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Abstract

Obijective: To evaluate the effectiveness of nicergoline to prevent temporary thresh-
old shift (TTS) in military personnel.

Study Design: A randomized control trial.

Methods: Two hundred and twenty-four participants were enrolled. Nicergoline
30 mg twice daily intake was prescribed to the study group (n = 119) for 3 weeks.
The placebo was prescribed to the control group (n = 105) for 3 weeks, as well.
Audiometric thresholds were measured at baseline and within 24 h after the partici-
pants attended a 1-day weapons firing practice. During the firing practice, all partici-
pants had to wear foam earplugs. The TTS was assessed by using a variety of
published significant threshold shift (STS) definitions. Additionally, the effects of the
treatment group on the magnitude of pre- to postexposure threshold shifts were
estimated. Tinnitus and other adverse effects of the medication were recorded.
Results: The incidence of STS was 65.4% from the study group and 75% from the
control group. The negative STS (thresholds improved) was 68.6% from the study
group and 44.7% from the control group. The positive STS (thresholds worsened)
from the study group and the control group was 31.4% and 55.3%, respectively. The
effect of treatment in participants receiving nicergoline demonstrated significant
coefficients (change in dB) in both ears (p = .001). The mean different threshold of
participants receiving nicergoline showed negative STS in all tested frequencies with-
out statistical significance. However, the mean different threshold of participants
receiving a placebo showed positive STS with statistical significance. Additionally,
there were 16 ears detecting a warning sign of permanent hearing loss. These partici-
pants from the control group presented a longer duration of tinnitus (p = .042).

Moreover, the serious adverse effects of nicergoline were considerably low.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Laryngoscope Investigative Otolaryngology published by Wiley Periodicals LLC on behalf of The Triological Society.
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1 | INTRODUCTION

A tenth of the world population is exposed to sound pressure level
(SPL) which could potentially cause noise induced hearing loss (NIHL),
and about one-third of these people exposed to intense noise.l?
According to the Fiscal Year 2020 Annual Benefits Report, tinnitus
has long been, and continues to be, the most prevalent disability
(60.48%) connected to military service in the United States, and hear-
ing loss continues to be the second most prevalent service-connected
disability (34.90%).2 Military personnel suffer from tinnitus and hear-
ing loss as a consequence of deployment but also of weapons firing
practice or other military training programs. NIHL is divided into tem-
porary threshold shift (TTS) and permanent threshold shift (PTS). Fur-
thermore, TTS typically occurs and resolves within 16 to 48 h of the
noise exposure, whereas PTS is confirmed with an audiometric retest
at least 3 weeks after the noise exposure.*> Additionally, tinnitus can
be classified into primary tinnitus which is idiopathic and may be asso-
ciated with sensorineural hearing loss. Whereas, secondary tinnitus is
associated with a specific underlying cause (other than sensorineural
hearing loss). Moreover, tinnitus duration can be divided into recent
onset, lasting less than 6 months, and persistent tinnitus, lasting
6 months and longer.®

The noise causes damage to the inner ears by two mechanisms.
The first mechanism, the intense noise can damage the cochlea
mechanically by decoupling the organ of Corti from the basilar mem-
brane.” The second one is an intense metabolic activity, due to
overstimulation. Consequently, the increased levels of reactive oxy-
gen species (ROS), superoxide anion, hydroxyl radical, and reactive
nitrogen species were demonstrated. Outer hair cells at the base of
the cochlear seem to be most susceptible to free radical damage while
supporting cells have considerably more survival capacity than hair
cells.271° Moreover, many studies have reported the use of antioxi-
dants such as N-acetyl-cysteine (NAC), D-methionine, salicylate, or
Vitamin E to scavenge and eliminate the damaging ROS.21! In 1994,
Attia et al.1? demonstrated that magnesium had a protective effect on
NIHL among military personnel. Furthermore, Wu et al.*®* demon-
strated the protective effectiveness of NAC, antioxidant against NIHL
in male workers. Additionally, Kopke et al. conducted a randomized
control trial (RCT) in the military personnel, and suggested that NAC
treatment was superior to the placebo in preventing NIHL.2* In animal
models, glutathione, D-methionine and ebselen also showed NIHL

|15

attenuation.! However, Campbell*> conducted a clinical trial demon-

strating D-methionine attenuated the PTS associated with multi-day

Conclusion: The study results suggest that nicergoline may attenuate noise-related

TTS and tinnitus, and justify further investigation on the effectiveness of this drug as

nicergoline, significant threshold shift, temporary threshold shift, tinnitus

weapon training activities with a statistically significant difference.
Many studies reported the effectiveness of medications in preventing
TTS, % but it is interesting to investigate whether other medications
could attenuate the NIHL.

Moreover, nicergoline, an anti-oxidant, derivative of ergoline, pro-
vides neuroprotective effects and increases inner ear circulation.”-*®
In the other experimental study, nicergoline has been suggested an
antioxidant inhibiting not only lipid peroxidation, but also free radical
generation from neutrophils.’? The clinical use of nicergoline such as
in treating dementia, vascular, and balance disorders especially in ver-
tigo and tinnitus, is widely recommended.”*82° Nowadays, the stud-
ies of nicergoline on preventing NIHL are limited. Consequently, the
primary objective of this study is to investigate the effectiveness of
nicergoline in preventing TTS in Thai military servicemen undergoing
annual firearms training. Additionally, the secondary objective is to
investigate the impact of nicergoline on the duration of tinnitus

among the military personnel attending the annual firing practice.

2 | MATERIALS AND METHODS

An RCT was conducted, using a protocol that was approved by the
Institutional Review Board of the Royal Thai Army Medical Depart-
ment. The study adhered to the tenets of the Declaration of Helsinki
and was performed according to the principles of Good Clinical Prac-
tice and the Consolidated Standards of Reporting Trials statement.
The trial was registered at the Thai Clinical Trials Registry
(TCTR20200519002).

Two hundred and thirty-eight male conscripts from The Royal
Thai Navy, aged 20 to 25 years, were informed about the aims and
methods of the study, and then signed the informed consent prior to
participate in the study. The participants consisting of 224 conscripts
were divided into two groups depending on their two battalions by
using the cluster randomization method. This method was able to be
used to evaluate a new treatment affecting patient outcomes. More-
over, it was preferred when there was a significant potential for con-
tamination in the study. All participants underwent a physical
examination including an otoscopic examination of the ear canal,
visual inspection of the tympanic membrane and baseline hearing
threshold testing (Pure-tone air-conduction and bone-conduction
audiometry) before participating in the firing practice. Laboratory tests
including a complete blood count, blood urea nitrogen, creatinine, uric

acid, and liver function test were required, as well. Participants were
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excluded if they were diagnosed as having evidence of ear disease
(such as a perforated tympanic membrane, an infected or inflamed
ear), abnormal audiometry (such as baseline hearing threshold aver-
aged across 2000, 3000, and 4000 Hz > 25 decibel [dB] hearing level
[HL], baseline audiogram presenting air-bone gap in either ear), abnor-
mal blood chemistry and hypersensitivity or allergy to nicergoline.
Additionally, the participants whose hearing thresholds were unable
to be measured within 24 h would be excluded from the study. The
participants in the study group and the control group were 119 and
105 respectively. After the physical examination was performed, 4 par-
ticipants from the study group, and 10 participants from the other
group were excluded from the study (Figure 1).

21 | Noise exposure

From April 2019 to July 2019, all subjects participated in basic military
training in the Royal Thai Marine Corps, Chonburi Province, Thailand.
This included attending the annual firing practice conducted on
August 31, 2019. All participants used M16 rifles and each person
was to fire 30 shots in a row. All participants were assigned to trigger
M16 rifles with their right hands. They were reminded to use foam
earplugs (3M™ E-A-R™ Classic™) as the hearing protection device
(HPD) during firing practice. The approximated noise intensity level of
an M16 rifle is 157 dB SPL,?! while the earplugs attenuated the noise
level by 29 dB SPL.??

2.2 | Nicergoline administration and dosage

The blinded labels of nicergoline (30 mg) and placebo were provided
in aluminum blister packets. The appropriate oral dosage of
nicergoline was 30 mg administered twice daily (60 mg per day). This
is the dosage that is generally prescribed for clinical efficacy in the
treatment of dementia.>” Furthermore, these packages were allocated
to both groups. The participants were to take one tablet after meals
twice daily for 3 weeks, and then they were observed for side effects
such as nausea, drowsiness, diarrhea, fainting, headache, and ver-

23,24

tigo on their own. At the end of the second week of taking medi-

cation, they had to attend the firing practice.

2.3 | Pure-tone air-conduction audiometry

This auditory sensitivity test, performed by certified audiologists and
technicians, was used to evaluate the hearing threshold. The proce-
dure was usually performed in both ears. All participants, audiologists,
study coordinators were blinded as to who was allocated in the study
group or the control one. The mobile van service containing two four
double-wall sound attenuated booths which was compatible with
American National Standards Institute (ANSI 2014) was used. The GSI
Pello™, a product of Grason-Stadler company, was manufactured to
meet the ANSI S3.6, and international standards. This device was used

to measure the pure-tone air-conduction and bone-conduction

N= 238 (476 ears)

Cluster Randomization N= 224 (448 ears)

Exclusion Criteria N= 14 (28 ears)

A 4

-Abnormal blood chemistry (N=1)
-Abnormal audiometry (N=13)

Study Group (Battalion 1)

N= 119 (238 cars)

-Received allocated intervention N=119
-Did not received allocated intervention N=0

Loss follow up N=0
Discontinue intervention N=0

I

Analyzed N= 119 (238 ecars)
Exclusion from analysis N=0

FIGURE 1

v Allocation J h 4

l R

Follow up

Analysis

Control Group (Battalion 2)

N= 105 (210 ecars)

-Received allocated intervention N=105
-Did not received allocated intervention N=0

!

| Loss follow up N=0
Discontinue intervention N=0

!

Analyzed N= 105 (210 ears)
Exclusion from analysis N=0

Flow diagram according to the CONSORT 2010 statement shows participants flow in this study
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thresholds as the baseline before the participants attended the firing
practice. Additionally, the post-noise exposure audiometry would be
measured as soon as possible within 24 h, and the audiometry was
measured at the frequencies of noise at 250, 500, 1 K, 2 K, 3 K, 4 K,
6 K, and 8 K Hz. Furthermore, the bone-conduction testing was con-
ducted at 500, 1 K, 2 K, 3 K, and 4 KHz. Thresholds that show
<25 dB HL are considered normal, whereas thresholds above 25 dB

HL represent various levels of hearing loss.2>

TABLE 1 Comparison of incidence rates for STS between the two
groups
Study group Control group
(N =119) (N = 105)
Age; years (mean + SD) 2231+ 144 22.36 £ 1.40
Number of ears 238 210
Pre-noise exposure
Normal hearing thresholds 234 (98.3%) 200 (95.2%)
Post-noise exposure
STS 153 (65.4%) 150 (75.0%)
Positive STS (increase in 48 (31.4%) 83 (55.3%)
hearing threshold)
Right ears 23 (47.9%) 43 (51.8%)
Left ears 25 (52.1%) 40 (48.2%)
Negative STS (improvement in 105 (68.6%) 67 (44.7%)
hearing threshold)
Right ears 55 (52.4%) 30 (44.8%)
Left ears 50 (40.6%) 37 (55.2%)
Early warning sign of 8(5.2%) 8(5.3%)
permanent hearing loss
Right ears 5 (62.5%) 5(62.5%)
Left ears 3(37.5%) 3(37.5%)

Note: STS—either a 10 dB INCREASE or DECREASE in hearing threshold
averaged across 2, 3, and 4 kHz in the same ear from an individual's
baseline, confirmed by a retest, and shifting to a pure-tone average
threshold that exceeds 25 dB HL. Positive STS—an increase (worsening) of
10 dB or greater for the average of 2, 3, and 4 kHz in either ear. Negative
STS—a decrease (improvement) of 10 dB or greater for the average of 2, 3,
and 4 kHz in either ear. Early warning sign of permanent hearing loss - a
post-noise exposure threshold shift at a single frequency of 15 dB at 1, 2,
3, or 4 kHz and that results in a hearing loss as defined as a threshold in
excess of 25 dB HL.

Abbreviation: STS, significant threshold shift.

Effect of nicergoline versus control Coefficients (as change in dB)
—-1.60

—1.21

Right ear

Left ear

24 | Threshold shift

Only TTS were considered for this study, and that TTS was defined in
four different ways following different published criteria. The four
TTS definitions are: (1) significant threshold shift (STS) defined as
either a 10 dB INCREASE or DECREASE in hearing threshold aver-
aged across 2, 3, and 4 kHz in the same ear from an individual's base-
line, confirmed by a retest, and shifting to a pure-tone average
threshold that exceeds 25 dB HL; (2) significant negative threshold
shift (Negative STS), defined as a decrease (improvement) of 10 dB or
greater for the average of 2, 3, and 4 kHz in either ear; (3) significant
positive threshold shift (Positive STS), defined as an increase (worsen-
ing) of 10 dB or greater for the average of 2, 3, and 4 kHz in either
ear; and (4) early warning sign of permanent hearing loss, defined as a
post-noise exposure threshold shift at a single frequency of 15 dB at
1, 2, 3, or 4 kHz and that results in a hearing loss as defined as a
threshold in excess of 25 dB HL.>2¢27

2.5 | Measurement of tinnitus

A portable self-recording form with the necessary details was given to
each qualified participant in order to record the side effects of the
medication on their own during 3 weeks of the protocol. Additionally,
at the end of the firing practice, each participant would record the

exact time when tinnitus began until the symptoms were resolved.

2.6 | Statistical analysis

The statistical analysis was performed by a certificated statistician by
using STATA Software. Descriptive statistics such as number, percent-
age, mean, standard deviation, minimum, and maximum were
reported. The analysis of the effect of the treatment between the
treatment and the control groups (nicergoline versus placebo) was
performed separately for left and right ears. Within the same ears,
baseline hearing thresholds (dB) at eight-tested frequencies (Hz) were
measured between the treatment and the control groups defined as
pre-noise exposure hearing thresholds. Post-noise exposure hearing
thresholds were later measured according to the study protocol. Gen-
eralized estimating equations (GEE) modeling was used to compare
hearing threshold difference (post — pre) at the eight tested frequen-

cies. GEE modeling was also used to estimate the average hearing

o TABLE 2  Effect of the treatment
p-value 95% Cl . .
group (nicergoline treatment versus
001 —2.57, -0.63 control) in the right and the left ears on
.001 —2.17, -0.26 post-noise exposure thresholds

Note: The analyzed effect of the treatment between the two groups adjusted for frequency and baseline
hearing threshold was conducted by using generalized estimating equations modeling. The effect of the
treatment in the treatment group (receiving nicergoline) shown in the right and the left ears, results in
estimated threshold shift accounting for —1.60 and —1.21 dB, respectively. The post-noise exposure
thresholds in the group treated with nicergoline were better as compared with the control group.
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The comparison of Significant Threshold Shift (STS) between two groups
mstudy ®control
8000 S e o
o
)
g
-4.00 -3.00 -2.00 -1.00 0.00

Difference (post - pre) hearing thresholds dB HL

2.00

3.00

FIGURE 2 The comparison of significant threshold shift (STS) between two groups. Negative STS represents an improvement in hearing
threshold from the reference audiogram. Positive STS represents an increase in hearing threshold from the reference audiogram. The comparison
of the mean threshold difference within group by using one-way ANOVA testing shows the significant difference in the control panel (p < .001),
whereas the study group does not show the significant difference (p = .108). The mean different hearing thresholds between two groups

demonstrate the significant difference at 250 Hz, 3 KHz, 4 KHz, 6 KHz, and 8 KHz. *Independent Samples t Test

TABLE 3

Frequency (Hz)

250

500

1000

2000

3000

4000

6000

8000

Ears
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left
Right
Left

Subgroup analysis of STS between two groups

Mean difference (post — pre) hearing threshold dB HL

519

Negative STS (improvement in hearing threshold)

Positive STS (increase in hearing threshold)

Study Control Study Control

Mean SD Mean SD Mean SD Mean SD
-3.182 6.692 —1.833 6.086 6.087 6.208 6.512 5.725
—3.100 6.218 —2.568 5.965 1.400 5.686 5.875 6.969
-2.727 5.678 —2.833 5.522 3.043 8.082 2.674 6.487
—2.900 5.722 —3.649 4.662 2.800 5.788 2.375 6.503
-2.727 5.166 —3.333 5.142 1.304 5.481 1.860 5.003
—3.300 6.195 -3.514 4.694 1.000 5.000 2.500 5.189
—3.273 6.102 -3.167 4.251 3.696 5.049 1.744 3.761
—2.900 5.258 —1.892 4.142 0.800 4.933 1.625 5.357
—5.545 5.906 —-3.833 5.363 1.304 4.322 1.279 5.128
—3.600 5.349 -3.514 4.227 0.600 4.163 1.625 6.736
-3.273 6.471 —4.167 6.029 0.435 5.623 2.558 5.913
—2.800 4.861 —4.189 6.402 2.600 7.089 3.750 7.824
—5.000 7.071 —2.500 5.835 4.130 7.783 5.581 9.711
—2.700 7.299 —2.568 6.414 3.400 8.505 4.375 7.778
—4.000 6.625 —4.667 6.288 3.261 7.008 5.465 10.846
—3.200 6.606 —4.324 7.743 0.800 6.238 5.375 10.401

Note: In the negative STS results, the negative mean different hearing threshold of the study group showed the better results of improvement in hearing
threshold than the control group without significance. Additionally, in the positive STS results, the positive mean different hearing threshold of the study
group demonstrated the lower results of increase in hearing threshold than the control group at frequencies of 250 Hz, 3 KHz, 4 KHz, 6 KHz, and 8 KHz

without significance. Independent Samples t Test.
Abbreviation: STS, significant threshold shift.
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TABLE 4 The comparison of the duration of tinnitus
Study group Control group p-value
STS
Number of ears (%) 5(3.268%) 8 (5.333%)
Duration of tinnitus (h) 0.113 £ 0.126 9.138 + 12.308 135
Negative STS
Number of ears (%) 1 (0.952%)
Duration of tinnitus (h) 0.1
Positive STS
Number of ears (%) 4 (8.333%) 8 (9.369%)
Duration of tinnitus (h) 0.117 £ 0.145 9.138 + 12.308 077
Early warning sign of permanent hearing loss
Number of ears (%) 8(5.2%) 8 (5.3%)
Duration of tinnitus (h) 0.583 £0.114 6.104 + 11.026 .0422
Abbreviations: STS, significant threshold shift.
Mann-Whitney U test.
threshold difference between the two groups. Coefficients obtained TABLE 5 The adverse effects of the medications
from the GEE modeling were interpreted as change in dB. The one-
way ANOVA testing was used to compare the mean difference Study N (%) Control N (%) p-value
thresholds within group. The Independent Samples t Test was used to Dizziness 11 (9.24%) 8(7.61%) 672
compare the mean difference of the two independent groups. Cate- Fainting 8 (6.72%) 3 (2.86%) .183
gorical data was analyzed by using 2 test while Mann-Whitney Nausea 1 (0.84%) 2(1.9%) 490
U test was used to analyze the average of two independent groups. Biambes 1(0.84%) 2 (1.9%) 490
The p value <.05 was considered to be statistically significant. Vertigo 3(2.52%) 8 (7.61%) 082
Headache 11 (9.24%) 10 (9.52%) .942

3 | RESULTS

Fourteen participants with abnormal blood chemistry and abnormal
pre-exposure audiometry were excluded from the study because they
did not meet the inclusion criteria. The information of 224 participants
consisting of 448 ears was analyzed. The average age of the partici-
pants in the study group and the control group was 22.31 + 1.44 and
22.36 + 1.40, respectively. In Table 1, the incidence of STS was dem-
onstrated at 65.4% from the study group and 75% from the control
group. Furthermore, the negative STS was 68.6% from the study
group and 44.7% from the control group. The positive STS from the
study group and the control group was 31.4% and 55.3%, respec-
tively. In addition, the early warning sign of permanent hearing loss
was demonstrated in 8 (out of 153) ears from the study group and in
8 (out of 150) ears from the control group. Additionally, the effect of
the treatment group (nicergoline treatment versus control) on post-
noise exposure hearing thresholds (dB) was assessed for the right and
the left ears, after the frequency and the corresponding baseline pre-
noise exposure hearing thresholds were adjusted (Table 2). The com-
parison of STS between the two groups is shown in Figure 2. Mean
difference (post — pre) hearing thresholds that were negative
(improvement in hearing threshold) were referred to as “negative
STS,” and the positive mean difference thresholds were referred to as
“positive STS.” The mean threshold difference of participants receiv-

ing nicergoline showed negative STS in all tested frequencies without

Note: y? test; Mann-Whitney U test.

statistical significance (p = .108). However, the mean threshold differ-
ence of participants receiving placebo showed positive STS (hearing
worsened) with statistical significance at the frequencies of 250 Hz,
3 KHz, 4 KHz, 6 KHz, and 8 KHz (p < .001).

Subgroup analysis of STS between two groups is shown in Table 3.
In the negative STS results, the negative mean different hearing thresh-
old of the study group showed the better results of improvement in
hearing threshold than the control group without significance. Addition-
ally, in the positive STS results, the positive mean different hearing
threshold of the study group demonstrated the lower results of an
increase in hearing threshold than the control group at frequencies of
250 Hz, 3 KHz, 4 KHz, 6 KHz, and 8 KHz without significance.

There were 16 ears detecting a warning sign of permanent hear-
ing loss from both groups but the comparison did not show the statis-
tical significance (Table 1). However, the participants having a risk of
permanent hearing loss from the control group were affected by lon-
ger duration of tinnitus with statistical significance (p = .042)
(Table 4). Moreover, the participants in the study group and the con-
trol group reported the side effects of the medication during the
3-week protocol such as dizziness, fainting, nausea, diarrhea, vertigo,
and headache (Table 5). More participants in the study group experi-
enced side effects of the medication but without significance.

Although nicergoline might increase the uric acid levels in blood
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TABLE 6 The comparison of the serum uric acid levels

Uric acid®

(3.4-7.0 mg/100 ml) Study group Control group
Baseline 6.17 £ 1.16 6.19 £1.29

2 weeks 6.26 +1.31 6.29 £ 1.26
Change 0.09 £ 1.04 0.12+1.04

p-value® within p-value® within

p-value® study group control group
.843

.806 .378 .345

747

@Uric acid levels of Thai population adapted from Pongpaew P, Saovakontha S, Schelp F P, Serum uric acid level of Thai individuals in comparison with the
nutritional status and some other physical and biochemical parameters, Am J Clin Nutr. 1977 Dec;30(12):2122-5. doi: 10.1093/ajcn/30.12.2122.

PIndependent t-test.
“Paired t-test.

serum, the study demonstrated increased uric acid levels in both
groups without significance. The comparison of uric acid levels in
blood serum was shown in Table 6.

4 | DISCUSSION
According to many previous studies demonstrating the effectiveness of
medications such as Magnesium,12 NAC,** or d-methionine® to atten-
uate NIHL, these clinical trials assessed the prevention of PTS associ-
ated with multi-day weapon training activities. Additionally, this study
is the pilot to determine whether nicergoline attenuates NIHL (TTS)
among the participants attending the annual firing practice. As the
results demonstrated in Tables 1, 2, and Figure 2, these findings
suggested that the participants from the study group were less suffered
from TTS. These results were compatible with the previous stud-
jes. 12141525 The effect of the nicergoline treatment, coefficients,
shown for the right ear was an estimated —1.6 dB, which showed
thresholds improved. These results demonstrated better average
threshold shift compared with that of the control one. A smaller but sig-
nificant group effect was demonstrated for the left ear (Table 2). The
authors distinguished the “early warning sign of permanent hearing
loss” from the TTS since the subjects with the early warning sign of
permanent hearing loss demonstrated the post-noise exposure hearing
thresholds >25 dB HL, and the tinnitus lasted longer in the control
group with statistical significance (Table 4). In Table 3, the subgroup
analysis demonstrated that the study group revealed lower mean differ-
ent hearing thresholds, especially in the right ears, than the control
group at a number of frequencies. According to Kopke et al.'* firing an
M-16 rifle increased thresholds by about 6 dB (SPL) for the trigger hand
ear for right-handed shooters. The participants often showed a shift at
a single frequency, but not at adjacent frequencies.'* Consequently, it
was relatively difficult to diagnose positive STS among the participants.
In the present study, the results indicated that the mean hearing thresh-
olds in the study group significantly improved after participants
attended the firing practice, maybe associated with the cognitive or
arousal enhancement properties of nicergoline.X%'7:*® These results
could imply that participants in the study group might benefit from the
indirect effects of nicergoline. This represents a possible confound that
could be investigated and controlled in a future study.

Based on the results from animal experimentation, McArthur

|10

et a indicated that intake of nicergoline for 11 weeks was an

effective cognitive enhancer in a learning model of age-related defi-
cits. It remains unclear whether nicergoline effects cognitive function
in young adults. A future study using the standard firing practice pro-
tocol for military personnel in Thailand could confirm whether
nicergoline reduces TTS even after controlling for cognitive effects. In
addition, it could begin to address limitations of the research regard-
ing the effect of nicergoline on cognitive function in young adults.
From the previous studies,**¢ there are limited data on the dura-
tion of tinnitus. In the control group participants in the present study,
those diagnosed as having an “early warning sign of permanent thresh-
old shift” also had the longest duration of tinnitus. However, the num-
ber of the participants affected by tinnitus was relatively small, and the
duration of protocol was relatively short. Future studies could be con-
ducted to determine whether nicergoline is effective in preventing PTS
and/or cochlear synaptopathy?®?° leading to tinnitus. According to the
study conducted by Boismare and Lefrancois,>* nicergoline affects the
cardiovascular system. Intravenous nicergoline (5 mg) made the patients
in that study sustain lowered blood pressure, bradycardia, and elevated
cardiac output. This could explain why more participants from the study
group reported side effects of nicergoline in the present study. Another
side effect of nicergoline is asymptomatic hyperuricemia which is char-
acterized by increased serum uric acid levels without clinical presenta-
tion. Additionally, the normal range of serum uric acid levels of the Thai
population is referred to 3.4-7.0 mg/100 ml.3° In the present study, we
found that the serum uric acid levels were elevated in both groups but
without significance compared with the reference values. Although, the
incidence of STS was higher than previous studies,'>*5 the number of
participants suffered from tinnitus was relatively small (Table 4). Addi-
tionally, the results demonstrate that using HPD with nicergoline may
prevent the military personnel who attend the short period of weapon
training activities from the TTS and tinnitus. Another advantage of
nicergoline is that the tablets are contained in an aluminum blister which
is portable and durable. Military personnel can take it instantly, as well.
There are some limitations of the study. Safety profiles of
nicergoline dosage are limited for women with pregnancy or lactation.
Therefore, female participants were not enrolled in the study. The
duration of drug administration was relatively short (3 weeks). More-
over, there was the limitation of the audiometry. Auditory tests were
not included that might reveal auditory nerve degeneration, which
could occur after the participants were exposed to intense noise, but
might not increase hearing thresholds.?®2 Additionally, the schedule

of Naval basic military training was strict and could cause the
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appointment for post-noise exposure audiometry to be delayed, caus-
ing some participants to be excluded from this study. Finally, the par-
ticipants moved to other areas every 3 weeks. Consequently, it was
not possible to determine whether the participants were affected
by PTS.

5 | CONCLUSION

The study results suggest that nicergoline may attenuate TTS and self-
reported tinnitus duration following noise exposure. Additionally, few
serious adverse effects of nicergoline were shown. Further investigation
on the effectiveness of nicergoline as an otoprotectant is warranted.
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