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Abstract Objective:To perform a comprehensive analysis of extractables in rubber by pseudotargeted metabolo-

mics. Methods: The quality control( QC) solutions and test solutions were prepared by extracting the six kinds of
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rubbers with water, pH 2. 6 phosphate buffer, pH 9. 18 phosphate buffer, and 15% ethanol solution, respective-
ly. The QC solutions were detected by LC —30A ulira performance liquid chromatography — Q TOF — 9030 mass

spectrometer in ESI*/ESI™ mode. The mobile phases were 0. 1% formic acid — water and 0. 1% formic acid —
acetonitrile/0. 05% ammonium — water and 0. 05% ammonium —5% water — methanol. The separation chromato-
graphic column was Waters Acquity BEH C8/HSS T3. TOF MS and MS/MS DDA scanning modes were used to
detect the QC solutions. The scan results of QC solution were processed with MSConvert and MRM — lon_ Pair_
Finder software to obtain MRM parameters. The extracts were detected by ExionL.C UPLC — Qtrap6500 + mass
spectrometer in ESI*/ESI™ mode with the same mobile phase and column as before, and Scheduled - MRM scan
mode was applied to detect the extracts. Results: The 1 399 unknown compounds and 116 known compounds were
analyzed. By extraction solution, it was found that pH 9. 18 phosphate buffer and 15% ethanol solution could
extract more compounds, and 27 compounds with large differences in different extraction solutions were identified.
By rubbers, the affinities of different rubbers were determined by 25 differences. Conclusion: In this study, the
results of the extraction of six rubbers under four extracts are analyzed. There are differences between extracts un-
der different extraction conditions. Analytical methods can be specifically developed for these key variables for
quality control follow — up studies to ensure the stability and consistency of drug quality. The variables in different
rubbers are also analyzed, which can be used to make a general class determination of unknown rubber samples.
Keywords: rubber; pseudotargeted metabolomics; extractable; liquid chromatography — tandem mass spectrome-

try; key differential substances; quality control; class determination
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Fig. 1 Overview of the pseudotargeted metabolomics method devel-

opment

B, 2. 1 I A R RO QC H I
RJe B QC il A UHPLC - Q TOF MS R4,
18 FHEE OB A 3 2013 P A AL 5 R — | R
R . DUEB TR, 3 QC ST T 3 K
48 (CE {53500 15 30 45 V, HRBHAL) . i@



JPA, zwmswmz=s

Chin J Pharm Anal 2024, 44(4) - 641 -

XA — Y AR AN ) CE (E A A =55, ik
FBUE B i 2 A W TGS Y CE B/ MRM S 50h 1
Q3 71 CE {8, Q1 WAy sty o 1) — R i fes o 39k, Ha
Ty R B A ) MRM. B X 4 22, Ry AR ik Eiai
i, % T 372 MRM #% 2L ( dynamic MRM/Sched-
uled —MRM) B4R 20 B 25 1 O/ B2 i ]
NINZE MRM 25051 3R, 33 B A HAE DR B B i)
RT3 X 1% MRM B~ XF A7 9 45, AT el RA7E 1 A4
ST B S S Z AW, ARRBESETE 2
AN T SB35 1 65 ARG D B, 2335 g B8 A7) B SR S A 58 4
—F T DMRAE TR BN — B, DL E TAEH
MSConvert 2 MRM - Ton_Pair_Finder # {452 i " .
FERHR“2. 2. 37 TR J7 i, gR A5 FF I 4 1) MRM 25
FXF, AT 1399 AR FNY, Bie B T T AR
BERIN S Y B, T AR TR QC R
RS 3 A5 I T LML SR —.
TSR TR MRM S50, AHHE 5 07 1k g

—
n
|
X+ b
Bwro— |

g5 ot "
S
/t:l\ AT ::N
g 8
£ 04
Al i
& a7,
;)é 214
M54 sas1s
aon
-10
-15
T T T T T T
15 10 -5 0 5 10

FE ST 1(PCL) 36.1%

PAFE S FXHME R 76 IR B Xt il i 3% e
BRMA TR, L% e 116 ey, 5550
WA T RS T 2 R R

FHR 2. 37 TR N 4E, i UHPLC - QqQ MS %
G FFIRE b HE AT 3 ) A, 43 ) A 4 2R A 1 oA
IR T MRM 55X, -4 45 21 19 25 5 9E 17 50808
G377 o
3 am5itie
3.1 R[FEHRBUA 5%

S350 EL R A B X R i 25 R H AR TR
PRBGA AT 4341, BUREA> MRM 38 38 (14 0 T B Oy
ARt W 3 A 4 BT (PCA) R 3E47 43 #r, 45 21
(P 2) fEs ) b n] W X 43, RIS S48, 156 W 7
FR2s B AR E A B E RS, K3 54
B VRN L At 1 TR YR IR e, 56 ) e 2 A el
PRI 250 T i B B 5 oAt Z R X 03K,
(CEI =P SE

B
t
+2
“3
4
4 -
32
ama
s
] e ™
N ana e
= o4 1
o
@]
& x4
o
&
# 2
H
ey
44 w3
-6 -
T T T T T T
15 10 5 0 5 10 15

FHST1(PCL) 43.1%

2 REBFERH PCAE(A)FEMBEFIERHN PCA E(B) (BHA LAYFRIARRNER)
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Fig. 3 PLS - DA score plot of known ion pair results(A) and verification results(B)
B
B OPEGIPNCHDRG o o
PEG9 %H 11 C .' 0.3
°
PEG13 I-(I °
Fl : 0
-(CH2)11- .2
nggigcgi H:S .. i oPEW;H g ©PPGO NHE
PEGI12-Ph-(CH) ° igh a o peB EFRR o PRARSCIBEEEN
G10-(CH2)12- : 28 © PEGL3 H NH4
P%C]:ZIQ ( H2)]_1i21(:; N & 0.1 ori_”p Ip?msnha .. O PEGIOCHaS.CH
PEGL4- Pi €2 . Tg i égfﬁ ﬁ‘ "o PEd ?@%ﬁ.‘@}%ﬂ"m
PEGT3: CHz)lbl ° =1 5 i e
G g o s ST
g v 'Y ﬂ,ﬁ\—( rada o HTPE-Paimitic Ac © PG PGR(CHZ11-cH
PEGI12- 8H 13 I o PEGG-CH3 MHAET?Cyclic Dimer © PEGO-(EH2)11-CH3
é 2) [ ] © PPG8 NH4 e PEGJZ@‘#@;%ZJQ Ch
1 on 66 de : Low -0.14 ST EREsa= © Nylon 66 degrada -
PEGS{CHNIZC| o
PEG12-(CH2)17-| o
Butyl enzgl 8 PY
PIGTHC e 1)12-C e 0.2+ S PECT| (B oo
8 Ph-(C: 8 1,4,7-Tri l
PEGll -(C 2)1% : o Dlduchy\ 3.3—su° =
T T T T T T T T T T T
1.2 14 16 18 01 005 0 005 01 015 02
VIP{E(VIP scores)

4 VIP G5 E(A) R E(B)
Fig.4 VIP score(A) and loading plot(B)

St R AR AL 25 5, N WSRO T 13
Wﬁﬁﬁfﬂ: #H47 T heat map IVE 3BT (B 5) . A
SRR E I 4 SRR (15% a@?{”’«fz) Xf
PEGI2 - (CH,),, - CH, . PEGI1 - (CH,),, - CH,,

PEGY - (CH,),, - CH,.PPG 11 .PEGI1 - (CH2)14 -
CH,.PEG8 - Ph — (CH,), - CH,.PEG7 - Ph —
(CH,), - CH, .PEG14 - Ph - (CH, ), — CH, .PEGI2 —
Ph - (CH,), - CH, .PEG13 — Ph - (CH, ), — CH, ; 3¢ Jfi
3 S PRIUA W (pH 9. 18 i R HE 22 vh it ) W Nylon
66 degradant, PEG3 - ( CH, ), - CH,. PEGS5,
PEG10, PEG11., PEG6, PEGY9, PEG7, PEGS,
PEGI2 PEGI3 B 5 TA M, R 1 Z 3 PO W]
(7K) F1 2 S 3R IO W (pH 2. 6 BiR L 22 vh i) W)

RWEHR L

2477 1(loadings 1)

WY ik SRR Z
IETJ$EXBQE7‘H$/\?FE, HEAT T A 56 P A & 4 M (B
6), &5 A %1, PEG Mk fb PEG & Al &k,
TEPES Wy BE$E b, b 3 fk PEG 7E 4 5|
(15% CBEHWR) WA Sy 2 B, B S Br i AT A
XN o

% RGP O B FE I 24 ] A D B 25 R AT
JidE o BT, LIS IR BA A 358 2 BE R 42
A BRI 2.3 17 ] 2. 3. 27 Wi fi {833 o 33 4 1
. AT DAAERT IR S5 AR 360l I BR 2 2 1 MRM. 55X,
HERBIE Y T, B AOQETEAR R &M T Bk
Yy o g e T R AR TR D0, A AR 7 B 2R B R S B
5 DUBA A2 SRV IRV FE Y ] o



@ Wy W F R ChinJ Pharm Anal 2024, 44(4) - 643 -

x3 TRERMBERPHERUEY

Tab.3 Different compounds in different extraction solvents

[las VIP {8 N (a5 VIP {§
o.
(compound ) (VIP score) (compound ) ('VIP score)

z

—_

PEG9 - (CH, )11 - CH; - NH, 1.9297 15 PEGI2-(CH,), -CH; -NH, 1.4342
PEGI14 - (CH, ),, - CH, - NH, 1.906 8 16 PEG6-(CH,),, —CH; -NH, 1.390 2
PEGI3 - Ph - (CH, )y - CH, —NH, 1.670 4 17 Didodecyl 3,3 — sulphinylbispropionate 1.3509
PEGI3 - (CH, ), - CH; - NH, 1.663 8 18 PEG6 - (CH,),; - CH; —NH, 1.344 7
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3,5 —di - tert — butyl 4 — hydroxybenzaldehyde BHT - CHO 1.450 8
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Tab. 4 Difference between the two kinds of rubbers
&Y (compound) FC log2 (FC) raw. pval —loglOp
PEG7 - (CH, ), - CH; - NH, 0.111 93 -3.1593 6.18 x10 716 15.209
PEG6 - (CH, ), - CH;y - NH, 0.125 05 -2.999 4 5.92x10°" 12.227
PEG8 - (CH,),, - CH;y - NH, 0.242 57 -2.043 5 4.53 x10°" 10. 344
PEGI2 - (CH, ), - CH; — NH, 0.268 58 -1.896 6 1.86 x 1010 9.730 9
PPG13 - NH, 0.309 23 -1.6932 3.45x10°1° 9.462 4
PEG13 - (CH, ), - CH; — NH, 0.294 85 -1.7619 5.29 x10 10 9.276 8
PEGI1 - (CH,),, - CH; - NH, 0.239 1 -2.064 3 6.21 x10°1° 9.207 1
PEG4 - CH,COOH - NH, 2.276 4 1.186 7 6.76 x10 10 9.169 8
PEGI0 - (CH, ), - CHy — NH, 0.302 87 -1.7232 6.95 %1071 9.157 8
PEGY - (CH,),, - CH; - NH, 784. 1 9.614 9 4.56 x107° 8.3412
PEG6 - CH; - NH, 0.403 3 -1.310 1 6.40 x10~? 8.194 1
PEG14 - (CH, ), - CH; - NH, 0.330 48 -1.597 4 1.41 x10 78 7.850 4
PEG9 - (CH, ), - CH; - NH, 0.238 14 -2.070 1 1.75 x10 8 7.757 8
Butyl benzyl phthalate 2.627 1 1.393 5 2.26 x10°¢ 5. 646
PEGI1 - (CH, ), - CH; —NH, 263. 26 8.040 3 6.51x10°¢ 5.186 6
PEG7 - (CH, ), - CH; - NH, 0. 035 907 -4.799 6 1.24 x10 7% 4.906 4
Nylon 66 degradant —259 2.280 3 1.189 2 1.62x107° 4.789 8
Didodecyl 3,3 — sulphinylbispropionate 0. 438 87 -1.188 1 0.001 21 2.917 1
PEG4 - (CH, ), - CH; - NH, 8.2952 3.0523 0. 002 804 2.5523
Linoleic acid - H 3.244 1 1.697 8 0. 005 044 2.297 2
PEGI2 - (CH, ), - CH; —NH, 12.207 3.609 7 0. 009 993 2.000 3
PEG10 - (CH,) 3 - CH; - NH, 65.617 6.036 0.011 696 1.932
3,5 — di — tert - butyl -4 — hydroxybenzaldehyde BHT - CHO 2.599 7 1.378 4 0.019 332 1.713 7
PEG6 - (CH, ), - CH; - NH, 3.961 8 1.986 2 0. 026 287 1.580 3
PEGI1 - (CH, ) 3 - CH; — NH, 27. 839 4.799 0. 042 964 1.366 9
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