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Abstract

Objective: To prepare in situ gel of antipsychotic drug Brexpiprazole and investigate its in vitro re-
lease characteristics. Methods: The effects of carrier matrix concentration, drug loading, and addi-
tive concentration on the curing effect, fluidity, and in vitro burst release of in situ gel were investi-
gated by star point design-response surface methodology. The preliminary release mechanism of
Brexpiprazole in situ gel was also investigated. Results: The optimal prescription was as follows:
NMP as the organic solvent, PLGA dosage of 33.781%, Brexpiprazole dosage of 2.92%, and GMS dos-
age of 1.552% (w/v). The in vitro camulative release of this preparation was well correlated with
the first-order release model. It was preliminarily considered that the release of Brexpiprazole
from in situ gel was mainly by diffusion. Conclusion: The prepared Brexpiprazole in situ gel sus-
tained-release formulation has the potential for once-monthly injection. Compared with the com-
mon oral tablets of Brexpiprazole, it can significantly improve the medication compliance of pa-
tients and may provide certain references for the development of new sustained-release formula-
tions for mental disorders.
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1. 5|8

R — 4L B OB R AR 2 BN Z LR A B 5L R B R ER S L[ 1] [2], HAZORFE
NRB e S etk ZEL, BERIOSMERI R 164 RS RAT N SEREAO BT FE L 2 57
o HT R T AR A S T R B DR o AR A R, REDRS A0 R R ek 9.32%
EE,Héﬁﬁﬁﬁ%m%t%i%MM]%Wﬁﬁﬁ¢ﬂﬁﬁ%ﬁﬁ7m£y%“ - Rk, B
KRE, TERYRAS], WA LW RPURRRBIER T, R KRGGHPOIENDMA6], T %H
AT C 2 M IR AR 2] T RS BERILFAE E. KICIRME S5 i Otsuka Al Lundeck 2 mJEk&IT
Ko W2 EREZAR, B0 S-HT1A ZAREARFEEN, JHEDL5-HT2A 524K, R Mol 2 2 B s s+

29971181, HEAH LD%ﬁUEEW%LWOEﬁﬁ%%*%%ﬂmﬁﬁﬁkﬁ%?%%oA%f
FET, HIFIERTAEI ORI A BB 5 REAE 45 20 S A IR A AR AR e tl, TR — b2 [ AR (R e
FI[91-[11] AW FERAE AT A=A R S VR AR - Y25 LIRS RYI(PLGA) N £ AL HWEW
MR 2450, R AR R PT R  JELRR AR Ui i 25 (R R R, AR AR I 1 R A 7R,
(7 IS A5 97U A 245490 5 P20 11 750 (1 F 7 B2 BRI X 7 1

2. (X5
Shimadzu LC-2010AT & RRAH 4 (H 4 Shimadzu A#]), MS603S #HL 1741 K (G M5
AF]), ZD-85 BSIAHIR IR # (B3 X FR AT A I H 52504 28] ), ZNCL-S-10D AU Ge i 2 midid i1+

FRERRMANZRE R A ], FE28-Standard & pH 1 L MR B A FD).
MU R P Ji AL 24 (Brexpiprazole, Bre, 4055 )i #7040 99.7%, 1L R 22 5L HI 256G PR A ], #ik'5: 3001L41U);
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M VLR M %} B8 i (Brexpiprazole, Bre, ZHFEJ&E7EL 99.7%, " E & & 25 ks e ot 7k, #t5: 430038-
202301); PLGA [{5 5002A, [E4G % (Inv)=0.2dL/g, E Ashland A%]); PLGA [BS 75024, [Hf
i (Inv) = 0.12 dL/g, %[ Ashland 22 7]); N-FIEEMEIEAEAI(NMP, #65: K2126096, R4 T 5]
AR AT BEIRER(SA): FEENEEE H MR (GMS); o/ kit = AR B (CTAB, iRk B Bi7h 4
FRAR]): FEE (A, ERRnaEEnsHARAR): TOKBERE M iral, SRR TERER
Aw]): BRI HTAL, RETRNE AR AG R A ), B —EW (o ral, el iR 2z A R A
") EEMEN; Kotk

3. FEEER
3.1. FRACEREYHIE

S FRELAL 77 B ) PLGA MK ULIR M R 24 Bre, MIAABHLIAF] NMP /1, ERE it EE8s F =R EE
BEAEIEM, HIMNGEER GMS, RS T 1% 0 — R ALEE R AW, B RAT %

3.2. RIAERAEHHSER

3.2.1. N A

TR VPRI L+ Bk RS T AR VA 2 T R b, LS BT T B 7 5 FR VT A A5 TRV TG T HH o [T A 28R
29 0.2 ml JEALEER, KL o18 i E NiE &R i (pH7.4 PBS + 0.1% CTAB, 37°0)F, JFF1HEIR %%
HHEEFR(100 tpm), SR AP FVUREAE (A B ACRAS « B 22 58 B 1 Fo /K AH B B ) HEAT WL 8% . Tish . HZ
0.3 ml FEFE T 5Sml HEELEF, 1F30°CRHE b ic S 24 0 %I B (i ] .

3.22. BREEERBEMNER

W 52 259 FH B (3%, wiv) B BEEW) PLGA IKFE(25%, wiv), RIS AFALS PLGA il 4% JFAr ikt
JiE B VERIS I Bl PE R AT R s o 45 AR, FESL R EWIRIZE T, BFF PLGA 15 (5002A 5 7502A)
BIRIH RIFBdahtt. M2, FRR A S (Inv = 0.2) ) PLGA 5002A S 3L H AL 1 46808 -

3.2.3.PLGA AE£R

[ 52 2540 5 N (3%, wiv), FEIREE & GBI I 45 J7 15, RGiHI4 T PLGA (5002A, Inv = 0.2)¥<E 53 4
9 20%. 25%- 30%- 35%/% 40% (w/v)IJEALEER, DAVPAR SR A& S BERETE R . B SUR Kiiish
PERISEM . 25 RE, Fra BC T B RIRE IEBPIR . B PLGA WREE Mg, BRIz 20
R, T AR R 2 3. SR, IR E] 40% (wiv)E, RS Bl M 2 HAEERBE ) 3 1
K, WMOZREHEE AR — P

3.24. FMFAEEE

[t 5E 25N 3% (W/v) S PLGA (50024, Inv = 0.2)iKE N 25% (W/v), R4HI& T GMS SEN 1%.
1.5%- 2%5 2.5% (W/v)IJRALEERS, LAVTAY GMS 3R BEXTEEIR PG B« [EA0AT v B e I semm . 25
BIR, M GMS WELE 1%5 2% 6 H P, Bl & 05 S5 6 T RO S 1 B B0V, R ILH R IF 1
HPESEERE . SR1M, 4 GMS F R E 2.5% 0, FEMTERIREEAIE T EE 24 /N5 H LT > &5
KA o
3.3. FIMNRINES ENESENEN

3.3.1. @it
K Shim-pac GIST C18 A i k(150 mm x 4.6 mm, 5 pm)#E47 70 B, RBIAH N EE-pH 6.74 B £h 2%
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PH(75:25, vIv), BUEEEN 1.0 mL/min, AEKA 214 nm, HEFAREZE4ERE 35°C, #EERN 20
pulo

3.3.2. iSRSl

IR AR A B FRE UL IR MEX B 5 50 mg T 250 ml &, I EIAMIE MR EZIE L,
ST RPASA DT IR P tof Bt i 4 T MR(200 pg/mil) o F% HIUE &6 B S Al & T, I RETBUN RAVE R R, ke s
RS (20 pg/ml).

BRI R S RREUA VTR I A B AT A2 0.02 g, B 25 ml /MM, TN 1 ml Z S JEAL
BRE AR, I 9 ml JE/K LBRUTE PLGA, FIRE R P40 RERLAR S S min LRI RVE I, H5%
P EJEW 1 ml 2 10 ml BO0EH, A 9ml BB, @AREGRS, 12,000 /min &0 5 min, L
TEWOE 0.22 pm FALIERS 38, B IE R AR VA W

D EAMRHAT: RS A RALE I RTAZ) 0.02 g, JESP RS IR LR pRia i m) &%

3.3.3. FEEFENE

0 2 4 6 8 10 12 14

. - A

" I " T : T ” T 5 T x T & T 5 T
0 2 4 6 8 1w 12 u , 2 4 6 8 0 12 14
f/min t/min

Figure 1. Chromatograms of blank excipient solution (A), reference substance solution (B), and test solution (C)
E 1. =a&ERRA) MREBRB)MELEERC) BIEE

DOI: 10.12677/acm.2026.161324 2639 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161324

RAR

wE 1 FTR, AR A) . XTR EL(B) S B AR (C) B R B, 2 BT K DT R L (PR BE B (1245 10
B REALTE R T, IEBZOTVERA RIFL B, 1E 0.1 2 20 pg/mL FIRFEVEEI Y, DUKITIRIE
U THT AR (y) S e SR P O iEAT 2R M [0 A, S BIFRUEMIZR TR y = 166841.266x — 6091.823, MK ZRE R? =
0.99992, ESE THLFMILME R R, WERERIES RE/R, 7204, 2 5 10 pg/mL = MKREKFETR, NE
HSEIBE I EIRCEA T 97.86% 4 98.06% 2 [Hl(n=3), HATH RSD EHMET 2%, FFAEEK.

3.4. [FACRR A INERUR ImE R R

3.4.1. FRIBERSEX BRI

HHT, EEA — PR R SNBEIOT V2R DR 2% At A it P B 52 1k DA R AR PR T8I S0 S
I SCER R, SRR AR AN O VA B NE . BTSSR UEHESE, TR R
ARIEEVER] CTAB, RHAVUEMEARE S HIUETE . B ARSI, AT S 7E B
NGRS 7 855 BT 4830 I 25 S I8 R I B A SRR IR 2

BN RS 0.1 ml JRAZEEEE N 80 ml PBS (pH=7.4, & 0.1%CTAB)H, #R¥%HE: 37°C,
PRZIESE: 100 rppm/min. 18 B[] A EURE 1 ml (RCHS S5 3G R S5 R A5 [ 3 B 3 BEE R T A ), 48 0.22
um LIS RIS, HERERS I o

FETASTE: RSN 0.1 ml JRALEE I 1 N 22 AE B AT FE T AS (BUE 43 7 80 3000 Da)rfr, &M 48 iy
it 9%, BFIEIRW, BN 200 ml PBS (pH=7.4, % 0.1%CTAB)F, FF{RIEE 858 412 TRk
AFF, RFHEE: 37°C, R%HEE: 100 rpm/min. T 372 I 1A] S ECRE 1 ml (B R AR f1 H]
FEFEERIN TR, 48 0.22 um BAFLIEIEIT P85, SEREAR .

PLAZGWIE 3% (W/V)s 25% (W/v) PLGA 5002A, 5 %% R A7 it fiss 1 P i A& S MRE IO VR (BB E NV
ENTEE R E R, SR 2.
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Figure 2. The effects of different release methods on the release process

B 2. TEBM A ENBRRESm

M 2 T U Y PREARREBGR FEA B 22 53, BT BVE RSO FE AR H 2212, 7 d RN B 10%,
XAV REAE TR UL R MR I R 22, BT AR 5N A IR, S ECRBGEIR s AL Z T EEGEA
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PR HBON BRI AR AR O 3, HLZk B RO A B B RS I — i e, (H S g A v A B
ELREENELEBUREIN 7 58 2 SR 1) 2 210K, AT S B MR A RERMEZE, LZEBE A
W TR B NN e AR MR T i

3.4.2. FEELS PLGA FiREE SRR M
B LAY 3% (WIv), ZAR AN [F] I 2 A8 BHPLGA (75024, Inv =0.12); PLGA (5002A, Inv = 0.12)]
DL AN [ BE BAR AR (20%~35%, wiv)R EALEE AR AP RIS, 25 R 3(A). & 3(B).

40 —=— 7502A (Inv=0.12) 60 4 —— 5002A (20%)
—v— 50024 (Inv=020) A —o— 50024 (25%) B
35 —A— 5002A (30%)
50 4 —v— 5002A (35%)
30
S 40
< 25 9
@ N
£ 204 2 30
o 2
& @
£
= 15 &
E] = 20
=
g :
10 3
10
5
0 - 0
T T T T T T T T T T T T T T T T T T T T
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Figure 3. The effects of different types of PLGA (A) and different concentrations of PLGA (B) on the release process
E 3. FRZES PLGA (A)RAEIAKE PLGA (B)XEREIF A

MEE 3(A)F R BAE H, PLGA (7502A, Inv = 0.12)F i PLGA (5002A, Inv = 0.12)2%1%, 24 h 8R4
/N, {HJZ PLGA (7502A, Inv = 0.12) 4 R0 2 bl B 2B Bt . BEIOUE R I R . FHELZ T,
PLGA (5002A, Inv = 0. 12)BE U, JEALEERS B 228 A8 e , RRIBGIRIS , 2R % 18, E#E PLGA (50024,
Inv = 0. 12)1E &AM K

ME 3B AT EUE B3zl ab Ty 82 B AR, BE%E PLGAS002A H RN, 5 A7 R i 4
HMREIRUE A A, H 24 h REWAEAC, 44 H 20% (w/v) PLGA B, JEALEER IR a0 14 it
PEET, (HFIRS 24 h OB 5K (FT RE 5 B0k N S50 19 1 24 94 P O 22 A I, Iy B il e PLGA
5002A FEEHITE 25%~35% (W/v)-.

34.3. HHENRBHEN

# LA PLGA (50024, Inv = 0.20) 25% (w/v), FEREANFEZWE 1% 2% 3% (W/V)0T EALEER AR MR
AR, 25 R WL 4.

M 4 AT AR, BEESRAEMNRM, JEALER I 24 h TR JOP IR TR A TR, IFHM
T 22 AT T 25 B8, B2 Sl s o) 70 P 75 A S (AR AR/, AR R A MLV R S /S, A 350 )
RV B, RIERAEHRE, VPO A EN 3%(W/v).

3.4.4. FRINF B BE X R H R 0
AR BARAF AN BRI AL 77 R VE I, sl He P I N AR BT(SA B0 GMS) LA 241 e 5E 4 9 R Ao

BRI, BRSSO TS O . 24 h OB NIRFR, Ok HAaF I E AR RE T, 25 3 LI 5(A).
& 5(B).
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Figure 4. The influence of different drug loading amounts on release

4. TEHAENFEREIFE

40 —=— No Additive 407 . No Additive
—e— SA A —e— GMS (1%) B
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304 30 -
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g 5
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Figure 5. The influence of different additives (A) and their concentrations (B) on the release process

Bl 5. RRARINFI(A) BRI IR E (B) X B HI #2 0T

e L T7 MG B AR FU(SA 5L GMS)JE,  SRETE BB TEE W JCHT I BEIRIE I . AN 5(A)H
ALAE W, MmN E ARG, AR 24 h 98F KPR U I SRR AK, b GMS TR
BUEZHE SA LT, [E] 5(B)EoR, &K GMS IR, BRI 24 h (RSN RBE SR 2tk — D FRAIK,
NI 22 41 7 T 25 R, X A] Re o PRAAAR A B s 29K FE UK, 28 BT, HIEHE GMS A &N
2% (W/V)o

3.5. BRI - mMEEERESML S
351 EREIAR

AT R IG 25 SRR, BAAH B PLGA IR (A). GMS WK E(B)~ %24 (C) X EAL R 14 SR8 s B
ARRIIFEMR, RSN TR & JE A B ST S VP AN (0 B ZEFR bR, T 1 TR BP0 1) 750 7 Ak P9 B,
I, DL B =R RIEE R R R, I DU 24 h BB B(Y) N PEI 48R, 12 H Design-expert X
PEHEATRAL, TG AR AL T . PR BK PR IR 1 LR TE AR SR L& 2.
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Table 1. Factor level table
= 1. E&RKER

KT (wiv%)
ESEN

-1 0 1

PLGA F(A) 25 30 35

GMS & (B) 1 1.5 2

HLE©) 1 2 3

Table 2. The results of optimizing the in-situ gel formulation using the response surface method
2. M EEMURERLSER
75 A (WIv%) B (W/v%) C (WV%) 24 h BERRET-Y (%)

1 25 1 2 16.03
2 35 1 2 7.82
3 25 2 2 10.03
4 35 2 2 6.97
5 25 1.5 1 14.36
6 35 1.5 1 8.66
7 25 1.5 3 9.53
8 35 1.5 3 6.17
9 30 1 1 11.89
10 30 2 1 9.56
11 30 1 3 7.59
12 30 2 3 6.22
13 30 1.5 2 8.24
14 30 1.5 2 8.98
15 30 1.5 2 7.63
16 30 1.5 2 9.08
17 30 1.5 2 7.54

3.5.2. BBHE

12 H Design-Expert 13.0 X250 45 kAT kIR HIE, WEERWT: Y =8.29 —2.54A — 1.32B
— 1.87C + 1.29AB + 0.5850AC + 0.24BC + 1.39A% + 0.5267B% — 0.0057C2 (R2 = 0.9657 > 0.9, p < 0.05). H1 77
ZEOINTEE R 3 IR, PP SLAIRE p < 0.001, S5REE; KT p > 0.05, UHIZ IR G
4, AT RIEAT We SAE T

3.5.3. kG R

MRIEIE T HE, 22 Y BE &K 2 (A/B/C)Z AL I RBE T = 4EE], W.IF 6. 83T Design-Expert 13.0 H1]
Optimization TfE, LA 24 h WIHARE TR bR, 7308 4K TR ME J5 A7 B I T 440 v ) 3 B C 77 4 : PLGA
Fi R 33.781%, API FHE )y 2.92%, GMS FIEY 1.552% (wiv).
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Table 3. Analysis of variance results

3. AESHER

P ST SEJT R H B7 F P

A 111.50 9 12.39 21.88 0.0003

A-PLGA 51.66 9 51.66 91.22 <0.0001

B-GMS & 13.91 1 1391 24.57 0.0016

C-#HZit 27.98 1 27.98 49.40 0.0002

AB 6.63 1 6.63 11.71 0.0111

AC 1.37 1 1.37 2.42 0.1640

BC 0.2304 1 0.2304 0.4068 0.5439

A2 8.16 1 8.16 14.40 0.0068

B2 1.17 1 1.17 2.06 0.1941

C? 0.0001 1 0.0001 0.0002 0.9879
B2 3.96 7 0.5663

RAUT 1.86 3 0.6212 1.18 0.4215
AR 2.10 4 0.5252

M7 115.46 16

N
@

-
o
o

N
Qo
N}

=
e
©

i
IS

Y: 24 hiTIHATER (%)

C: HHE (Wh%) o

Y: 24 hiNEERERL (%)

A: PLGAKE (W/v%)

Y: 24 hiTBATEIR (%)

o
C: HZHE (W%)

Figure 6. Three-dimensional graph of the effect of Y on various factors
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3.5.4. AbFLHE

AR G R B e AL 77, ~PAT 4% 3 SR A eI BT, AR SN ISR 7 iR AT AR AN RE TR,
TEFL 24 h MR A S 82 Je S K ARG O, 3 HIEAE & 30 d X BRI I 80% A A7, Ja B AU
NFRa, AT 24 h MR BCR bR S B TR AL, 3 DR RI I AR T 5, Wk 4. &
7o

Table 4. Optimal prescription verification results

= 4. RIELFEIESR

PEAN R AR TRIIAE (%) SEBRAE (%, n = 3) RSD (%)
24 h HIHIRE (%) 6.147 6.283 +0.041 0.67
100 -
] /i/E
g
o 60
3
e
£ 40 ;/
8 v
E i
g e
= i.
© 20+ /i/;l
] o
04 |
T T T T T T T T 1
2100 0 100 200 300 400 500 600 700 800
Time (h)

Figure 7. Optimal prescription in situ gel 30-day in vitro cumulative release curve (n = 3)

B 7. HRIETT RALERS 30 d R BRI FERBRZ (n = 3)

3.6. fPUNRRE R SLEER (A SN BIB9S Wit 53

MR IEAL 7 IR ZIHIEE, A TR Origin 2021 3, K IHARSMREBUZ 855K 5 LA R LA R
IR AT AT o JE L PR A AR UL DL P (LAAH O R 3 R? IR, 020 B W) T A2 S S Bt ) 1A
BEROWAL . W3 5 Fras, B RBUB U285 — ZOR R AT Weibull 2y A5 784 LA BT AOAR Stk
XU RN R R A — M DAY Oy S, (HATREAERE — 2 SR B A 2L BT

Table 5. The fitting results of the optimal in vitro release model

5. RELHEFIMERIERBAER

LAY mELR R?
FRREI y=5.596+0.11142x 0.97213
— R y =112.96 * (1—e—0-00164x) 0.98518

Higuchi BT y =2.948x!2 — 5,922 0.96284
Weibull Bl y =292.446 * (1—¢ (0-0014(x-3.453)1°0.81101) 0.98789
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4. Wig

WA E N, AR 10 1L AR, S EAR DR AR BT, (2R R
7 FBA BLURZIAIT N, TETERARE 2SIV 7E 1 . A S04 7 LA PLGA Jy 3 B PP 5 DL IR
JERLEEIE RN, F TR A0 B K IR T . AR o I 25 M E . A U582 T PLGA RS
LG VRINFIRN S R BE R R AR B, IR FEHEAT TR AT - USRI, A
PLGA KIE. #Zit. VRINFIRD IR S (2R AT AEAE 2 5, B SR IR MBI T 9 W1 B
1R A A F7, 5 AR DT R e 1 R 790 AT TR 750 T ) L T 5 4 7 o 2
TRMAE o (EL AP MRR ) 3 A JE DAY T s Hh i 7R BRI L 015 B ELZR R 7R 0y 2 SR A
25 B SRR, 5 AR BR[O 50 AR S A T P K . B2, AR TE K IT IR M
SO AR SR T — BB M, AR ATTE ARSI EERE L HEAT A, A28 K DR - 280 7 il
PR S F B AT AT R

SE
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