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X feHg ) ESORY, RRC, T, S ES, E2XT, X F AN mE kL
#BE, WG 246005; 2. HEE LSS ENISERE, TAT DB S E MhrEL e E, dbat
102629; 3. ZHERRHE (dba) ABRAR], dbat 100102]
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P, BRG] 2% ~ 90% A BAFA LM, ROKT0.99, BN EL87.04% ~115.29%; AEHEILLG £
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Abstract Objective: To establish and validate an analytical method based on boronate affinity chromatography
(BAC) for the determination of glycation level of monoclonal antibody. Methods: The mobile phase composition,

including NaCl and Tris concentrations were optimized, and the established BAC method was systematically
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validated and used for the evaluation of glycation level of rituximab. Results: The change of the concentration
of NaCl and Tris affected the determination of glycation level of monoclonal antibody. Through parameter
optimization, it was finally determined that when the NaCl and Tris concentrations in mobile phase were set to
300 mmol-L" and 25 mmol-L" respectively, the glycation level could be quantified accurately. The established
BAC method was validated according to ICH Q2 guideline and 2020 editions of the Chinese Pharmacopoeia. This
method demonstrated good specificity, accuracy, precision, and robustness. Glycation level between 2% and 90%
showed good linearity with R*>0.99, and the recovery rate was between 87.04% and 115.29%. For non-glycation
level between 10% and 98% showed good linearity with R>>0.99, and the recovery rate was between 99.69% and
109.79%. The precision results showed that the overall RSD value of the method was<18.26%. Finally, we also
evaluated the glycation level of rituximab original drugs and its biosimilars by using the established BAC method,
and found that the level of glycation was comparable among different batches from the same manufacturer, but

varied in different manufacturers. Conclusion: The established BAC method showed good accuracy and precision,

and can be used for glycation level quantitation of rituximab.
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FoElE . 2RI A, FEf S EARH IR 250
HAW A, L, A DX BB R 55
AIRAEFN L BIHEATINE . HET, PUAEL e e
Tk FEAMRERARE (BAC) | BT LM 225
SYEITEE (AN F S (s ) | AR D A e i
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¥, ST R 2- RS AR B,
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1
1.1

Waters 2695 2 A (154, 2487541
Kl a5 ; %4 . TSK Boronate—5SPW Column
(7.5 mm x 75 mm, Tosoh Bioscience, Stuttgart,
Germany ) ; NanoDrop OneCfifiz 25 7b—n] W56
JEiT; Agilent 1260 Infinity 11; Agilent 6230 TOF;
2T (METTLER TOLEDO, %I5-S470K) .
1.2

= (BRHRE) ARHFE (Tris, Bbilife-
Bio Basic/AH], % : TB0195-500 ¢) ; LAY
(SigmaZy A, %5 : 85529-250 G) ; FAL4H
(NaCl, EZjER R ARAR, 75
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10019318 ) ; R LEEMRIE L Fifififiz ( HEPES,
Sigma/ZyF], 5. H3375-250 G) ; 4-}FLIEMR
PR ( EPPS, Sigma/AH, %5 : V900345-
25G) ; WEMRHN (Sigma/AH], $95 . 342483-
25G) 5 WEIRERZE vh A A AL (PBS, Gibeoy
A, pH 7.4, %5 70011-044 ) ; HIEE.LE
(MerkA®], %85 : UFC5030BK) ; 0.22 pmiE
fE (Millipore, $2%5: SLGVO04SL) ; D(+)-#Zik
( EA LR AR ARA R, 525 63005518-
500G ) ; Pierce™ HIfig ( LC-MS%Z%, ThermoFisher
NFE, RS 28905) ;5 Pierce™ ZJiF (LC-MS
2%, ThermoFisher/AH], #%5: 51101) ; FlZE
bt (FIRAH, RBP) eitt; Flz & phidyk
125 ( SBP-1HISBP-2) 45341t
2
2.1

FRUL90.06 g D(+)-fii %, 500 mL PBS¥%
fift, FCHISL mol - L AGHEA R, FHH10.22 pm
PEE I JEBR TR . BF10 g - LT A ZEAPUIR RS
1 mol - L' AR : RA, 15305 ¢ - LBk
FIZEVER, T37 CHHAERICE 10 d,
2.2 BAC

Fig: 40 C; WiE: 1 mL - min™'; UV
K. 280 nm; FBIAHA: 100 mmol + L' HEPES,
300 mmol + L™ NaCl, 25 mmol + L™ Tris, pH 8.5;

WEAEB: 500 mmol + L'IUALEE; 100 mmol « L'
HEPES, 300 mmol + L™ NaCl, 25 mmol + L™ Tris,
pH 8.5; BEEEVEME (0~ 20 min, 0% B; 20 ~25
min, 0% ~100% B; 25 ~30 min, 100% B; 30 ~ 31
min, 100% ~0% B; 31 ~40 min, 0% B) ; i
e 100 wg; B1THFE]: 40 min,

HLE AR 10 dRE R R EI2 o - 17T, i
FE100 g, BACKM, 735 Fsh AR AL RN A B
LBt oy o
2.3
2.3.1 UERGTE (Accuracy )

53 5 PBSH B¢ 4 WA 1 A AL AR A A AR
mE2 g - L7 BRI (w0 V ok =
1:49, 1:9, 1:3,1:1,3:1,9 :1], #l#%
2% . 10%. 25%. 50%. 75% . 90%WEALEEN,,
BI98% . 90% . 75%. 50% . 25%. 10% AMELEE
firo 6N [RIC HE A RE S B A 3K 5 il i
WEAC L A3 FNABE AL AL 43 5 ISR . AL 43 i [m]
W= (RN A BEAL LR/ ORI LU IE ) x
100%, AHMELAL5r I IR = (R ) ABE AL L 1]
E/HE AL LB ) x 100%. 38135 e
FITH, PP TR R HERR T . SRR, AN
A LAGIRE (i B TSR AE87.04% ~ 115.29%, AN[E]R
BEAL L AIRE B 8 TSGR AE99.69% ~ 109.79% , AT
AER M R AT

1 n=3
BEACE b s /% i3 /% AbtE FAEAL ST /% i3 /%
B —— - W - -
1% ¥ £SD RSD X £SD RSD (/o ¥ +SD RSD ¥ £SD RSD
2 2.31 + 0.06 2.45 11529 + 2.83 2.45 98 97.69 + 0.06 0.06 99.69 + 0.06 0.06
10 9.67 = 0.02 0.17 96.7 + 0.16 0.17 90 90.33 + 0.02 0.02 100.37 = 0.02  0.02
25 21.76 + 0.06  0.26 87.04 + 0.23  0.26 75 78.24 + 0.06 0.07 104.32 + 0.08 0.07
50 49.68 + 0.10 0.21 99.36 + 0.21 0.21 50 50.32 + 0.10 0.21 100.64 + 0.21 0.21
75 73.36 £ 0.04 0.06 97.81 + 0.06  0.06 25 26.64 + 0.04 0.16 106.58 + 0.17 0.16
90 89.02 + 0.07 0.08 98.91 + 0.07 0.08 10 10.98 + 0.07 0.61 109.79 + 0.67 0.61
zhgysh
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2.3.2 ZM: (Linearity ) FIRPEM et . 5 R TR, FELA 5 A 5%
X 2,317 BN [EEC A A RE A TR RECN0.9988, AMEILLH S A OC R A 0.9988, A

W, CAREAG/AHMEA A o3 W A T 0 LU BB (E XS iR RAf .

HAHRE A S E S A TZevemlE A LG 2k

100.00% - A 120.00% - B

Wl 90.00% - a
B 20.00% - E 100.00% -
H 70.00% - i
% 60.00% - g 80.00%
B 50.00% - B 60.00% -
& 40.00% - =
B 30.00% - g 40.00% -
ﬁ ] y=0.9921x - 0.007 B 20.00% - y=09921x +0.0149

0.00% Ri=05988 ¥ 000% _Ri=09088

0% 50% 100% 0% 0%  100%  150%
{4 S0 e R ¥k A 5y w0 HE e 1R
AL IR 00T B. AR ZH Ay BOZ 204 o
1
2.3.3 K% ( Precision) (3) BwEIMM. [F— 00 A\ ELE3 KX F

(1) EEM: W20t NRER—RKAH 28 B K 50%F11009% 85 A HC L /A & 76 A0 [F] 5%
ZH YT 50%F100% ML BL LL AR SR FEAR TR 2% P N e BB R, I 25 R RSDIE .
Pl EER3, I E 45 R AYRSDIE X ) 2 BB RI50% . 1009% 4 AL B b iY A

(2) RS : 22T AR TERl —RXF &, 2 AR BIEERINBK, ESN3R, 45
I8 BT SRR LT R 50% F1100% AL EC LU Y SRILER2FIERS, K% IARSDIE/ N T18.26%, 1t
FESAEAR S5 T i E R A3k, IR 45 Wz B M L P ARG 2 A MR AT
AIRSDAH

2 n=3
R4 WAL TET R 43 L H [i] AN TR 43 L H [i]
T B - - -
X £SD/% RSD/% ¥ +SD/% RSD/% X +SD/%  RSD/% X +SD/%  RSD/%
FIZEBAHT Dayl  2.94+0.07 2.36 324+038 1173 97.06+0.07  0.07 96.76 +0.38  0.39
Day2  3.12+0.03 1.01 96.88+0.03  0.03
Day3 3.67+003 095 96.33+0.03  0.04
50% Dayl 49.68+0.10 1173  50.15+041 0.1 50.32+0.10 021 49.85+041 0.8l
Day2 50.36+0.14 11.73 4964+0.14 027
Day3 5040+006 11.73 49.60+0.06  0.12
100% Dayl 99.87+0.00 000  99.86+0.02  0.02 0.13+0.00  0.02 0.14+0.02 1826
Day2 99.88+0.01  0.01 0.12£0.01 557
Day3 99.84+001 0.1 0.16+0.01  3.83
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3 n=3
A N | WALV TET R T 43 L ENEPNL AHE I TR 43 H ENEPNL)
Bers o A5 ¥ +SD/% RSD/%  ® +SD/% RSD/% X +SD/% RSD/% ¥ +SD/%  RSD/%
FIZEST Personl  3.67+0.03 095 3.68£0.01  0.38 9633+0.03 004  9632+001 001
Person2  3.69+004 098 96.31+0.04  0.04
50% Person 1 5040 £0.06  0.12 5058025 049  49.60+0.06 0.2  49.43+025  0.50
Person2  50.75+028  0.55 4925+028  0.57
100% Person1  99.84+001  0.01 99.85+0.01  0.01 0.16+0.01 383 0.1620.01 4.6
Person2  99.85+0.01  0.01 0.15+0.01  4.02

234 FEMR (LOQ)

FH P B SH B T WSCSE 19 R WAL AE o RO AL R
B2 g L7 Vi s Vo =15 99HI &5 E1%
PEALRESL, SRIG1 « IBSER R, HmRAGERH LI
WA R1% . 0.5% . 0.25%. 0.125%. 0.0625% .
0.03125%FE 55 Vg 0 Voopeme) =99 ¢ 115
BEN%AYELFES, SRIF1 - IBREMB, R
BEARB LB 1% . 0.5% . 0.25% . 0.125% .
0.0625% . 0.03125%FF i, B FE & 52 A3
o AT EEML (SIN) 0% T 1008k 6
T AR AL S BT 5 W AR A e, RIS
HHERMR ., %1%, 0.5% . 0.25% . 0.125% .
0.0625% . 0.03125% [P/ AN S BB A CAy
W, A3 P e L AR 1072547 BRI R A B 1L
W, AL -5 AL 4 o ) 22 FEBR SH0.125%

2.3.5 T ( Robustness )

AR (38, 40, 42 °C) . HEPESH#
B (90, 100, 110 mmol « L™") DA K 111 A4 gk Jig
(450, 500, 550 mmol + L") X3 NS BFEEG% )7
A A

AR . HEPESHREMNILALREMRE, 705
R 2B BTG UK, S5 L4 . SHN6. TE38.
40, 42 C =FARIRET, R Z 8 Ry A
AL T8 AR T 43 L B RSDAE 43 53 /N F12.33% £l
0.56%; 4HEPESH¥J¥ 490, 100, 110 mmol « L'
BF, R 2 B RE Ak RN R A b 0 T AR 4 L
RSDAE /3 51/NF10.92% F10.58% 5 4 111 AL EE v i
J9450. 500, 550 mmol + L'}, F)ZE AhihE{l
FA AL T AR T 49 FE O RSDE 23 31/ 1-9.64% Fll
0.43%.

4
- WAL 43 L NIRRT AWEILIE 53 L AL
X +SD/% RSD/% X +SD/%  RSD/% ¥ +SD/% RSD/% ¥ +SD/% RSD/%
38C 3.82+0.11 2.94 432+0.53 1233 96.18 +0.11 0.12 95.68 +0.53 0.56
40°C 4.27£0.03 0.65 95.73 £ 0.03 0.03
42°C 4.88 +0.06 127 95.12 +0.06 0.07
5 HEPES
BEALIE T 53 L AR EER] AW 4 1 N [RIVR BER]
HEPES %% - _ - =
¥ +SD/%  RSD/%  ® +SD/%  RSD/% X +SD/%  RSD/% ¥ +SD/%  RSD/%
90 mmol + L' 3.86+0.14 3.64 427+055 1092 96.14+0.14  0.15 9495+055  0.58
100 mmol « L' 4.69 +0.04 0.86 9531004  0.04
110mmol - L' 4.26+0.09 2.06 95.74+0.09  0.09
heysh TEGE
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6
BELIE T/ 1L PN ] ML 7T 53 1L ENGikA
WAmERE  — - - -
X £SD/% RSD/% X £SD/% RSD/% X +SD/% RSD/% X +SD/% RSD/%
450 mmol + L' 5.68 +0.08 1.45 5.05+041 9.64 94.32 £ 0.08 0.09 95.73+£0.41 0.43
500 mmol - L. 477 £0.13 2.79 9523 £0.13 0.14
550 mmol - L 4.69 +0.03 0.71 95.31 £0.03 0.03
2.4 LCIMS Wik BRI, AR E T U

Wik : Agilent 1260 Infinity [ ; W : 0.25
mL * min”'; A3%F . PLRP-S 1000A; A:E: 70 °C;
WEhAHA: WER—/K (1 : 1000, viv) , WEIHHEB:
HR-2 05 (1 : 1000, v/v) ;3 BEEVED (0~1
min, 5% B; 1~4 min, 5% ~95% B; 4 ~5 min,
95% B; 5~5.5min, 95% ~5% B; 5.5~7 min, 5%
B); #FFEE: 1 pe.

i Agilent 6230 TOF (#53:: G6230B) ;
BT : Dual ESI; IEE THFMWE: m/:z
1500 ~ 6000; Scan Rate (Spectra/sec) 1; TS E
B, 350 C; THRSHE: 120 min''; FEEYE
J1: 30 psi; HEHJE: 4000 V; WEEEH . 1000
Vi BERHE: 380 Vi HESLHLE: 300 Vi AT
ST . 750 Vi 438E% . 20000,

ZAEH TR Z B RPT R R I . JRBIAHA
100 mmol - L' HEPES, 300 mmol - L™' NaCl, 25
mmol * L' Tris, pH 8.5; WishAHB: 500 mmol - L™
1AL, 100 mmol + L' HEPES, 300 mmol « L'
NaCl, 25 mmol « L™ Tris. FJ & FAUHEALAS I
RIS AN EI2A BT 7N, W27 1A I A A A Ak R
A0, 3 A NWE ) Ah B S — 2 AT T RS A
E, BRMEL2BETIR, RBER 2 BH I m/z
F144190.3, ANEHEALA Sy, HE LI m/z1E
144669.5 ~ 146924.4, WE{LIE 55 AN L 06em/ 2 22
R 162 B KA (162 M 38— AN AL AB i (1) 431
i), BB S BRI TE3 ~ 17, SRUTEEST
AYBAC T 2% T A RO F 2 8 BT BN AR AL 20
ST A S R o

A
0.20 AL 5y
0.16
e
éﬁl 012
0.08
WAL 2H 4y
0.04 L_/
() Se—

000 200 400 400 E00 1000 12.00 1400 16.00 1200 2000 2200 2400 2400 25.00

Time / min

a7 434

’77 AN }3 CHINESE PHARMACEUTICA
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x10°

1441503

ES eV

r b,

HEAL2H oy

148129 4
146288 .6

1454587 =

1467638 =

—
L)

]

1458924.4 =

o —— f E—
143500 144300

143500

146500 147500 142000

Cowunts ws Deconvolted Mass (amu)

5Tk

A. FIZ-E 1) BAC 43
2 BAC

3

B A CA i 3 3 AH vb R 0 2R il £ A
HEPES. EPPS. NaClFITris% ., H. ' HEPESHI
EPPSH H T 4ERF 22 whil (R BREE , 38 5 > i 2l A
pHR T80, (kA LAY R £5 m A= sl Y i 44
BB+, Sl 2R 1 iR 5k 3 LW 43— rh A% It
1,2- WA O R g , X R VE ML A 45
TEEIEAE b, SRE s A rh g i A4 mE (500
mmol « L") , FIARBUCKHE T iRk, b
FEE A TERE FVem TR, FEBACHHT i RE
AEE A EAER,  HRniiR s Bk i 2835 5
WEAGER (b 0 07 T 2 SRR R 5L 2 (R AE B KA BAR
FH L LARNRRER B At iy 5 2 1 i AR LA 2
[ B FAHEAE R, Bossgmii i B S i ey
454 . NaCla] DIHBREE 1 S5 0 RREE 2 [A] A AR
W, Tris U0 —JCAE AR T,

zhgysh

B. A2 T AT o

3.1

AR E e B T 4R HBYBACH I HH4H
B (3R7) , XRIZE Ry TR, 2558
I3, 4TI 2l AH X5 F 22 5 BP0 T e 1Y 0 15 4%
RAEAEZE T, (W B H8 43 I3 20 AH 21 B AE 25 FRE
AETE T, ZR6kRE, W (AHH:
100 mmol + L' HEPES, 200 mmol + L"'NaCl, 25
mmol + L' Tris, pH 8.5; B#H: 500 mmol « L1154
i, 100 mmol « L' HEPES, 200 mmol + L™ NaCl,
25 mmol + L™ Tris, pH 8.5) XFHE{LLH Y432 5k
b, HICTHREAAAE . HPok, TR shAH LA
b2 NaCI R Tris 3 BE -7 1T 104
3.2 NacCl

IR H 7o, 50, 100, 200, 250, 300,
350, 400, 500 mol « L' 3LoFhik BENaCIAY F A,
S3 ARSI REPBS | A1) 22 5 BT ORI 2 R b

Erianvaceunicauaiiais IR
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AR IEAT TBACKEI . 45 AnK4ARTR, Rl  BURSRE AFAE L, FB300 mol « L' NaCIn]5¢
HrPAGUHEAL I BEE W Sh A P NaCLIR BE AU IR i A 2 E BT 5 (08 A AR S v e e R
WA, Y NaCl¥e B K T300 mol « LB, Bk

7 4
AF/ (mmol -+ L7Y) BAH/ (mmol + L")
TSRS
HEPES EPPS  BifR4H NaCl Tris pH  HEPES EPPS WEfRfH NaCl Tris pH  ILFLE
I 20 / / 150 / 8.5 20 / / 150 / 8.5 500
" 100 / / 200 25 85 100 / / 200 25 85 500
™ / / 100 400 / 8.6 / / 100 400 / 8.6 500
v / 50 / 200 10 87 / 50 / 200 10 8.7 500
A B
0.15™ 5 i AL 2 o.18 = o AL R 22
0.16™ B — | 0.16 =~ Tl 2Z&
— i R SR 014 — TR S 2R TR
Q.12
g 0.10 =
= L ]
;:5 0.08 =
0.06 =
0.04 ™
0.02 =
0.00 e 0.00 ™
24.0 24 .4 24.8 252 25.6 26.0 26.4 26.8 24.0 24.4 248 252 256 26.0 26.4 26.8
RF (17 /43 1] / -
C D
- i 11 A S| o =
0154 — R % 1 —_— mE
0.16™ — 7F|J /jéli: 0.16™ , F ﬁ?’éﬁﬁil‘@;ﬁﬁ'(ﬁ
0141 — R 0.14] >
g 0.12™ 0.12™
§ 0 lo'-' M o.wo"'
= 0.08 ™ go.os"
0.06 = = pos =
0.04 9 0.04 ™
0.02 =i 0.02 =8
0.00 = 0.00
24.0 24.4 24.8 25“':‘ _25.0 26.0 26.4 26.8 24.0 24.4 24.8 25.2 ‘_25 H 26.0 26.4 26.8
I [ / 43 i [ / 4
A T2 shAH; B I 2EWBAH; C. I 280 3hAH; D. IV 285304,
3 4
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3.3 Tris

TrisH B Ak 2575 R AL I T AR 40 i 722
b, MBS B LAl IR R SR, W
S AR LA mAR . R, A TristR B2
AR BE R e e A VR B, BRI M BLAE
L USSR BE 8 15 009 R Be AR = 8] 1) 58 AH B
YEF . 23 BIBCHI R BIAHA . 100 mmol - L™ HEPES,
300 mmol *+ L' NaCl, 125 mmol + L' Tris; JizhAHB:
100 mmol - L' HEPES, 300 mmol + L™ NaCl; i
FHAHC: 500 mmol - L' IHZLEE, 100 mmol - L™
HEPES, 300 mmol * L' NaCl, 125 mmol « L™ Tris.
BEBERL (0 ~20 min, 100% B; 20 ~ 50 min,

A

RBEACA Y

BELALY ARy B L%

T 500 263%
C 400 2T2%
! 1350 2.94%

300 283%
p 250 434%
r 1200 5.82%
|

MR

100 12.17%
| 50 86.42%

I 18] /73

0% ~100% A, 100% ~ 0% B; 50 ~55 min,
100% ~ 0% A, 0% ~100% C; 55~ 60 min, 100%
C; 60 ~61 min, 100% B, 100% ~ 0% C; 61 ~70
min, 100% B) .

FETris R MERR VRS, BEBEET ] (20 ~ 50
min ) 5TrisHJE (0~ 125 mmol - L") AL 5 2%
PEXRZR . WE4BII/R, 7E26 minft, TristR AT L
THERARRE R R IR, (AR 560
TR IR R FL A Z I BT, 2 R B Trisvk
FERUHEIN, FRASBEAGZE 2 P A LA S RO BE IR
Fe A TrisW B 52 26 minfiF 425 mmol -+ L',

B

00169 — R 2
— T

vornd | |—— mimzmmni

26 min, 25 mmol-mL™' Tris

= i i : 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

IS A/ b

A. A[A) NaCl #e B2 N BEARI T A 3 LU LI B. Tris AEAGIETTE

4

WA B 23 5 W B v B AR B S JBTE
Gt RN, BB S A I A P E X
( Complementarity Determining Region, CDR )
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