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TH) FEkFEK (P <0.01) , B BRI tyrosine kinases , TK) Fik345% (P <0. 01) , %5 3 A NO & i (inducible nitric
oxide synthase ,iNOS) F#HZ: %! NO & /il fil# ( neuronal nitric oxide synthase,nNOS) 5 4 Al 21 4 41 it 4= 4 K F ( basic
fibroblast cell growth factor, bFGF) FIF 4L+ K F B (transforming growth factor B, TGFB) AYF ik 5H (P <0.05) ,fi
I S0 (retinal dehydrogenase, RALDH) FOME M S0l (aldehyde dehydrogenase, ALDH) B AR ik 58 (27T R
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strains of guinea pigs and the retinal mechanism of myopia
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[ Abstract]  Objective To compare the biological characteristics of eyeballs between Zmu-1: DHP and DHP guinea
pigs, and to explore the retinal mechanism of myopia in Zmu-1;DHP guinea pigs. Methods To measure the refraction,
corneal curvature and axial length of the two guinea pig strains at age of 4 — 12 weeks. Those spontaneous myopic Zmu-1 .
DHP guinea pigs were chosen to take the retina for pathological examination. The pathological changes in the retina were
determined and compared with the DHP guinea pigs. The expression of RALDH, ALDHTH, TH, TK, iNOS, nNOS,
bFGF and TGFB mRNA in the retina were detected by real time-PCR. Results The myopic rate of 3-week old Zmu-1.
DHP guinea pigs was 90. 21% , while of the DHP guinea pig was only 18.00% . From 4 to 12 weeks, compared with the
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DHP guinea pigs, myopia and axial length of the Zmu-1:DHP guinea pigs were significantly increased (P <0.01) , and the

corneal curvature of Zmu-1;DHP guinea pigs was significantly less than the DHP guinea pigs (P <0.01). The retina outer

nuclear layer of Zmu-1;DHP guinea pigs was reduced in thickness, the cell volume was smaller, and the cell number was

less compared with the DHP guinea pigs. The choroid of Zmu-1:DHP guinea pigs showed atrophy and became thinner.

There were few pigment granules in the pigment epithelium of Zmu-1;DHP guinea pigs, while there were plenty of pigment

granules in the DHP guinea pigs. Compared with the DHP guinea pigs, the expression of TH mRNA was significantly down-
regulated in the retina of Zmu-1:DHP guinea pigs (P <0.01), and the expression of TK, iNOS, nNOS, bFGF and TGFB

was significantly down-regulated (P <0.01, P <0.05, P<0.05, P<0.05, P<0.05). Conclusions

Zmu-1 ; DHP

strain guinea pig has a high rate of spontaneous axial myopia. The retinal mechanism of myopia has a relationship with the

regulation of several myopia factors.
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JEL S e 3 A e O BE I A, Ge it A R MR LR A
FEMRBEH Y 295 A &ML Zmu-1: DHP KRR
5100 H DHP IKEL H FEHLIE IS 12 HIKEL 53 0 78
4.6 .8.10 12 JEWF A7 JE OB | A R R 5 IR

*1

JE B S
1.2.2  HRR R 2R 55 i
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FURHLEOR 7 A1 HE Je ) Wi T F AT 40 212
FER
1.2.3  SEM} PCR AR IS5 F mRNA AYFR3A
12 JEm}E, 4bFE Zmu-1 . DHP K A DHP B %%
6 H, K BRI FEE 0 2 I, 8 R T 45 i JBCHAL I e
RNA 5% 5% 3845 ¢<DNA , 7E52AF PCR & H 96 FLAR
PR I BRVE SV AR 2R 54T SYBR Green 1 £ 5656
e PCR §74%,95°C##H 3 min,95°C 10 s,60°C 32
s,40 E IR, Fl g it 2620 7. 95°C 10 5,65°C 5 s,
BHIWFSIILEE 1, AN & Rk (272 3t
A H B SEF AR R A
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Tab.1 PCR primers of the myopia factors in retina

5% Primers J#%1] Sequences

K& Length (bp)

TH Forward:5” -GGCCCTTGCCTGGAATACTT-3’

Reverse; 5’ -ACCGTGCTTGTACTGGAAGG-3’
TK Forward:5” -TTCGAAGCCCACATACGACC-3’
Reverse: 5’ -AGTATTGTCCAGCAAGGAGC-3’
iNOS Forward ;5’ -AAGACTAAGAACCCCCACTGC-3’
Reverse: 5’ -AACCTTCTTGGCAGTCCCTG-3’
nNOS Forward:5” -CGGATCGGTCCCTGCATATT-3’
Reverse: 5’ -GCTGACCCGTTCCTTTACCA-3’
bFGF Forward ;5’ -AGGAGTGAACTGGGGAGTGA-3’
Reverse; 5’ -AGTGCCACATACCAACTGGAG-3’
TGFB Forward:5’ -AACCCGAGCCGGACTACTAT-3’
Reverse; 5’ -GGGACCGATCCCGTTGATTT-3"
RALDH Forward ;5’ -ACATGTGACCCCCAAATCCT-3’
Reverse: 5 -GGACGTCGTAAGTGCTGGAA-3’
ALDH Forward:5’ -CCCCTGGAGTGGTGAATGTC-3’
Reverse; 5’ -TTCATGACATGGTCCACGG-3’
B-actin Forward ;5 -ATCACTGCCACCCAGAAGAC-3’
Reverse: 5’ -TCCACAACCGACACATTAGG-3’

276

268

321

614

423

431

223

236

800

1.3 SitFEoH

SCIZE B L x 5 Fox, SR SPSS 16. 0 48
TR BEAT 43 AT, 4 R) HR AR ¢ K5, P < 0.05
INHZEREAGIEE L,

2 4R

AN BRMER 3 ARELELR
3 RS ,327 Bl Zmu-1 . DHP JRELZE AR G
FESEIME 43 0N — 4.24 K1 —6.27, LAJE SEEE /N T
-0.25 DYEMIEM A bR AE , 3K 5] 90. 21% , K
DHP JK 20 47 IR J D' B2 F- (K 3. 84 #1178, 22 5%
HBEMP<0.01), LE2,

2.1

2.2 WM BERBR4~REARRE AEHESR
HMRKETHLEER

4 ~12 J& , Zmu-1 : DHP JIKFUBE R 38 K 2245 IR
VAL B AW, i DHP K BRSUHR X5 & 1T 4
WA 2R () SR G LU 22 5 (P <0.01) , T
AN B ZR 20 A R A B it 25 347 I ) 0 1 T B
Wrg R (B Zmu-1 . DHP K EL%E DHP KBRS < R B2
BN T ZEIRES 10 12 J A ARES 12 J8 £ Al R
HE/NFIE#E (P <0.01), 4 ~12 &, Zmu-1; DHP
KRB M 8.4 mm WK FE#4) 9.3 mm, DHP K
SRR A BE AN 8. 1 mm 3K 2 2y 8. 8 mm, i # IR 4
KERTRES, ZRAREE(P<0.01), WE3,
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%+ 2 Zmu-1:DHP Fl DHP KR 3 JAIMSJE G LA (2 2 5)
Tab.2 Comparison of refraction between the Zmu-1:DHP and DHP guinea pigs at the age of three weeks(x £s)

TS FEAREL JEYGEE (D) Refraction ERL(% )

Strains No. L R Myopia( % )
Zmu-1.DHP 327 —4.24 +4.74 ™ -6.27 £3.32™ 90. 21

DHP 100 3.84 £3.49 1.78 £3.34 18. 00

T LFORZMR R FRAIR, ™ 3RS DHP AR A BEME(P <0.01)
Note. Symbol L means the left eye, R means the right eye; ** P <0. 01, compared with DHP guinea pigs.
3 Zmu-1:DHP 71 DHP KR 4 ~ 12 JAJEDGEE A A HRAK AL LA (x 5,0 =12)
Tab.3 Changes of refraction, corneal curvature and axial length at 4 — 12 weeks of age in the

Zmu-1;DHP and DHP guinea pigs(x +s,n =12)

4 JH 6 Ji

o .
' Z Strains
- 4 weeks 6 weeks

8 Jl 10 J# 12
8 weeks 10 weeks 12 weeks

JHEYGEE (D) Refraction

Jiiil - DHP L -7.66 £4.11™ -9.65+5.55™ - 11.88 +6.86 ™" -12.84+7.587* -13.67 £9.05™
mu-1 :
R -9.01 +3.89* —-10.51 £5.38 -11.87 +6.71 -12.88 +7.54 ™ -13.88+7.90
DHP L 4.64 £2.01 4.88 £1.27 4.00 £1.02 4.39 +£0.88 3.71 £1.37
R 2.47 £1.41 2.66 £1.85 2.88 £1.44 3.07£1.54 3.23£1.33
FA I 2 (mm) Corneal curvature
L 3.45 +0.08 3.57 £0.07 3.66 +0. 08 3.69 £0.07 ™ 3.76 0. 08 **
Zmu -1 .DHP -
R 3.45 +0.08 3.56 +0. 08 3.65 +0.08 3.68 +0. 08 3.77 £0. 08 **
DHP L 3.50 £0.07 3.58 £0.07 3.71 £0. 08 3.78 £0. 09 3.88 £0.07
R 3.49 +0.07 3.56 £0.07 3.70 £0. 08 3.77 £0.09 3.87 £0.07
HRAMH B (mm) Axial length
L 8.42+0.17™ 8.71 £0.22 ™ 8.92+0.20™ 9.00 +0.25 ™ 9.26 +0.31 ™
Zmu —1:DHP
R 8.47 £0.17 ™ 8.75+0.20™ 8.99+0.17™ 9.15+0.22™ 9.33+0.28 ™
DHP L 8.11 £0.09 8.27 +0. 08 8.49 +0. 10 8.66 +0.07 8.76 £0. 12
R 8.13 +0.10 8.30 +0. 11 8.49 +0.09 8.68 +0. 06 8.77 +0. 08

VL IR, R FRAR,  F5 5 DHP L% 5 EE(P <0.01)
Note. Symbol L. means the left eye, R means the right eye; ** P <0. 01, compared with the DHP guinea pigs.

2.3 ANERRAMMRAALEHILE

TSR A S LI 1, PR D By A R A 25
)= M AM)Z W AIRE R SRAR)ZE
HMZ)E AT S EE)Z B R B R, BB,
s R 1A A PO J5 3 J2 35 B 0T D, , Zmu-1 : DHP I BRI
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JK FRU k4 RS 4: DHP K SR Z5 48 483 (B /i o) .
2.4 WABR®AEUMIERRESEF mRNA Ri&
=R

5 DHP KB HE%L , Zmu-1 . DHP JiK BURL I B TH
(2R B BREAL(P <0.01) ,TK ()35 B E W58 (P
<0.01) ,iNOS .nNOS .bFGF Fl TGFB 1) 2 ik W] fg 184
3 (P <0.05), 1 RALDH Fl ALDH f: 8K F ik 5% |
A5 To R EE, WE 2,

3 i

WE EIEHE WIS T, KRR F
LR YA RA AL J7 ) % J8 , a3l DHP BK R, A=
BT 2R, BEAEE IS K, RSB W 2, i
ZSE R AL L AR (E 8 B IE A4k 5 e Ol B 4R
R TRATI A — 22 A L, 3% AT B 2 K BRI 0 38
B —M R, Zmu-1.DHP K B E &40, iR
A R A I PR I B & i85 90.21% , 2
Je AR 1 0, 35 A AS W i I, AS 8 56 B IE Ak i
o ARAEXS Zmu-1. DHP A BRUR il B2 0 12 45 2R 1Y
S3HT, T A 32 FR 0 3 T IR BR AT S A2
AR P | Al I, DR BE T LS I 2
LW R, Zmu-1 . DHP JKERUTK 26 B 25 45 4% | (75 3% 38
AR TR BE R, R b AR K, A0 0 AR £ S TR S, A
[T G U X L 7 B ol O 1 /N <S¢ N )
TR R R A AR o — R vk
RV ER IR b 3 4, k48 AR 38 M % A%, Zmwui-1: DHP
WK B A &R 5 N8 0 b v S AR R AR ARL, BT
DAVE Ry S5 s i R FH 1 A AL A%
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A Zmu-1:DHP JKEL;B. DHP JKE (1. HE Y¢f8, x100; 2. HE Z4f4, x200) . 2T €457 kw00 I A% 2, 16 66 5 3k

AR F AR ORI

B 1 Zmu-1:DHP Fl DHP JKEUL 9 REZH G5 s
Note. A: Zmu-1:DHP guinea pigs; B: DHP guinea pigs (1. HE staining, x100; 2. HE staining, x200). The red arrow

refers to retinal outer nuclear layer, the blue arrow refers to pigment epithelium, the yellow arrow refers to choroidal.

Fig.1 Histologicl structure of the retina of the Zmu-1;DHP and DHP guinea pigs

16+ P s DHP
nZmul:DHP

. " 85 DHP 2R A BH (P <0.05), ™ /"5 DHP
Iz A WEME(P<0.01),
2 Zmu-1:DHP Fl DHP JK B
{55 5 mRNA 1R IL 2 5
Note. * P <0.05,™ P<0.01, compared with the DHP guinea pigs.
Fig.2 Myopia factors mRNA expression in the retina of
Zmu-1:DHP and DHP guinea pigs

TEARIY A A R S B2 B Z R LR -5
M, A0 PO FEEA A B v ) ZH U R 3] 1 E
AIVEH] EATEC A TKRIBLE] SR S 2T, L
JIRIE 7 4 i 5 F1 8 2 (matrix metalloproteinase 2, MMP-
2) 5 H A PR 2H 2 4 T R I A 5 2 (tissue
inhibitor of matrix metalloproteinase 2, TIMP-2) —FE
IRRA U S 5 R IR B E K,

ARSI 3k A B AR R A S YT
RALDH ALDH . TH TK ,iNOS .nNOS .bFGF . TGFB 19
mRNA A K| % B, Zmu-1: DHP BX il RALDH |
ALDH A3 58 , ] A8 S ZO0L R 58 RA 350, A
1175136 MMP-2/ TIMP-2 3 ik 2 7 , 42 felf JFL A5 4 g 41
B ¥ W) TH R GABEAR, TH 2 2 1K
(dopamine , DA) /)& BB, DA J& 20 F 5 WA |
T HFRIBFEARETS DA G b, & & T R, LM
PR ARG S Bt AR R LR, HH 1
2 LI I R AR T e, DA AE — 20 5 | R A R
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AR, oy W H B AfE 5 B, 40 TK iNOS, nNOS |
bFGF \TGFB , i $615 5 BN T W /E ], i 4% Zmu-1 .
DHP JIKEUE i A AP

ZE R, Zmu-1 . DHP K T LA AR 24 L
ﬂ/ﬁﬁﬁﬂ%ﬁ%ﬂma‘éfﬁ@ Az BRAR A o i R AL
PE— T R IE A AR, I PUIR SRR
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