI 1005, so that when the firing practice is carried out with the old 

procedure (without ear protection and without taking any drug), the risk of TA on the soldier is 23.5% as shown in Table 

4.10. 
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Table 10 The Comparison of TA, Hearing Loss Complaints (KGD) and Tinnitus in Both Groups after Firing 

Research Group TA  

(+) 

TA  

(-) 

Tinnitus 

 (+) 

Tinnitus  

(-) 

KGD  

(+) 

KGD 

 (-) 

Control group (P)  

n = 17 

4  

(23.5%

) 

13  

(76.5%) 

1  

(5.9%) 

16  

(94.1%) 

1  

(5.9%) 

16  

(94.1%) 

Treatment group 

(G) 

n = 17 

0  

(0%) 

17  

(100%) 

0  

(0%) 

17  

(100%) 

0  

(0%) 

17  

(100%) 

P value*) 0.049 0.5 0.5 

Description :*) based on Exact Fisher Test 

     The statistical calculation in Table 10 shows the comparison of TA, hearing loss complaints (KGD) and Tinnitus in 

both groups using the Exact Fisher test. Based on the results, the number of TA is 23.5% in the control group, which is 

statistically significant (p < 0.05), while the hearing loss complaints and tinnitus are not statistically significant (p > 0.05). 

 

The Results of Otoacoustic Emissions (DPOAEs) 

       From Table 11, it can be seen that in the treatment group (given Ebselen/SPI 1005 1x200 mg orally), all (100%) have 

normal otoacoustic emission values (pass) and the control group (given placebo) has normal emission values (pass) of 

52.9%, meaning that the proportion of normal (pass) acoustic emission values (DPOAEs) in the treatment group is greater 

than the control group. 

      Proportionally, there is a correlation between Ebselen/SPI 1005 1x200 mg orally with normal acoustic emission values 

(pass), but this correlation must be tested statistically, and the result is very significant (p = 0.01), so the correlation between 

Ebselen/SPI 1005 1x200 mg orally with normal acoustic emission values (DPOAEs) (pass) is very significant  

 

Table 11 The Results of DPOAE Examination in Both Groups after Implementing 105 Howitzer Gun Firing 

Research groups 

Results of otoacoustic emissions 

(DPOAEs) 

Risk of DPOAE 

abnormalities 

(Refer) p*) 
Pass  Refer 

n % n % 

Control group (P)  

n = 17 
17 100 0 0 0/17 

0.01 
Treatment group (G) 

n = 17 
9 52.9 8 47.1 8/17 

P value*) 26 76.5 8 23.5   

Description :*) based on Exact Fisher Test 

       From the data of risk of DPOAE abnormalities in the two groups, the Absolute Risk Reduction (ARR) can be 

calculated, i.e: 

 ARR = 8/17 – 0/17 = 8/17. From ARR, NNT can be calculated, i.e 

 NNT (Number Needed to Treat) = 1/ARR = 17/8 = 2.125. With Confidential Interval (CI) 95% = 1.335 – 3.987 

      The results of NNT = 2,125 means that out of 2 gun firing soldiers were treated, i.e SPI 1005 1x200 mg/day peroral, 

there is only 1 soldier (50%) spared from the risk of TA (result of DPOAEs becomes refer) by the 105 Howitzer gun 

explosion. 

b. Discussion 

     The study on the risk of acoustic trauma to personnel in the military ranks are using the 105 Howitzer gun source of 

exposure is almost never published in Indonesia or internationally. 

     The selection of subjects of new enlisted rank students is due to the organizational structure of the field artillery firer, 

the towing rope driver is a soldier with the enlisted rank. The top commander is a non-commissioned officer, and an officer 

is the leader of several guns. Thus in an artillery battle, it is the soldiers with the enlisted rank who most often exposed the 

impulsive noise of the gun explosion.  

     Referring to preliminary data, the sound pressure level at 1 meter apart from the gun is 148.6 dBA, with the decaying 

time required after the explosion is up to 60 dBA in the range of 2 seconds. It is different from the theory that the sound 

pressure level of 105 Howitzer gun is 183 dBA. In the study with a similar type of gun (2002), the sound pressure level is 
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173.4 dBA. The difference is due to the stuffing of the gunpowder used in the current firing practice (in 2014) as much as 

6 of the maximum 10 stuffing, while the 2002 study used 7 of 10 stuffing, and most likely obtained from the theory (183 

dBA) using the maximum stuffing. 

     According to NIOSH (2002) on noise impulses from weapon explosion, the calculation of the number of allowed 

explosions/day uses the formula: 

N = 10^((140-PI)/10); where PI = L peak – attenuation of ear protection devices. 

     So according to the NIOSH, none of the firers can fire the gun safely without ear protection devices. 

     According to Regulation of the Minister of Manpower and Transmigration Number Per.13/Men/X/2011 Year 2011 

Threshold Limit Values for Physical and Chemical Factors in Workplace, it is not allowed a person to be exposed to noise 

over 140 dBA, although for a moment.  

     The Government’s policy to implement the hearing conservation program in the industrial sector is clear with the 

existence of health institutions and various laws and policies, but in the ranks of the TNI, working environment with the 

risk of occupational deafness still does not exist. In fact, the army and in the US Department of Defense already have a 

clear hearing conservation organization and program. 

     In the Army of America, the implementation of the hearing conservation program has gone well. They have run the 

program thoroughly, i.e noise hazard identification, engineering controle, hearing protection, monitoring audiometry, 

health administration, inforcement and program evaluation.  

     Whereas in the Indonesian Army ranks, the admission of potential soldiers and periodic health examination on soldiers 

using audiometric examination is still not evenly distributed, while the use of otoacoustic emission diagnostic tool has not 

been used at all, as well as the installation procedure of hearing aids for soldiers with hearing loss is still unclear. Thus it 

has not been fully supported. 

     Scientific research on the effect of administration of Ebselen SPI 1005 orally has been correlated with blood GPx and 

MDA levels, as well as the results of DPOAEs in humans, according to the investigation, it has not been published in 

national and even international literature, and this is a recent study in Indonesia.  

     Glutathione peroxidase (GPx) is a family of intra- and extra-cellular enzymes. In mammals, the concentration of 

glutathione peroxidase is similar between inner ear and in tissues/other organs. 

     There is a significant increase in blood GPx levels, both erythrocytes and plasma in the treatment group, as well as an 

increase in the number of treatment group subjects after being given Ebselen/SPI 1005 1x200 mg/day orally, compared 

with the control group. It is in accordance with the theory that exogenous antioxidant enzyme administration increases 

levels of enzymes in the blood. Of the 6 (six) types of GPx in the blood, GPx1/e-Gpx (erythrocyte GPx) can be identified 

as an overview of intracellular GPx and Gpx3/p-GPx (plasma GPx) as an overview of extracellular GPx  

     Ebselen/SPI 1005 is also a seleno-organic compound with similar activity to GPx enzyme, so in the treatment group 

despite oxidative stress due to the 105 Howitzer gun explosion, the percentage of blood GPx levels (both erythrocyte and 

plasma) and the number of subjects remain significantly higher compared with the control group.  

     Explosion noise from the 105 Howitzer gun to the two groups also showed that in the control group were only given a 

placebo, there is a significant decrease in blood GPx levels (either erythrocytes or plasma), and the number of subjects 

significantly. This is in accordance with the theory that oxidative stress in the cochlea will lead to decreased levels of 

intracellular antioxidant enzymes, which ultimately result in apoptosis of cochlear hair cells 

     As a comparison, a study in Turkey has decreased levels of erythrocyte glutathione peroxidase (GPx) and superoxid 

dismutase (SOD) and increased plasma malondialdehyde (MDA) levels, due to noise intensity of 104 dB in employees 

who worked for 1 – 7 years. 

     Other studies in the United States to the experimental animals F-344 rat were given an exposure to noise of 113 and 

115 dB for 4 hours and given ebselen 4 mg/kgBB orally before and immediately after the exposure to noise, then measured 

the GPx (GPx1, GPx2, GPx3, GPx4) levels, the results showed an increase in GPx1 in vascular stria, decreased vascular 

stria udem and decreased outer hair cell damages at 5 hours after exposure to noise. 

     When compared to the results with other studies abroad, theoretically there is a conformity that the noise will decrease 

levels of endogenous antioxidant enzymes and the administration of exogenous antioxidants will increase levels of 

endogenous antioxidant enzymes and reduce damage to cochlear hair cells due to oxidative stress. 

     Malondialdehyde (MDA) is a lipid peroxidation product due to free radicals and is used as an indicator of cell damage 

due to oxidative stress, so that measurement of blood MDA levels reflects oxidative stress throughout the body. There is a 

significant decrease in blood MDA levels, both erythrocytes and plasma in the treatment group, as well as decrease in the 

subjects of the treatment group versus the control group, according to the theory. 

     Ebselen/SPI 1005 is an antioxidant, with anti-inflammatory and cytoprotective effects that effectively decrease 

hydroperoxide (H2O2) in biomembrane and lipoprotein, thus inhibiting oxidative stress in the cochlea was caused by the 

105 Howitzer gun explosion. 

     Decreased oxidative stress is reflected by decreased blood MDA levels (both erythrocytes and plasma). Lower MDA 

levels show free radical suppression, due to higher antioxidants. 

     Increased percentage of MDA levels (erythrocytes and plasma), as well as the number of subjects significantly in the 

control group (given only placebo) after the firing practice is also in accordance with the theory. 
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     Exposure to noise of gun explosion results in increased free radical (oxidative stress) resulting in damage to enzyme, 

protein, lipid, and DNA structure systems in the form of lipid peroxidation as well as activation of c-JNK and p38MAPK 

pathways, cytochrome-c release which will trigger caspase 2,3,8 and 9 with apoptosis of cochlear hair cells. 

     Increased free radical in cochlea is reflected by the increased blood MDA levels. Several studies have shown the 

increased blood MDA levels due to exposure to noise. 

     A study of soldiers in Turkey stated that there is a significant increase in blood malondialdehide (MDA) levels before 

and after the 138 dB gun explosion. Another study in Turkey showed 127 noise-exposed factory workers, using 

spectrophotometric methods showed the increased MDA levels and decreased blood SOD and CAT levels significantly 

than the control group. 

     Based on the theory, the higher MDA levels show the greater the activity of free radicals. Conversely, low MDA levels 

indicate free radical suppression, including with the presence of higher antioxidants. Blood sampling from peripheral veins 

to measure plasma MDA levels reflects oxidative stress throughout the body. 

      On the lateral wall of the cochlea, vascular stria and spiral ligament endothelial cells mostly contain mitochondria with 

active metabolism. In this area, GPx is a major intracellular antioxidant. In human blood, GPx activity can be measured 

from GPx1/cGPx/eGPx as an overview of intracellular and mitochondrial GPx. 

     Glutathione peroxidase mimetic (ebselen) is a potent radical suppressor (ROS scavenger) to polyunsaturated fatty acid 

(PUFA), which is also a dangerous radical in biological systems. These peroxide results would have a direct effect on cell 

membrane damage, such as changing fluidity, crosslinking, structure, and membrane function, and cell necrosis 

     Above the two arguments, it is rational if there is a strong and meaningful correlation between increasing erythrocyte 

GPx levels and decreasing plasma MDA levels after Ebselen SPI 1005 1x200 mg/day orally. 

     Based on the results of pure tone audiometric examination of control group subjects after firing practice, 23.5% of 

soldiers significantly experience TA. The results of otoacoustic emission (DPOAEs) even significantly show that 47.1% 

of soldiers in the control group have abnormal results (refer) or early damage to cochlear hair cells. 

     A study of young soldiers in France who were observed 15 days with Distorsion Product Otoacoustic Emissions 

(DPOAEs) showed a high frequency hearing loss with persistent tinnitus, which occurred 24 hours after exposure to an 

automatic machine-gun explosion. 

     The results of this study when associated with other studies abroad also has a conformity and is accordance with the 

theory that the TA belonging to the occupational deafness group has a typical picture on the audiogram, namely the 

sensorineural deaf picture with a notch at a frequency of 4000 Hz, and this is also in accordance with the Equal Loudness 

Contour graphs of each frequency, and the examination using DPOAEs generally gives abnormal results (refer), 

accompanied by tinnitus complaints. 

     The weakest point in the human ear, of all frequencies, is present at a frequency of 4000 Hz, since the human ear 

response to noise is not the same at all frequencies, i.e high and medium frequencies are more sensitive than low 

frequencies. 

     The cochlear basalt part (closest to the foramen ovale) receives a high-frequency sound. Cochlear damage due to high 

frequency and intensity is centered at a frequency of 4000 Hz where this state corresponds to the greatest vibration of the 

basilar membrane and the cortical organ. 

     Hair cells that have the greatest amplitude are present in about 10 mm of the foramen ovale and receive the greatest 

energy at the exposure to noise, so that the part will be easily injured in the exposure of noise. These are referred to as 

‘4000 Hz receptors’ and because their connection to nerve fibers, these also often referred to as ‘4000 Hz nerve fiber’ and 

this is a minicular locus in the cortical organs. 

     In the treatment group given Ebselen SPI 1005 1x200 mg/day orally, all (100%) subjects have normal (pass) DPOAE 

results after the 105 Howitzer gun explosion, since Ebselen has the same activity as GPx. This study has selected dose of 

Ebselen SPI 1005 for 1x 200 mg/day orally. Despite the low dose, it is also effective as an autoprotector due to exposure 

of high impulsive noise. 

    GPx1 enzyme is one family of glutathione peroxidase enzymes that serve to detoxify peroxidase in the cells. Ebselen at 

low concentrations inhibites some inflammatory enzymes such as lipoxygenase, NO synthase, NADPH, oxidase, protein 

kinase-C and H+/K+-ATPase. The inhibitory process occurs at the cellular level and this is the anti-inflammatory effect of 

ebselen. 

     A study in the United States showed that ebselene (SPI-1005) effectively at low doses (8 – 10 mg/kgBW/day) may 

decrease temporary treshold shift (TTS), permanent treshold shift (PTS) and loss of outer hair cells in the experimental 

animals (rats and marmots). 

      Phase-2 ebselen (SPI-1005) clinical research in America had been conducted on 80 marines divided into 4 groups, each 

group were receiving an oral dose of 200 mg, 400 mg, 600 mg in 2 administrations, and the last group was receiving a 

placebo for 3-5 days during the firing practice. The results showed that ebselen (SPI-1005) could reduce the hearing loss. 

     When compared with research in the United States, the results of this study have conformity and prove that SPI 1005 is 

a potent exogenous antioxidant to neutralize free radicals due to exposure to noise and able to prevent damage to cochlear 

hair cells, so that there is no TA. 
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4. CONCLUSION AND SUGGESTION 
a. Conclusion 

     The present study concludes that the administration of glutathione peroxidase mimetic, Ebselen SPI 1005 1x200 mg/day 

orally in soldiers at risk of acoustic trauma during the 105 Howitzer gun firing practic, increases blood GPx levels, 

decreases blood MDA levels, and results in normal otoacoustic emission values. 

     Another conclusion is the sound pressure level of 105 Howitzer gun with 6 of 10 stuffing of 148.6 dBA, with decaying 

time up to 60 dBa for about 2 seconds, as well as the dose of noise (%dose) 1 meter apart from the 481.43% - 2858.35% 

(NIOSH). 

     The pure tone audiometry test results show the number of TAs in 105 Howitzer gun firing soldiers of 23.5%, which 

means there has been a hearing loss, whereas DPOAEs show abnormal results (Refer) of 47.1%, which means there has 

been an early damage to the cochlear hair cell, although there has not been a TA. The results of NNT calculation on the 

solders given Ebselen SPI 1005 1x200 mg/day orally are associated with GPx and MDA blood levels and DPOAE values 

range from 1.4 to 2.1, which means that the administration of SPI 1005 is useful to avoid 50 % – 70% of other soldiers at 

risk of TA due to the 105 Howitzer gun explosion. 

b. Suggestion  

     Variations of research subjects, dosage, and duration of antioxidants (Ebselen SPI 1005) are required, in order to 

maximize the benefits obtained. Monitoring and evaluation of hearing function are not only use a pure tone audiometry, 

but also use more sensitive otoacoustic emissions (DPOAEs) as indicates an early detection of cochlear cell damage, not 

only before and after treatment, but also the evaluation intervals after longer firing practice to see if the hearing loss is 

permanent or temporary. 

      Further research is required for pharmacological/chemical modification of Ebselen SPI 1005 preparation form to other 

inexpensive preparation forms, in order to be mass produced and can be used as a standard preventive drug for TA. 

      It is time for the TNI to establish a Hearing Conservation Program (PKP) with real and sustainable implementation for 

the personnels at risk of occupational deafness. 
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