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[ Abstract]  Objective To examine the effect of a compound healthy ear agent (CHEA) from traditional Chinese

medicine (TCM) on i) age-related apoptosis of cochlear hair cells (OHC) and spiral ganglion neurons ( SGN) using

transmission electron microscopy (TEM) , and on ii) localized expression of brain-derived neurotrophic factor (BDNF) and

Twenty-two C57BL/6]

mice were randomly divided into two groups at 1 month of age. Eleven animals were provided tap water daily until 7 months

neuron-specific nuclear antigen ( NeuN) to investigate mechanisms of CHEA actions. Methods

of age; the age-related cochlear degeneration control group (7-month-old control group). Another 11 animals drank CHEA
1. 83 g/ (kg-d) until 7 months of age; the TCM-treated group (7-month-old TCM group). Cochlea of euthanized animals
were removed and processed into paraffin-embedded slices. Using TEM, ultrastructural changes were examined in the
remaining and undisintegrated OHC and SGN associated with OHC at the basal region of cochlea from 7-month-control and
7-month-old TCM groups. Localized expression of BDNF and NeuN in SGN was observed by LCM combined with a
morphological multi-overlap immunofluorescence technique, and examined using statistical analyses. Results In the 7-
month-old control group, remaining and undisintegrated OHC and SGN associated with OHC in cochlea basal regions
exhibited atrophied cytostomes, irregular nuclei and chromatin structure, texture structure presented vague, and high
electron density; in particular, SGN were different in size and shape, significantly decreased in number, and exhibited
nuclei chromatin that had disintegrated or dissolved to form vacuoles, representing the presence of apoptosis. However, the
7-month-old TCM group had no obvious apoptosis in OHC or SGN of basal cochlear regions, which exhibited more complete
morphological structures and nuclei with a uniform chromatin distribution, texture structure presented clear, a lower
electron density, and only individual nuclei had dissolved to form vacuoles. The localized expression levels of BDNF and
NeuN in the basal cochlear region were higher (P < 0.05) in the 7-month-old TCM versus the 7-month-control group.
Conclusions  Ultrastructural changes of nuclei and decreased expression of NeuN in cochlear OHC or SGN were important
apoptotic features in aging cochlear neurocytes. Apoptosis in SGN was earlier than in OHC. The TCM reduced the
ultrastructural changes in OHC or SGN, and increased NeuN expression in SGN, which suggests that TCM had a protective
effect upon SGN, consistent with TEM observations. The mechanism of action may involve promotion of BDNF expression,
which exerts a series of biological effects.
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EHGR MREEE L 4°C T AL A E W (2. 5% )56 R
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o, Xylene BiUE, BfBE 2 B KAk, PBS WS V%, #5 A
10mM | pH6. 0 Citrate 2% P&, SRR IIE b i AT de i
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serum, 1% BSA, 0.1% cold fish gelatin, 0.05%
sodium azide BfAIFE , Bt 5% BSA Bl ) NeuN
BDNF BARPUIAH, B PR IR TAHAARE 1 h, &
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By #5878 DAPT, /By 4l i 4% DNA 5 5 bR i
YL REESF A, B P SEERL, L
e VR Bt L ) 248 B A 0 A 437, B NeuN +DAPI
B FKIBENH SGN; NeuN+BDNF+DAPI 8 H£ikE
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U B A AR AR Y @Rt 3 M H 6 4 H L9
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kHz 1 32 kHz #i &% #] # ) ABR [ {H b %,
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Cdh23CV - Sod1 ™ Cdh23" )y itk A M,
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TE:A B AR50 7 AN IRAL 7 A 25 BRI S B A . 2 7S A B AN A STk AN B AR, C,D 435000 7 A kXt
HRZH 7 H S 25 2 H I TR BE A 22 5 M 200, B M S M B AN A% | 20 (55 Sk S i 22 O AR A4, €20 37 Sk Sl A0 IO A VS A 0 2K T
HRYZS . (A,B:x 2750, C,D:x 4900)
B 1 ES BT T 2 B M S B AN R P 2 Y 2R TT H AR

Note. A and B were the OHC at cochlear base of the 7-month-old control group and the 7-month-old TCM group, respectively. Yellow arrows indicate
the nuclei of OHC and green arrows indicate the bodies of OHC. C and D were the SGN at cochlear base of the 7-month-old control group and the 7-
month-old TCM group, respectively. Yellow arrows indicate the nuclei of neuron, red arrows indicate the cell bodies of neuron, and blue arrows show
the vacuole formed by the dissolution and disappearance of nuclei.( A, B:; x 2750. C, D x 4900)

Figure 1 Comparison of OHC or SGN in the cochlear base of two groups under transmission electron microscopy

T AB AN 7 AT HRAL 7 W4 vh 25 41 B I [RTBUBERN 2295 (x 20) . BT Sk IR BEM 2T AL, 2068k NeuN Fak , IRFRAELE M bl
G701 60 DAPL ARREFAMMINAMIAL . C,D 43320 7 BT HEAL 7 H S 2 R E AR 22797 (x 40) . LR HT 3 l NeuN + DAPI &
5, LLEH59 NeuN + BDNF+ DAPL ik B (05 Sk 50 NeuN I8, FOR A T-IRBE M 21T #2008k A . 206000 NeuN, £ (234 BDNF,
5 DAPI,
2 PHOLILER A I T P A I ] B 221 AR

Note. A and B were the SG at cochlear base in the 7-month-old control group and the 7-month-old TCM group( X 20), respectively. Yellow arrows
indicate the SG location, and red indicate the NeuN expression, representing neurons present; blue indicates DAPI, representing nuclei of various
cells. C and D the SG at cochlear base in the 7-month-old control group and the 7-month-old TCM group( X 40) , respectively. Green arrows are the
NeuN + DAPI expression, red arrows are the NeuN + BDNF + DAPI expression, and orange arrows are residual NeuN expression, indicating the
apoptotic SGN residues. Red is NeuN, green is BDNF, and blue is DAPI.

Figure 2 Comparison of SG in the cochlear base of two groups under confocal laser microscope

K1 WiZH3hY) B0 T B e 4255 NeuN . BDNF Fih & R (JKIEME, & +5)

Table 1 Comparison of NeuN or BDNF expression in SG near the cochlear base between two groups (gray value, x +s )

ik H
415 7 NeuN/DAPI BDNF/NeuN
Groups n
I ot HR 4
7 H X R4 6 0.57 £ 0.12 0.35 £ 0.09
7-month-old control group
7 A4
S 254 6 1.19 + 0. 19% 0.77 + 0.10%

7-month-old TCM group

TE: 5 7 0 IR LR, P< 0.05,

Note. Compared with the 7-month-old control group,® P< 0. 05.

P75 SON JT-ZRF HC, X 5@t Bay IR i 7 A h 25417618 HC 382 SN,
R ESEDGE T A WA 2, W7 A ﬂ?’“ﬂ”]ﬂﬂ% B IR TGN AR 15 22 DU T A B R 75 2 L 4%

[) A B RS PN L A T 4 G MBRE o 2 T AP o 2B R S T 257 Ty fd R 2 A 6 B i
FATZ8 ARV, 1 7 [) S50 M2 4o 2 *ﬁ %EP mﬂttb OHC Fl1 SGN Y811 B EH
EMMOAE X B T $E 8 AHL #2048 BT R 40 NeuN J&HHE S 1) b —Fh #2250 5 M 19 DNA

J, i AEWTE AHL EPEI’J%@HH@@%?TFP Zocheflt  SEEHER R Z TR RIRAR Y 1E/NR
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MRS P2 R G, ARG AE /NI K B 2 1 5
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FEAE B BRIE i 2875 TP i UROWLI B NeuN 323K, Ui
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FZEN SGN 8 H e A& L, AWK 256038 i T2
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W 252, N IE R SON FEREE 4F IS 1 K fn s fb 2
IRET 0 & R e e, & 07 il B B R 9 A
SGN [ZY30E R, iX LEMF 57 5 R 3 1) FH 2 e s 2%
o 53 W TSR A — Y AR A
SR, 7 AP 2540 % BDNF 2k B T 7
T B2 R 25 X0 67 T SGN 11 BDNF % &
PR K-, R BL 3 s, & 7 (R RE 8 A5 A0t
PUEAEMEE OHC SGN T, 4 U D fig | H oG4
YERIMLE 2 — 5 HAE #F SGN H1fy BDNF A% 4]
IS

BDNF 2235 32 [ F Z i i i B 2R, &
%7 i T R RV T L A B T S S L kv A
A& A BDNF, Hofig AR 2 08 F2 16 1, X 20 1
R BB SHER 2T K, LSRR 28 0T ) 58
b ] YRR VR, A R 2 R SRR AT PR
UnFA] /R i BRI A4 AR5, 5 BDNF 3% 8¢
/DA, T BDNF K H 5 55 M) 32 44 A 354
KRR 22 250, H BDNF J&—FPA 2 s 2 90 571
RN R 8 57 R TR IR T sl h ARl 8 R G
I Y R A e DR 272 SR M7, BDNF 52 fa] F 43
PEAE A e A AR SN P 2 Al I AE TR AR
AR BB AL, Sl IR 58 0 A2 K 5 ik 2 A
TR PN ik 3 AEVE H B AT R W T, 2805 #0A
k1, BDNF 5 555 3 Fl 3 85 1 3 6 27 1R 1 2 e 2 11
fitf B(Trk B)%EF PR & , 100G g 2 R T , B 2 1k
AR SFESRENEEN T4 6, — S H
BT L, T B0V AR S0 TS A
SAE i ARG, B EFE d Ras/MAPK 15 5 5% 5 &
2,80 PI3-K/Akt 15 5 75 T30 %, & 48 H/AE W) 241k
R JEkA BRI ANIEYE BDNF AE A% i
Ml M2 EYESOMEEESR ( reactive
oxygen species, ROS) ;=4 BH 1k Bax 25 [ [m] £ {4
L 18 2 38 T A I EEL 47w DB, DT B L A 7N R
REBRP LT, 5k BDNF /£ —Fl &
HPEF A (protein kinase A, PKA) 33 7, i@ o
PKA/cAMP 38 [ A%k 1 A0 R NGB R 10 /R, 98757 4

JA AR, BEL LR P 0 B9 il ik 28 5T SR A R
BORE T AR S i 4R % BDNF 38 AJ i 3
PRI 40 e 4 A &R g, sl ROS 7 A, B Ik
caspase KGN T 0 LR P PR SE T RIE T, &
38 TA A I PR 4L ROS 77 A i R B A B 2
AHL KA PR EER R Z —, Z 4 N H 064
AR GRG0V E AN A2, 2R (AR RE
FHZHRE T e, ROS AW R, AT Zebiil , 1755
2R A Y (miDNA ) R 2K Bl 5 A%, 51 R 40 i 94
T2 A Sy, b 2 52 fele R G o A
BDNF 4 77 A=, i 1% Ras/MAPK, 8% PI3-K/Akt, 5
PKA/cAMP {5 55 S i 12, BRI AW 58000,
HA A FEIH] ROS 774, BHIE caspase KGN T 1)
AR FPPERE T 2 H EAT DR 2 4F M - i e o
AT T E LR Z —,

FO ARSI P 5 L B A Ak R AR T 58 R A
VETRSE [ bR 25 B2 25 e T B 0 28 N S = g g B s 2
£ Jenny Zhao RS, 7E R 0N
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