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determination of free formaldehyde content in vaccines

LI Yu-1i, LI Min, MA Yi -xing, JI Hong,
ZHU Xiao — yue, HE huan, LI Wen - dong "

[ Beijing Institute for Drug Control ( Beijing Center for Vaccine Control) , NMPA Key Laboratory for Research and Evaluation of Generic Drug,

Beijing Key Laboratory of Analysis and Evaluation on Chinese Medicine, Beijing 102206, China]

Abstract Objective:To develop a novel and efficient assay for the determination of free formaldehyde content in
vaccines, and to compare the results with the method of the Chinese Pharmacopoeia ( ChP) 2020 edition.
Methods: Vaccine samples were added directly into headspace vials without any pretreatment and tested after
mixed with a new derivatization reagent, 1% p — toluenesulfonic acid — ethanol solution (1% TsOH - EtOH
solution). The concentration of the reagent, the dosage and the optimal derivatization conditions ( headspace incu-

bation temperature and time ) were tested and confirmed. A DB - 624 gas capillary column was used with
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temperature programming. The detector was a hydrogen — ion flame detector (FID) and the sample was injected in

- 1366 -

headspace. Results; The linear range was 0.25 =100 pg + mL™' (r =0.999 5), the detection limit and the
quantification limit were 0. 10 wg + mL ™" and 0.25 pg + mL™", respectively. The recovery rates of several kinds
of vaccines were all over 94% , and the RSDs were all less than 6% , which were in line with the requirements of
specificity, precision and durability. There were no significant differences between the results of multiple batches
and those determined by ChP 2020 methods. Conclusion: In this paper, a novel derivatization reagent (1%
TsOH - EtOH solution) was developed and validated for the determination of free formaldehyde content in
vaccines, which is simple, efficient and can achieve high — throughput detection. The method can just solve the
problems in other current detection methods. The method of derivatization headspace gas chromatography for the
determination of free formaldehyde content is applicable to vaccines and other biologics, and provide a reference
for chemicals, traditional Chinese medicine and excipients.

Keywords : vaccine; headspace gas chromatography; free formaldehyde; derivatization; high throughput; ChP
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BFFEBE, A1 20211118, 7L 10 mg - mL™") 5 L (B
ATy (A5 B L A FR 2 | 4it 5 2201120119,
i 95% ) s TsOH (8 245 48 H b~ iR A FRA W] 45
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FEURANBE) (C 4k, $E 5 202208059 202208060 .
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PR AT
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A. 259 (blank) B. 5.0 pg + mL ' XFHRE (5.0 wg - mL ™! reference substance)  C. — Z, %3k F % & 7 ( dimethoxymethane localization) — D. FA# T
RIKTEPEHE (N A5 fi328, 5 [ inactivated Hepatitis A Vaccine (human diploid cell) test] E. A £\l Sabin #8656 5 2 K3G £ ( Vero 41
fif) 442 i [ inactivated poliomyelitis vaccine made from Sabin strains ( Vero cells) test of manufacturer A . 3 J80E 75 247 93 1 14285 [ inactivated in-
fluenza vaccine (Split Virion) test]  G. TEZH £ T JFF 498 1 (BRIE % 5 ) 550 5 [ recombinant hepatitis B vaccine ( Saccharomyces cerevisiae) test] H.
A ZRIFREEE (CHO 40 ) 32,5 [ recombinant hepatitis B vaccine ( CHO cell) test] 1. B 4l Sabin B 86K i 48 KIGSEH ( Vero 4 fitg) iz
it [ inactivated poliomyelitis vaccine made from Sabin strains ( Vero cells) test of manufacturer B]
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Fig. 1 Chromatograms series of system suitability testing
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RIAEALIGN 3 L, FATRCH] 3 03, R R A i i, 4%

217U R AR PR UERE, I R A AR IR
1, WAL AT RBEWT (CHO Zifa) | FEL AT 58 KI5 9%
P CN AR AN ) 0 5 22 1 S Sabin #RAF
B IR IBT 9 KAGHE RS (Vero 4HJL) (il B) FRERIF-14
[543 5] A 94. 8% 95. 6% \95. 5% .95. 1% ,RSD 43
BH 4.8% 5.4% A.5% 5 4. 6% ,F5+45 2020 4ERR(
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Tab.1 Recovery results of formaldehyde determination

el )?ﬁg ﬂl]ff/ﬁ% INAH b £ [l SEE AR RSD/
(vaccine type) (original )j (spiked ),/1 ( measure({ )]/ (recovery)/ (average %
(pg-mL™) (pg-mL™) (pg-mL™) % recovery )/ %

HLH SRS (CHO 4ilif) 26.88 5.0 4.48 89.6 9.8 4.8
[ recombinant hepatitis B vaccine (CHO cell) ] 4.51 90. 1
4.47 89.5
10 9.47 94.7
9.46 94.6
9.46 94.6
25 25.29 101.2
25.21 100. 8
24. 65 98.6

FIBUH- 9 KR RE fT (N A5 1A 41L) 0 5.0 4.48 89.7 95.6 5.4
[inactivated hepatitis A vaccine( human diploid cell) | 4.51 90.2
4.52 9.3
10 9.53 95.3
9.48 94.8
9.46 94.6
25 25.53 102.1
25.42 101.7
25.43 101.7

TR RS2 1 [ inactivated influenza vaccine 0 5.0 4.56 91.2 95.5 4.5
(split virion) ] 4.49 89.7
4.57 91.5
10 9.47 94.7
9.58 95.8
9.46 94.6
25 25.30 101.2
25.03 100. 1
25.1382 100. 6

Sabin BRI 46 KIGEEM (Vero Z1) 4l 17.68 5.0 4.50 90.0 95.1 4.6
B[ inactivated poliomyelitis vaccine made from 4.51 90.2
SabinStrains ( Vero cells) of manufacturer B] 4.59 91.8
10 9.44 94.4
9.35 93.4
9.43 94.3
25 25.24 101.0
25.11 100. 4
25.03 100. 1
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56, AR AT A=A 7 Py 0 i U L e R, DR 7 I i)
W AT 22 5, S5 AHAR (T A 1) 73 5 BE X A 5 FLE

% DB - WAX £ A (30 m x 0.32 mm,
0.50 wm) 1 DB - 624 & 41 % #F (30 m x 0. 32
mm, 1. 8 wm) #17 % 4L, 45 5 AT A7 ) 6
T UG DR BA IS E] A 2. 1 miin, 55 R 408 60 5 Uy B R AF
HHE

X AR RS AT A AR (101,123 1:5) 3
Fr 558 AR R 103 5 105 T A A=)
IRIERA — 0 R T 101 A=Y @i,
W, AT R A B i i S AT AR AR 1 3 EE
PEATAG o
2.4 FEELINE

I3 R LR 8 I3 B (N AR ) O
ST AU v TR SRR v (BRI B RE) (R
HOHFJPEVE (CHO 4iJify) K Sabin R4 i K 5
KIGRE (Vero ZJif) (il A S4ll B) 4% 3 4t , 4%
2. 1IN T A A BERE ST [ SR T 2020 4 it
o[ 245 31L) G D) 3207 e s PP N0 5 96 50 kAT
e, AR X W 2,
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Tab.2 Comparison of sample test results with pharmacopoeial method results

Gz
e v it (test resjlit;)‘/J ETxg -mL7!) 1‘[—[%]‘@%
Y5 FE (relative
(No.) (sample) (batch i i deviation)/
No. ) A 2Tk %
(this method)  (ChP method)
1 BB IR (N A5A4H) [ inactivated hepatitis A 202208059 - - \
2 vaccine (human diploid cell) ] 202208060 - - \
3 202208061 - - \
4 202210155 - - \
5 Sabin #REBEKBTAR KGR (Vero ZiliiL) k. Al inactivated 202210156 - - \
6 poliomyelitis vaccine made from Sabinstrains ( Vero cells) of manufacturer A ] 202210157 - - \
7 FRRTEZYAPE G [ inactivated influenza vaccine (Split Virion) ] T202207015 - - \
8 T202207016 - - \
9 T202207017 - - \
10 TEHZRYFHE T (BRPG RE) [ recombinant hepatitis B vaccine 202210048 L7l 0.9 13.33
11 (Saccharomyces cerevisiae) ] 202210051 1.67 1.01 12.31
12 202210053 1.63 1.01 11.74
13 FEHIRITHBET (CHO 4H)i1) [ recombinant hepatitis B vaccine H202205YB15 26.13 27.67 1.43
14 (CHO cell)] H202206YB16 26.27 28.07 1.66
15 H202206YB17 27.10 27.60 0.46
16 202205006 17.87 18.51 0.88
17 Sabin ¥RA BRI RIEEENT (Vero 4IJf) 4l B[ inactivated 202205007 17.56 18.23 0.94
18 poliomyelitis vaccine made from Sabin strains (Vero cells) of manufacturer B] 202205008 16.19 18.32 3.09

¥ (note) : —. AK#H (not detected)

M2 AT BT KA 1 (N A5 TR 2
Jf2) \Sabin FRAF K 542 KA 21 (Vero AHE) (4
b A) 55 R T R TR Ul R R 2 ROk
RGN 45 SR 349 g ARG 5 H 4 & R I R 5 (TR I

HWEHR L

BE) by Ui R AR, 2 O A I 2 R 2
WA FAL BT 46 € (CHO 411 i) 55 Sabin %
R T J8 KA HETE (Vero 4HfL) (£ialk B) Hhiiy g H i
(49 2 5 93000 5 435 SR (R AR X i 22 /N T 4% , DL E B
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3 it
3.1 BT RS TR IRA A 2
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— o g JE A U YRR T ik B B
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ATFETT A, 40 ST AR AT A AL ) T2 A
R AT I AR, AR D7 IR SR rp A B,
MR IE ) o (IR TB0) R iy (R 1 i Jo Y )
TEARRI TS S0 T i R BE AN, J7 ik B R
P T iR G R 2 A R (RAEAE S A
BLBE B a0 T TR R E R ] AR T 2
7k

DG SCHR " it S P A VR TP B8 v A
TERG SR 456 LA Ry B W 5 4 P et
FRIORGSE &5 o B2 U A R B IR £h R B 5%
Z R BUERL 5 A A SR S AR A
SO LI, 5 R 30 B P I 5 45 T A7 P Al
A B SC SNEA BT R AR T 7 P I, IR IR 25
T3 A HERF I AE o

LR LA IR ARG A i Bk T 5 I D 2R A
SEEAERL, 0 R T IR RAIA | 25 8 B30 e g
R 2R Ab 5 3, 3% 0K gk R LA T S 3 4 2R
AR AT 0, 25T EE A, o205 | AR 5% S L B8 A i
S A S I 0 A 2, A R VHE A e A 3
P A S 42

AL 2 A AR AR BN Y 0, fe BN 1%
TsOH — EtOH ¥ HARIGH , F 88 £ IR R R 1
HACTER N TS i G, e ey — LA AW
He o %SO AE T2 Rl o e v B AT K A, T
SN TATAEAR A 3R CRAR T T R IR0, m] i
A Al S B AL g A I PR K

3.3 JyikiE M

2020 AR P E 25 ) =R R 22 A
rn PP A T S PR PR B B A AR 4 10 g -
mL ™ B AT 200 pg - mLT' o ARFSHTEAY
R 75 vk (0 2R P B 2 % T 2020 4 R (AP [ 24 )
DU 3207 7 B H I 00 A T A Tk I RS 1
(0.25 ~ 100 pg - mL™"), K F 5 — ik &0 [l
(1.0 ~4.0 pg - mL™") , [ AR 48 AT YACZER 5 ol 11 Y
T PRI BIR I8, AR J7 i R B, T LA o 0 g P
JE K .

AT A8 B v 0 S R RS S ) Y
SRk , B AT LA i e 245 3Ly 3k v i 22 i )
i, 2 BRZ DL R A (A IR) R, 3R] DA DA A AL T
A B4 A S S AR T 5 A B8 IR AR 4 T
R, ANASURT 92 1 45 A 0 o vt 52 24 Rk o v i 2 T
T AP, AT T A 2 24 i b 2 R Rl e i g T
T (0 R A3 M7, Ol i 2 S A s R T B
R TR
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