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[ Abstract] Objective To investigate the effect of long-term application of prostaglandin analog drops on
bulbar conjunctival thickness in rabbits. ~Methods Twenty-four healthy New Zealand white rabbits were randomly
divided into latanoprost group, carteolol group and blank control group using the random number table method, with 8
rabbits in each group. The left eyes of rabbits were taken as experimental eyes. The rabbits in the latanoprost group
and carteolol group were given latanoprost eye drops or carteolol eye drops once a day for 2 months according to
grouping. The bulbar conjunctival thickness of left eyes of the latanoprost group and carteolol group were measured by
optical coherence tomography (OCT) at baseline and two months after administration, respectively. The conjunctival
tissue of the three groups were extracted to investigate the protein and mRNA expression level of matrix
metalloproteinases-1 (MMP-1) and MMP-3 by Western blot and real-time fluorescence quantitative polymerase chain
reaction (PCR). The study protocol was approved by an Ethics Committee of Putuo Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine ( No.2017-0014). The use and care of the experimental animals complied
with the ARVO Statement.  Results In the latanoprost group,the conjunctival thickness was significantly reduced
from baseline (178.88+5.23)um to (124.19+11.29) um at 2 months after administration (P <0.01). In the

carteolol group, there existed no significant difference in the conjunctival thickness between baseline ( 184.94 +
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11.85) wm and (183.31+8.71)um at 2 months after administration ( P>0.05). The conjunctival thickness at 2

months after administration of the latanoprost group was significantly thinner than that of the carteolol group (P<

0.01). The protein and mRNA expression levels of MMP-1 and MMP-3 in conjunctival tissue of the latanoprost group

were significantly higher than those of the blank control group and carteolol group (all at P<0.01).

Conclusions

The long-term topical use of prostaglandin analog drops can significantly reduce the bulbar conjunctival thickness in

rabbits. The mechanism may be related to the elevated expression levels of MMP-1 and MMP-3 in the bulbar

conjunctival tissue.
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WAEREZ Y a2 B B LR R gz ik
RELE 700 LB i 2R B 2 PR IR sl ) Tl 440 ) 1
F IR AT A W) 5, R B iR 2R 26 25 ) (prostaglandin
analogues , PGA ) i H Hij 5 JG IR B IR T 259 vh i) — ]
2577 PGA AL b E Bk IR WL b 5 T 4 R &
H [ ( matrix metalloproteinases , MMPs) ) <3k , 18 in 41 it
APFE T (extracellular matrix , ECM ) f) B % , {5 B3R L AL
() BT 8 538, AR 22 i 7K 228 7 ) B — U301 ) 0 £, AT 38
FIMEARIE 0 H A o BFFERIT, PCA 22 7E MMPs
M MMPs $iji ] # (tissue inhibitor of metalloproteinases,
TIMPs) 76 [} % 20 21 (1) 3K 7K F-, fff MMP-1 MMP-7 |
MMP-9 &1y 335 /K F- It , 1 TIMP-1  TIMP-2 (1) 335
KO BEREART o BT R B, SR 7E 51 PGA JF 2 4>
JI, ff R85 2 2 70 5 W PRI 5 A ¢ 3, A 30 T i
B T 2R 2 o MR T 245 0 2 08 A 3% 14 TSRS W) I 78 9
FLALH W] g J& 2 F PGA Ll MMPs {3235 7K, 1
5| A B T Z I B A R, 5 B R
W AR GUR R R R 1LV R
Ji 2 A RS IR R I 2L, | % MMPs , {H PGA X
45 V5 JEE )5 0 i AN R o A BTSSR T A R SR 3
FHALHE AT 51 Ji 22 30 MR 45 B8 52 B8 1 22 1kl HowT Ry
HL .

1 #MREFE

L1 bk
L1.1 sesesh¥y ordl B 24 12~ 14 JH g3
T 2% Al B TC MR BB PG 22 R AR, MR B 1.5~ 2.0 kg,

MEMER iy B T AA VL XA R Se e sy ) Rk, il
FH A 0k R B8 RLIRL S, B B OK R e R, &R
26 C M FE R 40% ~80% . S JH Fifi BIL A3 16 4 55 36 A
BEAL 23 S B0 A 51 R 3R 4 ER R R B I8 IR R s
MR A2l 8 H B IZE IR N SE e iR . AW T R
A e R 2 R B 3 R S B S B S 4G B T 2
AEHE (L35 :2017-0014 ) o SE56 3y 0 W 55 i fE
T 2 [E A58 55 IR BL27 0 58 U 2= ) 5 1 0T 3l 4 4
MG

L1200 F 2000 AR B3 AT 51 I 3R IR
(50 mg/ml, Lt ) I 8% B ] 25 A7 BR 2 W) ) 5 Bt i 7 £
2% TR R B U K IR (P E R KW AR
) 3 Trizol RNA 31 4% s 171 & ( H A TaKaRa A7) ;
SDS-PAGE &g i i & il ) &\ RIPA 4 1 2L fi# i . BCA
AR R B 0] A AR o S A B R A0 1L AR BT R
IgG(H+L) —#H1(A0208) ( i3 = RAVFHHA RA
) ; Anti-MMP-1 g 2 7% [ $1 {& (ab137332) ., Anti-
MMP -3 § £ 55 BEHLIAR (ab52915) (Fe[F Abcam A H]) .
CIRRUS HD-Y%: #H F Wr JZ2 3 i ( optical coherence
tomography , OCT) {3 (& [ 2 7] 2~ w] ) ; 5% BEAX (3 H A
KR T G 0 A B 1 AR A (€ [ Bio-Rad 24 ] ) 5
(G 3R 7 90 L B PCR. (3L Eppendorf 47 ) ;
PEOL R (18 Leica 23 w)) 5 & 4 0 HL 1 20 B K °F
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1.2.1 SEmshy)or A B 4 HUAT 51 R 3R 4 R0 £ R
U 2R A ) SR L B 1 A0 M R T R R R R R
U5 i IR VR S G S 2 IR, B K 10:00~10:30 R 1
UL BRI L, FR2E 2 4 A, 25 0 BREH AN (B fif Ak 3
1.2.2 FREGPEEEN & o35 T A IRE & SIRIE 2
AR B AR 5250 G [ E AE OCT i3k iy, B T Bk
S bR IR DL S S A% BR BR A5 B (AR 1. 30 ~
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4:30) , 5 —HAEE ] OCT U fE PR A L% 29 0.5 cm
b BR 25 I JRE BT, A R R 45 e A ) 07 AR
30 BOEIE, DL/ I R 2%, R a0 0E Bl O s
T TP o 25 PRS2 56 G IR BRAS 20 i H 80 ) o 12 22,
D) A I o P R AR A R W i R — A &
55 i N B R AT, LR 45 S B 0 A 2 7 R — 34k
= (AHTFDE RO B B B2 ) N R AT, T A8 TR I 5 B
25 R FE AR Ak

1.2.3 SEIGRIRES A LR A dl s SARE 24
H S S S IR 3R A T Fe M L R A LM BE R AF AR
b, 25 A W AR, e TS s R . R H &
U S 3k B 2% 1% L b 2 A ik AL AR SE R A, 4 A 43 il
A 20 MR 3k 235 B 4H 21, 7 Jo it 4 %8 0. 9% S Ak 8 i
PRV JE S BRI —80 C kAR R A7 o 1 FH B L
FHIRFFET BT A 1 emx 1 em AYZHLHIFAE RV EFR 5L,
FT 5t 9¢ 6 € & PCR fil Western blot £ .

1.2.4  SZHF9E5E 2 PCR K I 4% 40 52 56 G BR 435 i
ZH 4 rh MMP-1 fil MMP-3 mRNA #35/KF 441 B
20~30 mg BREEFEH LU A EP 48 B> EP 45 45
JAC T ml Trizol F1 3 BN B, F EP 45 BCAE 5 2 BIF & AL
B 5 min, #73k 65 Hz, 8, il EWE W, B0
4% 6 em,12 000 r/min B0 15 min, 5 5 19 20K DLTE
RP R BR A5 R 4H 2 i RNA o, MRS RNA 33 5% 53 35
S UL 5K BR 45 B 20 2P i RNA 3 %% 5% 25 eDNA
B (£ 1), % cDNA 2 [ 4R & IS i B i
B PCR Wl (UK Bk A7) B FER R 2 R AL
(149 BN A R AT S 6 ¢ O o B PCR P34 50 50 . SE i)
PGB PCR W 4514 .95 C 4% 1 min; 95 °C 748
PE 5 5,60 Cil K S IEMH 30 5,40 DMEER . 185G
SRR IO B . RN A AL B 3 b
WIAF T IR H 45 Cofl, DA B-actin N2, R H]
27 A H A LR AR Rk, LR ER
3, A R E .

x1 EIMRAEEPCRIVFIRFTYKE
Table 1 Primers for real-time fluorescence quantitative PCR
and the length of product

H g5 SIPIFS(5°-37) P B (bp)
MMP-1 1E 7] : GACCAGGTATGATGAATATA 120
Sl : AATTTTTCCTGCAGTTGAAC
MMP-3 1E i : CTGAAGCGCTGATGTACCCA 115
J% 1] : AGGGACAGGTTCCATAGGA
B-actin I [i] : ATCATGAAGTGCGACGTGGA 113

JZ 11 : GCGGTGATCTCCTTCTGCAT

12 : MMP ;& 5t 4 J& 2 1 il 5 B-actin: B LB

Note : MMP ; matrix metalloproteinase

1.2.5 Western blot 3 K il #5 21 52 56 G BR 45 i 21 21
MMP-1 Fl MMP-3 8 [ ik K P H 241 H 20 ~ 30 mg
BRAEBEA1 2, 4% B AF 10 mg 4141 R AT 2 A 100 pl
B 2R L ) TG T T B R 2R R (RIPA 2
A : PMSF : cocktail=100:1:1), [a] EP &t A K
P AR R, CAE = T S AL P A S 41 20 5 min, B
65 Hz, #fE FIC 3SR, 3% B BCA 2 v B2 I
T A U0 W P 20 BRI Bk B 54T SDS-PAGE &
FIBEREHL UK, LUK 25 R JS , 7EFE U 300 mA REE 5 2 h,
¥ PVDF JR A BT 5 43 %8 5% BSA iR, THEIK I
FEE A2 2 he 5k BSA W, A 5% BSA %W
i B Anti-MMP-1 % 2 58 BEHTR (121 000) Fi Anti-
MMP-3 % 2 SeREHLA (1:1000) ,4 CHEF %, K
H,7 5 —¥30, A 5% BSA i B B 3 48010 4y 6 b
W FEHi R IgG(H+L) (1:1 000) ZiRFE 1 h, Kk
WG PVDE JBEAE B BUR A B 52, 2k ] Tmage] #X
PEIEAT IR BEAE A4, LA B-actin fE NS I, HINE M
X E = HE O REKEME/ NS REKEE,
1.3 Sit=hik

K JH SPSS 24. 0 Geit 2= i1 g it 4 M. it it
TRHEE 22 Shapiro-Wilk A5 56 iF 52 £F A 1IE & 4 i, LA
mean=SD KR, SMRATE PTG R R A 5HR F
R IR A ST G BR 45 R J3E L 5 ok FH R R o R R R
FEHT, HIRJE 2 A~ 3 A4 MMP-1 fil MMP-3
mRNA [ 85 [ A X 28 15 i B FE g 2 R FH B R R O 2%
SIHT, WG L 34 R A Dunnett-t £ %5 . P<0.05 Jy 22
SHEGIEE X

2 #R
2.1 g HRRTJE LR ) 3R 2 R R R I AR 4 5K
6 G B 40 5 JRE JE L AR

OCT il 25 S 7w, 5 i MR F b 8, B2 30 Ay 1) i
R ARG 2 A 5200 G Bk 45 154 2 5 B A T (&
1) o RUHRTT G S AT iR 2K 415 5h R R B 1% IR 4 5
00 G Bk 4 B R 8 R L 22 R 3 G2 T S (Fyyy =
216.72,P<0.01;F,, =118.49,P<0.01) , H o 5 IR )5
2 A P05 B 2R AL 556 G R 4 IR A IR i A
R R R EIRGE 2 A BN, 2 R8H
Bl # L (¥ P<0.01)(£2).
2.2 K YIS0 S Bk 45 40 4L MMP-1 FiI MMP-3
mRNA A%} 2 15 5 5%

S B PCR 455 8RSl E 2 1~ H 3 4
21 MMP-1 Fl MMP-3 mRNA %} 3¢ 35 5 Bk 48 22
WA G2 8% X (F=38. 131 324. 037, P<0.01) ,}&
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s R H TS I 2 4H MMP-1 F1 MMP-3 mRNA #f % %35
RS XTI LR RS R B &, 2R

WA GIHA R (3 P<0.01) (% 3) .
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Figure 1 Conjunctival thickness of latanoprost group measured by
optical coherence tomography before and after administration The
conjunctival thickness was thinner at 2 months after administration

A :Before administration B :Two months after administration

R®2 HIBRIVNBEASERFEERASRUE
%R B E bk 4 (mean£SD, pm)

Table 2 Comparison of the conjunctival thickness between

J5 £ I8 R BK

the carteolol and latanoprost group at different time points
(mean=SD, pm )

T R T e MR R o 5 M J2

21 51 HR %%
AR T MIRJE 24 A
R EIK R 8 184.94+11. 85 183.31+ 8.71
iz 47 i 5 it 2K 4 8 178.88+ 5.23 124.19+11.29™

TE i F gy =216.72,P<0.01; F iy = 118.49, P<0. 01. 5 [] i} 7] 5% 4k 12
TR R LA, P<0. 015 5 4% 4H P A MR AT He e, " P< 0. 01 ( T &2 W 4t

Wi R # )5 224381 , Dunnett-t K545 )
Note: F 216.72,P<0.01; F

T T s 3 Fime = 118.49, P<0.01. Compared with
the carteolol group at the same time point,"P < 0.01; compared with the
respective values before administration within each group, "P<0.01

(Repeated measurement two-way ANOVA , Dunnett-¢ test)

x3 BHEFXWHRIKLEHAL R MMP-1 71 MMP-3 mRNA
HH 3t FKIEE LB (mean=SD)
Table 3 Comparison of MMP-1 mRNA and MMP-3 mRNA
relative expression levels in conjunctival tissue among
the three groups (mean+SD)

a3 S
LRSS LIRS
25 A} R 41 8 1..000£0. 008 1.020£0. 408
R IR R 8 1.1300. 167 1.070+0. 489
FLIH 5 R R 4L 8 5.550x1.615™ 3.380+0. 284"
F At 38.131 324. 037
P <0.01 <0.01

V5 X AL LA, P<0. 015 55 $h W R B i /R 41 L " P<0. 01
(B ERI7 25047, Dunnett-¢ K2 45)  MMP - S5 4 & 25 H i

Note ;: Compared with the blank control group,*P<0. 01 ; compared with the
carteolol group, *P<0.01 ( One-way ANOVA  Dunnett-¢ test) MMP ; matrix

metalloproteinase

2.3 KYITLERERS
1 AH X 2R3k i

Western blot il 45 3R W/, SR 2 A~ H HLHE R
1| Bt 2% 20 S0 S R 45 5 2H 41 h MMP-1 FI MMP-3 5 [
FEIR N K BE ¥ T 25 0 BR AL AR R R s R Al
(Kl 2), 3441 MMP-1 F1 MMP-3 25 [ #H X 26 35 & &
R 22 7 A e ik 2% & L (F =26.980,20. 586, 1
P<0.01) , b 37 40 55 51 i 25 41 MMP-1 f1 MMP-3 &
FIAH X 2 38 0 B 28 (0] BR A AN R R R 0 K 4L B B
Frm L, ZS A SR L (3 P<0.01) (% 4),

L 2H 20 Fh MMP-1 f1 MMP-3 &

1 2 3 1 2 3

-— e e (.0, -— e e ..,

D G e |\ G S e |\\-3
(A} (B}

B 2 Western bolt ;% Il % A X6 % Bk R AL & MMP-1 fn

MMP-3 E G RIZBEKE F0IH 75 IR FE 40 MMP-1 1 MMP-3 2 5

FREWHBETFEAXNBAMER EEK/RKL A MMP-1

B:MMP-3 1. FiIHATHI MR KA 2: 3h MR R W /R 43 S (X R

4 B-actin: B JNLEHEE 11 ; MMP . 3 i 4 & 2 (1

Figure 2

Electrophoretogram of the expression of MMP-1 and
MMP-3 in conjunctival tissue of the three groups detected by
Western blot The protein expression bands of MMP-1 and MMP-3 in
the latanoprost group were stronger than those in the blank control group
and carteolol group

1; latanoprost group; 2: carteolol group; 3: blank

control group  MMP : matrix metalloproteinase

x4 BHLWHRIKGHEAL[ R MMP-1F1 MMP-3 EH
A3t K% E Lk B (mean+SD)
Table 4 Comparison of relative expression levels of MMP-1
and MMP-3 protein in conjunctival tissue among the three
groups (mean=SD)

5 S Rt MPS K

AR ik i LIRS Sry T
25 ) B 8 0.860+0. 030 0.930+0. 023
R R R RS IR 4 8 0. 880+0. 272 0.970£0. 010
P B 5 I R A 8 1.040+0. 074 1.000+0. 023
FH 26. 980 20. 586
PA{g <0.01 <0.01

VE 55 F AL HORE <. 015 5 3 R e 5 9 R 41 1L 4, " P< 0. 01
(AR J7 2250 BT, Dunnett-r £5%5)  MMP - & 5T 43 ) 4 1 A
Note : Compared with the blank control group,“P<0. 01 ;compared with the

carteolol gruup,hl’<0. 01 (One-way ANOVA ,Dunnett-t test) MMP : matrix

metalloproteinase
3 it
PGA B AT Y C IR TT 75 JE R , JEHR Rk

PPN CIR 19— 2 25 . PGA HA [ IR e 4 A

PRFFEE EITIETJkE’JﬁEM,%%‘ﬁQU\T%ii% H. 259 % IR
LA BB BN o BT R, K PGA

MR T 7 e e g CRE 3 B A S R R R R 9
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IR MRV e R b I B IR B2 2 — , o S hi e
T 0 J 2 00 P A B0y 8 ) % 2 R L S, 1 R R R
T 1 T R VAR Sy B o BT R B R L S X S B 4
FIRE ™ AR 2 o E 3k TR &5 TR A AR 9 #0907 125 AT LA
TEMRFT 1 OCT & b X 4345 [ A J2 5 F J7 1Y Tenon
B, MTI 7 B 00 45 4 2 R MY AR B g IR
REY T 1% 0 G Bk 2 IR B . AR AT O B R BR 45 K
1:30~4:30 4 R B WA ST (1) %
B E WU EUUAS T, Bk 2 15852 52 I 5 1 R 48/
(2) A HR S PR IR A A B 45 AN b % 85 5 (3) s (A7 5
MR T . AR S S R R, i 3H A R R R R
YA 1A P T A AR R 4 5 R Y W A (HL R R R
U % T FIR R 1 STt T %o i HR ek 45 o J2 s TG MU Wl 5
M) , 5 A VLR 4 i 00 W PR T o 4 R — 3

MMPs & — UM T 5 25 5 1Y 9 IR I 5K IR, J2
— T AFTE T IR R AL 209 28 K A il . MMPs
AR ECM (LT BIr A o3, £ 45 36 5T b DA S BR &R T
200 i J5T PR ) % e G B R L B G L 2 LA ECML AR
SRS E AR R, 25 5% ik B A B
A, MMPs AR IE Y 845 e w20 W LT 6 Rl
(1) 1) J5e Jig Jist fi ( MMP-1 -8 (-13) 5 (2) B Ji filg ( MMP-
2.-9) 5 (3) [A) J5i ¥ fft 28 (MMP-3 -10 .-11) 5 (4) fliE 5!
(MMP-14 -15 .-16 %5) ; (5) % 7 fit 2 ( MMP-7 ,-26
85) 5 (6) 4 & v R 2 B (MMP-12) . TIMPs Jg —28
HAME MMPs {GPER) —HZ e F R, B2
2% W TIMP-1, TIMP-2, TIMP-3 1 TIMP-4 3§ i3 %f
MMPs 1) 30 i A FH AT 52 0l 400 6 7 384 A 2R R a4k
MMPs i 5 LLAG 4 T2 200k A M 70 9, T 1k nl 48
TIMPs i ], AT 2K 25 7K fif ECM 1) fE S, MMPs &
TIMPs )6 B . 73 W6 #0135 A6 22 [8] 9 3l 25 F fif e g T
ECM & BRI fif o BIFFE & A0 A5 H PG A {7 R R fi
i RIS 2 AR A AL AR BT BE 2k T PGA fi 4121
MMP-1 MMP-3 &5 ) % ik /K ¥ I & LA Sz TIMP-1 25 )
PRI REAR A A LH A rp T AY | I A9 )t 2 1 4 1Y)
SR KV W ARG, AT (£ S AR T T
RWTFE , AR 5256 73 Hr K 30 Az 3H i A7) R R R R 2
A AR 2 5 AR IR R 25 R 20 4L b MMPs 335 K 7 1948
b, 4 Rk B 3H T 51 R R 4 G TR R 4 R 2 4
MMP-1 I MMP-3 mRNA J 2 [ &35 /K48 25 16 B
AR RS /R BT, 22 7 1A geit v 2 3
WF 5% 2 W, 22 2 7 7% A6 3 3 3 ((mitogen-activated
protein kinase, MAPK) #8 K ji% 5 MMPs ) 3 ik % Y #H
K, Hoh fE MAPK ZJ5 b 5 980 2 0 2% U AR I 15
38 JEA3 2 0 it 2D I8 T B A I (extracelluar regulated

protein kinases, ERK) il % . c-Jun & 3 K % i ( c-Jun
N-terminal kinase, JNK) i % f1 p38 MAPK''"'  ix 3 f
5 10 ] LU I A 5 AR R R M R R AN [R] 1 A
Mo A, MAPK {5 5 il 38 W] DAE — 45 300 45 Fib
20 L 1 B PR - B VAP -1 S5 S5t TR 1), T 9 4
MMPs % fIE L™ o B8 & B, 0K 08 2 1 )
DASE 3 35 0 48 v PR 19 3% 38 7KK 2R T RS ERKJNK
{350 B, £ MMP-1 Al MMP-3 (5 ik, 5l
MMPs 155 ¢ B K 1 2 38 2 17, % figk g 5 i 19
PTG V0% o, S B0 ECM [ . PGA R TIR £ )5 2
il BRI R A H 2k MMP-1 MMP-3 fi 3%
TR TE i, DT 5 | A G D 2F 4 s it ol BR 4% s A i
s ik — 2B 0F5E, DU PCA KIIME T S liR %
Jo el 235 - 38 72 S ) ML A

XoF T 25 WDME LA A 508 i IR 0 55 DG IR B o 7 5 22
PEAT FARIYT 0B TR H il R B w6 97
ORI F ATy 2 (IR IE A ECM i 21 24 41 fifd 3%
Az B ZE i a8 T O IR U O TR R Wy A
il 8 A T AR IR A TR R A9 9 R R ECM Y o i
AR U8 16 1 I8 25 K U8 3k 38 0 i % T O IR U ik
FARE K BRI R A EER L™ . MMPs /] )
12 WA 22 b JIE D 21 24 R 55 ) 27 A, % 085S TR 5 25
TR TE WA ECM HE BLE 3] — & a4 = . b F
FHOLMREF ki T ARG & S PCA 20 A H T4k
T U 2 Y A T 25 B ik i TE A E g, AT A TR TR
JG K IS A 2 — 2B F 5T . S5 R A T2 0
A T EREE LA ZUrp X 75 G IR g T T AR5 B /K /Y 3K
W e s PEARE 2 S A AR SLIG B S A R, AR WY
BREE IR SO0 U A T AR 23 77 A o] 2w, K 45
TR A TR A ) R R R A I AT O T O T 2
WIS 0 8 AL, DL B PGA X 45 B 4 1Y
5 W) i s B — 2B Y

ARWEFEEE R B, 15 2R 2 IR T 245 9 ) K A0
5 T S S 0 B TR 45 8 JE A v, LS SR Y AL A T R
S BREE B4 40 MMP-1 F1 MMP-3 (36 kK T i A
5K, 8 O E LR A I PR Y6 F 7 F1 L b F 5 £ 43— 52 1Y
2% HARWFEIE AR NS BREE 54 21 rp H A AR 5 MMPss
HEATGE— R0, S HE B i 470 R 2R 28 IR PR T 45 I
Ja Xk HoAts MMPs 2 2k 7K SF- 7 A= 82 i, e H AR AL 1 475 7
BT
MR A AEH B I AAFTER 45 vh
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