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Preparation and permeability of brinzolamide nanocrystals in situ gels for ophthalmic
delivery

DOU Ying, HU Hua, XIE Xiangyang, CHEN Zhilong
Department of Pharmacy, Chinese People’s Liberation Army Central Theater Command General Hospital, Wuhan 430070, China

Abstract: Objective To prepare brinzolamide nanocrystals in situ gels and investigate its drug permeability in vitro. Methods
Brinzolamide nanocrystals were prepared using high-pressure homogenization method. Brinzolamide nanocrystals in situ gels were
prepared by cold method, and its formulation was optimized by central composite design. The permeability of brinzolamide
nanocrystals in situ gels on the cornea of sheep eyes was investigated using Franz diffusion cell method. Results Using Soluplus as
a stabilizer at optimized concentration of 5.0 mg/mL, the prepared brinzolamide nanocrystals in situ gels exhibited ideal particle size
distribution, PDI, Zeta potential, and physical stability. The best prescription of brinzolamide nanocrystals in situ gels was
Carboxymethyl chitosan concentration of 5.0 mg/mL and Poloxamer 407 concentration of 200.0 mg/mL. The prepared brinzolamide
nanocrystals in situ gels exhibited ideal viscosity and gelation time. The lag time and permeability of brinzolamide nanocrystals in situ
gels in sheep cornea were better than those of Brinzolamide Eye Drops. Conclusion The formulation of brinzolamide nanocrystals in
situ gels is reasonable and the process is feasible, which provides a more effective way for the ophthalmic administration of
brinzolamide.
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HIRAT]D; Ultra Turrax B S BT AN (1 [E 47
EAF)D; AHI100D AU m EH ML g b ik
MBS G PR A F]); Zetasizer Nano ZS B 43K i &
ST (GEE SR )4 F]); DV2T Brookfield 4 jiE
A ET (35 Brookfield A w]); TR-3000 #Ui% K7
P EORIGAL (L ERERHAACES A TR A F]D .

A MR B 5ot B C i EE AR R R TR A
Al, fits ZT-27300, FifmmE 99.4%); ARk
JEERIAREAR AR, #5 20240512, Fi&Es
#798.8%); F4EEH K30 (PVPK30, 185 H T kE
JTRHSE IR AR AR, b5 240615); FRNHE
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b5 M153571); BHRNFEL 4R (HPCSL, HAH
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80, WHALE M AR AR AR T AF, #ts
20240311); R OIGCHBEIE - RESR MRS
TR LR Y (Soluplus, IR R EE 25 RHEA TR
A, #5 230506F); JHIE VDU 407 (FE 5 EUR 24
WEER B M HRAF, fits 20240511); RH T
TR CHX 0 TR 1.9X105~3.1X 105, fii ZFkfE
75%~85%, JE [ 1FEHFAS AR AR A 7,
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B o BUATMRA RN K S AT 2 100 ul, IIAE]—
AEEE L, HZRKMERE S 2.5 mL, 1@ zha
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KRR A (0 T2 2 5] 4% A MR R 9K ik,
T 5 A AR i AR R AR R R AR 4 A PDLRI Zeta B RIRIFPIS . IREEHEATORE, SR WK 1.

x1 BREFMEFEER ( xxs, n=3)
Table 1 The screening results of stabilizer types ( x*s,n=3 )

WAL, IR CE R T s AR E M, AT X AR

RIE - RER WLA% 53 Ai/mm PDI Zeta HL{7/mV A
2k ¥ /(mg-mL™")
— — — — — WOk RIERAR, IR RITRE

PVP K30 1.5 856.2+67.2 0.53740.058 -3.5 EIEMARE, JHE 2 h WRAEDTE
2.5 791.6£63.1 0.543£0.042 -2.0
5.0 636.2£55.6  0.458%0.039 -2.7
10.0 5843+31.7  0.417+0.038 3.4

HPMC E5 1.5 468.6+28.7 0.319£0.047 2.8 7E 1h WRITE K T 20RY, I RaE I iE
2.5 513.94£249  0.358%0.041 -5.6
5.0 453.8420.8  0.352+0.032 -5.7
10.0 4353%19.6  0.293+0.021 —6.2

HPC SL 1.5 913.6+84.7 0.568+£0.059 -3.9 AR, TERE 1h 5T UTE
2.5 857.6£74.6  0.462+0.057 -2.6
5.0 841.3+78.1 0.514+0.043 -3.4
10.0 839.6+68.9  0.542+0.038 -3.6

Tween 80 15 356.9+23.5 0.237+0.016 -8.6 SPILRIRTE O, (BRI R R SEY
25 342.1+23.4 0.2431+0.019 -9.6 FasE PR
5.0 3169+18.6  0.23740.025 -8.1
10.0 329.5+18.3 0.225+0.017 -7.6

Soluplus 15 526.3+23.2 0.3414+0.018 -10.6 AR IR IE o, TERE A R P R I B
25 412.9+19.6 0.258£0.024 -10.1 R e Tk
5.0 318.6+202  0.209+0.017 -9.6
10.0 436.9+19.5 0.237+0.021 -9.7

ZERDIR, R TR RN ST 0 A MRV i i

KEBPRMIRLAZE S A PDI. Zeta FRATAIPIEEAR & PE
B EAT R 5N, H Ll Soluplus 1 A8 € 77 il %
FRIAT AR HEC 2K i PR 2% TR AR 20 AR . I e
T Soluplus AMZEIEARE TR L 7> TR i
ROIHOABRE . REEIR LGB AR £ B4,
AR AL A K IR T R B, X T
YERFPUR R I BIRS EVE B R, BRI HE
P AR E M, IR AR 2 B KBS e Ab,
Soluplus HE U 4E ZGVNRURLIE R Ry =, 8 %
EIEDAREEERE R VeI LY RGN IDE 5 SINe = i
KU SEIR, AHIE TR 52 KA Soluplus A MR A
KSR AR E A, R R AR EREN 5.0
mg/mL.
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e, IR FRECH #20E 3.0 g SAbEN 0.8 gv ZEAL
FEE 0.1 g AUKHER —44 0.2 g, BIAIAZE] 150 mL &
STRKH, BRI 58 AR FHZIRAL T LL AR
HUE B ST RIS VW 407, IANE] Bid
W, R HCETE 2~8 CH&M T IRAT
A, 45 E0E W AEE R I s W 1) 2% 1 A A fi
YUK ARG M KBRS, K ER R
200 mL, $itFE 10 min, I E1EYPIRER, 73,
Bif5. BT 2~8 C&M NI,

25 FHENE

A5 P @ 2 28 PR 00 S AT A e 400 oK o A R P

R AEAE PR (25+2) CHMUET . MR



EABE M 2025468 AR & 5l &

(3412) CHAF PR B FEMEZIE 3 X,
P24
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Table 2 Level of independent and dependent variables

K SEL
Xu/(mg -mL1) Xa/(mg mL1)
-1 4.0 100.0
0 7.0 200.0
+1 10.0 300.0

271 BALGERE R POEARITRER 3 P
SIS HHE AT J7 2 o A, SR Z 151 (Linear)
XA Z A2 HAEH (2FD . £ 76 X1 (Quadratic )
SR RAE R Y (25 CHEED. Y, (34 CHiED
A ys CEERRALIS (8] 3EAT #0640 #r, DLIA#E R2AN
T R KAB 9 b v e £ e AR AL . #0E YR A
ZIC R AT IS, Yy SR R =22 HAEH
BTG, Vs KRG R IAB R TG,

BAKBI LA T2 ¥1=140.14—1.74X1074X,—0.11
X40.01 X1X2—0.08 X12+5.24 X 104 X2 (R2=0.973 0);
Y2=6750.69—152.52 X,+5.54 X, +1.14 X,.X, (R*=
0.9517); ¥3=47.39+0.03X,—0.11 X, (R2=0.9486).
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Table 3 Results of experimental design
. HAE K22

X1 X2 Y1 Y2 Y3

1 2.8 200 142.1 7554.2 23

2 7.0 200 152.4 82427 30

3 10.0 100 137.2 6941.9 35

4 7.0 200 151.8 8 625.7 27

5 4.0 300 171.7 9538.4 15

6 10.0 300 182.3 10448.2 12

7 4.0 100 139.3 73873 37

8 11.2 200 154.2 85117 27

9 7.0 59 136.1 67 175.0 40

10 7.0 200 148.5 8096.8 28

11 7.0 200 151.7 8411.9 26

12 7.0 200 151.3 8144.4 28

13 7.0 341 182.8 10354.8 11
2.7.2 T ZE M RSN M B 2] R R AR ST R

PER IR (XD ANAIEIDI 407 FRERE (XD

ERBEZE, 5EAEIL 25 CRE (Y1), 34 C
FiE (Yo FIBERALE ] (Y3) 3 ANKAS &2 6 17
ZEOYHT, SR WEE 4. UbAh, JEIE RO T E
W TIX 2 ANEZRES 3 MR REZ BRRR,

SR 1. TESTESERER, BRI
HIREE (X)) AIIEDH 407 FERE () SR
PLEEIEAE 25 CRLE (Y1) FREEFELM (P<0.05),
B 2 P 52 SR L RV VD R 407 JE VR BE I3 o,
JRALEEIAE 25 CHRTE BRI KES: Bagyb
W 407 JREIKE (X)) XERALERTE 34 CHRHIE
FE (Y2) HREHN (P<0.05), BEE BV 407
JREIRFEIN N, JRALEERAE 34 “CF % BEZ BT
This ST BRALEER B AT 7] (Ys), Y&V
407 JREWE (X2 FIFEEAREZN (P<0.05),
BEE TS VO A 407 BEDIREE 3G N, R A R
B4 R

2.7.3  BEIRRALEIRUE A0 S A BT TR
TR BRI B I L R R L e B R
BIKEN 5.0 mg/mL, FIEDE 407 HEREAN
200.0 mg/mL. #&HIZALTT & 3 fEIEALEER, e
B BERACRTE, WL S, BTSSR (25 C
NN 152.6 ¢Ps, 34 CHiE N 8 312.6 cPs, #itli
] 26 ) SHSRPRas RIAR—F, IEH LA R
PEEERR AL T7 G 3, TRDNASE B AR PR
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Table 4 Results of ANOVA

AR & KR Rl SFIE F & P{H

Y1 T 2936.13 587.23 50.47 <0.000 1
X1 89.31 89.31 7.68 0.0277
X2 2 599.80 2 599.80 223.44 <0.000 1
X1Xz 42.90 42.90 3.69 0.096 3
Xa? 3.29 3.29 0.28 0.6115
X2? 190.83 190.83 16.40 0.004 9
& 81.45 11.64
FA I 70.53 23.51 8.61 0.0322
gz 10.92 2.73
¥ il 3017.58

Y2 it 1.55Xx107 5.16 X 108 59.10 <0.000 1
X1 4.05X10° 4.05X10° 4.64 0.059 6
X2 1.46 X107 1.46 X 107 167.31 <0.000 1
X1Xa 4.66 < 10° 4.66X10° 5.34 0.046 2
W7 7.85X 105 8.72X 104
AT 6.08 < 105 1.22 X105 2.74 0.1754
gl %= 1.78X 105 4.44X104
¥ il 1.63X 107

Y3 T 924.82 462.41 92.28 <0.000 1
X1 0.05 0.05 0.01 0.919 4
X2 924.76 924,76 184.56 <0.000 1
s &) 50.11 5.01
JAUT 41.31 6.88 3.13 0.1446
aiR % 8.80 2.20
¥ il 974.92

®"S WMERRPARREIRERAERMERMNELSR

1 3R HE E
Fig. 1 Effect surfaces

Table S Properties results of brinzolamide nanocrystals in situ gels

5 25 CH#iE/cPs 34 CHifZ/cPs LT 1R /s
20240904-1 151.6 8188.3 27
20240904-2 157.1 8353.9 26
20240904-3 140.2 8285.1 26
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WE N 100 r/min, Pl f5 £E AR5 1 ) A 5 3 T
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30 °C, HEREEY 20 uLl6), THE254) 57 A 2R
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A RARE J 240 K i A HIR P JE o7 5 Jss L7 A s 2H 4 rp
(VB E T Ja IS TR 21 0.25 h, T AT AR B IR vk 20
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BB RR, LR EE AT BE 2 4K i A 5 T 2591
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Fig.2 Cumulative permeation amount per unit area over

time of brinzolamide nanocrystals in situ gels ( xts,n=3)

VERREE s AL N, IR IRZE B)5IEE I [R) 2 3 B3R
X G T MV P 2 TR R VRLTE A I T T THD 1
g,

YIS FERETTI, AR 5%
BN (62.7+1.2) pg/em?h), BIEALT R B4
1) (139.24+4.1) pg/(cm*h), F R A KB E
RETEE R TR, 5HIRRA A, R
PEERHATE 12 h AR RRBEE N T
224.2%, X—4ERRM T RN B ES A WS IE
TR RERS. WK 6.

K6 BIEMEELLE ( xxs, n=3)
Table 6 Comparison of permeability ( xts,n=3 )

ZH AR [EBFE E (g em 2 h!) 12 h A7 AR RFNE I & (ug €m2)
A MR AR iz 0 K s A FIR FH D Ao 2 139.2+4.1 1684.4+98.5
A A fre i IR 627412 751.3+54.8
3 e S5 ROTR ) FL AR V8 711 255 A AR B 1) 2% Bl oK i

N T GaRAT AR B ENE, SR 2R
FEE, KA U Z3ia T R0k, EAAMIF TN 5
CURFAT PR A ] BT R 2503538 2R 4, I Patil S508)
SR FH TR I 7K 5 i A WA ] BRSR AR 9K R i A
AL R G LR RIENE, H RS8R
2y, HSmEHIFIMEL, ORI R 124545
EVE, EREGORIRRAAEAERENERE, Ak
S ORAF IR A ZERURSEOILAR )G 2B K90
D BAR B RERE AT A 12 1 B3 Aol B0 W ¥ 28 Bl B s
Fio AR R G RARAER. AR,
YBIEFR NS, EREHURGREEBR, 5t
TSI, 25 IR R 22 , Toik I R 2 1R %5 24 - Bagul

4n, It B AR Vb 407 1R A ) i A
B, AR IR R, ARG, B
RANRIL B 2B B E, BAUKiE 4R e T
SEM, HHRERIR S, ART T4
Tambe % 2UDLFRTA FH2F 2 3 F1VE I VO A4 g 8044
FEE R BGUE BT I 328 A PRV 2 1) BRI AN
7, TR AT DA 22 5 v 25 (0 T L AN 24
AR, JFREAR 2 B I IR, (RN TR R B
EFFSERRIBAE, AR e VE R, AR TR R
M. Dubey S22 LA5E BRI AF A, R
FELAAE o R U SRR KA A J 1 P R R 2 K 3
ZANIEIE R G S TR, RAEK R



1404 « FEAWEBEH 2025FE6H

AR E bl

Drugs & Clinic Vol. 40 No. 6 June 2025

IS TRI AN 9 ) 29 R R RE /0, JFARBIL Y R AR FAIR
IRISRCR, EAUKRHER % T2 0%, 72 mhin
B, ML . ABTFEEL Soluplus 1194
SE TR AT R AR b A, I SRR P B 5e 2R
BERIVAIS VD U 407 AF N EARI R AT A L 9K
AR R B AR 2 I 1 R e, SR, A
PR 2 209 2K R P TS g 52 B A LA ) 266 52 A
PRI I 8], A 3R A e 2 a2 i e I () RS 0
BN T ATMAE R TR o ] 2% PRI MR oK
PRHR LA B B A W) AR e PR il & T2
e B IEREENY, 1 EBOVA ML IR
HIEEESEp T PEE e

T 407 & —Fh I LM - R A M -5
A =RBIE RN, Ko Tamrmm. Wi
BARENREE, JHBEBORER RN, XHRE
AT W RNE, REWS T B, AT ZE 2
AR IR AR (¥ 15 B 18], B2 250 B ZE MR T E
SR, VR BE ARV YO U 407 AT BE XS 1 JIF & Fl A3
3, RXAE—EREE IR T e AR IR AR o e
AR, M, RP TR R —MEA R
AR ENE AR B B R AR 2 RERT AR, A
PUW . MoeResETine, HO IR AL S R
BN, R BRI ST IR S S VD A 407 S5
RY, AT DR 25 O8O I AR LA A RE AN A2 58 1R L2,
AT TEIT R JE AL HHU AR R (25 C) 264+
NEBA, HFELH 150 cPs, X FEEL R
5B S RE 6 R AN B W AT 45 28 B
ARG, BEE IR TR A 34 C (BRI MR
AR RE D, IR R A B AL S L, I AE T 2 A
T A E A S A5 4, A 245 ) 7 HR 748 1) 3 B I
6], 23R, SR AN R IR . Gl
PATHIR IO 407 FIIR AL I BRI L], AT L
TR 4 AR R IR A SR AR, T
WRITHEOGHR . FIRAE . MR ARG 55 2 M IR AR
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