5 49 BT 13 R RT3 (A SRR R Vol. 49 No. 1
2026 4% 2 H JOURNAL OF NANJING NORMAL UNIVERSITY ( Natural Science Edition) Feb.,2026

eV R s i 09 A J7 1.2 0 1%
B I wF 58

W EBELE OWLE R AKE

(LRI R A W S 25 TR A 0E V098 B AT 210023)
(2L IEKFMHFHIZ5A PR F] VI8 Bt 210033)

(FE] AP O IR AL T T AR X R AR, BRFTA G IR RE k. AR SCHE ST W R
BT EIF AT IR 2E RAIE B E AR T TR A T B g e TR DG BR A T R R M. SR R A R
W5 ORI T VL TT 4 | JEURL 26 (active pharmacentical ingredient, APT) F4% BTS2 B KL AT 438 ; [R] ik I 245 9 pH
£ 5.0~ 6.0 YU IRl , BB A58 2% LA =0 R T 7 S R B 3G 5 TR MR IR AE SRR 2 2 RTINA , RS2 35 A 20
KW AR, ARSCH & T A 37 P 38 101 IR AT SR R A T vk IR kAL T T2 e T L A I
S8 2 N S R 24 e 7 ] .

[SE$BIE ] 25990000, A0 S P 3 1 BRVA VR, 30 , A SR B, AbJr 200 e

[FESESIRIT [XEAREBIA [ XEHS]1001-4616(2026)01-0005-10

Study on the Formulation Optimization and Related
Substances of Brivaracetam Oral Solution
Sun Hui' ,Wang Na’, Tang Yun®,Zhu Yonggiang'

(1.School of Food and Pharmaceutical Engineering, Nanjing Normal University , Nanjing 210023, China)
(2.Jiangsu Chia Tai Fenghai Pharmaceutical Co.,Ltd.,Nanjing 210033, China)

Abstract : Exploring the stability of brivaracetam oral solution,by examining the influence of formulation process on related
substances in the solution. A method for related substances was established and validated. Scaling up the production of
samples based on the optimized formulation composition and packaging form, and examining the stability of the product
under high temperature and light conditions. The developed method for detecting related substances is feasible, achieving
greal separation of the active pharmacentical ingredient( APT)and impurities. Controlling pH value of the product to 5.0—
6.0 can effectively slow down the increase of related substances under high temperature ;adding the API after the addition
of anhydrous citric acid and sodium citrate can significantly reduce the level of related substances. This article developed a
method for detecting related substances in brivaracetam oral solution and addressed the medication shortage for pediatric
and elderly patients with epilepsy who have difficulty swallowing by optimizing the formulation process.

Key words : pharmaceutical analysis,brivaracetam oral solution, epilepsy, the related substance,formulation optimization
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H R, B0 19 £ 2007 T ARSI E 50T BB LRI 00 A AR | S8t R84 Xk LA T 32 25 i i
PR BRI, DA TTT oA B8 v 48 A 2 T i

A7 57 VG H ( Brivaracetam , BRV) B UCB (MR H2A &) BT % , B 04 4 BRIVIACT® , F 2016 4F 1
14 H Z BRI 25 % PR ( European Medicines Agency , EMA) #t#E 7, Yk H 18 H &3 & & 25 i B4
)5 (U.S. Food and Drug Administration, FDA) Ity 77, B4 R Briviact® IR 3R B SR R 1 R
Tl L JETRTT B R A AE BB BTN 259 (antiepileptic drugs, AEDs) |, i& HF L & /DRI
(8 Jey PR KA (PEBOAS PR P4 T KA ) RITRYT .

BRV J&5 =48 AEDs, A% X AEDs 7 ZH7V53H ( Levetiracetam , LEV ) [ 4 {3k S5 -3 4% 1E N 507 A=
Yy, HAE RIS SR AE S AL VE 30— 30 (B IR HE SR R ) SR A2 CHLPE IR 15~ 30 %, BB PR K2 10 £%
BB R . PRX 28 fish B YU 2 1 2A (synaptic vesicle protein 2A, SV2A) X HAX #1282 R G DI HE ) 4E R 21 5¢
SR, JT S0 A B A AR DG, KM T Y SV2A B X A 37 P4 48 (9 i e £ SR AT, T8/ % Ay
PR 28 368 T 8 R T, I IR PN 2 e e 3 JB R A A 3ok T 22 ) RSP T R U 4 IO 1 K 1R
(B 1) MM 7E 60 22 LU 0 1) &0 30 2 AT I (38 K S8 ) BRY CAIE S 2 4F B 35 (0R
I A 55 ELT 2 M R, A3 A RS #0551 B I LEV 5 AEDs 558/ 517 Strzelezyk %51 IE
52, BRV TESEBRIGST A R AT 521, BERIE 25 Pl 25 5 ik 8 & A I R & A

Ct
PepvES Al i 1 5 fke

AMPA ; - Fe-3 -3 -5 H BL—4- S BN IR ; GABA . y—Z L PUR ; GAD 65 . 25 & MR I F2 il 65
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Fig.1 The mechanism of brivaracetam
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BHIHZTR BB R F RN G A AR BRI A 280 5s. AN AW 58t J5 28 11 A i A il 551 ) 4
KRBT HENSE.

ARSCLIA SR 5 R T AR b , Gl S R RO (5% (HPLC) #E47 A SR B R A, I AT T ik
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1 &SR

1.1 {48

pH 71'(METTLER S,,, 4, METTLER TOLEDO) , H, K *F- ( METTLER XP205DR/XP205/XP6, METTLER
TOLEDO) , B30 A1 € 335 4% ( UltiMate3000, DIONEX ) , 785 %% 0 AH £ 3% 1% ( 1260, Agilent ) , % 4 ( Thermo
Hypersil GOLD™ aQ C  #,4.6x150 mm,3 pm) , YERGAIEAE (HNP-300GDZ -1, TSI A A BRAF])
24 e P AE (SHH-500SD , 5 BT K AR SEIANAR) ) , i1 s Wi (HWCL-3  FMIH IR T 52 A R
/NN
1.2 ##y

AT SE P IR 25 VBRI (VLR E R HI 25 A FRA R A 2 PE3H 24 5T BL-D (43 2% 5087 24
WA PR R, A 7 P 24 it BL-A 24 /it BL-B. 4% it BL-C. Z%Jfi BL-F ( QCS), 4% fi BL-E 2% BL-G
(RXA) , 45 IR BEA T (LR R T 25 A BRA ] ) | TooK MG IR Mok R4k . — SUREnE (U R e 25,0 A
BRZAF]) A HEE (VLG B 7R 2 m R 2 AT BR S W) HEHm (VL% B BRI A BRA w]) R 4T 2 K 4
CEBULT 25 I RHRAD A BRA ) WA HE (R BT A RBHE (P E) ARAF) , 15 (Honeywell )
IR — U | A AN (1 24 4 AL R A BRA 7D )
2 Jjik
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Table 1 Formulation composition of brivaracetam oral solution

I AL Iy 1T fiepd IR VIS fepd
i P 3e RS BV 12g kI
ZENIET 71.94 g W] R YR 2744 2 i WA
Tk i it pH #4575 i ) 45.6 g W] 55
Folka it pH 45751 i A& Rt bk
FAET g 03¢ B stk JIZE 300 mlL il
FEBAARTRIR T, LI VSRR, DR LU I AN = SO AR it FH O, i 52 ) 2]
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PR R AR EAE 7 AR R 2R 5, B s TR e . R VI A YA 390 v FE ST R 79, ol 0 2 T AR I A
FAd S AR Bl s . ks FAVERUR A, BEAE 35 7= i A AS LA, 33800 18 2 IR 24 B I g .
SRR SRR, O Bk AT R AR 25 M B % 2K, FEAL T REE T, DA i DR 2 % 58 4%
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30 d; 7EEIR (4 500 1x+500 1x) £ R85 d F1 12 d, %8800 H Motk pH B R &g .
23 HAHR
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FECEAE & TR (60 °C,30 d) JEHR(4 500 1x+500 Ix,12 d) 5504, Rk 4 pH (BRI e i AT 2% 42,
24 ITEZWHR

PR &b Ty o 5 PR PR 1 4 R B R 1 L B s Y Y R = SO, 3 B2 R ok B 5 5 A i A
JEUR PR PR 78 3 R S APT IASE R ELH) T2 B B S B il 45 BT, Se 2y 50% i 2l Ak 7K (F B il &
IR TR IEARIRERE S | F 007 I A LA AR, 25 8 TC K ARG R | Ak R 410 R A ST PG 38 A8 o AN %
25 MR pH A SE ) IR Y 2

3 RS
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3.1 A ERMRE AT
A it AT REATAE Y EL IR UL R 2.
£2 BEEMRRALFENRE

Table 2 Possible impurities in the substance
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Table 2 Continued
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(0]
H,C
(R)-2-((8)-2-%ft-4- & ”
%)% BL-B DRI B 1) Tk 0 JER T Z A BT (A )
HKC\)\‘(NHZ
(0]
H3C>
. (R)-2-( (R)-2-4ft-4- ] S
Je BL-C A A (QA\ BOR TS A (S
HC \)\H/NHZ
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H;C>
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S5 BL-D AT 1 3E) L—N%O Ve
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(0) OH OH
_ (2R,3R,4R,558)-2,3,4,5,6- /\/k('\/OH
AT BLoE THIEC 3 - HE AT A Q)L 0 AR
HO OH OH

OH
0%t BL-F ¥ i /©)J\OH SRR 4
HO
(0]
47 BL-G 42, 3 LT Q)koMOH SPRH AR T
OH
HO

S5 IR G BT R AR HE AT A, 2% 0 28 (25T 29 AT 11 %S5 21 44T 30 %S5 8 44T 27 (24 5T BL-A |
%&J5T BL-B 245t BL-C F1Z%J5t BL-D Y02 J5RE 245 & it B i s i 44 1. AR % 24t APL i COA A5 2%
R 2R AR JFUR R ARG AN T 0.05% , R 2% B BL-D N REf# 2= 5, 2 5 BL-A 4% J% BL-B F1Z4% 5 BL-C
oA ST P H G A A, Z8 R BL-E 45 BL-F 525 BL-G Ay 50 Ho 4okl A0 EAE FH S LA 2% B
3.1.2 oA ik BiE

S (WRINZGIE) XA & 32 B3 45 SRE B4 N 2 BT iE A7 S8 A4 5 FLrh R A ks L vl = S8
W R H 2T 24 2 RN LU A B 18 TG 20 SN S, PR FH | A1 37 P 3 S 25 B RN 2% I3 45 8 AR i A A MR ISR

R 9 N




PSR 4R (AR R 55 49 FH 1 (2026 4F)

2 B ) ORI R AR 505 LA 210 nm VBRI . SEBURURLZS ) R A W BRI )y i, A
F5 ARG TP S T, 3206 55 AR 4RI 2 18] 73 2 B4, 45 CL 0 2% o 5 AH AR 06 22 i) | 32 06 15 A1 46
W2 ) 3 B AT A5 A Rl 2K, A S A i an s
FERE T+ /e R R e B A R M L FE 5 ( Thermo Hypersil GOLD™ aQ C (4 ,4.6x150 mm,3 pum B
HASCREAR 1) LA ) S A DL 0. 1% BEFRIA W N T s A A, UL G AT B4R B AT . 40 °C 5 46 I %
2210 nm; P 1 mLemin™' s KIS  SLAMGIN &8  PEREIRFR 10 WL 5 ik H B X Bk,
VR BT LR 3.

x3 HEBBE
Table 3 Elution gradient
Fif ]/ min WA A/ % W B/ % Fif [/ min WA A/ % st B/ %
0 95 5 43 25 75
10 80 20 45 95 5
35 45 55 50 95 5
40 25 75

3.1.3 oMy ERiEsd R

Z: B A2 24 5 0 1 245 1 IRV TR 2 24 R B AR 8 SR ) U7 S5 DG4 5 IR Xt A S o vk
PEATIAIE , v] 232 bR i FIESS R an T

(1) Lt

a. A5 FUA R S as FURDBHIE XA SCH BT S 0 T80 456 20K

b. VR X B (A ST PEH 1.0 mg-mL ™", 2% BL-D %%/ BL-E Z%Jfi BL-F 52445 BL-G W& EE 43K
2 pgeml ™ 12 pgeml ™ 12 pgeml T 12 weemL ™ AEXS T E R HREE A 2 LA 0.2% .1.2% . 1.2% 5
1.2% ) GNP 22 5t BL-E A XS4 B IRHE] Ry 0.31, S5 A1 4RI Be /Ny BS A 12.7 3 24 BL-F A XHE: B3
BF[E]A 0.42 , SHRERIG /N B3 B Ry 2.7 3 4% )58 BL-G AHX R B4 B [B) A 045, 5 AH QP06 /INT 85 BE Sl 2.7 5 2%
J5T BL-D AHXS {3 B I E] Ry 1.20, 5 AR QR0 Sz /NG0B BE Dl 15.9 5 4% T RN 2% [t 55 AH QR 22 (1] | 32 06 5 4H <18 0[]
BB RE S = 1.5 AP A2k AL AR R (8 2) T .
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Fig.2 Typical chromatogram
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(2) &ML R

FEE T R ~ 0.4 % L0k BE VS I DY, 45 21 0 vk B S 0 TR AR 22 R AP I M DG R ARG R AL R =0.98
(3) AT B o PR

FE PR <0.05%.

(4) BIEHF

AN A IE R P AR — B

(5) e

Z&Jf BL-E 24 Jf BL-F Z&Jf BL-G [FISCRAE 95% ~ 102% 22 [6] , Z& JFi BL-D 81 RAE 92% ~ 105% 2 1],
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Table 4 Verification results
W H F RS/ = W CH Y FRER T R E A L) LR AR W IE P
fsrPEIH 0.023 9~24.183 1 pg-mL™'(0.002% ~2.4%) y=0.165 4x+0.026 0 Ak H
Z%J5t BL-E 0.060 4~24.155 2 pg-mL™'(0.006% ~2.4%) y=0.422 0x+0.024 5 0.4
LML %)% BL-F 0.058 6~23.435 9 pwg-mL™'(0.006% ~2.4%) y=1.052 9x-0.057 3 0.2
Z& 5 BL-G 0.062 4~24.946 1 pg-mL™'(0.006% ~2.4%) y=0.605 9x+0.036 2 0.3
Z&J% BL-D 0.140 8~3.755 1 pg-mL™'(0.014% ~0.4%) y=0.164 7x+0.000 4 1.0
TiH FISr F I (pg-mL™") ST TR L WP (pg-mL™") S T R L
AL PEIH 0.023 9 pug-mL™! 0.002% 0.012 0 pg-mL™" 0.001%
Z&J% BL-E 0.060 4 pg-mL™! 0.006% 0.012 1 pg-mL™! 0.001%
AR BRI kR 4R BL-F 0.058 6 pg-mL™! 0.006% 0.011 7 pg-mL™! 0.001%
Z& )% BL-G 0.062 4 pg-mL™! 0.006% 0.012 5 pg-mL™! 0.001%
725t BL-D 0.140 8 pug-mL™! 0.014% 0.075 1 pg-mL™! 0.008%
WiH Fr INELD! UE5 2 A
Z=J% BL-E 0.4 0.4 0.4
Z% it BL-F 0.2 0.2 0.2
- R L
RIERT Z& )5 BL-G 0.3 0.3 0.3
Z= % BL-D 1.0 1.0 1.0
WiH F Elle SR/ % ,n=3 RSD/% ,n=9
50% (AH Y FHHA S IR EERY 0.6%) 96.7
Z%J% BL-E 100% (AH 5 T UK A BOR B 1 1.2%) 96.9 0.4
150% (F8 24 T3 i I Ok B2 1Y 1.8% ) 96.2
50% (FH 24 FHER T R R EE 19 0.6% ) 96.9
W JRJF BL-F 100% (HH 24 B3 S WOk BE Y 1.2% ) 97.1 0.4
i 150% (FH 24 T3 S MOk BE 1Y 1.8% ) 96.5
50% (FH 24 TR S TR 19 0.6% ) 98.9
7= % BL-G 100% (8 4 F B3 S Rk BE Y 1.2% ) 99.1 0.4
150% (H8 24 U3 Sy ok BE Y 1.8% ) 98.5
50% (AHY T HHA S BRI 0.3%) 100.6
Z&J% BL-D 100% (AH Y TR S B R B 0.5% ) 98.8 1.4
150% (FH 24 T B3 i v ik B2 1Y 0.8% ) 97.7
(6) K

a. HLAE 6 (0 ULk IR B e S R AR — 3
b HR ARG 3 12 O B i (L & AR A ) | 2R B E S5 R IR — 2L
BUES R WL 5.

Table 5 Verification results of precision

i At/ 38 il A B/ Tl — 38 I
e
1 2 3 4 5 6 1 2 3 4 5 6

% BL-E/% 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Z& )% BL-F/% 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02
%5t BL-G/% 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03
%51 BL-D/% 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05
RRT1.03/% 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02
(7) R e Tk

PR AR 2 R 24 h OB 2% 0, BAS IR RS iR R A I A R AR T 24 h Y
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Fig.3 HPLC chromatogram of brivaracetam oral solution related substances
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Fig. 4 Changes of pH value and impurities of thermal stability and photostability testing
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PR AF ARSI IR R A T TR KA R BRI ST

rhRE D 3 ISR RN s 25K pH (B >5.5 I, S RBEE pH (R BE I 2 25 44K 25K pH (A AE 4.5~5.5
U R SIS, B2 B pH L3 I ARG, B 1 70 IR T 2R 3 K i 2 25 SRR L3 6.
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Table 6 Results of formulation research

FEM A pH {H B2/ % FEM A pH {H BI%/ %
0d 4.5 0.04 0d 6.0 0.03
1 4500 1x+500 1x 12 d 4.4 0.05 4 4500 1x+500 Ix 12 d 6.0 0.04
60°C 30 d 4.4 0.82 60°C 30 d 6.0 0.49
0d 5.0 0.04 0d 6.5 0.03
2 4500 1x+500 Ix 12 d 5.0 0.04 5 4500 1x+500 Ix 12 d 6.5 0.05
60°C 30 d 5.0 0.35 60°C 30 d 6.2 0.94
0d 5.5 0.04
3 4500 1x+500 Ix 12 d 5.5 0.03
60°C 30 d 5.5 0.27
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Table 7 Results of process research

Tz 1 2 3
S ANy ToKMIERR AR EA AT S PU3H JOOKARMRRR A S PG MOARRR AN A 7 DU MO IR B Jo/K Ak iz
AP % i [a] 1 min 1 min 1 min
pH 1 5.5 5.4 5.4

v YN P 0.02 0.02 0.06
ARWE % poeS 0.02 0.02 0.11
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DU o 5 < P ) O g LR 5 v D M e 2 o A S . AR R AL T T 2 5 R 3 T R K AL pH
{HAZHITE 5.0~6.0, BEA RN L5 WAL i N A Y AYIE I oA MIAG IR 78 J5URL 28 Z BTN, e 5
R AT KW B K-, 42 i 2 it O R E 1.
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