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ABSTRACT 

Effects of vitamin A deficiency on age-related and noise-induced 

sensorineural hearing loss in mice 

 

Dae Bo Shim 

 

Department of Medicine 

The Graduate School, Yonsei University  

 

(Directed by Professor Won-Sang Lee) 

 

Vitamin A deficiency (VAD) causes a variety of pathologic phenotypes such as 

skin differentiation, spermatogenesis, and immune system function in human 

and animal subjects. VAD has also been reported to induce hearing impairment, 

yet its underlying mechanism is still unclear. In the present study, I evaluated 

the effect of VAD on hearing function using a mouse model of VAD. The 

hearing ability was evaluated with auditory brainstem responses (ABR) in two 

mouse strains: ICR (albino type) and C57BL/6 (pigmented type). For each 

strain, mice were divided into two groups as follows: group 1 (VAD group) was 

fed a purified vitamin A-free diet from 7 days after pregnancy and group 2 

(control group) was fed a normal diet. Hearing thresholds was measured by 

ABR from 3 weeks until 20 weeks after birth. After serum levels of retinoic acid 

in VAD group reached less than a half of those in control group, only albino 

VAD group showed significant increase in hearing thresholds, compared to 

those of other groups (albino control group and both groups of pigmented mice) 

(p<.05). When identifying the histopathology in albino mice, the results were 
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closely correlated with the changes in hearing thresholds with aging. However, 

when noise was applied to the pigmented strain, pigmented VAD mice showed 

poorer recovery of auditory thresholds after noise exposure than pigmented 

control mice. In conclusion, hearing thresholds of VAD mice were impaired by 

aging and noise insult when compared to other groups, although cochlear 

melanocytes might play some protective roles in pigmented VAD mice. These 

results suggest that VAD may cause age-related hearing loss and also affect the 

recovery of noise-induced hearing loss in mice. 
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I. INTRODUCTION 

 

Sensorineural hearing loss (SNHL) is one of the most common health problems, 

which accounts for 10% of general population.1 Age-related hearing loss 

(ARHL), or presbyacusis, is the most common type of progressive SNHL. The 

incidence of ARHL is 30-35% of adults between the ages of 65 and 75 years.2 

Noise-induced hearing loss (NIHL) is another significant socio-economic 

problem in industrial societies. Exposure to high intensity noise [at least 130 dB 

sound pressure level (SPL)] also induces direct mechanical destruction of the 

sensory hair cells and adjacent supporting cells in the organ of Corti. The 

prevalence of NIHL is internationally estimated from about 7% of the 

population in Western countries to 21% in developing nations.3 

Vitamin A (Retinol) is essential for a diversity of physiological process, 

including vision, embryonic development, skin differentiation, spermatogenesis, 

and immune system function.4-6 The deficiency of vitamin A is caused by the 

lack of intake, malabsorption, and increased consumption in the body. As the 
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World Health Organization estimated, vitamin A deficiency (VAD) has an 

impact on more than 20% of preschool children and 10% of pregnant women in 

many developing countries, such as Africa and southern and central Asia.7  

Cross-sectional studies showed that vitamin A is related to the hearing loss.1,8-10 

Recently, Michikawa et al. found that increased serum levels of retinol and 

provitamin A carotenoids were clearly associated with a decreased prevalence of 

hearing impairment in Japanese community.1 In addition, some authors reported 

that VAD increases the sensitivity of the inner ear to noise, which eventually 

increases the probability of NIHL.11 However, several published animal studies 

regarding the effect of vitamin A on hearing remained controversial. There were 

no morphological changes induced by VAD condition in the cochlea of guinea 

pig, and vitamin A did not play an important role for development, metabolism, 

and function in the rat cochlea.12,13 In contrast, Chole reported binding sites for 

vitamin A in the stria vascularis and high vitamin A levels in the whole guinea 

pig cochlea.11,13 Also, VAD induced a reduction in hearing ability in the specific 

animal group.12 The discordance between the findings on roles of vitamin A on 

auditory functions seems to stem from the difference of genetic backgrounds 

even in the same animal species as well as the difference of methodology to 

make a mouse model of VAD. 

Melanocytes, which are present in the cochlea as well as skin, produce the 

melanin pigment that determines skin color. One temporal bone histology study 

has suggested that there may be concordance in the degree of skin and cochlear 
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pigmentation.14 These cochlear melanocytes are essential functioning and 

structural components in stria vascularis. In the inner ear, the mechanisms in 

which melanocytes play a protective role against various types of hearing loss 

such as ARHL and NIHL have been proposed, and they include calcium 

buffering, heavy metal scavenging and antioxidant activity.15-19 Some studies 

referred that melanocyte deficiencies result in a variety of hearing impairments 

in the mammals.20,21 In addition, in the studies with human subjects, black 

individuals showed lower rates of hearing loss than white people, suggesting a 

protective role of cochlear melanocytes against hearing loss.22 

The aim of this study is to identify the effect of VAD on the development of 

ARHL and NIHL through the evaluation of the changes of hearing thresholds 

and histopathology in pigmented and albino type mouse models of VAD. 
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II. MATERIALS AND METHODS 

 

1. Vitamin A-deficient mice 

ICR and C57BL/6 mice were purchased from Orient Bio Inc. (Seongnam, 

Korea). They were bred and handled according to protocols approved by the 

Institutional Animal Ethics Committee of Yonsei University. Pregnant female 

mice of two strains were arbitrarily distributed into two groups. One (VAD) 

group received a chemically defined diet that lacked vitamin A (the modified 

AIN-93M feed without vitamin A, Purina Mills Inc., St Louis, MO, USA) and 

the other (control) group was fed a control diet containing 16 mg/kg of vitamin 

A palmitate (AIN-93M feed, Feedlab Inc., Guri, Korea). These diets started 

from 7-10 days of gestation. Both groups had ad libitum access to food. The 

pups were weaned at 3 weeks of age and maintained on the same diet for at 

least until 8 and 20 weeks of age before histologic analysis was performed. 

Male mice were used for all experiments. The body weight and general 

morbidity of all mice were checked every week until 20 weeks of age. 

 

2. Retinol level measurement 

The serum retinol levels was measured at the ages of 4, 8, and 20 weeks. Mice 

were anesthetized at the ages of 4, 8, and 20 weeks by intraperitoneal injection 

of 30 mg/kg Zoletil (Virbac S.A., Carros, France) and 10 mg/kg Rompun 

(Bayer Healthcare Korea, Seoul, Korea). Whole blood was obtained from the 
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right ventricle of the heart, which was exposed after thoracotomy. 

Hepatic levels of retinol were measured using high-performance liquid 

chromatographic (HPLC; HP1100 series, Hewlett Packard Co., Waldbronn, 

Germany) methods that allow for the determination of retinol. All extraction 

and HPLC procedures were carried out under reduced light and under N2 to 

prevent oxidation of the compounds. Low limit of detection for serum retinol 

was 0.03 μmol/L. 

 

3. Noise generation 

Noise exposure and auditory brainstem response (ABR) testing were performed 

in a foam-lined, single-walled soundproof room (TCA-500S, SONTEK, 

Gyeonggido, Korea). The noise exposure apparatus was specially designed with 

an acrylic frame (53 cm x 35 cm x 53 cm x 2 cm [length x width x height x 

thickness]; Seoul, Korea) with a speaker on top. White noise (300-10,000 Hz) 

was generated by a personal computer and amplifier (R150-plus, Inter M, Seoul, 

Korea) and delivered through the speaker (DH1A, Electro-Voice, Burnsville, 

MN, USA). C57BL/6 (pigmented) mice were exposed to 95 dB peak equivalent 

(PE) SPL white noise for only 3 hours to make transient thresholds shift model. 

To avoid inappropriate exposure to noise caused by the mice gathering together 

and hiding their heads during noise stimulation, a specially designed pie-shaped 

wire cage with 8 separated compartments was used, as described in a previous 

study (Fig. 1).23 Each separated partition contained a different mouse group.  
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Figure 1. Specially designed noise exposure cage and apparatus. A pie-shaped, 

wire-mesh noise exposure cage with eight compartments (A). Noise exposure 

apparatus consisted of an acryl frame with the speaker attached on top of the 

frame (B). 

 

4. Audiologic evaluation 

The hearing level of each mouse was determined by measuring ABR thresholds 

using auditory evoked potentials workstation (Tucker-Davis Technologies, 

Alachua, FL, USA). Mice were anesthetized by intraperitoneal injection of 

Zoletil (30 mg/kg) and Rompun (10 mg/kg), and each ear of each mouse was 

stimulated with an ear probe sealed into the ear canal. Body temperature of the 

animal was maintained at 38℃ with an isothermic heating water-pad. Click and 
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tone-burst (4k, 8k, 16k, and 32kHz) stimuli were applied and the threshold was 

defined as the lowest intensity of stimulation that yielded a repeatable 

waveform based on an identifiable ABR wave V. The ABR was recorded every 

1 or 2 weeks from 3 weeks of age in each mouse for evaluation of hearing 

thresholds with aging. For evaluation of NIHL, ABR was performed before the 

noise insult to confirm normal hearing function, and immediately after the noise 

exposure at 1, 3, 5, 10, and 30 days following the noise insult to determine the 

magnitude of threshold shift. Hearing thresholds are shown as mean ± SEM. 

 

5. Histologic evaluation 

At 8 and 20 weeks of age following ABR measurements, some mice were 

deeply anesthetized by intraperitoneal injections of 30 mg/kg Zoletil and 10 

mg/kg Rompun, and both cochleae were removed from each mouse. Stapes 

were removed and a small hole was made in the cochlear apex with a fine pick. 

Fixative (4% formalin and 1% glutaraldehyde in 0.1M sodium phosphate 

buffer) was infused through this hole and the cochleae were immersed in 

fixative for 48 h at 4℃. Cochleae were kept in 10% EDTA in 

phosphate-buffered saline (PBS) for 3 days, and half of removed cochleae were 

dehydrated and embedded in paraffin. The paraffin blocks were sectioned at 5 

㎛ along the mid-modiolar axis. The sections were observed using 

hematoxylin-eosin staining. The others were washed by PBS for the fluorescent 

staining. After washing with PBS, the outer bony wall of each cochlea and the 
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tectorial membrane were gently removed and the organ of Corti was harvested 

with fine forceps beginning from the apex. The organ of Corti was stained with 

a fluorescent isothiocyanate (FITC)-conjugated phalloidin probe (Invitrogen, 

Carlsbad, CA, USA), washed and examined at high power magnification (x 

600) under a fluorescence microscope and a confocal microscope to evaluate 

the damaged hair cells. Only the basal region could not be completely 

examined. 

 

6. Statistical analysis 

All values were presented as mean ± SEM. The serum retinol concentrations 

were logarithmically transformed to improve normality and to compensate for 

unequal variance and were analyzed by 2-way ANOVA followed by post hoc 

Bonferroni tests. 2-way ANOVA was performed to compare body weights and 

the hearing parameters between the age and diet groups. Post hoc analyses were 

performed with the Bonferroni test when comparing VAD group to the other 

groups. In addition, independent sample t tests were applied to determine 

between the time points when significant differences of auditory thresholds the 

two groups were seen in the NIHL model. The statistical analysis was carried 

out with SPSS (version 13.0, SPSS Inc., Chicago, IL, USA) software. Statistical 

significance was assumed for P<0.05.  
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III. RESULTS 

 

1. Body weight and general morbidity of Vitamin A-deficient mice 

There were no significant differences in the growth pattern of the two groups in 

both albino and C57BL/C mice until 12 weeks, whereas the weight of VAD 

group in only albino mice was reduced significantly compared to that of the 

control group after 16 weeks (Fig. 2A and 2B). VAD mice showed no general 

morbidity at 8 weeks; however, on gross examination, the livers were yellowish 

and slightly enlarged in two of the 20-week-old VAD mice. It might suggest that 

the weight loss of VAD group was caused by the decreased function of immune 

system in intestine and liver.24,25  

 

Figure 2. Body weight of each group in (A) albino mice and (B) pigmented 

mice. (A) Mean body weights of control and VAD mice. Values are means ± 

SEM, n=15. Asterisks indicate difference from control mice at that age: 

*P<0.001. VAD; vitamin A deficient group. 

 

2. Serum retinol level of vitamin A-deficient mice 

The serum retinol levels of VAD mice in albino and pigmented mice were 

0.41±0.13 μmol/L and 0.41±0.07 μmol/L at 4 weeks, respectively. They 

decreased to 0.10±0.13 μmol/L and 0.10±0.04 μmol/L at 8 weeks, and almost 

below the detection limit (0.03 μmol/L) at 20 weeks, whereas those of control 
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mice in both mice strains were maintained in a relatively stable manner, ranging 

from 1.07 to 1.48 μmol/L (albino mice) and from 0.75 to 1.21 μmol/L 

(pigmented mice) throughout the 20 weeks (Fig. 3 A & B). 

 

Figure 3. Serum retinol concentrations of control and VAD mice at 4, 8, and 20 

weeks of age in albino (A) and pigmented mice (B). Values are means ± SEM, 

n=4 except for 8 weeks, n=10. Asterisks indicate difference from control mice 

at that age: *P<0.01. 

 

3. The changes of hearing thresholds with aging 

There was no statistically significant change of hearing thresholds until 20 

weeks in albino control mice. However, albino VAD mice showed hearing loss 

after 6 weeks, and then hearing thresholds were rapidly increased after 12 

weeks. The hearing levels eventually reached a status of deafness (> 80dB HL) 

in albino VAD mice at 18 weeks (Fig. 4A). In contrast, there was no significant 

change of hearing thresholds until 12 weeks in both control and VAD groups of 

pigmented mice. However, the hearing threshold of pigmented VAD mice was 

slightly increased only at 16 weeks and 20 weeks when compared to hearing 

threshold of pigmented control mice, and there was no deafness in both groups 

of pigmented mice (Fig. 4B). 
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Figure 4. Changes in hearing thresholds measured using auditory brainstem 

responses with aging in albino (A) and pigmented mice (B). In albino mice, 

there are statistically significant differences between VAD and control group 

after 6 weeks and premature deafness (>80dB HL) was observed in VAD group 

after 18 weeks. Asterisks indicate difference from control mice at that age: 

*P<0.01. VAD; vitamin A deficient group. Number of individuals analyzed per 

group: 20 albino VAD, 18 albino control, 20 pigmented VAD, and 20 pigmented 

control mice. 

 

4. Histological comparison between VAD group and control group in albino 

mice 

The histologic changes of the cochlea were analyzed in albino mice that showed 

hearing loss in VAD group. VAD mice showed damaged outer hair cells only in 

the basal turn at 8 weeks. These phenomena were more obvious at 20 weeks, 

and the damaged outer hair cells were observed in the middle turn as well as in 

the basal turn (Fig. 5 A-H). 
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Figure 5. Photographs of H&E stain of cochlea in control group (1st row; A-D) 

and VAD group (2nd row; E-H) at 8 weeks (A,B,E and F) and 20 weeks (C,D,G 

and H) by light microscope (400x). Although only cochlear basal turn in VAD 

group (F) show some damaged outer hair cells at 8 weeks, old-aged VAD mice 

(20 weeks) show damages of outer hair cells in middle turn as well as basal turn 

(G and H). Black arrows indicate damaged outer hair cells. VAD; vitamin A 

deficient group. 

  

When fluorescence staining of the cochlea was performed, damaged outer hair 

cells were observed as blanket spaces in contrast to the normal greenish 

fluorescent stereocilia. 20-week-old mice were more severely damaged in both 

middle and basal turns compared to the young-aged mice (8 weeks) (Fig. 6 

A-D). However, the findings in outer hair cells were not closely correlated with 

the changes of hearing thresholds with aging because there were no loss of inner 

hair cells and the extent of damaged outer hair cells was not severe compared to 

that of hearing loss. These findings suggest that other defects might also be 

involved such as loss of spiral ganglion neurons. 
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Figure 6. Photograph of FITC phallodin fluolescence stain of cochlea in control 

group (A and C) and VAD group (B and D) at 8 weeks (A and B) and 20 weeks 

(C and D). Cochlear basal turn in VAD group (B and D) shows some stain-free 

areas with stereocilia loss, and defect is more severe in old-aged (20 weeks) 

mice (D), whereas the three rows of outer hair cell in control group show intact 

integrity (A and C). These findings were examined at high power magnification 

(x600) under a fluorescence confocal microscope to evaluate the damaged hair 

cells. White arrows indicate stereocilia loss. VAD; vitamin A deficient group. 

 

The VAD group had a greater neuronal loss than the control group in 20 weeks 

of age, while there was no difference of neuronal damage between the two 

groups in 8 weeks of age (Fig. 7 A-H). These findings suggested that multiple 

defects are involved in the increased hearing thresholds with aging. 
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Figure 7. Photomicrographs of spiral ganglion in control group (1st row; A-D) 

and VAD group (2nd row; E-H) at 8 weeks (A,B,E and F) and 20 weeks (C,D,G 

and H) by light microscope (400x). A greater loss of neurons in middle turn as 

well as basal turn (G and H) was observed in old-aged VAD mice (20 weeks), 

whereas old-aged control group (C and D) showed smaller loss of neurons only 

in the basal turn. Black arrows indicate neuronal loss in spiral ganglion. VAD; 

vitamin A deficient group. 

 

5. Changes in hearing thresholds after noise exposure in pigmented mice 

Since there was no change in the hearing thresholds with aging even under VAD 

condition in pigmented mice, noise trauma was given to VAD and control 

groups of pigmented mice in order to induce a transient threshold shift (TTS). 

When analyzing the data of click ABR, I observed that the hearing thresholds of 

control mice were increased immediately after noise damage. Then, the hearing 

loss was gradually recovered and eventually restored completely after 30 days. 

Although there was no significant difference immediately after noise exposure, 

a delay of hearing recovery was observed in VAD mice. In addition, VAD mice 

showed some threshold shift (about 10dB) compared with control mice after 30 

days (Fig. 8). 
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Figure 8. Changes in hearing thresholds in pigmented mice measured using 

auditory brainstem responses (in response to click stimuli) after 3 hours of 

exposure to noise (95 dB SPL). There is statistically significant differences of 

hearing restoration between VAD group and control group 1 day after noise 

exposure and hearing threshold shift of 10-20 dB nHL remained after 30 days in 

VAD group only. Asterisks indicate difference from control mice at that age: 

*P<0.05, **P<0.01. BN; before noise, IAN; Immediately after noise, VAD; 

vitamin A deficient group. 

 

When analyzed by frequency, control mice showed complete recovery in all 

frequencies except 32 kHz. However, VAD mice showed delayed hearing 

restoration in 8, 16, and 32 kHz, and there was incomplete recovery of hearing 

thresholds in 4 kHz. Considering these changes in hearing thresholds in 4 

different frequencies, there was no statistically significant difference of hearing 

thresholds between the two groups except in the low frequency (4 kHz) when 

measured 30 days after noise exposure. In all frequencies, the hearing 

restoration of VAD group was delayed from 1 day after noise exposure 

compared to that of control group (Fig. 9A-D). 
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Figure 9. Changes in hearing thresholds in pigmented mice at different 

frequencies measured using auditory brainstem responses (in response to tone 

burst stimuli) after 3 hours of exposure to noise. There is statistically significant 

differences of hearing restoration between VAD and control group from one day 

after noise exposure. Asterisks indicate difference from control mice at that age: 

*P<0.05, **P<0.01. BN; before noise exposure, IAN; Immediately after noise 

exposure, VAD; vitamin A deficient group. 

 

6. Melanocyte recruitment in pigmented mice after VAD diet 

Because I made the hypothesis that cochlear melanocytes play a protective role 

against hearing loss, I compared the proportions of cochlear melanocytes 

between the two groups in pigmented mice. The melanosomes containing 

melanin granules increased in VAD group compared to the control group in 

pigmented mice (Fig. 10).  
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Figure 10. The density of melanosomes containing melanin granules in control 

(A) and VAD group (B) in basal turn of pigmented mice. The granules increased 

in VAD group (B) compared to the control group (A). Insets: magnification of 

the stria vascularis to compare the density between the two groups. 
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IV. DISCUSSION 

In this study, I showed that VAD diet induced severe hearing loss with age in 

albino type (ICR) mice through the evaluation of changes in hearing thresholds 

and results of histopathology. At 8 weeks of age, which is early stage of 

increasing auditory thresholds, the damaged outer hair cells were already 

observed in the basal turn, which eventually extended to the middle turn with 

time in albino VAD mice. Old aged (20 weeks) VAD group showed a greater 

loss of neurons in the middle and basal turns compared to the control group in 

albino mice. These findings were closely correlated with the changes in hearing 

thresholds with aging. However, the results of this study that VAD mice develop 

hearing loss with aging run counter to some of the previous studies of VAD 

mouse models. That is, some studies reported no significant morphologic 

changes related to hearing loss after VAD diet.12,13 The difference of results 

between this study and the previous studies might stem from two factors. First, 

there could be some methodological problems in making a VAD animal model. 

The animals were fed the VAD diet after birth in the previous studies dealing 

with the hearing in VAD animal model. In contrast, I started feeding VAD diet 

to the animal models from 7-10 days of gestation. To decrease the plasma 

retinol level, a vitamin A-free diet needs to last until the hepatic reserves are 

depleted. However, the previous studies did not fulfill these requirements of 

complete VAD condition. Second, there could be the difference of genetic 

background between different animal species used in the previous studies and 
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my study. The previous studies used different animals such as guinea pig and rat, 

while I used mice. The hearing thresholds were steeply increased after 12 weeks 

of ages in albino VAD mice. This result needs to be interpreted carefully 

because the general morbidity is changed after 12 weeks of age by impaired 

immunity of internal organs such as intestine.26,27 

I identified that albino VAD mice show profound premature deafness and both 

groups of pigmented (C57BL/6) mice did not show hearing loss with aging, 

although there were significant differences of hearing thresholds between the 

two groups in pigmented mice at 16 and 20 weeks. These differences of hearing 

thresholds in pigmented VAD mice at 16 and 20 weeks were caused by middle 

ear effusion, which were identified using 2.7 mm endoscope. Only albino VAD 

mice showed progressive increases of hearing thresholds after 6-week of age, 

compared with the other mice groups (albino control mice, pigmented VAD 

mice, and pigmented control mice). This difference between the two strains 

might indicate the role of cochlear melanocytes. In addition, such damage might 

be caused by the absence of intrinsic and extrinsic antioxidants. That is, the lack 

of a protective role of vitamin A as well as cochlear melanocyte could result in 

hearing loss. Pigmented VAD mice also showed increased melanocytes in stria 

vascularis compared to pigmented wild-type mice. Such increases might 

provide an explanation to the reason why the pigmented VAD mice did not 

become deaf prematurely under the condition of VAD.  

However, there were also significant differences of hearing changes between the 
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control and VAD groups after noise damage in pigmented mice. The differences 

were similar to the result of a previous study that VAD increased the sensitivity 

of the inner ear to noise insult.11 This might be interpreted that the cochlear 

melanocytes no longer play a protective role against noise damage. In other 

words, VAD group could no longer scavenge oxidative stress because of 

previously increased cochlear melanocytes before noise insult, while cochlear 

melanocytes increase and then may play a protective role against oxidative 

stress after noise exposure in control group. 

Furthermore, my study presented that pigmented VAD mice had poorer hearing 

restoration after noise exposure compared to pigmented control mice, and the 

delayed hearing recovery was shown especially in low frequency (4 kHz). 

Pigmented VAD mice showed increased cochlear melanocytes before noise 

exposure, which could imply that the increased melanocytes play a protective 

role against ARHL. However, there was no more increase in the number of 

melanocytes in pigmented VAD mice after noise damage. It was hypothesized 

that there is a limitation of the increase in the number of melanocytes in a 

cochlea, which might cause reduction of protective role of melanocytes in 

pigmented VAD mice after noise insults. 

The protective role of cochlear melanocytes against hearing loss has been 

revealed in various published studies.20-22,28-30 Epidemiologic studies of hearing 

loss in adults have demonstrated that the odds of hearing loss are substantially 

lower in black than in white individuals.22 In the epidemiologic studies, it was 
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hypothesized that skin pigmentation as a marker of melanocytic functioning 

mediates this observed association and that skin pigmentation is associated with 

hearing loss independent of race/ethnicity. In addition, other studies suggested 

that increased melanin in the inner ear may subsequently protect the cochlea 

against age-related cellular declines and hearing loss in darker skinned 

individuals.31,32 Nevertheless, the association of coat color, cochlear 

pigmentation, and hearing loss in mice and other animal models remains 

unclear.18,30,32 However, many of these prior experiments have been confounded 

by comparing animals of different genetic backgrounds, and recent work using 

coisogenic mouse strains has demonstrated that the absence of strial melanin is 

strongly associated with marginal cell loss and endocochlear potential decline.32 

Interestingly in my study, pigmented VAD mice did not show enough protection 

against NIHL, while pigmented control mice showed a normal hearing recovery 

after noise damage. It could be strong evidence that extrinsic vitamin A plays an 

important role in the prevention of hearing loss. 

VAD is still common in developing countries; it is estimated that there are more 

than 100 million preschool children with VAD throughout the world.33 The 

prevalence of subclinical VAD extends even further and is observed even in 

developed countries.34 In addition, preschool children with VAD in southern 

Asia have high prevalence in hearing loss, which can be prevented with high 

dose vitamin A supplementation.9,10 Therefore, the results of my study, showing 

that VAD has an impact on hearing loss, might have a significant meaning for 
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the prevention and treatment of hearing loss.  

 

V. CONCLUSIONS 

My data demonstrated that VAD with albinism led to the premature ARHL, and 

VAD with pigmentation showed poorer recovery after noise exposure when 

compared to the control group. In addition, cochlear melanocytes had a 

protective role by increasing melanin level under VAD state. These findings 

were associated with the serum retinol level in both control and VAD groups 

and might imply that vitamin A has a protective role against stressful insults 

such as aging and noise exposure. My results also suggest that patients with 

pigmented disorder may as well avoid conditions of noise exposure under 

conditions of VAD. Since my results were derived from only morphological and 

functional aspects, further research is needed to investigate the specific 

mechanism in the protective role of vitamin A against hearing loss. 
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ABSTRACT(IN KOREAN) 

쥐에서 비타민A 결핍이 노화 관련 및 

소음 유발 감각신경성 난청에 미치는 영향 

 

< 지도교수 이 원 상 > 

 

연세대학교 대학원 의학과 

 

심 대 보 

 

비타민A 결핍은 사람 및 동물에서 피부 분화, 생식 및 면역 체계 

기능 등에서 다양한 병리적 표현형을 일으킨다. 비록 많은 

연구자들이 비타민A 결핍이 사람과 동물에서 청력을 감소시킨다고 

보고하였으나, 내이에 대한 비타민A 결핍의 영향은 아직 명확하지 

않은 상태이다. 따라서 본 연구자는 비타민A 결핍 마우스 모델을 

만들어 청력의 변화 및 내이의 조직학적 변화를 관찰함으로써 

비타민A 결핍이 내이에 미치는 영향을 확인하고자 하였다. 두 계통의 

마우스(ICR; 흰쥐와 C57BL/6, 색소침착쥐)에서 청성 뇌간 반응검사를 

시행하여 분석하였다. 각 계통에서, 마우스는 임의의 두 군으로 

나누어 임신 7일째부터 한 군에게는 비타민A 결핍 사료를, 다른 

군에게는 대조군 사료를 투여하였다. 청력 역치는 생 후 20주까지 

청성 뇌간 반응검사를 이용하여 측정하였다. 비타민A 결핍 군의 혈중 

비타민A 농도가 대조군의 절반 이하에 도달한 이후, 흰쥐 비타민A 
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결핍 군에서만 청력 역치가 다른 세 군들(흰쥐 대조군 및 색소침착쥐 

두 군)에 비해 유의하게 증가하였다(p<0.05). 또한, 흰쥐에서 조직학적 

소견을 확인하였을 때, 조직학적 소견이 노화에 따른 난청의 정도와 

밀접한 연관성을 가지는 것을 확인하였다. 그러나, 색소침착쥐에 

소음을 주었을 때, 소음 노출 후에는 색소침착 비타민A 결핍 군에서 

대조군보다 청력의 회복이 지연되는 것을 관찰하였다. 따라서 본 

연구자들은 비록 와우 멜라닌 세포들이 색소침착 비타민A 결핍 

마우스에서는 일부 난청에 대한 보호 역할을 하지만, 비타민A 결핍 

마우스의 청력 역치는 대조군에 비해 노화 및 소음 손상에 의해 

악화될 수 있음을 확인하였다. 이는 비타민A 결핍이 쥐에서 노인성 

난청의 발생 및 소음성 난청의 회복에 영향을 줄 수 있음을 

의미한다. 
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