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Preparation and characterization of thermosensitive in situ gel containing
berberine bovine serum albumin nanoparticles for ophthalmic drug delivery
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Abstract: Objective To prepare a thermosensitive in situ gel containing berberine bovine serum albumin nanoparticles (Ber-BSA-
NPs-Gel) for ophthalmic drug delivery and preliminarily investigate its physicochemical properties. Methods Poloxamer 407 (F127)
and Poloxamer 188 (F68) were used as gel matrix, and gelatinization temperature was applied as a target to optimize the prescription.
The Ber-BSA-NPs were prepared by desolvation method, and the in situ gel system of Ber-BSA-NPs-Gel was obtained by
cold-dissolving method. NDJ—1 Viscometer was used to determine the viscosity of the system, simulated tear fluid (STF) was applied
as release medium, and ultraviolet spectrophotometry was employed as the assay method to inspect its in vitro release characteristics.
Results After optimization, the gel prescription was finally confirmed as 26% F127 and 4% F68. The optimized formulation was
freely flowing liquid at 30.9 C and converted to a firm gel at 34.2 °C after STF diluted. The in vitro study indicated that
Ber-BSA-NPs-Gel possessed a superior sustained-release effect. Conclusion The in sifu thermosensitve gel system meets the
requirements for ophthalmic application and shows the great potential in ocular application.
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FEE
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B A RS ) D SHZ—88 & XUKHE IR R
ay GLIRRETTSEE ) ) NDI—1 B 261
i CEERSPALEE) ): Unico UV—2000 45403k
FEREEA L)t B s B RA D,

V& VLA 407 (Pluronic® F127). V& Vb4 188
(Pluronic” F68, fZ[E BASF A w]); /NEERK (Fi4)
¥ 98%, b5 XC20080312, P42/ NEiMIR A
BRAED; AR A& A (BSA, bl RELRHA
BN T SZI6 K B Atk , HeAR ¥ ok o0 M4l
2 HESHR
2.1 BERFRHLEERE RYAL 75 ik
200 JEAEEEIRRIEI A SRR % SR A gt
L (GeDo FEEEFREL—E & F127. F68, %4k
Ji LB I RS K, BT 4 CUKAR
24 h, 19EIE IR
2.2 JReEEEERNE BOBIREE 2 mL AP
ML, N 20 CR#A,  PEMIR K T 7K
RIE 1 em, ZE18THE . BT 0.1 °C, RRBIRLY
MO 45°, WS PRSI TE DL, AR B Sl
N PR S BT Ay 58 J2 11 A 2t AU B o
2.1.3 A& F127. F68 Xtk ek, E (1 50
TS g R, b F127 HEAE 25.0%~
26.0%, F68 HELE 4.0%~7.0%N, Friati ik
R BEAE 30~36 °C, A E ) F127 5 F68 (1)
AbT5 45 S0 PRI IR S i P ) AR VG L, PR ARt
WS 7T 1 FIAFEHE F127 F1 F68 Xt
W T P (R M) o R FH VA VAV T T B 45 T R R T
(RIS I (P B Bl P o PRER 1 M 0,

%1 ATRPBE F127. F68 B4 BB SR E
(X x5, n=3)
Table 1 Gelation temperature of gels with various
amounts of F127 and F68 (X *s, n=3)

ik i JEHERE / C
25.0% F127+4.0% F68 31.4x0.1
25.0% F127+4.5% F68 324x0.1
25.0% F12745.0% F68 32.8%+0.1
25.0% F127+5.5% F68 33.3+0.1
25.0% F127+6.0% F68 33.61+0.1
25.0% F12746.5% F68 33.81+0.1
25.0% F127+7.0% F68 34.0+0.0
26.0% F127+4.0% F68 30.9+0.1
26.0% F127+4.5% F68 31.1x+0.1
26.0% F12745.0% F68 31.4x0.1
26.0% F12745.5% F68 32.2+0.1
26.0% F12746.0% F68 32.7%+0.1
26.0% F12746.5% F68 33.21+0.1
26.0% F127+7.0% F68 33.31£0.0

WHEEL B F68 FHHIrs i =y, Mub# F127 H
s INREAG. 19200 B AL SRR B E T IR
BRI G 2R
204 JHBARBHE R s 5 SckapiE™, g5
JELRE P VE R AR RR Ll 7 L, 17 3 S R 9 7 S 4
ARUN 40 uL, XA R 7 N S5 S N S
WA T RE S BIHRRRRE ,  DRIHOR B e A1 5 AL H R
DL 40 © 7 MELBRRG R, e csktae ), dH7T
Wb 5 A AL o

F22 N TR AR Y 90 1 vk U O o e A T A
FIHW (simulated tear fluid, STF): 6.7 g &AL
0.08 g —IKEALETFI 2.0 g BRIREMN, EBAlKER S
1L, H 0.5 mol/L NaOH 152 pH {50y 7.4, Kt
JRE 5 5 BERTH I AR B EL 40 & 7 O ERBI FE TR A
RIT75 2V AR RE I TR VAT, DN Y P2 11 g it
fEo 4 WAE 2, F127 FF68 [t wH eI e kil
JEHIRE S 2 s 4 B —8, HERwmR R,
5T I 11 P vl 5 3 LU AR AR R BT T i
2.1.5  EURALTTHME  H R SRR IE i R
IRAEARAN Rk B Ry 25~27 CU12, frE &y
WEAATTS, IFIE SR N R A i I i [ A
JBE, G URAE LIS M OIRES A e, RO M Y
T BE AT, Rk, Sz m Tk
JRAEARAI (P I Bl B2, B LA AR M I JR el P 423 )
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F2 EHEUBRRRREESRRARNRERE
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Table 2 Gelation temperature of various gels
diluted with STF (X *s, n=3)

4k I RS 1 C
25.0% F127+4.0% F68 36.040.1
25.0% F127+4.5% F68 36.340.1
25.0% F127+5.0% F68 36.5+0.1
25.0% F127+5.5% F68 36.740.1
25.0% F127+6.0% F68 37.440.1
25.0% F127+6.5% F68 37.54+0.1
25.0% F127+7.0% F68 37.840.0
26.0% F127+4.0% F68 34240.1
26.0% F127+4.5% F68 34.840.1
26.0% F127+5.0% F68 35.440.1
26.0% F127+5.5% F68 35.540.1
26.0% F127+6.0% F68 36.7+0.1
26.0% F127+6.5% F68 37.14+0.1
26.0% F127+7.0% F68 37.440.0

7E 30.0~34.0 C, 1 IH BB 5 0 i Bllid & B 7
34.0~34.5 CHH. RS TR A4
N B AH BRSSP R B RS B A R T
WbT7 M 26.0% F127 K1 4.0% F68. %Aty fEdF £
ZAF FIICEERE A (30.940.1) C, ZLIHEHMEE
o, HRBEEE N (34240.1) °C, FHEIRESZ
G

2.2 Ber-BSA-NPs-Gel B &

2.2.1  /PEERR A S AYKRL (Ber-BSA-NPs) 1)l
% R ZWFEEP % Ber-BSA-NPs, Kk
B 10 mg BSA ¥#% T 1 mL Na,CO3;-NaHCO; 223k
(pH 9.0) 1, FHHFREL 2 mg /NEERRHE T 6 mL JE/K 4
fig e, DL 1 mL/min (AR FK /INEERR, £ B TR
TNE] BSA #F, A & 0.25% 1, Bt
BEFE 4 h [E4L, T35 ChelZ& Rk o, W
Ber-BSA-NPs W&l M1 ALE 200 85.48%, #K
ZiEA 4.07%, RifeA 280.2 nm.

2.2.2 Ber-BSA-NPs-Gel ifil#% H{—x &1 Ber-
BSA-NPs, $ii#: T $ b 5 Lo A7) 22 1% i N\ Ak 77 52 (1)
F127 F1F68, #ift 1 h, SRIGE T 4 CUKFEHIHE
24 h, 73 Ber-BSA-NPs-Gel.

2.2.3  /NEBERR R B (Ber-Gel) Az /NBERR/K VAR
(Ber-Sol) [l A T B 4f 2% 48 5 A7 4 KORLIE)
VAT S5 Jig R ERA AR BT, ASHTE ST 2% Ber-Gel LA & Ber-

Sol VE A0t o R MR AL T7 /N BB DA S F127
F68, ¥ /NEERRA T 5 mL B2k, Hidk T oeien
A F127 FIF68, Hifk 1h, BT 4 CUKFHIBUE 24
h, 13 2|5EHFI Ber-Gel ¥ U3 kG %R /7 1
/NBETR, BT 5 mL 4K 153 Ber-Sol.
2.3 RSURLRARA RN E RN E

53 30 52 ] 2% £33 1Y) Ber-BSA-NPs-Gel il Ber-
Gel 4 STF Mk i Ja BBSRERLE, 45 R IHE 3. &
et o3 T, Ber-Gel [Pk B 5 20 BRI AL BT IRIIR
BRI ETC 22, Ut BHZINEEGR I 0 NS # A 1 i i
FETCSM; 1 Ber-BSA-NPs-Gel [k 545 1
PRI I ) S Bl FE A7 AR 2257, 3R] Ber-BSA-NPs
PRI S8 2 1) e it B2 7 76 T 56, X AT g b
TR AAKRIR WA S BAT € MR, Hl%
JRBEI s N T BRI RERE, DRTAa FLRE
U E WS AT T B

% 3 Ber-BSA-NPs-Gel #1 Ber-Gel B EHEE (n=3)

Table 3 Gelation temperature of Ber-BSA-NPs-Gel

and Ber-Gel (n=3)

kR / C

Kl -
STF kel STF ikt Ja
a1 30.940.1 34.240.1
Ber-Gel 30.840.1 34.540.1
Ber-BSA-NPs-Gel 30.4+0.1 34.4+0.1

2.4 EBURGLERSFLERYIE

Sy AL — ¢ ' STF BB il FFG B 5 1Y) Ber-
BSA-NPs-Gel £l Ber-Gel & T-H#& 4 70 mm 3
L A NDI—1 B R v e SLRR A
JE TR PO B R A T S M e o 23 U S
TEE (25 °C) FEAS AR EE S FE 458
# 4, NETHLIEH, Ber-BSA-NPs-Gel 1% Lk
Ber-Gel 1% K, Bi# 4 STF ik ) % L STF
FRRETT /I, ULV I NN BRAIR T B () B i« STF
Fi AT Ber-BSA-NPs-Gel Fil Ber-Gel Y& £ it
£ 31.0 CHRE SR, STF #ike )5t Ber-
BSA-NPs-Gel #il Ber-Gel ¥ AE I 42 34.5 “CIN &G
FEE R RIS O, 0B Y BRI P Al B I R v v
CLREchE . LBt/ i DA RISt I R 3 P
G, BEREES R R, I BB R
JE 22 48 R IS (R T 5 B TR — 8. M 7R
oA AT A S 15 2 R R R e AR AE LA R (25
C) RN AR BRI, A
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% 4 Ber-BSA-NPs-Gel #1 Ber-Gel B151/E (n=3)
Table 4 Viscosity of Ber-BSA-NPs-Gel and Ber-Gel (n=3)

FE

FHEE / (Pas)

STF iy (25 C)

STF #F&Hi (31.0 'C)

STEF ¥ G (25 C)  STF Wik )E (345 C)

0.263 01+0.028 3
0.2400+0.018 4

Ber-BSA-NPs-Gel
Ber-Gel

0.5100%+0.018 4
0.485040.028 3

0.243240.021 5
0.22344-0.030 3

0.490 0+0.021 5
0.470 04-0.030 3

HRZAF T (STF Mk ha, 34.5 C) AERAMETL K
BRI B 5 T2 71T A2 K g e 1 HR 30 1 i 6 1 1)
25 RIMEREER

251 AR KHE  SRH UV ¥, K
200~ 600 nm X /NEEGH 1) STF ¥ b AT R AN 6,
W e/ NBERRAE STF ) S5 R e Ko 344 nm.
252 LRMERRFEEE REABCH IR 2 5N
0.4. 2.0 4.0, 6.0. 8.0, 10.0. 12.0. 14.0. 16.0 pg/mL
() INBERR M, AE S KR AR I e RO (4D
B, BEREIRE (C) RAHMN 4 I TLbERT,
AR5 C=0.0559 4—0.007 4, r=0.999 8, 1]
KIVINEEBRAE 0.4~16.0 pg/mL 256 R KA.

253 RPEREENE B IR 3 R IR (4.8,
3.2, 1.6 pg/mL) HIENTH, WK 1dHRISdN
e T A B S IR 3 FhTUE IR SR 4 EIM H
W RSD /T 0.53%, HIi RSD #)/h T 1.34%, &
BHAZASIN 7 V2K 2 B AT

254 ROEMENE  HE BRI EDENT, BCE
2. 4. 8. 12, 24 h, WITFHWE A {E RSD 24 0.71%
(n=5), ULHI/NEEBIRTRAE 24 h WA EME R 4T
255 EEMNE  BE EIREDENT, Kk
HME 6 K, 192 A {HI) RSD 4 0.29%, Kt
TN E S R

2.5.6  [MISCRGRLE B BRGNS
K3 MR TR (4.8, 3.20 1.6 pg/mL) /NEER,
AT STF ¥iMRe, 1 0.45 pm JEMEEE, HYX
SEPRINEIL A . SRR PATINE 3 6, 1%
WA (Rl =M1g 5/ A s tHE R, 73
B ICR Ky 98.08%, RSD 4 0.11%.

2.5.7 Ber-BSA-NPs-Gel #l Ber-Gel A4MNEEHIIH%
%2 I 2 mL Ber-BSA-Nps-Gel. Ber-Gel 5 Ber-Sol
NGBS, B T34 STF Wl B Ig i, 7
TR I 0] HLERRE 4.0 mL, [ B b 76 25 it A ok
W SE PR S A L, ARYE R R SRR 24
2, RLE 1. WNEHRTLUE H, 5 Ber-Sol AL,
Ber-BSA-Nps-Gel il Ber-Gel [FASNEE BN, #B
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Fig. 1 Release curves of Ber in STF (X *s, n=3)

HABH MR ; 115 Ber-Gel AHLE, Ber-BSA-
Nps-Gel FIREBOE 0%, HAG U N ZRESIR
3 itig

T ARk, b T RIS S8 B PR g ) 2% 0 A B 2 54
HR 25 25 RS TIFIT CL & B A 24 T 90 Ak 1) — T
NPk, TR A B A ) R ALED,  AdEE
Wy SRR R IR RO A5, A A5 1 1R
AT 00 B P s B I [ e, 1 - 352 E R B
AR T 10%"10 451 (RIS e dx A ) 8 5 2
FEE FE K2 Y) 5 MR BRI ) 18] DA S 535 2459
TE S B ) 1

R 4 2577 23 220 R Ry 4 24 A AR Y
WA ). JRiiE M g IFIREL . SRR h 255 2
HErG 2 /AR, HILT 2RS4 &
48, WPRER. MEUR. UKk, RG], SRR,
TR 22 495 1) SR BRI 28 25 R 40 1 T L R B Ay
R R S P T AT SR A P L (AR B 4y 2 g AT,

BRI 2 H AT s 2 IR s 25 /18 2 —,
i LRI S A B — M E R AWM RL, R
XPA SRR E RS IR AL = A Y, AT I H
T8 ) B P (R RH A A o 1 iR 1R AR TE AP AE
RS HEBNGS A2 G, T IRERERN AL, feil
TR A ARG AR TE Y- B AR BRI, RGBT &5 i e A
FAME TR, A 259 (E M0 vy B I RSB G, B2 2Y
WIIREIRG PR AR BE, AN Ad R IR 25 25 42
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