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(78.49+2.75) % F1(30.86+1.84) % ; 7E 33 °C (R FK IR )
ZAFF ,MMC-ATS-@ PLGA 44KKi7E 600 min B 2B
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Abstract

¢ AIM: To prepare a nanodrug MMC-ATS-@ PLGA using
polylactic acid hydroxyacetic acid copolymer (PLGA) as a
carrier and mitomycin C (MMC) loaded on PLGA, and to
analyse the biological safety and treatment effect of this
nanodrug on inhibiting the proliferation of filtering bleb
scarring after glaucoma surgery in vivo.

e METHODS: The thin - film dispersion hydration
ultrasonic method was used to prepare the MMC-ATS-@
PLGA, and its physical and chemical properties were
detected. The effect of MMC - ATS @ PLGA on rabbit
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corneas was analysed through corneal fluorescence
staining and HE staining, and tear film rupture time
(BUT), Schirmer test and intraocular pressure data were
collected to analyse ocular surface biosafety. A slit lamp
was used to observe and calculate the filtration bubble
size, and the tissue morphological changes were analysed
by conjunctival HE staining. In addition,
immunohistochemistry and Elisa were used to compare
the anti - inflammatory effects of Flumiolone Eye Drops
(FML), MMC, and MMC-ATS-@ PLGA nanoparticles on
inhibiting the formation of filtering bleb scarring after
glaucoma surgery from multiple perspectives via
comparative proteomic analysis.

« RESULTS: The average particle size and zeta potential
of MMC-ATS-@ PLGA were 128.78+2.54 nm and 36.49+
4.25 mV, respectively, with an encapsulation efficiency
and a drug loading rate of (78.49+2.75)% and (30.86+
1.84)%, respectively. At 33° C ( the ocular surface
temperature) , the cumulative release rate of the MMC -
ATS-@ PLGA nanoparticles reached (76.58+2.68)% after
600 min. Moreover, corneal fluorescence staining, HE,
BUT, Schirmer, and intraocular pressure results showed
that MMC-ATS-@ PLGA had good biocompatibility with
the ocular surface of rabbits. At 3 wk after surgery, the
area of filtering blebs in the MMC-ATS-@ PLGA group
was significantly larger than that in the FML group and
MMC group, and the filtering blebs in the control group
had basically disappeared. Pathological tissue analysis of
the conjunctiva in the filtering blebs area of the eyes of
the rabbits revealed that compared with that in the normal
group, the morphology of the collagen fibres in the
MMC-ATS-@PLGA group was relatively regular, the
fibres were arranged neatly, and the tissue morphology
was similar to that of the normal group.
Immunohistochemistry and Elisa confirmed that
compared with those in the normal group, the expression
levels of o« - SMA, CTGF, and type Il collagen fibre
antibodies were significantly increased in the control
group. After FML, MMC, or MMC - ATS - @ PLGA
treatment for 3 wk, the expression of inflammatory factors
gradually decreased. Among the groups, the MMC -
ATS-@ PLGA group showed the most significant decrease
(P<0.05).

e CONCLUSION: This study successfully synthesized a
nanomedicine ( MMC - ATS - @ PLGA) that inhibits scar
proliferation after glaucoma filtration surgery. The drug
had stable physicochemical properties, good
biocompatibility, and better anti-inflammatory effects by
inhibiting the expression of a-SMA, CTGF, and type |l
collagen fibres, which can prevent the formation of
scarring in the filtering blebs area, thereby improving the
success rate of glaucoma filtering surgery.
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nanomedicine; anti-inflammatory effect
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I IR, R T T AR A IR IR B 2H 21 ) R 3 50k 1A
AT DX 52 468 1 245 B RN IFL I 2H 2R i 21 A 240 Jf 3 5 3% 1k
e SRy LSCET 2 20 B 1) 45 1 AR B AT, JF B R AE I -
SE3 UL 2 1 ( oo—smooth muscle actin, a—SMA) 545 21
Y1 K [ F ( connective tissue growth factor, CTGF) . Il i Ji5
LTSRN IO A I8t Y 1 R B, U8 3 i B 78
ERECFARR W E BT IR I — e BRI
TERLE T, B B [ it B A2 | e Dt A2 TR i 561
TUBE I 25 W) F 5 AR 2 10 1 50 25 O T LR IE L AR Y
SEHS KNG RBIFSE , LIS — 5 I R RICR ™ el e 22 3
FFZ C(mitomycin C, MMC) W H T HFHIRELI ARG, KR
SF BT IG FEAE AT DA R i 8 v R Ak, AT
B 4 T R IR AR S 2l Y H T MMC
Syn O B TS ARIR IR R SRS I R E,
H R A FH2Z 8RBl 40 oK 1= 2 A I A A RHIE 7 1
IR A T R R AR -2 FE L TR IL R Y ( polylactic
acid hydroxyacetic acid copolymer, PLGA) B K 414 4
FAPEMGERBENE SR a, HRTC &0 TIRBFES R T
MR A B 55 5 T RIS 7 R AR B S B804 PLGA
YER K AR, 455 MMC & 48K 254 MMC -ATS-@
PLGA, R A K F AR BEAR MMC () 259 35 RIE T, 325
5T OGRS 5 30 s IR R P iU 25 ) 8CR .
1 W RF T %
1.1 88 M MMC /RIS 259, L PLGA FIBL R M
(sodium hyaluronate eye drops, ATS) & 4 & £ H il £
MMC-ATS-@ PLGA, B BB} K 2= 3 ) 52 50 rhot 3R 15
80 UHEFEHEFERT P2 11 6 (2.0-2.5 ke, 1416 JA ) |
S AR UE B S R FOGIR  FBE AR IR
VI A 52 R RIS B <480 wm S5 HIR 8955 28 5l 555
HYHTPY 22 R R g fEBR TR SE 2 0h . BT sy S 3 &
SRR/ NI SY RN o ek N (o L A S S o e
ARVO 5T Sl 7E IR B GE AT 5 v A 4 7 WA of, 5F:
H A shy e s i ¥ 75 G S g s g Jsiu)
1.2 Fi%
121 EZRKFFAQRIE  FEKMA T K050
PLGA ( b2 SepR AR BR 2w, e ) 5 R (E R
N TR, H ) PBS(pH=17.5) Z& thifi ; MMC ( P4 %
AR A BR 2w, i) o 32 B e 28 &AL
( B BRMAYARAE, ) ; AR AL (Sonies, £ ) 5
IR = 3 B .0 Al ( Eppendrof , 8 [# ) ; i 5 B, 5% ( TEM)
(HiTachi, H75) ; Malvern3000SSA 38yt b7 4% K Fia Ao il
A ( Malvern, JE[H) ; 466 T (Shimadzu, HAS)
1.2.2 MMC-ATS-@PLGA HHI& RJHHB S H-/K 1k
HE I ( film—dispersion and hydration—sonication method) il
4 MMC F1 PLGA B4k ( MMC-ATS-@ PLGA) '® . H
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AL S FREL 50 mg BY PLGA, 10 mg MMC & 5 mL =
FAHBERCA 100 mL B H 5 45 18IS e 78 3 e %
R (60 C, 71 E-0.2 kpa,45 min) , 152 [ @ 140K
Bi % PBS BB Y820, H 100 W,5 min(5 s/5 s, 7/ %)
TAEAR S B 7 R AR B U i KR 24201, B G TR
BLLHL(4 °C,12 000 r/min) #1744k 4 CARIRBOGIRAE
&, FHERER 5 6 %5 3@ PLGA
1.2.3 MMC-ATS-@PLGA M1 ZFEREM K5
JRSCR A £ MMC-ATS-@ PLGA fl@ PLGA 4k %
Hl Zeta HLA7 . ¥ MMC-ATS-@ PLGA Hl@ PLGA &K 1E
TR T HE 1-7 d, 20 3R A KRR KN, LATF
At AR P 5 43 ) T AN ) e ) 22 5485 3R W Vs o,
T 2R AN BE I S B AR A RO B A
W, I FLIT R4S A MR - R £ . MMC £
BR = 325/ BB AR X100% ; MMC 225 % = 5 25 1/
PLGA &\ % 100% . [F] i >R FH &5 200 AH (6 5% ik 0 &
MMC-ATS-@ PLGATE 4 °C (A7) M1 33 C (HR %G
FE) R OL T I 25 YRR
124 R EYLEERN  ECHE 2 KA %A RIEN
SEERNT 4, B ML R E R AL SOK R T IR R ( FML) 41
MMC 2H Fl MMC-ATS-@ PLGA 40, 540 5 0, &40l R
25 4 H 3 7 (8:00.15:00.22:00) 4351 F LA 30 pL 0.1%3%
FETR M v IR OK B TR IR W (1 mg/mL) MMC & i)
(1 mg/mL) MMC-ATS-@ PLGA (1 mg/mL) ,3 wk J5F LA
FARE D YL e | R I 10 57 A R e 6 Y (6 17 B0 5 B >R
T 28 (3%, 1 mL/kg) X5 TR0 G 52 il - Y58 #50 k JRR e
W30 5% TH IR 240 ] (tear film rupture time, BUT) . 7H
WA WA 5 ( Schirmer ) FIHR & (IOP) ; ¢ J5 T VAR bk i 54
KFVE 248 (3% , 1 mL/kg) A SEh ), BT 1 AR
AT UL HE Yt B H 387 A I S 428 4k
125 ERBIBIT AR WERET  EECHE 2 KARhA
IRAVE R SEse X &, T DL i G IR /N IR AR | BEALKE 52
IS Fp 3 20 ( control ) \FML 2H \MMC 41 F1 MMC-ATS-@
PLGA 4, B2 5 MR, B 4BLIG IR 245, & H 3 ¥R (8: 00,
15:00.22:00) 23517 L 30 WL 0.19% 3 35 1R 494 17k R 9% . 98
K e IR (1 mg/mL) , MMC & # (1 mg/mL) |
MMC-ATS-@ PLGA (1 mg/mL) , %3 ¥ & K #47 F A 09 5
PG 22 R A S A BRAE A 1 5 AL, AR A5 21 G R ol A 8 1) 45
W MR 25 R SR L(P>0.05)
1.2.6 MMC-ATS-@PLGA s BRI REMH T L
HYRRIT T WU, R 2 BT B s WA I ie AR R
1-3 wkiEid AL 2220 40, IF il kAT B BEAH BT3B R
G2, Bt o B AN R B T) s v KN s R 26 3 wk B, R
R CO M RALFE , BUT U1 0 IX 45 AR AR T LA HE
Yete, AR A AT 25 B 20 SO 25 A8 4k s Rl i T DADE i v
DX 5 AR A G 28 4 AL 52 56, AR B B 22 o 4 v o B A 1Y)
CHEPRFIR R 2 52 a8 12 W7 e 4L 214k 24 PH P X 1R
Bl Y o0 K I 3 43 M 8 5 v I R 6 1 R E IR T
a—SMA CTGF 1 I AU Jist 21 4 1) 2 3818 5 /), $R B
I 90 X 25 R 2H 2 B P AT R EDG £ 28 W BT 52 5 ( Elisa 525 )
K AE K- oo—SMA [ CTGF 1 I 7Y Jig J52 £ 2k 1 2R3k 15

G it2E oM RS SPSS 20.0 BEFT AT, X
JR AN IE 2540 BT o kL, N 1 SR FH AR 2 Ty 2240 B itk
1T Z B e A 22 it — 20 R H LSD—t K gtk AT
LHIEI R L EE . DL P<0.05 HERA S .
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2.1 MMC-ATS- @ PLGA WXk %I RME 4  MMC -
ATS-@ PLGAZGPAR R TEHLRE (] 1A) , B/R AR iR @
PLGA 1 MMC-ATS-@ PLGA RiA%AE 5 i 2514 4 it [a]
W A8k TG 5 L (P>0.05, 8 1B) , Wy Fi ik i fa & |
Hif MMC-ATS-@ PLGA Fll@ PLGA f9°F kL4243 3 Ky
128.78 +2.54  115.74 £ 3. 17 nm. A #F 5% 3 — & 2 b7
@ PLGAFI MMC-ATS-@ PLGA “F27 e v 284k, 45 5 s
5@PLGA(-67.28+6.84) mV i b, MMC-ATS-@ PLGA
YUK 5 W 5 G, 250 T Y I BT, H Zeta HLA N
36.49+4.25 mV (& 1C D) ;WF5E R KM e A
i)t BRI AR 2 R 45 R R MMC—-ATS-@ PLGA 44K
WAL RN (78.49+2.75) % , 7 25 F M (30.86+1.84) %
(B 1E) 5 259 8 ik 55 5 U7 T, A 92 R W, MMC - ATS - @
PLGA 9KRIAE 33 C (BRFIRIE) 448,600 min Rif%
1135 (76.58+2.68) % , [HTE 4 C (EAFIREE) 408 T, AT LA
FEAAAE , B RAL R (4.69+0.53) % (A 1F)

2.2 MMC-ATS-@PLGA # K FI R R £ 41 % £ M 1E
TEZ5WIME T TR 2 3 wk J5 , FML 2 F1 MMC 4H £ 58 it g
ORI ORR AR B A AU RE G, {5 MMC-ATS-@ PLGA
A AR BEAR UL B SO B e (B 2A) 5 it — 2P R B IR 1 7
HE Y0, 45 5 5 7% FML Fl MMC 20 5 304 [R) #5 3 19 £ i
K B AR AN A M AL S UK R {2 MMC—-ATS-@ PLGA 41
FAMEIE A H AL B W 4 (Bl 2B) , #5 A [RHR & BUT,
Schirmer B} F 25 5% B Ge 2% 8 L (F=178.35.126.79
154.86,% P<0.05) , 5 B/~ 5 1E % 41 BUT (15.48 +
0.79 s) M I, FML #H (9.36+0.82 s) Fl MMC #H (7.83 +
0.57 s) RIARREM T EE, ZRAA5RIT¥E X
(P<0.05) ;/H MMC-ATS-@ PLGA 41 BUT(15.16+0.54 s)
HSE®HWE, ZR LG8 iIT¥E XL (P>0.05), ) H
Schirmer iIRE £ F H 5 BUT #H[R| B9 28 (b fa#, SIEH A
AR (14.27 £0.79 mmHg) #H kb, FML 4 ( 20. 72 =
1.43 mmHg) MR 5 B & 7+ 5 (P<0.05) , MMC £H (14.12+
0.84 mmHg) Fl MMC-ATS-@ PLGA #H (14.46+0.85 mmHg)
RESERALEZER LG FE X (Y P>0.05), I
& 2C-E,

2.3 MMC-ATS-@ PLGA £t > Fi #I 1l 58 3 i i JR 7 X B9
HEZENH RIGH 1 d, S A35K BRI 555
B B IR T KR, A I T RE AL i i B A
TR 2ER, R 1wk 5RE 1 dHE,HEHH FML
ZH MMC 4 F1 MMC-ATS-@ PLGA £H 1§ 35 99 sk /0 2 43 331
4 12.78+£2.93 . 10.43+2.58 . 8.57£1.64 .7.03+1.45 mm?,
FML 41 MMC 21 Fl MMC-ATS-@ PLGA £l JE 4 o e ik
T, 70 M0 W S U A 5 Bt 2 s ) 1% JE K U Y AR /N
Fo R 3 wk BAJE 1 wk H#, #HI4H FML 20 . MMC
ZHF MMC-ATS-@ PLGA #4138 5 12 2 53 51 R 21.49+
2.37.14.85+2.27 12.38+1.95 9.46+1.73 mm*; MMC—-ATS—
@ PLGA A8y i T AL K F FML 4180 MMC 4, ¥
IR AT e, WK 3, AT 3 wk, dE— A R HUAR
IR0 3 9, XA 10 235 B A 70 B B0, 25 SR B 5 E
A LG, MMC 41 BT DL K o A B 1 e Dt 2F 4, L HE 51 AS B
N S T 4350 %% HoHLR , MMC - ATS - @ PLGA 41 Ji¢ J5i £F
YEFE S AR X B0, HE B B 57, 44U A A 130T I 4L
(El4),
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o L Uk 2 7 VR LI A8 45 241 o—SMA [ CTGF 1 1l 2 figg
JEF 2 1 3R 3k, R E AH PR B R A E SR R
H-score= X, (pixi)/100= ( 5558 B [ 43 Hox 1) + (4858 &
HArHEx2) + (5 5E E H A e x3) 25 R R4 4] a—SMA |
CTGF M A R A e b K Z R B A G it 8 L (F=
78.34 94.75 83.65, % P<0.05) , 5 FML #H (118.37+2.58)
1 MMC 2H (112.86+2.83) H o —SMA YA A ., MMC -
ATS-@ PLGA (79.51+2.39) 4] FRfie M ., 5 1E % 4
(63.67+1.92) it . I H AAE P+ I AL i I 45 4 il CTGF
o AR RN AR Ak R e UL S

2.5 Elisa 3236 %1 MMC-ATS-@ PLGA 44 K4 {4 1 Hi 988
JRBER NSRRI b B B b i X 25 A U T
Elisa 5256 25 52 0 £ 4 o—SMA | CTGF | I AU Jig Ji 21 4
Hee 25 3 BA it L (F=118.45 .102.54 .89.34 ¥ P<
0.05) , SIEH A L, #Hl 41 H o -SMA [ CTGF F1 T BY i
JREFAE B M 1 3R 3K K7 W B, T LA FML, MMC il
MMC-ATS-@ PLGA 897 3 wk Ji, RAEH TR LB T

[ Hoh MMC-ATS-@ PLGA 4 44 A T2 35 F M i
W, ZRAEASIFE X () P<0.05) , LE 6,
3itit

Bt N FERR AL, OB IR B g i &2 % T — 2k
FHBEHR 2454 J IR 4 AN R AR b, 7 6HR I TR
ATHSR IR TT 1A B 3 vk (AR i 235 M58 B IFL PSS 11 21 4k 1 A=
FRIRACATI IR P BT AR K M FZJFEA Y ek
AH ML/ IS 52 458 DX 38500 I A Ak T ol R 21, TRt PN R 5 1T
GRS, 3E— 20 R A AR W s e AE K R R
i AL 200 BT A 240 i 5 Wi S D DX 2 U AR TR
FiEF F F (transforming growth factor,, TGF-B,) /i &
IR A RAE ] T a—SMA  CTGF | I 7 i J5 £F 4,
5 ST 24 20 B 53k g WL 2T 448 200 1, DTG S 380003 1 i 4
FEA3 I S B SRR 1 A AR I AN I, Fe e T IR O 1Y
JE T P 45 I LRI BR e, ey 4 ) 7 DG R
ARG RAE 2R3 6 T R 58T Y B 5 A5 4% 41
B, 2R C AR OGRR IR A vt FH % 40 ] £F i 4
B2, T LA 8502 E R 5 8t v R 4 0% B, BHL LR TR
TE B AR A AR ™ 5 0 9 RRE , I B IR ARHR | A B
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L JRBLAR A 78 MMC—ATS-@ PLGA 44 K ki 75 %8 1 5 1
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