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HOE. U T SO ARG - RG2S (HPLC-CAD) ) 5E B 58 [ 470 42 24 Wy o ) 5 0 7 1R M
(DSS) FRE BN . SIS EMREERDIE . IEMFREG, LA 50 mmol/L ZERERIE AT BIAH,
% TSKgel G3000PWxl {44 (7. 8 mm x 300 mm, 7 pm) ZEEEPERE, CADAGMISSHIN, SMREER, 4550
FW, DSSHE25~500 wg/mLIEHEIMLERRRLF (r=0.9980), J7iEfHR M 50 pg/ml, E8FE %100 pe/
mL, “FEIIARELEE (n=9) 94 0%, (EHEEEAAHXMREMRZE (RSD) /NT 4%, JHFikEEPERSD N
3.31%. KRS B IIFRAEIR SR S IR BCE 42 h 1, DSSUEHE AL R FE+10% LYY 5 i SHER AR 3h &4
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Determination of Residual Dextran Sulfate Sodium in Monoclonal
Antibody Drugs by High Performance Liquid Chromatography-
Charged Aerosol Detection
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Analysis, Guangdong Academy of Sciences (China National Analytical Center, Guangzhou), Guangzhou
510070, China)

Abstract: A high performance liquid chromatography - charged aerosol detection (HPLC-CAD)

method was developed for the determination of dextran sulfate sodium (DSS) residues in monoclo-
nal antibody drugs. After precipitation with ammonium sulfate solution, filtration, and dilution,

the samples were separated on a TSKgel G3000PWxI column (7.8 mm X 300 mm, 7 wm) using
50 mmol/l, ammonium acetate solution as the mobile phase in an isocratic elution mode, and detect-
ed by CAD. Quantification was performed using an external standard method. The method demon-
strated excellent linearity for DSS in the range of 25-500 wg/mL  (7=0.9980) . The detection limit
was 50 pg/mL, and the quantitation limit was 100 wg/mL. The average recovery (n=9) was
94. 0%, the relative standard deviations of instrument precision was less than 4%, and the relative
standard deviations of method repeatability was 3. 31%. Within 42 h storage at room temperature,

DSS peak area changes of the reference solution and spiked sample solution were all within +10%. Un-
der flow rate and column temperature variation conditions, the relative deviations of DSS assay re-
sults from the original conditions were all within +5%. This method has been applied to the actual

sample testing of 29 batches of monoclonal antibody drugs, and DSS residue was detected in 1 batch
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with a measured content of 252 pg/ml. This method features easy operation and good data repeatabili-
ty, which can provide a feasible technical scheme for the establishment of quality standards and rou-
tine quality control of DSS residue in monoclonal antibody drugs.

Key words: high performance liquid chromatography (HPLC) ; charged aerosol detection
(CAD); monoclonal antibody; dextran sulfate sodium (DSS); quality control

TEfm et R p) PR 2 IR R TR S A% O 3, SRR D TR 24 L 8F B AR i 2454 1l s
PFHEZ —, IR REAFE2ERIGIT 2SR S 7, HIGRNY A EmME . MaE R
GEPENG . B B RPETERNG . O ML DL S BRI S 2 A BB T U o YRYT TR SR BRI
Are R CHOAME (HHAEGC IV, Chinese Hamster Ovary Cells) FikRS ', fEIZEERME
A RHAE T A, BIFE AR TIGRERT %, TER VNN P~ IBRE, CRIEAE Dl e e 1 12 34
— VST AR, B Rz

YR FE T2 FRRE P S e PR DTIR 250 A P2 0 ke, SRIMTZEBNTF R SRl fa b, A & AR 45 1A
G, WA AR s . FLERERRmAE T, BEmEm e e s S i Y O, niE
SR ZBEGRER B (DSS) SRR AN A w1 gy, (200 diers, ImARmt 4 ;3 ,
T EC )2 o A0 B s 55 2% F DL S A e ' SRimT, DSS AR Bt HAT— M 22 XS, WF5T R HHH
WL R R . RIERE . A S ARV SR AN R RO T, Hon S R R 2 R
HHIGRT UL, PR s BEHTR 244 5% B8 1) DSS W N PR (B FRAA AR AR RS, A b BN LA T A i o

HHr, E NN EXS DSS s L T 2 Fh b ik, EZASE T Ak L SR RER R
P BRSSO Ak Y A RN, BRI AEEAS IR R EE A SR B -
PHE A i i H A SR I A Ty, (R HAR B T2 A% 4EPEE Y SLIRER AU R R
W, AH T AR H IR BL I 25 5 52 T b A B 2 SOORL Y 0 B e R, B RO R
F O SOCTRENE AR I i R EERRME , (HWAETER R A ) B, ME LK 23 25 A AR LI
FHE 720 (IFE), FAEBPHMEXEE " A7 S S0RAE  nk i A A s i A S S AT iAok
W, HEE T KBTI SRR N, SRS BIEHAERT, Jo& WA & AT RS, MU
A, HEAHEE R A = BT, AT B e — M T ks (CAD) HJE
T AR HPLCAS I 71, DUTERIE & R B 5 Sl SE PR i 52 T AR Tz s, hvikz
PriAZ Y DSS 5 5 ) it B s e (B A B BAR TR

1 RS

1.1 FI5N=.

Vanquish Flex W AH G (BCE CAD RIS, T8k Cit/RBHBCABR 2 1)) 5 BT25S L1404 K-
(TEEFE L2 IR ) ; HISS0R E.0HL GHFGMACER EAER P A AR A ieiRZd (LiEER
SO APRZ ) 5 0,22 pm KFHTHFLIERE (L2 LR R AR A R .

HIRMEGIREN (4EPE 100%, Sigma-Aldrich); ZPREER (LC-MSZk, FRER CH/REHEARLAF); 6
ek (s, JoHMEZERRT )5 K (—2%, SEImERE); HulEdvisimitln ke T &4t
KR
1.2 BREH

DUER: BURIRERZ80 g, B 250 mLAEARH, MIA/K S0 mL, #FH 30 min, &%), HHEUKE 30 min
JEHEIZTEW, B

o R S BV . BT SROME BRI B B 500 mg, B 10 mL 2R, MANKEMIFmBEEZIE, R’
5], Hifs.

SRR SRR . BUTIER 25 mL, B 100 mLA RN, HUKEREZRZIE, 185, Hif,

oot FEOL IR . BORT MR A AV, 0 o DR BEO AR A S B B 1 mL v S ) SRBE B M
25.0 wg. 50.0 wg. 125 pg. 200 pg. 250 pg. 300 pg. 375 wg 1500 pe MO, RIS

FHEW : FEEEIUK0.SmL, & 1.5mLEOE, BEMAIERO0.5mL, ®iE2 min, L8000
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r/min #5005 min, FEEBSICLEWO. 5 mL, FEEMAIKO. 5 mL, 2], £0.22 pm /KA PEREIED, B
SLYEW, BIfE.

PR AW . RS RIS 0.5 mL, B 1.5 mLE.O0%, RS IMADIER 0.5 mL, #JiE2 min,
L) 8000 r/min B0 5 min, AEFHFEE_LIEW 0. 5 mL, FEHEMAKO. 5 mL, 2], £0.22 pm KAHTERE)E
o, BERIENE, RIfE.

AR IR ST R R BUERS 0.5 mL, B 1.5 mLE08, DI E S0 R S &, 1R2T,
B IIADLIER 0.5 mL, #HE2 min, LL8000 r/min 5.0 5 min, B FIHWK 0.5 mL, FEMAK
0.5 mL, &%), £0.22 wm /KAHJEREDES , BRELDER, RIS,

1.3 {UEF|&EH

A% FE: TSKgel G3000PWxl (7.8 mm X 300 mm, 7 wm); 7zhAH: 50 mmol/L ZERERIEWT ; HEFE
e 20 pl; JEE: 0.4 mlL/min; FEWEL: 35°C; PRHRRET: SEREVRNL; Z217H40H): 35 min; ARINEE. H
ZRKMEE (CAD); ZALEE: 70°C; REHE ., 5Hz,

2 HRSHE

2.1 BIEEHMERE

DSS & #) RME LG IRAL BT BN B 25 F 2 0L 59, @H UAEA e, FEld RS
AR AW, N EF Y AR & 7o 3, B SH RBIHE T BT CAD Ay i@ A AU I
o, NTCHLE LAY AR, AR DSS i Az T4, T BFEAnt % LA DSS, fEF
(Na") FIGRERMR & (S0,7) HAT5E R 8 . JRETE HE 730 i FBER i ke A 2 820 59,
H C o iEAEAER TG O T AR S A A ] A 8 Bk LLGE B AS ] A i 2 i 7, BRI AR S 2200 ) 5 5%
Cy (4.6 mm x 250 mm, 5 wm) F1TSKgel G3000PWxI (7.8 mm x 300 mm, 7 um) FiFhsr s 0
FEXT DSS 73 BB OLI o0, A5 5R N 1 R . Z5REH, CI8AERIBhZ &1 A8Imae Sy, Xl 1 Sk
W) DSS 58 55, ARAESLH DSS 15 S0, BI43 85 5 1 TSKgel G3000PW xl F T AL HERH AL SE B0 /3 55
RoF R DSS SE g, i RSF /MR Na il SO, J5 i, 7E 50 mmol/L £ TR BV A It S AHBS BT a] X6 ok
=R BT . LR L, B TSKeel G3000PW x4 A E HEA T IF 2L 7347 -
2.2 TLEFIBIERE

B IS A0 P AR B TR ARHERHL LR S B S 40 8, Hoor B8ORS F8AG . BRI PUAZ Y
Sy i, WTREXT DSS I E PR A T, 4R DSS /A iR FEvE ST gk, RAEADURE
EERFES PP, B0k DSSHI T ASZ BN . SEEH % THEE., 5. 10% =& SIRE L
AR R BT 4 Fheis P8R DL€ R DIARAEE RS b DSS SR 2, 45 R0 1 PR,

TESEIESR b, PUkFESh S bk 4 FpUTIEFIFE 2 1 EL BT A i m] WUBH B A TiE, U 4 Fhtie
FIFIRE LIS TR AIDTTE . B EE S CBE X A FAHLUTTE RN, SREERDLE] DSS, il 5
A AT e A s R S F B R S SE PSS B K F L IR 1 DSS 4y PR MINKALZ . SEEHEIK
AHE AR R0, R R EDUR M IEE . DSS /> T A Km B A o i A iR IR KL T, 7EKiE
W, oy ek R R HERVE HmMELLUE AR R AR . R ORI PER) 10% =S SR WAE A TTE FII,
DSS A G I8 BE A By e far gl v ofl, o0 TRl e e 0, R SO A R A, SR 2R B i
R YRk H &S TR A SRR S WA DT R, B B3ROy Se B A DTE . i
TER B TSR, DSSIHETHBRRG, 70 & AN, SIS LS T s R RZS Y,
R BRI K, WOMBEOS IR ECH BAR M DS . eAh, ORI BRIR B 5 sl A TR A5 e 491
(v: v) A 1: 1AI2: TISERAF BT, Shidkdaid 2085 4 1) S0, HEN CAD A I 25 1 115 4
R 1B TE QUUE, IR S BT LK TARE, 7RI e R U 2R TR AT Rg >
MedE R IR &, PRIE BT TR E T
2.3 AEFWIE
2.3.1 TREM BRSO, ISR . A wor I s, R4 1. 37 TR A
e AT, PTA il B 2 PR, FE% RO W SONPR i is i H, DSS 5 80,7 1 73 85 Bk
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Fig. 1 Chromatograms of the reference solution separated by (A) Cl18 and (B) TSKgel G3000PWxl columns (Peak identi-
fications: 1. DSS; 2. SO,”; 3. Na')

1 ANFEDUEFIR DSS MR ) 520
Table 1  Effect of different precipitants on the recovery of DSS

Precipitant Ratio of precipitant to sample (v: ) Recovery of DSS (%)
Methanol 3: 1 0
Acetonitrile 3: 1 0
10% Trichloroacetic acid 0.2: 1 32.8
10% Trichloroacetic acid 2: 1 29.3
Saturated ammonium sulfate 1: 1 98.9
Saturated ammonium sulfate 2: 1 99.1

2.3.2 WMHREESMR HEHBHOTREMESE, A REHBEAIZ R, R 137 T
SAMEERESHT, B (SR (SIN) FEAR RGP, H bR S B0 R . LLS/N > 3 BFAOH EEE A
KB, S/N = 10 B AR EEVE I S BR . 250, AJ7iE 5T DSS I iER R 4 50 pg/mL, &
BIER 100 pe/mL, EREIEBGESLIFE6 K, DSSUEHEFLRSD A 4. 90%, FEHHAS 71k 72 8 B I
2.3.3 ZEMESEE HURMERHR AT, R C1.37 R AR HT S E — BERE AT, LIS T
BIREME AR ARy (pg/mL), WERRVENIAEFRy (pA-min) BEATZMERIATHE, DIAHSE R PO
LR R, RALERER, DSSX I SERAE 25~500 we/mLIEE P, DSSHY[E 752 4 y = 0. 008x +
0.072, r=0.9980 (>0.990), FHHARFELIERRZBIF.

2.3.4 MBRBEE BUREN250 pe/mL X S, $EER 137 0T B4 TAE S AF TSk
TTHEEE, A3 DSSIEE A RSD (n=6) H413.31%, {REHHEIEIRSD (n=6) 40.14%, FHHARJFHLEE
A B R

2.3.5 FEESM KEERMGRE sy, B 127 W F5ER S FREER SR, Hrb o S
SERTOMNE A 10 wL, #dE “1.37 MR AEEA TR, S DSS & & F3{E 4 1064 pg/mL (n=
6), RSD43.31% (n=6), FWHAIERELER I,
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Fig. 2 Chromatograms of different solutions in specificity test (A: Blank solution, B: Reference solution, C: Sample so-

lution, D: Spiked sample solution (D), concentration of DSS in reference solution and spiked sample solution were all 250

pg/mL)
2.3.6 MHE HEEEBEGRS 4y, I 12" TR 7k S IbRER SR, oo S
BOMNE RIS, 10, 15 pl (% 34y), B “1.37 T FAas TAVE S F b aees, 3 3 ik
FEARCE TR (S5R02) . G5B, 3 MNKRIE KT IIFR R ANTE 85%~105% 2 1], &
WHAS 5 V2 09 L 0o
Fo  PTEREDURZIY b DSS MR IR S AL X bR i i 2%

Table 2 Recoveries and relative standard deviations of DSS in monoclonal antibody drugs

Original (pg) Added (pg) Measured (pg) Recovery (%) Mean recovery (n=9, %) RSI,) o/i;L_
232.55 93.0
250 228. 64 91.5
252.06 100. 8
476. 11 95.2
0 500 518.27 103.7 94.0 5.69
474. 48 94.9
675.32 90.0
750 665.01 88.7
660. 70 88.1

2.3.7 FEEM H “2.3.67 Wi FAY 10 pL IibnAti S ia Rk B A 250 we/mL B0 B SRR, T
M (25°C) FMFTaaE 0. 6. 12, 24 F142 h IG#EFEST T, LI I a) 23 075 (4 W 1 B RSD V8 A1 E M
BbREZITIENRAENE . 45 RN, FIRBCE 42 h N, SRS B DSS TR LA T 0 h 97384 R K
~7.80% ~ +3. 87%, NUFREIRE A H DSSUEHTAAEXS T 0 h (284634 +0. 20% ~ +9. 05%, FHHAR T 1%
FRE R I

2.3.8 WHAM KEEIMGRS 64, FIE 127 WIS FREER SR, Hoh o B S g & wom
NER10 pLo FEHEFMRFFAZET, 5002 580 AR AS A6 H FRAb &9 0 45 R 52 (45
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RILHE3) . LERANT, VORAEEIAT, DSS I AT A PR 2 -4 32% ~ —0. 47%; HEIRLAS
IS, DSSMAREADS T IFARAEHA i 22 4-4. 98% ~ +3. 67%, FRWIAT kit TR I
F3 M PR T DSS AR

Table 3  Measured content of DSS in robustness test

. . . Flow rate (mL/min) Column temperature /°C
Conditions Original condition
0.38 0.42 33.25 36.75
Measured content (pg/ml.) 1064 1018 1059 1103 1011

2.4 KERE@RNE

SR AR5 3 S ARSI 7 vk k) 29 LUK B ve FEDTAR 25 W T R SEBm AR i 2 AT, A 1 HEIRRE S H DSS
GRE, HCMREE} 252 pe/mL. HIEE) DSS HAT— I it BV, 76 K0 S A 2h I FRIAIT
Wb, TR A SRR P ) (il e, DR e A AR S i 245 il - 5 o B SR T B e B LAk 24 W b
) DSS B BA )L, 3 S ™R 1) ke B B 4 it
3 & it

AMWFFERENL T — i E B v FEDTIR 25 vh DSS 5K A S R0 £ 15— i 5 SR a5 5 ik . &0
ERIN, ZTIERAET TR, REBUERIR I WELERMERRE S, ] AR DAY DSS 5%
HL R E R AR BAR S
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