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Background and Objectives There are several evidences of reduced cochlea blood flow af-
ter noise exposure in the cochlea. However, the pathophysiology of blood flow change is still ob-
scure, and endothelins, proteins that constrict blood vessels and play a key role in vascular ho-
meostasis using its receptors may have importance in this respect. In this study, we investigated
the expression changes of endothelin-1 (ET-1), endothelin receptor A (ETAR) and B (ETBR)
according to auditory threshold change after noise exposure.

Materials and Method Mice were exposed to different noise to generate transient (group 2)
and permanent threshold shift (group 3), respectively. Auditory threshold shifts were evaluated
with auditory brainstem response and expression changes of ET-1, ETAR and ETBR after noise
exposure were evaluated by immunohistochemistry and real time RT-PCR.
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Results  After noise exposure, the increased ET-1, ETAR and ETBR immunoreactivities were
observe in stria vascularis, spiral ligament and spiral ganglion neuron. ET-1 mRNA expressions
increased after noise exposure in both group 2 and group 3 compared to those of the control
group. At 2 weeks after noise exposure, however, the ET-1 mRNA expressions in group 3 in-
creased compared to that of the control but decreased compared to that of group 2. On the other
hand, ETAR mRNA expression increased at 2 weeks after noise exposure in both groups, just
after noise exposure in group 2 and at 2 weeks after noise exposure in group 3.
Conclusion These results suggest that expression changes of ET-1, ETAR and ETBR might
be associated with hearing threshold shift and recovery after noise exposure in the cochlea.
Korean J Otorhinolaryngol-Head Neck Surg 2013;56:278-85
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Table 1. Primers used in polymerase chain reaction to detect ET-1,
ETAR and ETBR

Primer name

Primer

Endothelin-1  Forward 5'-TTCCCGTGATCTICTCTCTGCT-3'
Reverse 5'-TCTGCTTGGCAGAAATICCA-3’
ETAR Forward 5'-TTCACTTAAGCCGCATITTGAA-3’
Reverse 5'-AAGAATTCATGGITGCCAGGTT-3'
ETBR Forward 5'-ATCGCTCTGTATITGGTGAGCA-3'
Reverse 5'-AAGGACTGCTITTCCTCAAACG-3'
GAPDH Forward 5'-TGT GTC CGT CGT GGA TCT GA-3'

Reverse 5'-CCT GCTTCA CCA CCTTCTTGAT-3'

ET-1: endothelin-1, ETAR: endothelin receptor A, ETBR: endothe-
lin receptor B, GAPDH: glyceraldehyde 3-phosphate dehydro-
genase
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Fig. 1. ABR threshold shifts after noise exposure in group 2. ABR
threshold shift is recovered at 14 days after noise exposure com-
pared to just after noise exposure (*p<0.05). ABR: auditory brain-
stem response.
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Fig. 2. ABR threshold shifts after noise exposure in group 3. ABR
threshold shift is not recovered until 14 days after noise exposure
compared to just after noise exposure. ABR: auditory brainstem re-
sponse.
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Fig. 3. Whole mount examinations of organ of Corti after noise ex-
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(A). 14 days after noise exposure in group 2 (B). 14 days after noise
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Fig. 4. Survival of outer hair cells after noise exposure. Aimost all
loss of outer hair cells is presented at 14 days after noise exposure
in group 3.
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Fig. 5. Expression of ET-1 in the cochlea after noise exposure. Increased immunoreactivities are observed in stria vascularis and spiral
ligament after noise exposure (B, C and D). ET-1 mRNA expression was increased in both group 2 and 3 after noise exposure (*p<0.05
compared to control) but it decreased at 2 weeks after noise exposure in both group 2 and 3 (fp<0.05 compared to G2-0 wk)(E). Con-
trol (A). Just after noise exposure in group 2 (B). 2 weeks after noise exposure in group 2 (C). 2 weeks after noise exposure in group 3
(D). ET-1 mRNA expression after noise exposure (E). G2: group 2, G3: group 3. Scale bar=250 um. ET-1: endothelin-1.
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Fig. 6. Expression of ETAR in the cochlea after noise exposure. Increased immunoreactivities are observed in stria vascularis after
noise exposure (B, C and D). ETAR mRNA expression is increased at 2 weeks after noise exposure in group 2 and group 3 (*p<0.05
compared to control) and is higher at 2 weeks after noise exposure in group 3 (1p<0.05 compared to G2—0 wk, ¥p<0.05 compared to
G2-2 wk)(E). Control (A). Just after noise exposure in group 2 (B). 2 weeks after noise exposure in group 2 (C). 2 weeks after noise ex-
posure in group 3 (D). ETAR mRNA expression after noise exposure (E). G2: group 2, G3: group 3. Scale bar=250 um. ETAR: endothe-
lin receptor A.
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Fig. 7. Expression of ETBR in the cochlea after noise exposure. Increased immunoreactivities are observed in stria vascularis after
noise exposure (B, C and D). ETBR mRNA expression is increased at just after noise exposure in group 2 and 2 weeks after noise ex-
posure in group 3 (*p<0.05 compared to control) but it decreased at 2 weeks after noise exposure in group 2 (tp<0.05 compared to
G2-0 wk)(E). Control (A). Just after noise exposure in group 2 (B). 2 weeks after noise exposure in group 2 (C). 2 weeks after noise ex-
posure in group 3 (D). ETBR mRNA expression after noise exposure (E). G2: group 2, G3: group 3. Scale bar=250 um. ETBR: endothe-

lin receptor B.
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