. 678 - M 4 M 2 E ChinJ Pharm Anal 2024, 44(4) @

TEHIFIZ AR ST FRERBEG R ER R
R REE A,

(L. 52 R B 2RI AT PR 7], F M 21500052, 5 LR A G BhE2% , 1165 200438)

HE BR:AHRARALLAZLE S TERZ LEAREMEMOAARITRAAHR, Fik B3R
SRR IR E, L b AR ERE pH/ & 3 B AF T LRI F G Frh , ABIR B B R LA
BHHEFRFZREGH A, WA S 5 THEE AE(RER) T HRBEERARFR(K) ARERE
(T )X REK, BRAAFAILLE S FELRDZEMX, LA E G MIRER ST HZA PTG
m BT REME I, e C 5 FESGBEMAT, UL LW Z iR, i E 3.3 NTU % % 13.6 NTU,
%8 13.1 nm & % 40. 6 nm, K, &y £ % 7,7, 8 59.6 CE 450 CATF, &Eif: %4k A pH ZAFLA T
BZ&, ABREF &M A radimd 7 eg LA, SLERE I, Rrh AR REK, 2R HE AR
5o RBERA ARG YH A L FIRGHNFNRBEEESS

KRR AR A AR 5 THEE GREMRINM; RE

mESEKE. R917 HERERINAD . A NERS. 0254 —1793(2024)04 -0678 - 11
doi: 10. 16155/j. 0254 — 1793. 2024. 04. 15

Opalescence appearance of antibody formulation correlation with
molecular size or aggregation propensity

ZHOU Wen - chao'*, ZHANG Xue - lian’, GUO Shu — hua', MA Lin'

(1. Suzhou Pro — heal Pharmaceuticals Technology Co., Ltd., Suzhou 215000, China;
2. School of Life Science, Fudan University, Shanghai 200438, China)

Abstract Objective:To explore the correlations between opalescence and molecular size, purity or aggregation
tendency in the antibody formulation. Methods: Studied on the opalescence phenomena of various antibodies, in-
cluding the influence of different concentrations, pH/buffer, excipients, as well as the influence of environmental
factors such as temperature, light, freeze — thaw and agitation, and the correlations had been analyzed between o-
palescence and molecular size, purity (aggregation), K, or T,,. Results: The degree of antibody opalescence
was positively correlated with the molecular size, the deepening of the opalescence indicated that the molecular
size was increased and the more tendency of molecular aggregation. For example, the opalescence of C molecule
obviously enhanced under high temperature, and the result of turbidity changed from 3.3 NTU to 13. 6 NTU, the
molecular size changed from 13. 1 nm to 40. 6 nm, and the K, changed from positive to negative. The T, changed
from 59. 6 °C to below 50 C. Conclusion: The opalescence can be affected by buffer system, pH, excipients and
ambient temperature, the degree of opalescence increased, indicating the stability become worse and the molecules

prone to aggregate. This study provides important reference for the analysis and evaluation of opalescence in the
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antibody formulation development.

Keywords: antibody formulation; opalescence; molecular size; high — lever structure ; stability; aggregation
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Fig.1 Opalescence of mAb formulation ( the left side was water and

the right side was mAb solution)
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Tab.1 Informations of 8 antibody molecules

AT
e *HX'J}}%JEE c/ i
(relative molecular » .
(molecule) 5 (mg - mL™") (formulation)
mass) x 10
A iy (mAb) 150 50 20 mol + L~ £ 4% (histidine) ,145 mol + L~ £k 242 ( arginine hydro-
chloride ) ,0. 02% 2 111%4fig 80 ( polysorbate 80) ,pH 6.0
B A5.0 BhEER 60 80 20 mol + L[5 (acetic acid) ,pH 5.0
A5.5 (fusion protein) 20 mol + L~ [iJi% (acetic acid) ,pH 5.5
C5.0 20 mol - L~ ¥R citric acid) ,pH 5.0
5.5 20 mol + LM FpBEfR citric acid) ,pH 5.5
6.0 20 mol + L' FpBER citric acid) ,pH 6.0
H5.5 20 mol - L~" 41 %2 (histidine) ,pH 5.5
H6.0 20 mol - L~ #f44#% (histidine) ,pH 6.0
H6.5 20 mol - L ™' 41 45f% ( histidine) ,pH 6.5
C Hifi(mAb) 150 30 20 mol + 7! ZH %4 [i# (histidine ) , 8% JiE ¥l (sucrose ) , 0. 04% 2 11] F4 fig
80 (polysorbate 80) ,pH 6.0
D HHL(mAb) 150 10 20 mol - 17" 41 %12 ( histidine ) , 8% REE M ( sucrose ) ,0.02% 5 111 54 i
80( polysorbate 80) ,0.002% EDTA ,pH 5.5
E  E-I Fifji(mAb) 150 20 20 mol - L' 2l %4 i (histidine ) , 8% Ji# B ( sucrose ) , 0.01% 5 11] %L fig
80( polysorbate 80) ,pH 6.0
E-2 150 140
F iy (mAb) 150 30 10 mol + L =" 2 4% ( histidine ) , 8% ¥ %1% ( rehalose ) ,0. 02% 3¢ 111 5L %
80 (polysorbate 80) ,pH 6.2
G Rt (biBody ) 150 50 20 mol - L' 4 % [ (histidine ) , 8% B B¥ (sucrose ) , 0. 04% B& 11) &L fig
80 ( polysorbate 80) ,pH 6.0
H H-1  Bi(biBody) 150 20 40 mol - L~ FpEiR citric acid) ,8% T30 (rehalose ) ,0. 02% 5% 111545
80( polysorbate 80) ,pH 6.0
H-2 150 20 40 mol - L=" 2H & |2 ( histidine ) , 8% &4 (sucrose ) , 0. 02% 5% 111 &L fig

80( polysorbate 80) ,pH 6.0

H 6.0 F1 H 6.5) M Znh i & B TEIRES, Him
IR 7 e L A R i A2 AL, M AEFTERR (C 5. 0.C
5.5 M1 C6.0) Znp iR i L BURBIFLCEI S, I HAE
F AR T HFDCRR B RS . 5350, 2 Rk
E Zr U, Hom i BEERE i (E 2,140 mg - mL ™) 7|
JCIG W] 3R TRV AR 4L (E - 1,20 mg » mL™")
H O3 575 2 Bl b J5 1R R b 3 2 LI R g FLOEBL R
HA IR R (H -2) FRFDEB R W s TATER
RARMH-1),

Wi e, A CFLE-1.G T H -1 85
TR SN E 9 L e BG4 BT e, JUH C
Or I FLOG R BE AR AL fe o BT, A 1 A
eI AR B FLCsR R R, 534k, i
SLURRL( —40 CEFIR) GRIEIR (S 000 Ix) &Ik
(300 r + min~") LA LR ST, SNV ) 3L 3
JE, W] A

RWEHR L
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NTU 5 g e B2 BAA 3 3 44 KR B S 3 2801 il
FOR (DLS) X e i SEATRLAR A, A ot 0 A 8, JK
50 pL AR i, 3B 6, IR 25 °C, e dE
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Tab. 2 Visual inspections of 8 antibody molecules at 40 °C
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HA5 (visual inspection)

= — i
(molecule) T0 40 C 14 40 C 2 JH 40 C 4 JH (comment )
(40 °C for 1 week) (40 °C for 2 weeks) (40 °C for 4 weeks)
A Bt BELE Bt Bt LRI
(slight opalescence) (slight opalescence ) (slight opalescence) (slight opalescence) (slightly enhanced)
B A5.0 T (clear) T (clear) T (clear) / WAL
(no change observed )
A5.5 T (clear) T (clear) T (clear) / WAL
(no change observed )
C5.0 Bt Bt BIELDE / LI
(slight opalescence) (slight opalescence) (slight opalescence) (slightly enhanced)
G55 Bt Bt BEDE / LI
(slight opalescence) (slight opalescence) (slight opalescence) (slightly enhanced )
€6.0 BELt BEE BELE / LIV
(slight opalescence) (slight opalescence ) (slight opalescence) (slightly enhanced)
H5.5 P&HH (clear) V&R (clear) V50 (clear) / eI
(no change observed )
H6.0 V&I (clear) P& (clear) & (clear) / BaAE
(no change observed )
H6.5 VEHH (clear) V&I (clear) V&I (clear) / A7
(no change observed )
c B Bt FLot(opalescence) FLt(opalescence) IETIINAN
(slight opalescence) (slight opalescence ) (obviously enhanced)
D TEW] (clear) BB (clear) W] (clear) TEH (clear) WAL
(no change observed )
E E-1 TEW] (clear) BB (clear) W (clear) BiFL LGS
(slight opalescence) (slightly enhanced)
E-2 BiEbt BIELE LG BiFL WAL
(slight opalescence ) (slight opalescence ) (slight opalescence) (slight opalescence) (no change observed )
F BRELL Bt BELL ot HH J g
(slight opalescence) (slight opalescence) (slight opalescence) (opalescence) (obviously enhanced)
G B Bt BELL B LD 1N
(slight opalescence) (slight opalescence) (slight opalescence) (slight opalescence) (slightly enhanced)
H H-1 FLJt:(opalescence ) F)t(opalescence ) FLt:(opalescence ) FLJt:(opalescence ) [ERTAIIRES
(obviously enhanced)
H-2 FLJt:(opalescence ) F)t(opalescence ) FLt:(opalescence ) FLJt:(opalescence ) WAL

(no change observed )

7 (note) + FLOGFRRE IR AIRIIEIAR B -2 6 —F Lot~ ZUFL % (the degree of opalescence from light to deep: clear — slight opalescence —

opalescence — strong opalescence )

AU g 2L 6 B0 G — 3K, HEWZ o - FEAT I IR 1A
RPEAREN . FI58,2 MR ER E o T, H
VR E =2 R BB ROR AR, 34K TR
M E -1 WG H 776 2 Fabdr ik & ik B S
SRR 2E MR AR IR R (H - 1) v g
FRARER RIRBNTFHEAR AR (H -2) H &
R G ATERIKR (H - 1) B B 5 5 Rl
WG RAEZEM(ILE3) .
o, KR E S, A C.DFHIGS Fp
Ay TR, B RN 43 b A% (B SR B P A 3

s (WE 4), Hrh s B w C 4+, il H
3.3 NTU 8612 13. 6 NTU, #3043 i i 13. 1
nm 454 40. 6 nm, Jj4b, il iR E IR (5 000 Ix) |
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S LR o 5, b BE AR AR (E 34 JC B B AR A (L3
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Tab.3 Turbidities and molecular sizes of 8 antibodies at 40 °C
T (turbidity ) /NTU I THi4% (molecular size)/nm
s
(molecule) o 40 °C 1 )& 40 °C 2 J& 40 °C 4 J& 40 °C 1 )& 40 °C 2 J& 40 °C 4 J&
(40 °C for 1 week) (40 °C for 2 weeks) (40 °C for 4 weeks) (40 °C for 1 week) (40 °C for 2 weeks) (40 °C for 4 weeks)
A 3.8 3.9 4.2 4.5 15.1 15.0 15.6 17.1
B A5.0 22 2.3 2.7 / 6.3 6.5 7.3 /
A5.5 2.7 3.2 2.7 / 8.1 7.7 8.0 /
C5.0 3.7 4.2 4.7 / 10.7 10.8 11.6 /
c5.5 3.7 4.3 4.8 / 11.4 1.3 12.5 /
C6.0 3.5 3.7 3.7 / 1.4 11.1 11.0 /
H5.5 2.7 3.2 2.7 / 8.3 8.8 7.8 /
H6.0 2.8 2.8 2.6 / 8.4 7.9 8.0 /
H6.5 2.8 2.4 2.5 / 7.2 7.8 7.6 /
C 3.3 5.8 11.3 13.6 13.1 19.9 30.9 40.6
D 1.4 1.8 1.7 2.4 11.7 11.7 11.8 15.7
E E-1 22 2.6 3.0 3.5 10.6 10.4 10.5 12.6
E-2 3.6 4.0 3.6 3.6 1.0 11.8 12.1 12.6
F 3.7 4.4 5.5 6.8 15.7 17.7 21.8 23.4
G 3.3 3.6 4.0 4.6 10.3 10.9 12.0 13.6
H H-1 49 6.1 7.2 8.0 16.8 23.4 26.5 27.3
H-2 10.5 10.5 10.0 10.3 33.9 32.3 34.0 34.3
134 45 -
124 ®A5.0 40 4 [ ]
X WASS
114 K 35
g C5.0 g = oA
£ 10- £ 301 aC
% o] . css 2 s
& *C6.0 & 9
4= * OHS5.5 < \d
2 4] 154 i XG
6 & +H6.0 104 X
5 T T T T 1 “He3 5 T T 1
1 2 3 4 5 6 0 5 10 15
U (turbidity)/ NTU 20U (turbidity)/NTU

E2 BOFEARMERERPIRESHELER
Fig.2 Turbidities and molecular sizes of B molecule in different

buffering systems
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Fig.3 Turbidities and molecular sizes of E, H molecules
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Fig.4 Turbidities and molecular sizes of A, C, D, F, G molecules
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G3000SWXL (300 mm x7.8 mm, 5 wm) a3k, LI 50
mol « L™ EWRZE W — 300 mol - L™ "G ALAN I (pH
6.8 0. 1) i shAH, WiE 1.0 mL « min ™", %5 5 ¥k i
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38 35 R FHHE BH {7 3% ( size exclusion chromatography,
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Tab. 4 Turbidities and molecular sizes of several antibodies under strong light, freeze —thaw & agitation
T (turbidity ) /NTU 43 TKi4% (molecular size)/nm
oy HGIE 2 JA i 10 ¥ B 1 A BOLIE 2 A R 10 e 1 A
(molecule) TO (strong light for (freeze — thaw (agitation TO (strong light (freeze — thaw (agitation
2 weeks ) 10 cycles) for 1 week) for 2 weeks ) 10 cycles) for 1 week)
A 3.8 4.0 3.8 3.9 15.1 16.2 15.7 15.9
C 3.3 3.1 3.2 3.2 13.1 13.1 13.3 13.3
D 1.4 1.7 1.8 1.5 11.7 11.8 11.8 11.9
E-1 2.2 2.6 2.3 2.3 10.6 11.7 10. 8 10.6
E-2 3.6 3.8 3.9 3.7 11.0 11.4 11.1 11.2
H-1 10.5 10.8 10.6 10.9 33.9 32.1 31.8 33.7
H-2 4.9 5.2 4.3 5.1 16.8 17.3 16.1 16.8
DOPN R PSS CYNEL T 1 101 -
SERBRTER IR AT, A 2 TH S R T A 8- Ass
3 ES
IR B2 (0 T e, e B A e fin (B 2R B2 R4 S 6 Cs.0
N N = .
PRCHMW) B0, 36l F 4y 7R R B, 0 £ o
1. 1% 38N % 21. 6% ; C 73 FREMRM 1. 4% 34 m = § x ®H5.5
3.8% (LI 5) 5 B 4y FAER BEFRIK 5 (C 5.0 ~ C ] o, ax o0
6.0) v, AL NRHE I I i (ILIE 6) o VI E 4 S A
F(E-2,140 mg - mL ™) 7R i A S, 2K I rbidigNTU
TARKEE E — 1 %% (30 mg - mL ! ),E -2 BEKRE 6 B ﬁ?EKIﬂE@%iﬁl‘W%q’H@%%ﬁkEiﬂgﬁ%
Iﬂibﬂ H@ﬁ%‘ ,@{ETEM%Z!K%%E?:% H ﬁ:}%?’f Fig. 6 HMW and turbidities of B molecule
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= 6
= H-1
259 £ 4 =
&
w [} H-2
20 S o4 *e 8
s A L)
Z 157 uc N T S SR SR
) 104 D ¥ (turbidity)/NTU
e . M7 EfHATHREEMBELR
IR X m Fig.7 HMW and turbidities of E, H molecules
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° i E SRS L T Bl ol 4 T 1 K P A
~e(turbidr N N /5 R ==\
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Fig. 5 HMW and turbidities of A, C, D, F, G molecules PR SRR AR B, Y Ah, R R
(40 CE=EHR) .8 Ot I (5 000 Ix) J ¥k %
CEO MWW 2 TR R RLE R, Yk (300 r - min ') BHERAILFGF LA 435 E 5FAE

SRR RIS, AR 2 TR R AR . HA
T ARBRENEAFAE 22 5, WERAE ARG AR
PRSI W ¥ o3, B kA A A AR A, H Al
BBk EA . @it E -2 FH -2 14

SEOCHE AR T B2l B2 B T B, A 25 1F T T A
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Tab.5 The purities of several antibodies under strong light, freeze — thaw & agitation
T 2% (purity) /%
( molecule) TO 385G 2 J&# (strong light for 2 weeks) YRAl 10 Yk (freeze — thaw 10 cycles) JE%% 1 J& (agitation for 1 week)

A 98.3 93.2 97.8 97.8
C 98.5 98.0 98.3 98.1
D 99.6 99. 6 99.6 99.6
E-1 99.0 86.8 98.7 98.6
E-2 97.8 85.1 97.3 96. 8
H-1 98.3 98.1 98. 1 96.5
H-2 98.8 98.2 98.7 97.4

2.4 RAEmPERIY
2.4.1 YHAHBAERAEE ok 71 R MmN
P T TR 5 i S T JE A Bl AR ORI R A
an VR 5P R ERI R SC R Bl TR K,
ZAE AT Moy F I S A EAE T, 24 Ky >0 B, 3%
AN G3 T TRIAEAE 55 A0 TR e 7, P00 AR 3R A 5 Y
Ky, <O I, 7R 43 - [ A7 7 55 A0 5.0 51 1, T AF
A TR RS o MR e B, PR R b Ty
(W2 1) M BE 2 S AER BE RO MR BEAE (T A 73141
ST R R 4.8.16,24 .30 mg - mL™"), S35 U
30 L& 384 KA ,2 000 r - min ' B0 5 min
BRI, OAFE A b R R 25 °C L 3 K,
A=

AC.D#H 34 Fhor7 K (ERIMEERILEO,
Hrh A 3 FAE B AT Bl b B 5 R 3

40 C 2 il #0140 °C 4 Ay K, 22 fE (& 8) , FH
Iy FE AR RS N AR RS i I Rl
FERERIR G 251 F i EE ki 5 KoM, H%a & 4E
H 254k 5 C 43 F I TO FF45,40 °C 2 JEIF140 °C 4
JAM K a1 R E (E9) ,3RH] C 4 F I AfaE bk,
Hoph B SRR R 45 A AR K D 4 F U AE TO
40 °C 1 JEF140 °C 2 JEf K, 5 1E (8,40 °C 4 R},
K (% i (8 10) s H 4375 2 FA R T (H -1
FH-2) 1 K 23 i (B 11) {3 H -2 1) # 8
WK, R H 53 FAFERMA ZR 2 Fiik R
BN 1) AR e S R AR & b i e R 25 A
R RS 5l B 2 S A R L I AR

Wt AT Ko (B B ARR A ArFRia sl g, nl
SRR 53~ 15 Y0 L ok B35 (DR A8 35 R B, 437 1]
14 55 AH B TRIVE 2 & AR ARk

F6 YHEEIERBBRNER
Tab. 6 Results of K,

ST Kp/(mL - mg™")
(molecule) T0 40 °C 1 J& (40 °C for 1 week) 40 °C 2 J& (40 °C for 2 weeks) 40 °C 4 J& (40 C for 4 weeks)
A 5.96 x10~* -3.00x1073 -1.52x1072 -9.92x1073
C -1.98 x10 2 / -2.04x1072 -2.14x1072
D 7.55x107* 1.26 x10 3 8.19 x10°* -6.89x10°*
H-1 -1.63 x10 2 / / /
H-2 -7.93x1073 / / /

T (note) : Kpf NIE 8 ~ 11 AR} (the Ky value is the slope of Fig. 8 to Fig. 11)

2.4.2 RERE yihEADT T, HECHEMERN
PR RIS E R IES B — , BURE T, A 1E
JE TR ARG E PEAMMIR B AR R 2 PR bR a5, 2 T

RWEHR L

TOURL IR JE R 280 R, % 3 1 70 1 HEA T 18 40 M i 22 1Y)
I, il 5 DynaPro SIS BOLKLEE AT LA 731
AR RS B AR A B0, DA T 2 A+ B 2 TR A2 1k
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Fig. 8 The K, curves of A molecule
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Fig. 14 The correlation among antibody opalescence, higher structure state and stability
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