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Abstract

¢ AIM: The dry eye model of rat was induced either by
lacrimal gland extirpation or injection of botulinum toxin
A into lacrimal gland. The clinical manifestations,
pathological features and cytokine changes of these two
models were compared, then we discussed their
advantages, disadvantages and applicable scope.

e METHODS: Thirty healthy 8 - week - old male Brown
Norway rats were randomly assigned into three groups
equally. The left eye of group A was blank group, group B
was the left lacrimal gland extirpation model, the left tear
gland of group C was injected with botulinum toxin A. We
compared the data of Schirmer | test, tear break-up time
(BUT), and the corneal fluoresceince staining scores at
different times (1d before experiment, 3d, 7d, 14d, 28d,
and 42d after the surgical process ). We observed
pathological changes of conjunctiva, cornea and lacrimal
gland at 42d, and we used real -time polymerase chain
reaction to analyze interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-o) and epithelial growth factor (EGF).

¢ RESULTS: At the 3d, compared with group A, the tear
secretion of both group B and group C were continuous
decrease ( P<0.05). At the 7d, compared with group A,
the BUT of both group B and group C began to decreased
(P<0.05), and the corneal epithelial staining scores of
both group B and group C began to significantly increase
(P<0.05). There was no statistical difference in the above
clinical data between group B and group C ( P>0.05). The
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corneal epithelial cells in group A was set as normal
morphology, while the corneal epithelial cells in group B
and group C showed filamentous separation of surface
cells to varying degrees, and the number of conjunctival
goblet cells was decreased. The lacrimal gland of group C
was obviously atrophic. In conjunctival and corneal
tissues, the expression of EGF, TNF -« and IL-6 were
significantly increased in group B and group C, which was
statistically significant compared with group A (P<0.05).
The expression of EGF and TNF - o« didn’ t altered
significantly between group B and group C (P>0.05),
however, the expression of IL-6 in group B was much
higher than that in group C ( P<0.05).

e CONCLUSION: In this study, we proved that both
lacrimal gland extirpation and lacrimal gland injection
botulinum toxin A could construct a stable aqueous tear
deficiency dry eye rat model. The appropriate animal
model should be selected according to the experimental
design and research purpose.

e KEYWORDS.: lacrimal gland; botulinum toxin A; dry
eye; aqueous tear deficiency
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2015 4E [ PR HR R T AR e m 3T 17 4 1 IR %
(dry eye disease, DED) FJiNi, 1A~ DED 2 —Fh £ RN &
S ECHR BN, FRAE S TH AR S 1 3 2 O 1R A IR R
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IEFFEEREE T, @ KA 2 A IRE sh il £ 2
PIRTBL — TR T, B BRHAR TR L3850
B — KNGS LU AR G I PRI G AR IR TH R
SRR R ARSLE /1R T bR H AR L K
THARTE S A FEAT B % £ A (botulinum toxin A, BTX-A) i
SRR HRAE AR AR | XoF L 1 b /K YR e = 750 HIR AR 1
PRIFCHL i B2 o L e 40 i IR 7 A8 Ak, a8 11 0 B 19 o 1
H A 2 P A 80 f A e o R 7 I B
1 M7 E
1.1 ##
1,11 LB ESE A LR ITA R
P2 RN N R BER E A P2 0 it A5 A (e
SIRBHAFFE U2 (ARVO) T sh 4 T IR B AR g F 5%
HIFE Y R e . SRR 8 JEI A I Brown Norway
(BN) KE 30 R (At st e B AE MR A A BR AR 14
JriE 200 ~ 250g, i M FE, BEVLS N 3 4, B4 45 10
HU B B AR A S B0 R 55 — A1 22 IR AS T AT An] Ak BRAE Sy
FHAAA) S AR FHM (B 4H) 56 =44
MYH B E S A E AT RE R A(C2H) . A B.C & 10 1R,
11 2XEEHSMKH FHHABREER EER
A 24 BN ) 5 TH RS I B 2T AR 2, 5 6 R AR AR . R
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1.2.1 SEIGBhAE BRI ST A 41 K B ZC MR S AMU T frf &b 3
VR B 32 7H B T AR E 2h A A0 K B 41 K BRUE s 1 5
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HESMHE M , 725 8 B 2 20 f L5218 )2 88 6 X
o SIEHRES RS ERER A THRESIYEE . C
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50% , - 8:00 ZE M 8:00 HEAH , FLAR I B] A S PREE T 1) 3%

1. 2.2 FIREZIMERKERE /0 TLEAT 1d &K
U9 J5 3.7.14 .28 42d , $ KB AT 3 At JBR e I A DU TH W 43
WS (S Tt) THBEME LA E] ( BUT) LA KA IR G 4 3
O3 HAE BRAH L PR e R RE Sk o TH IR A IR . AR AR
Fujihara 25 (IR IARIE , F — 7K TH 50 W0 i 2T A 4 A
KETFHEAM 1/3 4k, Tmin J5 352 B 2% SR K 5 1R 1 3
0. lmm, JHIERE LN E] B 109 265 R ANV B0 T K L4
AN (98 S RIS oA TR BRIR FR 1T, 1 MR B, 3 4o
SABAT B W USRI S I e 1 R AT HIR I 4 28 YH A o R
551 AL T ] 3 U I s ] BT 344
PR INGL EIT 53 K5 10% 26 6 T B TR A K R 45 IR
PEPN, ZEBAT S AU B B WO T ISR Tmin S5 AR B 5 10 1
LIRS, S 08 Koh 457 By 05 i, HAAT A viE 4 2 5 £
JEE 43 SR DU A G2 BR 43 VT 53, 40 BOM N o se 44553 0 47
TCHEG 1 4 FORE G <30 41552 43 sk B Ye>30 4,1
ANHREL3 43 T B R E PR S R 54 43 B G
BEF MR, P A R A Y i A — & K A E AR A — B ]
(AM9 :00~12:00) , [F]—Hh 5 A PR A REBIIE T 58 .

1.2. 3fRIEBFERE  LIJF 5 42d, BN 4L A B
2 HR B s R IEAL BE , 7 RO B 22 MR BK , A, C 2 8 B
SEMTH R L, 4% Z2 5 W [ 58 b A 24h, SR T I K o
Pk 2h, Z5 187K vk 30min , 20T 100% 95% 80% . 70% .
P 4% Smin 7K, — B R W A I, 60°C £ B AL %
L2V R JRBEA Tum ,45°CHER,60°C 15 R, 5 AL IE ALK
TRAKE YL iR B UL 8 Smin, SR IR K W PE 3min, BUH
IANE . SRIFH HAIZWAE R 0.01% HCl B0 1min,
B A SRK e 10min, [FIFESEAT PAS e (0, fJm WL5%
FAREE 25 TH IR e AR AL

1.2. 4 SLAT%E L EE PCR(RT-PCR) ME L R 4EKEF
(EGF) . B4+ & 6(IL-6) FAFEIRIERE F o ( TNF-
Q) HIFRIEE LI H 42d, A LA R, 4 B IR
SERE KA RELH S FH S 20 40 5 RNA $2 BG4 3 B
Y RNA S840 60 B T A I HL i i Ak B, 9 647
% S AR HU cDNA, DLH B - 3 - B R B A
( glyceraldehyde—3—phosphate dehydrogenase, GAPDH) E A
WS A HESE D (PCR 97 38 40 i A s e R ) o 51
Y5 EGF E#51 % M 5° - TCGGTGCTGTGCGATTTA -
3, P51 5°~TTTCTGGCAGTTCTCCTC-3;1L-6 | i
51818 5°~CAGTTGCCTTCTTGGGACT=-3", FiiF 514 H 37—
GCTCTGAATGACTCTGGCTT-5"; INF-a FIFTIHI N 5 -
CACGTCGTAGCAAACCACCAA -3°, FiE 51 ¥ ~3° -
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1 %42d LR ARBRE A 23 AL A B BEOR UL B 2 5 5 B o A R TH i AL b g i g™ 8 B0 52 IR Al 5
RS AT B2 R A AU L B AT g™ 5 3 2 AoREl G

#®1 AB.CABRNMIEEBMIREKENSEILE (x£s,mm)
2159 SEIRTHT 1d SLI R AR 3d SLIR R 7d SIS 14d SLIDJE A 28d SLIGJE A 42d
AH 7.4420. 43 7.3420. 38 7.3320. 27 7.3420. 31 7.30+0. 27 7.3420. 30
B4 7.32+0. 30 6. 12+0. 38" 4.5410.45%°¢ 3.83+0. 4] 3. 8310, 54% 3.52+0. 63"
CH 7.41%0. 35 6.22+0. 68" 5.38x1.50""° 3,610, 71 3.52+0. 56" 3. 3420, 75"

TE A 2 ZE RN PATATAL BRVE 28 FLAL B 2 A R 2200 F23H 5 C 20 Z2 MH AR TS A BEFT I R Ao Fyyp = 383,59, Py <0. 001
Fogpy = 16150, Py <0. 0015 F i i = 36 04, Py i <O. 001, P<0. 05 vs A 41;°P<0. 05 vs ARSI FTES 1d;°P<0. 05 vs ALK 54
3d;#P<0. 05 vs AL H 7d.,

F2 AB.C HBRRAZ AT B4 bk 3 (X% s)
2053 FLHTHT 1d SR JE A 3d SR A 7d SR 14d T FE S 284 FH 5 A 42d
A4 11.13£0. 71 10. 770. 80 10. 77£0. 39 10. 67+0. 44 10. 87+0. 59 10. 7020. 69
B 11.07+0. 38 10. 80+0. 36 8.30+0. 58" 6. 60=0. 4458 6.03£0.435 81 6, 23£0. 69" ¢
C4 10.97+0. 64 10. 67+0. 57 8. 600, 34" 6.97+0. 4675 6.20£0. 4078 6, 17£0. 920w

F A W LR TATATA B R 28 (U4 B A R ZE M = TH AR C 4. ZEMTE BRI ST N BEAF T TR R A, Fuyy = 340. 69, Py <0. 001
iy =223. 58, Py <0. 0013 Fygi i =49. 42, Py <0 001,°P<0. 05 vs A 41;°P<0. 05 vs AL SIS 1d;°P<0. 05 vs AL LI 5 5

3d;#P<0. 05 vs ARG SLIRJFES 7d; P<0. 05 vs AR SLIG SR 55 14d,

GTTGGTTGTCTTTGAGATCCAT-5", %] SYBR green I /f
R DICATF T X L L FR bR T R A R NS 1 S A i
2T BOT B 2 i & R bR ik X Il PCR R
B2 95°C A% 10min; 94°C 155 ,60°C 1min, 40 1§
#£;95°C 155.60°C 1min 95°C 15s E XMW EER .

Geit2E i R G2 51 SPSS19. 0 #4748 1173
Bro SEBIRHE AR 1 T BB DL B e AR i 25 (x 25) 3R
7R,S 1 t, BUT B ff B g% £ 37435 i 52 ) a0k Oy 22
ST, A G 2R R S — 2 PR LR L LSD - K 5
PCR 45 5L % IR 2 07 22 50, atF — 25 W b 48R
LSD—e 56, AN ¥ JE 7 22 55 1 19 2R 3L UK 36 ( Dunnett’s
T3),P<0.05 NN ZEFAGIHE L,
245
2.1 B@&m R SCKE5 3d,B 415 C A HIHK
b RS YE D B C A TS 14d ik & 3,83+
0.41mm DI &% 3.61£0. 71mm, A #HH 7.34+0.31mm, 5 A
b2 RIA G 2R L (P<0.05) , HJ5 B.C 41iH#
SribEAERIRRE, B.C A LA E R RS E X
(P>0.05), W1,
2. 2 HEREE AT EINE  SEIJE A 3d, 25 A TH A 2L A (]
KIWZEFUAE(P>0.05), 5 7d,B 45 C A HHE
JIET SR () 45 0, B C 2 TH RSERE R4 B (] 76565 28d 4331l 45 i
9 6.03+0.43.6.20+0.40s, A 414 10.87+0.59s, 5 A 4]

e 2 F A G B X (P<0.05) , 5 B C 2HH 5
ntEYERifaE, B .C AR ZEREA ST ¥ X
(P>0.05), W3k 2,

2. 3MRLEITES A QAN LR, S5O K Y
Je AR 1 R AE L ST TR 2 G, R DL R IR SR S
(E1A) . SERJE5E 7d, B C 41 R 1 7 5 e 5o i 7 34
2 P M L R (ER LB B Rk A BEJS B L C
HABSRHEN L BB ARy (E 1B.C) ., B,
C 20 A PEIEA> 7E S2 50 5 45 28d 4301 °h 5.8+1.5 .5.5+1. 4
S AN 0.840.6 43,5 A HIILIRERFIA LT E XL
(P<0.05) ,HJ5 B.C M4 isfae, B.C 4Lk
BWESFPTGEI¥EL(£3),

2.4 RIBERELER HE Q. A HMAKERARES
B HE R ST b e s g, SLRZ ANMHES ) % 4
EEFT(EI2A) , B.CAMMEE LR A e R B R 240
JLZ2AR A 18, Ff T 1 He 20 M HES RSB b R SR BE T
U5 5 o 40 L A R B S B4R HEB T 0T, IR 1 4, 2 22 iR
WA (K 2B .C) A LI 5 TH IR AT WL AR I R0, HES %
P b R MR IE R TR B IRIR YL (161 3A) 5 C HZE40TH
P T UL RIS W, HES B A, B B A M AR 20 A T
P ML (E 3B) . PAS 4eff . B C ZH 45 B 20 i 4
HE A 4100 s /b, MR ZS 45, (R B /b 45 1 I pz 2
R (E 2D~F)
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B2 HE# PAS#fa A.3

F(x200) A3

Héﬂﬂzmﬁﬁiim lﬁ/@%wu ﬂkﬁu '%&(ﬁu;&ﬂ?/r) B IHMBR S R BT

25 LI B, B R g HES ) 3 55 (x200) ;B.C: ﬁ%ﬂ%ﬁﬂ‘i‘%ﬂ‘?(Hﬂ?@%ﬂ(ﬁﬂ%&ﬁ]‘l"]ﬁﬁ%ﬁt% A
fﬂﬁlﬂﬁJ:EZ):'f J=, ﬁlﬁiﬁi@gfﬂiﬂ’@%ﬁﬁ%(ﬁu%ﬁ)?/j‘)(moo),D.

S LA T WL 2 AR AR A0 (5K BT 7 ) (x400) 5 EF

3 ERRENE EE S WIREL S S
AW (Fi kPR ) o
&3 AB.CARMEXAENRBITHER (X£S,53)
5] SR 1d LB JE 5 3d S5 5 7d SHJEH 14d SR 5 28d LHJE 5 42d
A4l 1.0£0. 5 0.9+0.6 0.70.5 0.9+0.6 0.8+0.6 1.00.5
B4 0.8+0.6 1.00.5 2. 4x1. 40 3.8+1. 10008 5.8+1. 5% 008! 5.6+1. 60!
c4l 0.8+0. 6 1.0=0.7 2.2, 2% 4. 121, 4000 5.5%1. 4000 5.7+1. 1000w
T A A ZEIRATAL AL B R 25 20 5 B 4 A BRZ2 00 E3H AR C 4 ZEMTH IR 3 N FEAF IR B R Ay Fyypy = 47. 43, Py, <0. 001

Fiin =85. 00, Py <0. 0015 Fogi i = 21. 60 , Py gy <O 001, P<0. 05 vs A 4 ;°P<0. 05 vs LIS FTH 1d;°P<0. 05 vs AL L0555

3d;5P<0. 05 vs ARSI HE 7d;' P<0. 05 vs AL S 14d,

2.5 RT-PCR &R Jo Ml i th £, A 51 W 0I5 ft
2R 25 FOR B g | BB i b B A RS SS IR A
H@El% EGF . TNF-o 1 IL-6 7£ B 41 % C HrpE kM 5

R (F=10.78,P=0.001; F = 32.48, P<0.001; F =
30.80,P<0.001),B.C 41 EGF £iE&E4% M A A
2.73+1.38 {1 3. 19+ 1. 04 f{%; B.C 41 1L-6 F ik & 73l
ALY 4.96+1. 63 f5 1 2. 17+0.75 £%5; B .C 41 TNF-«
FkEHIN A U1 3. 96+1. 34 f5F1 3. 74+0. 70 £, 25 5%
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I Bt L (P<0.05) ;B .C ZH/a] Hb48 , EGF J2 TNF-a
MFRILZEF BTG L (P=0.826,0.967) ,IL-6 &
REFAHGHE X (P=0.004) , WLIK 4A, fFEHZ. 4
R ¥ EGF [ TNF-« FIl IL-6 £ B 41} C 4Rk 51

M (F=12.86,P<0.001; F=17.39, P<0.001; F =
60.15,P<0.001),B.C 20 EGF k&9 N A HEK
2.46+1.03 {511 3.78+1. 60 f5;B.C 41 1L-6 £ ik &4 5
AR 6.95+1.35 5 F1 4.25+1. 31 £5;B.C 41 TNF-«
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4 RT-PCR&R A.45iEHL,B. MMEAL P<0.05 vs A 4 ;°P<0.05 vs C 4,

FIRERA NN A 41 4. 351,90 {5 F1 4. 161, 13 £, 2%
I Gt # & X (P<0.05) ;B .C 48] 4, EGF 2 TNF-o
HIFRIAZE R TGI8 L (P=0.196.0.993) ,IL-6 ik
ERAGIFE L (P=0.003) , WLE 4B,
3itie

FHRAE B & AL 5 TH IR A A3 W B 2% e S TR G
M TH I o 7 H iz R TR 7E IR 08 i — 2 pg T B, A
ANE NGB ZE KRR R E 2 ] — 2850 5
WY R ECT IR &L . KREPTESS ARG R TH IR HE
A SEHAS . EHMRAE R e 2 n R 4w e
R, AR T T KRR J2 0 F2ZE A4, PR A o R B 32 7H i
A RURIVE T IRAE s i THAR ARz S AR
R [T 2 Y R S IR 2R Ik [ L R 2 Y Al
INEE A AL R SRR T, N BT IR R — g
P RE R, BERS I i B A S AR AN EG 25 T 10 L BEIR
B R, A A~ GT RS Hor A BUF B BRI HE UL, A
HRIAIESTH MR 1 55 BTX - B o TH R I 3 & A= 2 b e p 2%
45 e X S ECH s pg 0 (E e A 2R G T IR AR
RIFAERG EMEZE I B . BTX - A B85 5L Tl oA,
25T PELE B UK, 250 i) b B ALK, R R AT T 4
W BTX-A 51 H R vT AR A e i T IR AR A

TH A7 B 4 FTH IR T 5 BTX - A ZH M\ S236 )5 45 3d JT
LRI LT VW oy W e R 22 M0 /0 55 7d TH B 24 s [l
TR Rt gn e, 55 28d ik B e IS g e fee , M -
B AR R RS BE RS AT SR Y EE B B BE R B, A
FE AN B HE AT | - Rz bRV, &5 RS R 240 e i i B
0 BTX-A 41 TH AR AR A ™ B 240, DA L 45 1 A
S A 3 AR RS AF A KB I = A HIR A I PR 1 R
PH2EARAE , TH RN B 4 RTH B S BTX - A 41765 3d [
A e BT T TR s D B A A 5T R BTX - B i 5
Jei 3d B YH WA A U D B 4 R A — B T
BTX - ARG , o] DL 5 B TH IR A 2845 . Lin 251
5% & 3 BTX-B T HRAC A A i A 28d 5 25 BT 4
ST BRI AR K A S S T RE AT BTX-B 25914 3L
A ), TH R I P 2 4 A O (HAR SR 1) BTX-A 411
BRI G B8 T BTX-A #4 2 i T IR A 80 T finfa
FE o THARFEERALATH IR 3 55 BTX -A 24 o] He A A 22
S, U0 B 30 Ay R A ) T IR ASE AR A 1 PR R R 1
AR A 2ZE 00 . BT WL AR S5 R O vk
P ) T MR A A A 2 T 1

FER R 22 9T 2 I | ST AE TR (9 A s ML v i 31
TREERY 2R RAER T CHGEL S S T IR
RS b FE A0 A I b B 54, IR E I AR e PR S5

TPy i T E A A, o IL- 6 FI TNF-o U R B B4
Ivi] a8 200 R R 4 v A0 B B, TL—6 S — B 8 17 ROE
SN A AR R F-, 2 B AR T 40 e Bh RE A% 2298 1 A
T, THR B L5 b R 2 Fp R 73 55, 1 1L-6 J& i f
M RT-PCR 455 s i bR TH AR 41 A 5 BTX-A
4 TL-6 ATk 2 00 A B T, 38 % TH AR 4 s e 5
BTX-A 21, b2 BEAE 52 T JH B Sk an sl 7H AR 22 40 0] DL 51
1L-6 [ TF T, 5 ELAE W0 T o 0 2 52 T 68 0 TH B Sk 461 A )3
BIEME, TNF-a EEHE M=, B8 2804
e, o] AR 22 RN I Y D BE , TNF — oo 2 200 if 286 ff
kb %) F 2 T, 3B A T ARAE I (8] 40 S B 1 R 4
Oshida 45" 45 H T HR B THR P TNF-o B9 RS S, HL
WEE R R POER P o0, X RIUNHBE H TNF-«
Eri S A R A2 B S IR A G R TNF - 2T
HRAE 2 A= I S PEAY T, ARSI i s A RS L 4 1) TNF -«
HFRisETE, DA LR EA 25, 5SOO6RMY
0, SR B A A 25 R — B, FH RS | TH R 22 40 5k a0
FEOHW WD THRE S R T, T 1IL-6 Al
TNF-a /™ 9 AE SV

EGF & —FMa] LB S I 2 s i 7., 4%
HIBFZE T &K 3 EGF 78 T B 27 5 AF A8 3 M TH R, TH IR 5 e
R A B S RS (Rt AT TR R R TR &
A A B AT LA R EGF A TH 5 . 7 S 9 o 5 45 5
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