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B KR (i 38 2 07 35 A W) iy Ak B 7 32, R
RORAR 8335 — 1w 43 B BT 1% 3K 1] ( UPLC-HRMS) $ AR
HEFT & il A, ARAT 4 2B W 0 25 Ak & W A 4 00 =
TS G RS AT R Bl , AT Sk 2K v o A
IRV fige B2 1) B A0 e 52 O R T 1 e B AT Sl 43 M
R RS %

1 ME5IE

1.1 EEZMH5F

Al (2ERE>99% ) , AL R BB A FR 2
A 2RO (2ERE>99% ) , L& s AR AL R e A1
BN ] 5 W ER] (40 >96. 1% ), 3 B8 R Rk 1 17y

AR E] S AN (LB >98% ) , Pk B v5 ()
A IR W O BE (590 | R e R A R 7 5
Tk CBECEIEG) | BaTR TG0 (H D) AR TE A
Al I IE H (AL 44 mm) |, 5 [E Borgwaldt A ) ;4
BUAR M FL UE S (0. 22 pum, JE I8 ) . 7K AH G FL g s
(0.22 pm, B ) | KEFE 28 7] 5 — K TC I 1
SIE8 (2.5 mL) T BB (g PR 7 S A A IRy A7
BRZSE] 3 M523 58 (52 mm HH52+30 mm BEEFIEME )
il J&] 24. 5 mm) AN AE 2, 174 B W = R 5
EAF,

1.2 FENEEIEHE

AB204-S 431 RF, %+ METTLER TOLEDO
) TSX BIAR AR AR TR VKA , 9 1E Thermo Scientific
N F];DF - 1018 SERGRE Ty i P, IL ST 5 774X
A RS 7 EGA/PY -3030D BIAEL Y, H
7% Frontier Lab /3 7 ;8890~5977B %I #H (3% - i 1%
BEH (GC-MS) Y, 35 [ “Z 58/ 7] 5 Q-Exactive Y 5
Iy BEFREAN (BL 5 Ultimate 3000 B AH (3% ) | 26 [
Thermo Fisher 23] ; SM450 B4 8 AL, 9% [ Cerulean
NG
1.3 XWHE
1L.3.1 BN 1) FERGIE, S PRI ]
B 20 MIE AL 4% 0..01 g A 10 mlL 25 iR
FHTE/K 2 Tt B 1 B o 2 W oA 1 mg/mL A TR,
.

2) IR AAE, AL WL BT AT 6 AS R ol
MEFR 7 VB T R A rh ) DU TR E 300 C
600 CHEATHAZLR ; 7 BIEL S wL v ol ek Z5ma , e
DRIV Y T A A DG THIR 2 900 °C AT #4
P, PR IR Ry s R B )t 3 He
FA GC-MS {47587,

3) T, GC 41 DB-5MS B 414 (4%
FE (30 mx0. 25 mmx0. 25 pm) ; A ELEA S
FETTREE A 280 °C ;M HEh 50 1 (A i >
1.0 mL/min; F+ i F2 7% 24 90 46 I BE 40 °C, fR 7
3 min, LA 10 C/min B3 % T4l 2 240 C, ¥
15 min, ZRJ5 L 20 °C/min A8 R THE = 280 C , 14
£ 15 min,

MS 5 7 5& i (EL) HUBSI i TR i N
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70 eV ;AR Jy 280 °C 3 B T-IRIRIE K 230 C ;

WAAEIR 4.5 min; BT AARTEHY 29 ~450 amu; 1
EPEE RS 0 NIST 20 3% J28 % #1324 figg =

Prtk ATk 22, £ B VC G B R T 80% Ak &, ok A

W TR AR E — A e it

1.3.2 LEMZEY %[ 151 @ baifET

[HIEH

NaOH %% A il %5 . WERIFREL 2.0 g 19 NaOH,
H—EmMZERKEWITER R 1.0 L, 13 ik
JE24 2 ¢/L 1Y NaOH ¥ ; HU 16 mL NaOH I WUE &
% 100 mL, 738 pH {E4 11.9 B NaOH %7 A,

B At 25 VA VR 25 PRI 0. 100 0 g B A ik (s
% 0.000 1 g), /D 2 ¢/L B NaOH ¥ %
i, T FH AR BT 2 8 2 100 mL; FRE 0. 050 0 ¢
A (KE B2 0.000 1 g), HI W BEV R OF E A =
100 mL; FREL 0. 050 0 g MIMER (K552 0.000 1 ¢) ,
FHH EE I E R 2 100 mL, $F FIRFRERE R AR
fitAF = -18 CrkAEH , FEH

PRiE AR WO 5« 23 RS HL 10 wL 1Y 3 Fhbr

HERE AT 10 mL A &), ] NaOH ¥ A T
B AIRAG , R BB 6 PR G brifE TAE
TR, TR LR 1,
1.3.3 BEME BURZLTE 1% 3 PRkt
VW, T 10 mL AR TR 5O 95% 1Y £ T 35 T R
Ji , FHMESK WA 24 5 BE 76 © P 48 h (IR (22«
1) C, X (60+3) %) MM 22 b 7 5 4R
LR AR ST 48 h (0 SEUIR 25 A 0 24 1]
BCHA 7, B3k Jo B AE (0. 85+0. 05) ¢ 35 Bl N AU A 32,
FE ISR TR I B DU, Bk 2 BH 2l 1033 £50
(RIS, ARS8 48 h J5 5 1. 28 R BG4 I
TR 95% 11 L BEEE R, SR FARTE) 7 =0 %

k1 WMEIEERGRERE
Table 1

Mass concentrations of standard

working solutions we/mL
iz 14 2% 3% A SHF 6%

A AHE 0.001 0 0.005 0 0.010 0 0. 100 0 0. 500 01. 000 O
B8 0.0005 0.0025 0.0050 0.0500 0.250 0 0.500 0

MIMERR 0.0005 0.0025 0.0050 0.050 0 0.250 0 0.500 0

1.3.4 GG EMA  BE G S WA A
FIAAE, DL ISO A, 6 1T 44 mm B 84 I8
Wi F TR, 3825 A IR IE R, 5k GUAR U8 A
AL 5 B,

FE— F 25 S I R g S 3 Fhobm ot 25 7
% 100 pL, 7EIRE 22 °C AHXHREE 60% 1 57 18] I 2%
PP 12 b ARAR TR 3T 1

IO AT LK Sl W K2 NaOH
WA B RIOR 8 SRR BGA T

WO H AN H 40 CAKIBIRY: 40 C A
AL AR 175 700 1 | 2 I A I T 2 B1) [ i
R AU

FEHUHE] . AT 0.5 h 2.0 h 4.0 h 6.0 h,
8.0 h YIRS e B i S AR AR LA ]

IR R i AL B A . AR I I 60 32, TR 25

FG B AR T N A 4 A 32 U R S R A BT
e, % %% % 250 mL PR AN, A 100 mL
NaOH VAW A FlG T I 8, FRE I i bEas
AR T IR 4 b SRS EE
W, BCEIE RGOS 0.22 um TFLIERE, B2
@i, 7 UPLC-HRMS 4047,
1.3.5 fU8%&MHF 1) UPLC %14 :ACQUITY UPLC
BEH C18 &34 (2. 1 mmx100 mmx1.7 wm) ;KL
940 °C; H B H#EREER IR 10 C5 sl A ik
FUITE 0. 01% PR K IR, B N TE/K M 5 I K
0.2 mL/min; FERE R R 1 L ; 3 ShAH B R 1k 1 A P
%2,

2)MS A B B 7 2O T 55 OF B R
(ESD); B FRIZEHE R 3.5kV; B FILIRE N
320 C; HIINAS(GS) 2 45 psi; AT L(CUR) Ny
15 psi s K7 2 H AR SRR 2 7 49 B X ( Targeted-
SIM) ; Bt AT HE L 181 ~195 amu,

k2 REHARMEE B
Table 2 Mobile phase gradient elution conditions

FFIA]/min+ 3/ (mL - min™') A #/% B 10/ %
0 0.2 93 7
6. 00 0.2 87 13
6.10 0.2 75 25
10. 00 0.2 75 25
10. 10 0.2 93 7

15. 00 0.2 93 7
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Fig. 1

Total ion chromatograms of pyrolysis products of three alkaloids at different temperatures
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BEOR 5 BAT 25 A 5 M AL R0 AT RE 2

SUmEE B 23 N1 2 R TE SR A T R AR T
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2.2 MG ERALBTERL ST

2.2.1 JRFIERFE W WA WA T AT
A3 T BAR R T AL
Table 3 Pyrolysis products of theobromine

at different temperatures

R ey W T AL HE /%

if 1] /min a 300 °C 600 °C 900 °C
1.57 AT — 1.80 14.28
1.65 2-T ¥ — —  1.45
1.81 LS — —  38.16
1.92 [ — — 4.18
2.17 i — — 1.87
4.14 L — —  4.46
9.88 2—HH bR e — —  12.34
10. 68 4—FH LR s — — 1.97
11.26 2,4- " F LKk — — 202
17.30 s — = 4y
22.42 CINEE 99.58 98.08 12.38
24.51 2’4’7§%’§%@8H> A O 71

b P TN A N N G

k4 FRERFRET ORI H
Table 4  Pyrolysis products of theophylline

at different temperatures

B ey W TR /%
B[]/ min " 300 °C 600 °C 900 °C
1.56 AT A — 102 16.13
1.64 2-Th — —  2.95
1.80 SR R — — 242
7.53 KN — — 1.56
23.65 TR 99.68 98.97 55.13

A5 R AERERE TR
Table 5 Pyrolysis products of caffeine

at different temperatures

PRE way W TR & Lo/ %

fif 1)/ min " 300 C 600 C 900 C
1.44 BRI %) 0.60 0.92 7.29
1.66 AR R — —  16.33
1.77 NGNS — — 1. 44
21. 81 A A 99.39 99.07 14.13

1,4-Dimethyl-4,5,7,8-

24,03 tetrahydroimidazo- - - 60.79

[4,5-E]-1,4-diazepin-
5,8(6H) -dione

LC 7 Ge-MS 1 R g LY Le-MS
LR RTINS T e T
GC-MS HPLC-UV J2 UPLC-HRMS ¥, H 4K E A SCiik
i GC-MS il HPLC-UV 32 0] 43 B % 5 n] nf il 5%
i S AP BT A S5 o 0 225 SR v A A i 32 B 4
PRRIE (O3 06 X AT RB I . 1) ZE WL & )
TEA MR P B0 S B (0. 19 mg/ 30) 1) 453 MG
W75 7R BB 5 2) AR S Ab & W B b i (>
600 °C) FEF, FELAE GC-MS F 5t i #Ai Bt 3k
RN 53 ) MR R T T AEAE AR B I 0 R A AR
BT SO RFNEEFZFEMI T 51 Kk g h al
VEMR RS 4 ) AT A] 5 A RL 55 40 2 43 (R) A7 A T 3
(3L RN 22 57 24 ik — 2B R X B AR 15 5 1
PO, T UPLC-HRMS 72 HA kil R f505 &  vE B
PEGF BT HRE 7 o 4 A 0 38 T 4% b R o v AR
Yyl i E ik B UPLC-HRMS 3:4E by A M
TGPk

2.2.2 FERBHEE AFEFERGE RN 3 FAY
B A OO AN 2 Bros . BRI 2 ATRN, 240K &
Py A BT SRR 3 3R P 4% A W e A [l
R, NaOH 7AW A X6 5 AR SR AR
() A B AR IO B 4, 3K P RE 2 Ry 3 ol 2B ik
FE7K VA B B pHL {EL A% 388 in v 184 > sk

NaOH #8 A 11 0 AE IS & PRI ZEBGR
36

AR,
N R
| L SN
I | /
=
Bl
20 NES
16 NS NN |
7K NaOH¥F A

B2 KR FBUEN A3 A FIREOR
Fig. 2 Effect of different extraction solvents on

the extraction of three alkaloids
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2.2.3 ERFREFE AFFELOTAR 3 A4y
TR AECSCR A &] 3 B, &l 3 RIS AUy
N 40 CARIBIRD 40 °C R AEH AR A 7 77
(LS ERR Y R Z o 1 1) B, 3
TSP A AR B [ IBORBAIG, A 30% ~42%,
FICAE T 110 °C (0] 378 A8 B A 1] g % 0] ] 35 )
70% ~82% ., X ] BE A A Ay A= W 0 s e J32 25 i it
FE (TR M0 K200 3k 2 FAE Uy 2 14 $ B A
o AR T AR v P R ] U AR B [l i
R | WG T 0 26 UV S A= M 28 Ak & 1 10 2
i
2.2.4 FEEBTEERE  ASFEFEBGEEX 3 A
TR A IO AN R 4 Fr7s o | ] 4 AT, 25 B[]
M 4.0 h B2 AP ELBCR Bk i Rl L
FEIGUF (] 9 4E 4, RDISCR S I WA T R R, 2
HU ] 3565 4 4. 0 h,

2% R, AR A UPLC-HRMS ¥ | 78 A BUA |
i pH=11.9 1Y NaOH ¥k A< By 2 Ay 18] 37 2 B
ALK 4.0 h (464 TR 3 B A: 4 ek i) [l

100 22 wrmrsg
NNNPY
e

ZZNN ¢ XA

Vo g 1

2N RIASEI N
7] %2 RK  EEBEH
BT

A3 REFR XT3 A £ s FIRAOR
Fig. 3 Effect of different extraction methods on

the extraction of three alkaloids

W, 2% 07 B 1 N AR Tl 0 3 L 82.06% ~
86. 10% , /& LAY A5 M 32 i A < rhoR AR 9 v 2B ik
FALE W TR AR ER
2.3 3 MAEYIBEIRETEmESW

3 P A bR E TAE R RS 4 R IR 6, 1
26 W, A5 A W0 A AH N ST S v B S PR N A it
LM R BRI AMCRE(R) KT 0.999 0,
HBR(LOD) M 0.014~0. 027 pwg/mL, E &R (LOQ)
4°0.047~0. 089 pg/mL,
2.4 3TAYREFRESPHOEBESHT

3 A ) B TR T AR AP Y B RS R L
0. 10% ~ 0. 74% , Horp, nf o] Bl A9 6 B8 %0 0. 21%,
ZE0 0 R R 0.74% , Wi ME BB B R
0. 10% , AW 75 7% Fo e fmy . AR SEER M AR 19 3 Fh A=
Yrmdilit B 2 541K, vT RE S B T A RS I g b
TN 3k 7 HP 0 Rl 453 A6 -l R B R D M R B
(TR AL = 5 K dE 25 SO LN AR <, A
A RRE YR TR, SRR B SR
BAK

100 777 e
3 oA

go_m A —_
N\ 0: 7 00
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- P
T B NV |
o 601 13008 ooy
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B 4 RF) B 33 A A A AR e AR
Fig. 4 Effect of different extraction time on

the extraction of three alkaloids

%6 3AEMBARAE ISR

Table 6  Fitting results of standard working curves of three alkaloids

HE I MR/ (ug - mL™") EYEy = R? LOD/(ug - mL™")  LOQ/(ug - mL™")
IR 0. 010~ 10. 000 y=3.321 48x10°x+679 221 0.999 2 0. 027 0. 089

AT 0. 005~5. 000 y=4.877 88x10°x+192 462  0.999 3 0.018 0. 060
WA A 0. 005~ 5. 000 y=6.254 81x10°x+226 513 0.999 3 0.014 0. 047
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3 4Eip

ASCUA 3 Fh RIS A= Wy s A B 5 R 4, W1 AR
T BRI ST T 3 A A W RTE 3 0 ORI
Yot g 12 0 M 7 201 3 A 1 AR B A
ST,

1) i3 Py-GC/MS F3 A7 4858 W] A] B 25 Bl M
PR R AR 7= 40 78 300 °C 600 °C R, 3 Fl Ak Wy
TR JE R | SRR B 900 °C I, SR FE R
W, S AR TR AR, HE R i AR R
L2 TR

2) B T 3 AR AR A I i AN A B v
FEEF K pH=11.9 i NaOH ¥ , 25 H07 2 1]
T B, A BURE[E] 4 4.0 h, K 7 ¥ UPLC-
HRMS ¥ 3% J7 2 19 in b 5] 1 5830 Bl oy 82. 06% ~
86. 10% , A il /& 45 K 3 I AR SORE AR 9 v A itk
G BT IR AR ER

3)EES T 3 FIAEMIBR A AR TAE 2, A O R
BIKTF 0.999 0, KR RAF, 3 FAYMAEE
TSP T RN 0. 10% ~ 0. T4% , 25T 7 5
(0.74% ) & T AT Al B (0. 21% ) FrER (0. 10%)

AR SCHE 1 43 BT 7 3% T Sk AR ) PR AR
P i) Wil £ At AT S R R B, A B TR AR AT AT
TR T BT 5 4R, AL mT T 0 T A
o S AR T B AT R SE . IR E, B AR A SR
ST AT AT B S A 0 ) A R A o AR Y R AT
VB AE A B XU B2 (1t T R 27 A, S HE gl A AT
KGN 5 % R T 2%,
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Study on the transfer behavior of three purine alkaloids in cigarette smoke
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LI Yangiang' ,HAO Jufang®, BAI Xinliang’
1. Zhengzhou Tobacco Research Institute of CNTC , Zhengzhou 450001, China
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Abstract; [ Objective] To investigate the pyrolysis characteristics of three purine alkaloids and their transfer
behaviors in cigarette smoke. [ Methods] The pyrolysis behaviors of theobromine, theophylline, and caffeine were
investigated by pyrolysis-gas chromatography/mass spectrometry ( Py-GC/MS) hyphenation. A semi-quantitative
analytical method using ulira-high performance liquid chromatography-high resolution mass spectrometry ( UPLC-
HRMS) was established for the semi-quantitative determination of the three alkaloids in mainstream cigarette
smoke , and the pretreatment conditions were optimized to determine the transfer rates of the alkaloids in mainstream
cigarette smoke. [ Results] In the pyrolysis temperature range of 300 C and 600 °C, the three alkaloids were
predominantly transferred in their original form; however, when the pyrolysis temperature increased to 900 °C,
their pyrolysis extent was significantly enhanced and their contents decreased markedly, and no polycyclic aromatic
hydrocarbons (PAHs) were generated during pyrolysis. The highest spiked recoveries of the three alkaloids were
obtained under the following optimized conditions: extraction solvent: NaOH solution (pH value 11.9), extraction
method ; reflux extraction, extraction time: 4.0 h, and detection method: UPLC-HRMS, which met the technical
requirements of semi-quantitative analysis. The transfer rates of theobromine, theophylline, and caffeine in
mainstream cigarette smoke were 0.21% , 0.74% , and 0. 10%, respectively, with theophylline having the highest
transfer rate. [ Conclusion] Based on the high-temperature transfer characteristics of the three purine alkaloids, an
analytical technology system for trace alkaloids in complex tobacco matrices was constructed. This system can
provide a reference for the quality control of tobacco products, their health risk assessment, as well as the study on
the smoke transfer behaviors of high-boiling-point flavor components.

Key words: cigarette; alkaloids; pyrolysis; ultra-high performance liquid chromatography-high resolution mass

spectrometry ;transfer behavior
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