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Protective effects of taurine on inner plexiform layer of retina in rats exposed to hy-

pobaric hypoxia

CHEN Ka, MI Man-tian, CHEN Fang, XU Hong-xia, ZENG Kai-hong, ZHANG Ya-jie (Department of Nutrition and Food
Hygiene, College of Preventive Medicine, Third Military Medical University, Chongqing 400038, China)

Abstract; Objective To investigate the effects of taurine on the structure and function of retinal inner
plexiform layer (IPL) of rats exposed to hypobaric hypoxia. Methods Sixty-four rats were randomly divided
into 2 groups: normal diet group (N), taurine supplemented group (T). Rats from normal diet group were fed
with normal chew for 14 d, and then further divided into 4 subgroups, normoxia control (NC) , and the groups
(NH) who were placed into low pressure chamber to imitating 5 000 m high altitude for 1, 3 or 7 d respective-
ly. Rats fed with 2.4% taurine supplemented chew for 14 d were divided into 4 subgroups, that is, TC groups,
and those in hypobaric hypoxia for 1, 3 or 7 d respectively (TH groups). After the hypoxia treatment, IPL
function was evaluated by testing oscillatory potentials (OPs) with RETI port system, by observing ultrastruc-
ture of IPL with transmission electron microscope, and by determining the average density of synapsin with im-
munohistofluorescence method. Results Prolonged latency and lower amplitude in OPs were found in rats ex-
posed to 1 or 3 days’ hypobaric hypoxia of both NH and TH groups, but for those rats having 7 days’ exposure,
the latency of their OPs reduced to relative normal value, but the amplitude was significantly lower in compari-
son to NC and TC groups (P <0.05). There were significant difference in the latency of OS, wave between the
NH rats and TH rats after 3 days’ exposure (P <0.05), and the OS, amplitude in TH groups were significantly
higher than those in NH groups (P <0.05). IPL of rats in NH groups showed swelling and swollen mitochondria
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in axon, disintegrated dendritic microtube, scarce synapses with depleted vesicle, while TH group displayed

distinct synapses with abundant vesicles. Synapsin was mainly distributed in IPL of every group. Compared with

NC group, the density of synapsin decreased in rats exposed to hypoxia for 1 or 3 d in both groups (P <0.05).
But in TH 1 d group, the synapsin density was significantly higher than the NH 1 d group (P <0.05). Con-

clusion Taurine ameliorates the retinal IPL. damage of rats suffering from acute hypobaric hypoxia.

Key words: taurine; hypobaric hypoxia; retina; inner plexiform layer

D) RS2 0 A ey BRI P 2 2 2, R 28 T Ik
#H A Bt 48 (hypobaric hypoxia, HBH ) ¥4 3% 411 & JR
(VA= T3 000 m ) My DX 45 U] 25y B0 i 7 B[] B
K T TR 0 DR A5 L e A, A IR
e A A AR BRI RERE RS, LAAE B
G 2K FLUA S5 T 10 I B2 P 2l e Dk AR AR R 4 ke i 0 40
B AE DA EAR—— W A 2 e A i B D
ARSI 7 AR ST K G EE T 2 AR AR BRI FEE Py
KR 2 (inner plexiform layer, IPL) if k2! | 1fij TPL G282
F A0 PO B P % J2 4 42 s A UK 240 G e il 28 TG 28 4
JHO %) 56 B 7 200 M AR SE 2L, 3 AT AR R R 2 fi , o
P55 T 1) 2 MK . H A E AT TPL
TGN S TRk s i b DL BRI GE . ARRERR) 12 A7
TET LRI, S — 25/ o7 B B AR A IR, HONUAE
M T B S SO E SRk, S 5T
JEE2 375 ., [R)SH I ¢ A it IR 7 22 0 2% A0 T i ik
PrAE AL BT TS AR DAL I B 25 48 B D Re AR
ARSI 2 TR IEIE ST 2. 4% - B R B A S0 55 2tk
SR PO B 33 58520 0 AT 9 DA 5 3 At R 4
R B TR B A AR J22 2 i e A8 1) il L, i — 2D W5
A i 2 A D 7700 X6 400 X B %) 5 4 80

1 #REFE

L1 EEshin & 5 gkt

T P RAFh ) Sprague-Dawley K (5 =4 B2 K490 5
s feft) 64 H KRBT (210 £20) g, MEMERF L KRR
BEBLIT A 2 41, 43 0 MR AR AR v AR R (N 2H) B8 2. 4% 28 6
R (2.4 ¢/100 g, JLmt i 4 fib = HAR 2 w) RH(T 41)
14 do KREZE 12 h BI/12 h BEIEAC IR A IR 3%, B ik
Ko HHRKREFRTIG, S HCGR2] 7k, B RRE TR E
REEFEEREREEREEREM)  BLER S 000 m &
BE (KA 406 mmHg, 43 s 85 mmHg) %420 HE 1.3 d 37 d
CEEA I AH A 8 RO |, [FII23 8 57 i 480 R B AR HE 4 I
B PR AR R T HOE H X IR (n = 8) o (IR AU H) &5 R IF
it 30 min AhFEAFIERL . A SRS AL B SR EE , IR HS 46080
B ST BIVBORH SCAGT
1.2 AR R 5 Az 2

K RETI-port #7542 3 £ 4 ( Roland consult, 75 [ ; 2f =
FEERFTR ERE A AR hO 82 4 10 564k % L 47 (oscilla-
tory potentials,OPs) , K BUKGE  30 min J&5, I8 051 1% 12

FE 22401 (40 mg/kg) SRS, BUHR N FE IR I (5 g/ L) HilhiE A K
AL 4ER (10 o/L) fA R TR . B RO A8 R BT S T
ARSI &, IR 10 Sk HR A B R T[] 0003050 A Jee B 42 ik
TESEHLAR S 7% HI AR T L A . OPs i 3% SR R B YR IR St
B4 452 0.1 Hz, 5@ 454 100 ~ 300 Hz, 413 ¥k, 4047 OPs i
AR RR A ZE AT B
1.3 ALR R P PR B AR 2 LR

KB BERRR o A AR SR IR ER , YT F IR 2 22 B AR i 1 4 40
RYER G E T 4 CTE 3% L FEW 3%, 1% iR
[, RINTERBLK , 50 IR a3, S5 8 7 J5 47 1 )
F, T HLBE (38 =22 Rl S g Z 4R AL ) XS I R 1 1Y)
RZABIALERI AR . IPL =2 e 2 AR AN R 28 R 22 i Jo 4N g
PTG, ZE LA ok S il INEAEE I BAR 5.
SEEYI A bRl W) BEYIRIARHI A2 Rl , O A AR
AL, B PFATHEFI RIS, TR S5l 5 4 50 A4 o
1.4 ALRWE R k& G (synapsin, SYS) % 97 40 28 3¢ &

R E

K BERR Y o U T 5 IR Bk, 5 R IR R AN E 45 4h H 41,
BT 4 CHARMHERE 4% ZR B (0.1 ml/L PB,
pH 7.4) W5 [E 2 2 h, LBRER AT 420 K 3738145 ,0. 01 mol/L
PBS {EYEHRER 1 h,5% \10% 20% H6: FE FEAR I K 4% 2 h,30% i
BEI KA, OCT A3, JRGAY) 10 wm J5EEE R LUK TR Y Fr o
VKUY B £:0.01 mol/L PB/0.3% Triton X-100 25 J&i%¥:15 min
x2 W5 ,5% BSA Z iR A 30 min, fif 1: 25 By St KR
anti-Synapsin( CST, #2312 ) 4 C % & 1 %, PBS 2% v i 12 5k
10 min x3 W5, /i 1: 50 #BEH FITC Fric i 1L 905 TG F
37 CHBENFE 1 h,PBS i iiZ ¥ 5 min )57, Fi il DAPT 3R
JE 10 min, PBS % /I ¥E 10 min x 3 ¥, 80% 28 i H i &
L BOGCIE R BB USRI IRAH . BTk U1 VLR 22 B e
FEIL 5 45, 2R Quality One BG4 B A4 72 SYS J6% B2, 9F
TR
1.5 %tz

B x =5 TR, R SPSS 10. 0 Gt 3 #- 47 15 22534

2 HR

2.1 ALMEE OPs 28R

TRAAAEHLS , PIZH KRR OPs I ZZ AR L, BIIR4A 1.3 d
OPs ¢ PR R I AL AE A, i (BRGSO I A9 o, IR ST
OPs JWHGITIE W o AR T ALK AAL B FE OS, Ptk S5
HETDRHEA A 2 22 5, b OS, IR IR [ 7R IR 480 3 d A
JE(P<0.05) (15 1), 0S, iR {H 2% T hr AL (P <0.05)
(K2).



2178 CHEE A N 5§30 %

40
B
a a 2

30- ab

20
&
O 10-

0
1 3 7

t/d
:P<0.05,5 % &3 BIbE b, P<0.05, 544420 k4%
E1 4EBRHESLEXBRAME OS, FRENHIN

©

180

150

|
n
ab
> 120
a
90 ab
60 ab a
g iI
0
1 3 7
t/d

n

0Os,

a:P<0.05, 5 % & T B ks ;b P<0.05, 54 84 A k4
B2 SEE@HMRELEXRAME OS, 18ER N

2.2 AL L P PR AR B 2E ML

T L N AR 2 o 2 R 23 0 /0, i o A PR i &2, %
ful/NE AR . APEIRE 13 S bR R4 A IR 2 il 2 A
LRI K 23 10, IR S AR A VR A, S S 2, 2 /N R
/s R TR PR IR 2 A 5 il 2 U I G , 115 ik 52 R 4
VT , Sl /MR 2 HESI 55 (1] 3) o B 2t (R St )
HE K, P AR 22 T A T o 32 i A, o v A L 2 Tk e T
L 3T L 4 2 /NI
2.3 AR RE G REFIL

SREH A ALY 0 B SYS LUK BORIR K ik 4
O EBRIT, 32 B T 00 190 JEE TPLL J2 7 408 000 s At 45 J2 /0 L
Bk (18] 4) s DAPT FRic dh o0 i 45 2 o 2 JE A0 i, 22 15
BE Mo A% LH R BV 100 5 J2 U 435 K V5 AT , TPL A1 24 L SYS B2
AL TE AR (1.3 d) SYS P X6% B (AR T X I (P <
0.05) , M FMR AT (7 d) SXF B2 5 o A B R T TG
41 d 41 SYS FREpREF MR 1 d 4138 (P <0.05) , BL7E
T B 22 A0 B T LIRS AR 1 SYS #Eik

3 it

3.1 B MARETALI JE R W Ak 2 A 8 45

AU A s ri, 2 A0 40 0 5 2 8 7 A ) R ST 9
EARER T OICRZ AR RITC K A A A SR 2
s Horh OPs 2 b i AT T — R 51
PR G, GRS AR T 0L I 58 P9 2 ML 2

A AR AR R 3R AL B AR MK ER 1 d 4 C A arE TR L d 4
B3 JBAKBRUMERNMNIREBHEHNE

20 pm

A AR B 2 R B AR RMR A 1 d 48 C AR T RRARAR L d 4
GCL.AY 2% tm i, & IPL: 4 M 4k & ; INL: P} 4% & ; OPL: 4} W 3k & ;ONL: 947 & ;RS P ¥ 5
E4 FAXRBUMBERMEBDRERENRRNLER



5523 1]

W, S5 AR AR SR B IO 5 P IO AR JZ 458475 1) s P A 2179

MEAESE , K HFIEIESE OPs i fE Fz e PN J2 40 48 1 He
S IPL iG> R AL th— &5 T OP, \OP, |
OP, \OP, S 21 i, A7 B2 3 I\ R 4% I Al Y 400 D) i
BIAFEZR H M AR UESE . AR L IARE 1.3 d J5
TP PR AR 2 B TR B R A4, 5 DA
FE A S S O DX 55 10 38 5 o W A, () st 7R R
DS PN 2 A 2500 S TPL T RES0t 3 , -5 400 0 e = 20 B e
A% IPL IPIRARAT & K% 7 d J5 EE R OP, i8R i IH] 5
IEF T RETE 3 25 5 TR (B B I o TR A4, T RE
SHUR KA — RFNVREESE N ok 38 s A 5%, (5
OP, IEEATRAG T 1E 5 XF B8, $27% IPL Z5 A MR

TE 5 R AL I I 28 e ) A 5 2% A 2 ) Ak [ 28
flIDE 2R, PR B = 22 43 A ZE 9 AR B (E S
3 1 DB DX I, 2% IX 3k 5 fih 5 1 R 485 4y 72 6 7] 52
WAEDNRE 0 o TPL 3 2 phy W IR 5 A A% 2 o 28 0 1 XL
W AN A 5 | TC K 28 40 i 19 58 88 K15 400 i ) v 5 4
B, AR IE & B 2 I A S TPL B sk e A T
BERARAL, Gn N BT ) R A i ik, AR AR R 2
ULzs IR R A, Ui BHZRRAR T e ™ HE 32 461, 1 5 K
NG i /IR R 5 2R P AR T BR, 2R R T R 37 5t
W) 25 B 3 o B B R, T e A5 B A i, £
B0 BP0 EABESIE kB AL A S R
fi /0, 2 fh B v ok /D45 U BTG ARG 20T 28 2
P EEEBIMER . AR, R w520 2= i 25 11
RAES2EbRC, 8 i S bR ic 5 e B,
AR B ik BT AR R B AYE A 1 d S
IPL P SYS SRk T I, B PAIR AUs 28 il 5 H e, ik 5
T LS 25 1 — 8, R fil 85 L 45 Synapsins [ a,
Ib . Ila [IbFilla A AR, & THERRCE A S05 M 5
W, EE 0 TR BRI, RSP SC IR IE SE
SYS BEMHE Al 0 AE P ARSI ANLBI R o FE R Y
B L 38 A 5 M B Y A A PR R AR R AR
P A e 25 3 BB B R T, SYS iR B A
TEEs Ml & A The , SR MG JE AT SPE S 4
R I 2 UIAE G, A e 2 AR A R SYS i
R ] R 2 i e /D, 53 b AL AR BB IR A, TR
PUBE A5 AL , X Sl R o B T B L bt DR
SRR VA
3.2 kBt A AR EAL I B I K B 6 B AP 2R

A 2 A A0 DX B P 5 e ) — i S R
HATZ A FT6e , 2600 B8 B B Bt 4k
THER 2 T AR . PO 2R ey s R AR
YER o ARSCEG A IS E B 1 AR R R RE L 1R 400 o s
N Muller 40 B E 155 KT 1a F234, 3610 _F1# GLUT-1

IR A TP 0 B AT 4 1 8, AT A B R IR
AWFIE R IR AR, A R T T KR OS, 1%
PRI TRV, WRELAR 5 , 37 2F B2 RE A RO AP A MEAIR
AL RS RE . R T s A LR B DL TPL i fik | (HL 5 fink
SEF WIS AR, AR A H 5 2 AT AT WL R i
S il /NI, SYS SP-SA1 % B AR AR A v, AR S 4 it
R REA R SR N B S 45 . W9 R B4
Fdh T B IR AS B, KBS B A, DT 3 7 45
HEHME 2 (Calpain 2), 1M SYS J& Calpain2 ) £ 57 )i
10 St — A R R 5 fuh B R B VR, T
AL A BIFFEAIE S A8 il R BE I 59 22 T 45 B 10
Bl LSS A5 ) 2% i P 0 4 R
RO ] SBEAT G (0 BRI 1 1 2 — 2D WF 5T

S Xk -

[1] Wiedman M, Tabin G C. High-altitude retinopathy and altitude illness
[J]. Ophthalmology, 1999, 106(10) ; 1924 - 1927.

(2] W& 05 BRI K, VFLLEE, 55 AR BRAR N i S LR 190 5 e 40 5
W T-lo RIXHEME[T]. 5 =48 REE 4] ,2006,28 (7) 1662 ~
664.

[3] Rosolen S G, Kolomiets B, Varela O, et al. Retinal electrophysiology
for toxicology studies: applications and limits of ERG in animals and ex
vivo recordings| J]. Exp Toxicol Pathol, 2008, 60(1) ;17 -32.

[4] Forte J D, Bui BV, Vingrys A J. Wavelet analysis reveals dynamics of
rat oscillatory potentials[ J]. J Neurosci Methods, 2008, 169(1) ; 191
-200.

[5] ® & AdEBEN MR Y Mg gUb st (], =
TR F2ER, 2006, 28(20) ; 2084 —2087.

(6] T, B, % A, 5. R SR R0 AP 190 1 4 40 e 53
AERIELT]. FBINKE 24 BR2ERR, 2006, 41(1) : 65 - 68.

[7] Akbergenova Y, Bykhovskaia M. Synapsin maintains the reserve vesi-
cle pool and spatial segregation of the recycling pool in Drosophila pres-
ynaptic boutons[ J]. Brain Res, 2007, 1178 52 —64.

[8] Sasaki T, Kaneko A. Elevation of intracellular Ca>* concentration in-
duced by hypoxia in retinal ganglion cells[J]. Jpn J Ophthalmol,
2007, 51(3): 175 - 180.

[9] Azuma M, Shearer T R. The role of calcium-activated protease calpain
in experimental retinal pathology [ J]. Surv Ophthalmol, 2008, 53
(2):150 - 163.

[10] Tamad Y, Nakajima E, Nakajima T, et al. Proteolysis of neuronal cy-
toskeletal proteins by calpain contributes to rat retinal cell death in-
duced by hypoxia[ J]. Brain Res, 2005,1050(1 -2) :148 - 155.

[11] El-Idrissi A. Taurine increases mitochondrial buffering of calcium:.
role in neuroprotection[ J]. Amino Acids, 2006, 34(2) ;321 —328.

[12] Liu HY, Gao WY, Wen W, et al. Taurine modulates calcium influx
through L-type voltage-gated calcium channels in isolated cochlear
outer hair cells in guinea pigs[ J]. Neurosci Lett, 2006, 399 (1 -
2):23 -26.

(%% Z9t)



