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ABSTRACT

Background: Tinnitus troubles many older adults
accompanying an increased threshold of high-frequency
hearing, and most older adults struggle to understand
conversations in noise. Objectives: An exciting power of
honeybee products has been reported as alternative medicine.
We also previously reported that lyophilized powder of
enzymolyzed honeybee (Apis melifera) larvae may have a
therapeutic effect on hearing loss or tinnitus. Methods: Fifty-
eight older adults with age-related hearing loss were recruited
from nearby Japan regions through online advertisements.
Participants were randomized (1:1) to either honeybee (Apis
melifera) larvae or placebo interventions for 12 weeks for
a double-blind placebo-controlled, randomized study. The
outcome was evaluated with pure-tone hearing levels, a
visual analog scale (VAS) to rate tinnitus severity, and speech
discrimination in quiet and noisy conditions. The effects of the
honeybee (Apis melifera) larvae on the neurosteroid related
to the hypothalamic-pituitary-adrenal (HPA) axis (cortisol,
dehydroepiandrosterone sulfate (DHEAS)) and inflammatory
cytokines (IL-2R, IL-6 and TNFa) were also estimated. Results:
The honeybee (Apis melifera) larvae significantly improved the
speech discrimination in noise and reduced the VAS of tinnitus
loudness despite showing no effects on the hearing level and
speech discrimination in quiet conditions. The intervention of
the honeybee (Apis melifera) larvae was related to the reduction
of the cortisol/DHEAS ratio. Conclusions: Our results suggest
that the honeybee (Apis melifera) larvae have the potential
to improve impaired speech discrimination in noise and self-
perceived tinnitus for older adults with age-related hearing
loss by modulating the endocrine pathways of the HPA system
associated with auditory cognitive function-related centers.
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INTRODUCTION

Tinnitus troubles many older adults,
threshold of

Approximately 30 % of the older adult population perceive

accompanying
an increased high-frequency hearing.
tinnitus, and its prevalence increases with age. Age-related
hearing loss is associated with cognitive impairment and
contributes to the development of depression. The decline
of speech understanding ability with aging disturbs social
communication and exacerbates tinnitus-related depression
[1, 2]. Furthermore, even with mild hearing loss in pure tone
audiometry, most older adults feel difficult to understand
conversations in noise. However, the factors contributing to
the decline of speech discrimination in noise in older adults
remain unclear [3]. Although an urgent need in clinical
practices has been required to treat age-related hearing loss
and poor speech discrimination with aging, no cure has ever
been found.

We previously reported that administering lyophilized powder
of enzymolyzed honeybee (Apis melifera) larvae to tinnitus
sufferers relieved depressive symptoms associated with
tinnitus and decreased hearing thresholds of 2000 and 4000Hz
in pure tone audiogram [4]. The honeybee (Apis melifera)
larvae are rich in amino acids, which become the maximum
level on the 21+ day after breeding and decrease with growing.
Mature drone larvae on the 18~21st day after breeding are the
preferred choice for the honeybee (Apis melifera) larvae. The
drone larvae have been prepared for human consumption
in Asian countries for an extended period because the drone
larvae are much bigger than the worker larvae. The lyophilized
powder of enzymolyzed honeybee (Apis melifera) larvae has
been commercially available as a nutritional supplement in
Japan, and it is rich in vitamins, amino acids, fatty acids, and
carbohydrates, especially glycogen [5].

Our previous study demonstrated that the honeybee (Apis
melifera) larvae have the potential to normalize a function of
the hypothalamic-pituitary-adrenal (HPA) axis by reducing
the cortisol to dehydroepiandrosterone sulfate (DHEAS)
ratio (C/D ratio), which is reported to be higher in depressed
subjects than in normal subjects [6]. We previously reported
that the the lyophilized powder of enzymolyzed honeybee
(Apis melifera) larvae improve pure tone hearing levels in
quiet condition. We concluded that the lyophilized powder

of enzymolyzed honeybee (Apis melifera) larvae could save
chronic self-perceived tinnitus, and it potentially has a high
immunomodulatory activity for auditory pathways related
to tinnitus. However, we could not investigate whether
the honeybee larvae can improve speech discrimination,
especially in noise.

Recent reports demonstrated that chronicinflammation might
be contributed to age-related hearing loss and poor speech
discrimination in older adults [7, 8]. Based on the previous
report associated with age-related diseases, inflammaging
may be an essential component in the pathophysiology of
presbycusis, which may be caused by low-grade inflammation
processes [7, 9]. Also, Inflammatory cytokines such as TNF-q,
released from monocytes, macrophages, microglia and
astrocytes activate the HPA axis by modulating the central
mono-amine functions [10]. An overproduction of TNF-a
in the auditory cortex produces tinnitus through chronic
neuroinflammation [11]. Furthermore, the DHEAS may
reduce chronic inflammation [12]. This study is a double-blind
placebo-controlled, randomized trial to clarify the effect of the
lyophilized powder of enzymolized honeybee (Apis melifera)
larvae on hearing levels, speech discrimination in quiet or
noise, and self-perceived tinnitus in older adults with mild or
moderate hearing loss associated with aging.

METHODS

This study was approved by the local ethic committee of Gifu
University Graduate School of Medicine and registered in the
University Hospital Medical Information Network Clinical Trials
Registry in Japan (UMIN 34706). All participants in this study
who were more than 60 years old and aware of hearing loss
with self-perceived tinnitus were recruited from the nearby
region in Japan through online advertisements. Also, they met
the following selection criteria and never met any exclusion
criteria. Informed consent was obtained by writing from all
participants.

We confirmed no perforations of the eardrums on both sides
as selected criteria. All participants had mild sensorineural
hearing loss (26 to 40 dB by the average of 500, 1000, 2000,
and 4000Hz) or moderate sensorineural hearing loss (41 to
60 dB by the average of 500, 1000, 2000, and 4000Hz) in the
pure tone audiometry as the screening test of both ears. They
were aware of tinnitus on one or both sides when obtaining
consent.

Subjects were also excluded from this study if they regularly
drank healthy foods and supplements containing bee
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cubs and treated acute otitis media and acute deafness
(within six months after the onset of acute deafness) after
obtaining consent. We also excluded subjects with a clinical
history of Ménieére's disease, brain tumor, genetic deafness,
cerebrovascular accidents, and cranial nerve diseases.

They replied to a Hearing Handicap Inventory for Elderly
(HHIE) questionnaire, used in clinical practice to quantify the
impact of hearing handicaps on daily living [13]. The each of
the 10-question items was evaluated on a 3-point scale. (Yes =
4, Sometimes =2, and No =0).

The severity of their tinnitus (loudness, duration and
annoyance) on a Visual Analog Scale (VAS) was assessed by
indicating the location on a 100-mm line (not at all - very
severe). The VAS was determined by measuring in mm from
the left side. The average pre-intervention VAS was calculated
as the log of daily VAS for one week before the intervention.

All participants received the pure-tone audiometry in a quiet
room before and after the 12-week intervention, and the
average hearing level of 0.5, 1, 2 and 4 kHz was evaluated.
Two speakers were placed 30 degrees to the left and right in
front of the subject to test speech discrimination. From one
side speaker, 20 Japanese syllables were presented at 65dB

each and no sound was present from another side speaker,
and the percentage of correct answers was used as speech
discrimination (speech discrimination in quiet). We also
measured the speech discrimination under the condition
that 55 dB-speech noise flowed from the other side speaker
(speech discrimination in noise).

Thestudywasdesignedasasingle-center,randomized, double-
blind, placebo-controlled, 12-week study. All participants who
met the above-mentioned selected criteria in this study were
randomized into two groups using a single list of interventions
with either lyophilized powder of enzymolized honeybee
(Apis melifera) larvae (720mg/4 capsules/day) or placebos
(hydrogenated dextrin; 720mg/4 capsules/day) by before
enrolling in this study. The grouping was performed so that
there was no bias in sex, age and hearing level.

The lyophilized powder of honeybee (Apis melifera) larvae (20-
21 days old drone) was obtained by degradation of honeybee
larvae protein using protease and freeze-drying. The enzyme
treatment and encapsulation were performed by Yamada Bee
Company, Inc. (Okayama, Japan). The nutritional composition
and chemical elements of the honeybee larvae (Apis melifera)
are shown in Table 1.

Table 1: Nutritional composition and chemical elements of honeybee (Apis melifera) larvae.

Nutritional composition

Chemical elements

Water 6.7 Sodium (Na) 21.4 Thiamine (B1) 1.88
Protein 48.5 Calcium (Ca) 493 Riboflavin (B2) 2.96
Lipid 20.8 Potassium 1240 Niacin (B3) 323
Mineral 38 Magnesium 92.1 Pyridoxine (B6) 0.55
Glucose 19.4 Phosphorus (P) 813 Pantothenic acid (B5) 435
Fiber 0.48 Iron (Fe) 6.42 Biotin (B7) 0.05
Saturated fatty acid 10.6 Copper (Cu) 1.67 Ascorbic acid (C) 14
Monounsaturated fatty acid 9.58 Zinc (Zn) 7.33 Tocopherol (E) 03
Polyunsaturated fatty acid 0.28 Chromium (Cr) 0.05 Choline 620
Cholesterol 0.002 Manganese (Mn) 0.029

Data in g/100g of honeybee larvae

We collected blood sample from all participants before and
after the 12-week intervention and examined biochemical
items, inflammation-related cytokines, oxidative stress-related
marker, and HPA axis related hormones, which includes
Cortisol and DHEAS, and the C/D ratio, were also estimated.
All participants answered the HHIE questionnaires before and
afterthe 12-weekinterventions.The average post-intervention
VAS score was calculated as the log of daily VAS from the 78th
to the 84th day after the intervention.

Data in g/100g of honeybee larvae

Mann-Whitney U-test assessed the difference in collected
data between both groups before and after the 12-week
intervention. The differences in outcomes between before and
after the intervention were analyzed using Wilcoxon signed-
rank test. The p < 0.05 was considered significant, and power
analysis was calculated for the Wilcoxon signed-rank test with
a 5% significant level. The values in the text are presented as
the means and one standard deviation, and the values in the
Tables are shown as means (95% confidence intervals).
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RESULTS

Of seventy-six applicants for this study, twenty were excluded,
and overall, fifty-six applicants were randomly assigned to
the interventions. Two subjects dropped out of this study
to withdraw their consent. Consequently, fifty-four subjects,

twenty-six received the lyophilized powder of enzymolyzed
honeybee (Apis melifera) larvae (honeybee group), and twenty-
eight received the placebo (placebo group), completed the
trial (Figure 1). No side effects were reported in both groups
during this study.

Assessed for eligibility (n=76)

Excluded (n=20)

» Not meeting inclusion (n=18)
Declined to participants (n=2)

‘ Randomized (n=56)

|

Allocated to and received
honeybee (Apis melifera) larvae (n=28)

k4

Lost to follow up (n=0})
Withdrawal of consent (n=2)

Y
Analysed (n=26)
Exclude from analysis (n=0)

¥

Allocated to and received
Placebo (n=28)

h
Lost to follow up (n=0)
Withdrawal of consent (n=0)

h
Analysed (n=28)
Exclude from analysis (n=0)

Figure 1: Flow diagram of the randomized, placebo-controlled study into the therapeutic effects of the honeybee

(Apis melifera) larvae for older adults with age-related hearing loss.

No significant differences between the honeybee and placebo
groups before the intervention were found in age (71.4+5.2
years old vs. 71.616.9 years old), sex ratio (female: male, 7:19
vs. 8:20), height (164.7+8.8cm vs. 161.2+6.9 cm), body weight
(63.2+13.5kg vs. 63.2+14.0kg), blood pressure (systolic blood
pressure/diastolic 128.3+£14.1/77.1+£13.0
mmHg vs. 131.2+18.6/79.9+11.2 mmHg) and prevalence of
comorbidity (p > 0.05, Table 2).

blood pressure;

Average hearing levels of the honeybee group (right ear:
39.2+10.0dB, left ear: 43.8+13.3dB) were not significantly
different from those of the placebo group (right ear:
40.3+14.1dB, left ear: 43.1+£8.9dB) before the intervention (p
> 0.05, Table 2).

No significant difference in the average speech discrimination
in quiet and noise before the interventions was found between
both groups (p > 0.05, Table 2). Also, there was no significant
differences in the VAS (loudness, duration, annoyance)
between the honeybee group (30.7£23.9mm, 61.5+33.2mm,
33.24229mm) and the placebo group (33.2+26.2mm,
48.3+39.8mm, 28.3+27.3mm, p > 0.05, Table 2) before the
intervention. No significant difference in the average score of
HHIE between the honeybee and placebo groups was found
before the intervention (21.8£17.8 vs. 21.9+17.9, p > 0.05,
Table 2).
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Table 2: Characteristics of honeybee group and placebo group at baseline.

Honeybee group

Placebo group

Age 71.4(69.0-73.8) 71.6 (69.1-74.2)

N 26 28

Sex (Female:Male) 7:19 8:20
Comorbidity

Diabetes 2 3

Hypertension 6 5
Hyperlipidemia 4 5

other 3 3

HHIE 21.81(14.13-29.48) 21.86 (15.22-28.5)

VAS for tinnitus (mm)

Loudness 40.73 (31.56-49.90)
Duration 61.50 (49.09-73.91)
Annoyance 33.15(24.30-42.01)

Pure-tone average hearing level (dB)

33.18(23.47-42.89)
48.32 (33.58-63.06)
28.32(18.22-38.42)

Right 39.17 (35.47-42.86)
Left 43.78 (38.49-49.07)

40.34 (36.45-44.24)
43.08 (38.54-47.61)

Speech Discrimination (%)

in quiet 79.42 (69.02-89.83)
in noise 58.27 (49.14-67.40)

80.00 (74.04-85.96)
64.29 (57.60-70.97)

The intervention of the honeybee (Apis melifera) larvae HHIE score by the intervention of the honeybee (Apis melifera)
significantly reduced the VAS for the tinnitus loudness, and larvae (p > 0.05, Figure 2). No significant differences in the VAS
the beneficial effect was more significant in subjects with mild  between both groups at 12 weeks were found (p > 0.05, Figure
hearing loss (p < 0.05, Figure 2), while there was no significant ~ 2).

change in the VAS for tinnitus duration, annoyance, or the

Honeybee Group Placebo Group
100 100
80 80
*
60 60
mm
40 40
20 20
] 0
VAS vAsS VAS vAS VAS vAS
loudness duration annoyance loudness duration annoyance
60 50
50 50
dB 40 a0
30 30
20 20
HLright) HL(left) HL(right) HL(left)
110 110
100 100
90 % 0
% 80 80
70 70
60 60
50 50

SDinquiet  SDinnoise SDinquiet  SDinnoise

Figure 2: Effects of honeybee (Apis melifera) larvae on the VAS for tinnitus, hearing levels and speech discrimination. White

column: pre-intervention, Black column: post-intervention. *: significant different from pre-intervention at p < 0.05.
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No significant change by the intervention in the average
hearing levels was found in both groups (p > 0.05, Figure 2).
The speech discrimination in quiet never changed during
the intervention in both groups (p > 0.05, Figure 2). The 12-
week intervention of the honeybee (Apis melifera) larvae
significantly improved the speech discrimination in noise (p

< 0.05, Figure 2), whereas no significant improvement was
found in the placebo group (p > 0.05, Figure 2). No significant
difference in hearing levels and speech discrimination in quiet
and in noise between both groups at 12 weeks were found (p
> 0.05).

V

'y

Primary auditory cortex
1\

Age-related
Hearing loss

Auditory midbrain ——"

Cochlea

Il Impaired speech discrimination

Nonprimary auditory cortex

v

vy V
HPA axis

Depression

Figure 3: The effect of honeybee (Apis melifera) larvae on the pathway associated with impaired speech discrimination

and tinnitus in older adults with age-related hearing loss. White arrowhead: possible working points of the honeybee

(Apis melifera) larvae.

The 12-week intervention of honeybee (Apis melifera) larvae
significantly decreased the C/D ratio (p < 0.05, Table 3). In
contrast, the average level of DHEAS significantly decreased
at 12 weeks in the placebo group (p < 0.05, Table 3). In other
findings, the serum creatinine significantly increased by the
honeybee (Apis melifera) larvae intervention and the HDL
significantly decreased by the placebo intervention (p < 0.05,
Table 3). There was no significant change during the 12-week

intervention in other blood findings, including inflammatory
parameters; CRP, IL-2R, IL-6, and TNFa (p > 0.05, Table 3). In
addition, no significant difference between groups at 12
weeks was found in any blood findings (p > 0.05, Table 3). No
effect of the honeybee (Apis melifera) larvae on the MDA-LDL
was found in this study. However, the serum level of the MDA-
LDL in these participants was higher than the normal range
in the population aged more than 55 years old (61-105 U/L).

Table 3: Effects of honeybee (Apis melifera) larvae on the blood findings.

Honeybee Group

Placebo Group

Pre-intervention Post-intervention p-value Pre-intervention Post-intervention p-value
CRP (mg/dL) 0.09 (0.06-0.13) 0.08 (0.05-0.11) 0.16 0.16 (0.07-0.25) 0.12(0.04-0.19) 0.22
) 319.88 (284.86- ) 366.36 (327.42- 325.46 (216.11-
IL-2R (U/mL) 354.91) 318.54 (292.34-344.74)0.45 405.29) 434.82) 0.23
IL-6 (pg/mL) 2.06 (1.13-2.98) 1.89(1.34-2.43) 0.33 2.29(1.55-3.03) 2.29(1.20-3.38) 0.49
HDL (mg/mL) 59.23 (52.61-65.85) 59.31(53.53-65.08)  0.48 60.14 (55.05-65.24) 57.79 (52.97-62.60) 0.01
LDL (mg/dL) 112.69 (101.08- 115.38 (102.35-128.42)0.24 115.18 (104.23- 112.18 (100.62- 0.08

124.30)

126.13) 123.74)
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MDA-LDL (U/L)
DHEAS (pg/dL)
HbA1c (%)

UA (mg/dL)
Cre (mg/dL)

Cortisol (ug/dL)

103.19 (84.18-
122.20)

102.70 (81.23-
124.17)

5.88 (5.54-6.22)

5.52(4.95-6.10)

0.78 (0.71-0.85)

8.85(7.90-9.79)

104.38 (84.53-124.24) 0.43

105.67 (82.87-128.47) 0.22

5.88 (5.49-6.25)

5.53(4.95-6.12)

0.81(0.74-0.88)

7.91 (6.89-8.93)

Cortisol/DHEAS 0.12(0.09-0.14) 0.09 (0.08-0.11)
Alb (g/dL) 4.17 (4.03-4.30) 4.14 (4.02-4.26)
BUN (mg/d) 18.23 (16.41-20.04) 18.15 (16.69-19.60)
AST (U/L) 25.45(20.34-30.56) 24.42(20.21-28.54)
ALT (U/dL) 20.10(16.14-24.06) 21.04 (16.68-25.39)
TNFa (pg/mL) 0.77 (0.70-0.83) 0.76 (0.68-0.85)

99.61(88.22-110.99) 91.57 (83.29-99.8)  0.06

90.14 (72.93-107.36) 82.29 (67.59-96.98) 0.01
0.32 5.89 (5.65-6.13) 5.78 (5.57-6.00) 0.06
0.23 5.33 (4.81-5.86) 5.26 (4.75-5.77) 0.35
0.03 0.81(0.70-0.92) 0.84 (0.75-0.92) 0.23
0.15 8.13 (0.66-9.59) 8.07 (7.10-9.03) 0.47
0.04 0.13(0.10-0.15) 0.12(0.10-0.14) 0.48
0.12 4.22 (4.11-4.32) 4.15 (4.05-4.26) 0.09
0.34 16.44 (14.78-18.10) 16.80(15.09-18.52) 0.12
0.47 24.35(21.17-27.52) 22.61(20.14-25.08) 0.20
0.07 20.50(17.82-23.18) 19.82(15.83-23.81) 0.45
0.44 0.74 (0.66-0.83) 0.74 (0.64-0.84) 0.26

CRP: C-reactive protein, IL-2R: soluble IL-2 receptor, IL-6: Interleukin-6, TNFa: tumor necrosis factor a, HDL: high-density lipoprotein
cholesterol, LDL: low-density lipoprotein cholesterol, MDA-LDL: malondialdehyde-modified low-density lipoprotein, DHEAS:
dehydroepiandrosterone sulfate, HbA1c:hemoglobin A1c, UA: uricacid, Cre: creatinine, Alb:albumin, AST: aspartate aminotransferase,

ALT: alanine aminotransferase.

DISCUSSION

Our study showed that 12-week intervention of the
lyophilized powder of enzymolized honeybee (Apis melifera)
larvae significantly improved the speech discrimination in
noise and no significant effect of the placebo on the speech
discrimination was found. No effect on the hearing threshold
in the pure tone hearing test or speech discrimination in quiet
was found. There was a stronger tendency to improve the
speech discrimination by the honeybee (Apis melifera) larvae
in older adults with mild hearing loss rather than in older
adults with moderate hearing loss. The VAS on the magnitude
of self-perceived tinnitus was significantly reduced in the
honeybee larvae group. Also, the C/ D ratio was significantly
decreased by the 12-week intervention of the honeybee (Apis
melifera) larvae. On the other hand, the DHEAS was decreased
in the placebo group. The present study demonstrated that
the lyophilized powder of enzymolized honeybee (Apis
melifera) larvae may be contributed to older adults suffering
from hearing loss or self-perceived tinnitus and may reduce
hyperactivity of the HPA system in age-related diseases.
However, it is unclear how the honeybee larvae act on older
adults with hearing impairment and tinnitus.

Sound signals encoded by the peripheral auditory system
are conveyed to the auditory cortex via the cochlear nucleus,
superior olive nucleus, lateral lemniscus, inferior colliculus,
and medial geniculate nucleus and are cognitively processed
by various central processes. It is not always necessary to
undergo various central processing in pure tone audiometry.
The speech signals are transmitted to the center by converting
the information of multiple sound sources into one cochlear
nerve. The complicated spike information is unraveled by
extracting non-important signals and recognized in the
central auditory system. Especially, understanding speech in
noise requires extracting the necessary signal from the spike
information. Selective attention to the critical signal and its
continuation and ignoring unnecessary information may be
essential to recognize required auditory information [14, 15].

The cortical activation of the nonprimary auditory cortex
helps to understand speech in noise [16] by suppressing the
encoded noise signals in neural responses via Heschl's Gyrus,
the Planum Temporale (PT), and the Superior Temporal Gyrus
[17]. Electrical stimulation of the PT sites engages inhibitory
connection and consequently enhances the removal of
noise from the speech and environmental sounds [18]. It is,
therefore, highly possible that the enhancement of neural
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activity in the nonprimary auditory area may improve the
speech discrimination in noise even in older adults with

presbycusis.

The decline of speech discrimination in noise with aging
may be explained by various hypothetical mechanisms [3,
19, 20]. One is a decline in peripheral cochlear function.
Beyond sixty, the hearing threshold rises, making consonant-
level speech worse. The second is central auditory disorders,
the so-called dysfunction of the cochlear nerve's central
pathways. However, little is known about the involvement
of central auditory disorders associated with presbycusis.
Finally, there is a difficulty in language comprehension
associated with cognitive decline. The factors associated
with peripheral cochlear dysfunction are the most common,
and the involvement of the central auditory system and
cognitive dysfunction in the age-related decline of speech
discrimination is controversial [3].

As opposed to listening in quiet, listening in noise increases
activation in the auditory cortex, especially in brain regions
including the upper right temporal gyrus. Some reports
evidencedthatcognitiveand perceptual trainingincorporating
high cognitive demands can improve speech discrimination in
noise by activating the subcortical cortex involved in memory
and attention. However, little is known about subcortical and
cortical processes in the cognitive training.

The cognitive impairment has been associated with reduced
levels of the neurosteroid DHEA with aging [21, 22]. The
metabolite of DHEA, DHEAS, which has a long biological
half-life and stable serum levels, acts as a non-competitive
antagonist on GABA-A receptors in the brain. The DHEAS
may function as a positive allosteric modulator of NMDA
receptors. The NMDA receptors on the membrane of the
spine in dendrites play essential roles in establishing short-
term memory, and older women with high DHEA levels in the
serum have a better working memory, attention, and fluency
in speech than those with low DHEA levels [23, 24].

Hippocampal atrophy may be accelerated by age-related
diminished visual, auditory, tactile, and olfactory sensory input
stimuli. Some studies using patients with depression showed
that hippocampal atrophy was significantly correlated with
the C/D ratio [6, 25]. Our previous study reported that older
adults with moderate or severe hearing impairment showed
a significantly higher C/D ratio and hippocampal atrophy %
than older adults with normal hearing levels or mild hearing
impairment [26].

Overproduction of cortisol may damage the inner ear because
many glucocorticoid receptors exist in inner ear tissues [27].
The degree of tinnitus-related distress was reported to be
positively correlated with cortisol levels [28]. The mechanical
system of the significant decrease of C/D ratio in the honeybee
group with the improvement of speech discrimination in
noise remains unclear. However, the immunomodulatory
power of the honeybee (Apis melifera) larvae activates the
nonprimary auditory pathways, resulting in improving the
speech perception in noise.

The DHEAS the
inflammation,which has been thought to deteriorate the

may potentially reduce chronic
cochlear function [8]. In this study, the honeybee (Apis melifera)
larvae significantly improved the speech discrimination in
noise with reduction of the C/D ratio, however, no change in
the inflammatory cytokine such as IL-6 and TNFa were found.
The chronic inflammation may begin slowly, compatible with
the temporal progression of presbycusis and chronic tinnitus
[29]. Based on previous reports associated with age-related
diseases, inflammaging may be an essential component
in the pathophysiology of presbycusis, and the low-grade
inflammation processesis strongly concerned with presbycusis
[7, 91. Also, the neuroinflammation-induced tinnitus has been
associated with TNF-a production in the auditory cortex [11].

Oxidative stress accumulates damage induced by reactive
oxygen species (ROS) and free radicals. Also, oxidative stress
could be involved in presbycusis as well as other diseases
associated with aging [30-33]. Although oxidized low-density
lipoprotein is the most notable factor in atherosclerosis
development, no effect of honeybee larvae on the MDA-LDL
was found in this study. However, the serum level of the MDA-
LDL in these participants was higher than the normal range in
the population aged more than 55 years old (61-105 U/L). A
recent animal study reported that the honeybee (Apis melifera)
larvae increased nicotinamide in the NAD (nicotinamide
adenine dinucleotide) pathway, and that the nicotinamide
LPS-stimulated
cytokines and attenuated the LPS-induced oxidative stress

treatment  reduced proinflammatory
[34]. The honeybee (Apis melifera) larvae in our study may be
contributed to improve speech discrimination in older adults
suffering from hearing impairment through the NAD-related

signaling mechanism.

Many studies have reported an association of hearing loss
with cognitive impairment [35, 36]. Our results showed that
the older adults with mild hearing loss were more responsive
to the honeybee (Apis melifera) larvae intervention than older
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adults with moderate hearing loss. Early interventions of only
lyophilized powder of enzymolized honeybee (Apis melifera)
larvae and cognitive hearing training, listening to music, and
hearing aids may improve speech discrimination in noise.

The intervention potentially improves the time processing
ability of hearing, auditory memory, and auditory hearing in
noise for older adults. Just as short-term auditory cognitive
training was practical for hearing loss in older adults, the 12-
week intervention in this study had no significant effect on
pure-sound hearing levels butimproved speech discrimination
in noisy conditions. The subcortical neurotransmission of
the auditory system by activating the prefrontal area may
be involved in attention selection and the auditory stream
separation decline with aging. In addition, the central auditory
pathways are modulated by nonprimary auditory pathways
such as the hypothalamus, reticular formation and limbic
system [15, 36].

The 12-week intervention of honeybee (Apis melifera) larvae
significantly improved speech discrimination in noise and
reduced the visual analog scale for tinnitus loudness. The
intervention of the honeybee (Apis melifera) larvae was related
to reducing the C/D ratio. Recent studies demonstrated that
the C/D ratio reflects critical effects on immune function,
glucose metabolism, and memory [6, 37-40]. Negative
feedback by the elevated C/D ratios in the HPA axis pathway
promotes structural changes in the limbic system, especially
hippocampal atrophy [41]. Changes in the limbic system of
the hearing-impaired elderly may cause emotional instability
and subjectively perceived tinnitus [42, 43]. We believe that
the honeybee (Apis melifera) larvae have the potential to
improve impaired speech discrimination in noise and self-
perceived tinnitus for older adults with age-related hearing
loss by modulating the endocrine pathways of the HPA system
associated with auditory cognitive function-related centers.

The intervention of the honeybee (Apis melifera) larvae in our
previous study decreased the threshold of the high-frequency
hearing level [4, 44]. However, the improvement of the pure
tone hearing levels in participants of the present study could
not be found. The target population of the present study was
older adults with age-related hearing loss, while the previous
study included younger subjects with Meniere's disease and
sudden deafness. No effect of the honeybee (Apis melifera)
larvae on the pure tone hearing levels in the present study may
be thus due to the pathological or age differences between
both studies. This study has some limitations because it was

composed of a limited number of subjects. Further studies
on the lyophilized powder of enzymolized honeybee (Apis
melifera) larvae are required to clarify the precise mechanism
of therapeutic action in older adults suffering from hearing
impairment and tinnitus.
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