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Abstract: In order to accurately determine pyrazines and pyridines in saliva of tobacco

smokers, a method of gas chromatography-positive chemical ionization-time of flight
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mass spectrometry (GC-PCI-TOF MS) was developed. The pre-treatment method of
sample, chromatogphic condition and MS condition were optimized. Saliva samples were
extracted with dichloromethane by vortex mixing and cleaned up by primary secondary
amine (PSA), then detected by GC-PCI-TOF MS. Retention time, precise mass data of
characteristic ions and fragmentation patterns of characteristic fragment ions were
employed to qualitative identification, external standard method was used for quantita-
tive determination. The results showed that: 1) The average of extraction yield of
11 pyrazines and pyridines was 97.7% when 5 mL saliva sample was extracted by
dichloromethane two times. 2) The matrix effects were studied by comparing the
pyrazines and pyridines peak response in matrix standard solution and matrix-free stand-
ard solution, which performed with no significance. 3) Mass number of characteristic
ions measured was in good agreement with predicted value, and the error was less than
3.12X107°, Besides, predominant molecular ion and adduct molecular ion peak were
obtained in PCI mode with less fragment ions formation. The mass spectrum was simple
and clear, which was easy to identify. Given the above, the accuracy of qualitative anal-
ysis for low concentrations of pyrazines and pyridines in saliva could be significantly
improved. 4) The linear correlation coefficients were above 0. 999 1, the limits of detec-
tion (LODs) ranged from 0.9 pg/L to 2.4 pug/L, the limits of quantitation (LOQs)
ranged from 3.0 pg/L to 7.9 pg/L, and the recoveries ranged from 85% to 104% at
three spiked levels. The quantitative method was proved to be high accuracy and high
sensitivity. 5) The detection results of saliva of tobacco smokers showed that the main
pyrazines and pyridines in smokers’ saliva were pyridine, 2-methylpyrazine and dimeth-
ylpyrazines, and the contents of pyridine and 2-methylpyrazine in smokers’ saliva was
differed by cigarette type. Low concentration of trimethylpyrazine and tetrameth-
ylpyrazine were detected in specific saliva samples of tobacco smokers. 3-Ethylpyridine
and 5-ethyl-2-methylpyridine were not found in experimental tobacco smokers’ saliva
sample. 6) Pyrazines and pyridines’ contents in different smokers’ saliva of 6 kind
cigarettes were analyzed using principal component analysis which can distinguish differ-
ent types of cigarette. Further analysis indicated that there was a significant variance
(P<C0.05) between the pyrazines and pyridines in saliva among the 6 different kinds of
cigarette, which might be a significantly characteristic of cigarette type. The method is
simple, rapid and accuracy, which is superior in analyzing low level of pyrazines and
pyridines in saliva of tobacco smokers and similar complex matrix. The study result will
also offer accurate and scientific reference on cigarette product development.
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positive chemical ionization-time of flight mass spectrometry (GC-PCI-TOF MS)
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R T RSOl m#ER R EImA 2.5
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Table 1 Retention times and characteristic ions of nine analytes
' FE B 1 Characteristic ions
1 B 1 (] — ™
) U N e mewm e
P S3 T BAR Retention . RE TCHEH
. Measured Predicted
No. Analyte time/ Error/ Elemental
. value value A o
min 106 composition
(m/z) (m/z)
1 MEIE Pyridine 6. 26 80. 0501 80. 0503 3.12 CsHgN
2 2-F L np % 2-Methylpyrazine 7.29 95. 0610 95. 0610 0.53 CsH7 N,
3 2,5- " H FEmk B 2, 5-Dimethylpyrazine 9.08 109. 0766 109. 0766 —0.09 Cs Hg N,
4 2,6- " H Et % 2,6-Dimethylpyrazine 9.18 109. 0765 109. 0766 —1.01 Cs Hy N>
5 2,3- " H BEmE B 2, 3-Dimethylpyrazine 9.41 109. 0765 109. 0766 —1.01 Cs Ho N>
6 3-Z.BLEBE 3-Ethylpyridine 10.76  108.0814  108.0816 2.13 CrHioN
7 2,3, 5-=H HFem ¥ 2,3,5-Trimethylpyrazine 11.15 123.0926 123.0923 2.68 C;Hi1 N,
8 5-Z Hk-2-F FL ik g 5-Ethyl-2-methylpyridine 11. 46 122.0972 122.0970 1. 39 CsHizN
9 2,3,5,6-PY I FLak R 2,3,5,6-Tetramethylpyrazine 12. 86 137.1082 137.1079 1. 97 CsHi3 N,
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2-F LML R AN 5-2 3E-2-FF 3Lk g i PCI-TOF
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Table 2 Influence of matrix effects
LT AN Matrix effect (ME)/ %
A2 3t B AR
KU B Low concentration = W High concentration
No. Analyte
(0. 05 mg/L) (1.0 mg/L)
1 Mg Pyridine 98. 9 102. 3
2 2-F JLnE & 2-Methylpyrazine 108. 9 107. 6
3 2,5- " H KLk 2, 5-Dimethylpyrazine 107.5 106. 9
4 2,6- " H BNk 2, 6-Dimethylpyrazine 107. 8 107. 7
5 2,3- " Lk 2, 3-Dimethylpyrazine 105. 9 104. 8
6 3-Z LML nE 3-Ethylpyridine 102. 3 103. 6
7 2,3, 5-=H JEmt ¥ 2,3,5-Trimethylpyrazine 103. 8 104. 1
8 5-Z, F-2-F FL kg 5-Ethyl-2-methylpyridine 98.6 96. 4
9 2,3,5,6-PU B KL% 2,3,5,6-Tetramethylpyrazine 97.4 95. 8
8 x10° 5 x10°
95.0610 a b
61 4+ 122.0972
z 2 3r
£ £ 2t
5 123.0926 150.1258
o
1
135.0221 162.1285
0 : by 0 L -
50 100 150 200 50 100 150 200
mlz mlz

B3 2-FEMEE(a)f05-ZE-2-FEME (b) MIENFBE-CITH ERIEE
Fig.3 PCI-TOF MS spectra of 2-methylpyrazine (a) and 5-ethyl-2-methylpyridine (b)
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25325, 6- DU F B p R B bR K SF- 4 2 1..0.5.0
H20.0 pg/L. AR TTEEIEAT 6 P47 5%
Lol a i SR CIL e S L TR 7/ RO E 3 N
KRB MR E &R [R5 T 5% 3. 45

Zh

R PP A R B R >0. 999 1,
SERR R 3.0~7.9 pg/L, [ AL 85% ~
104 %0 2 [8]  RE A% 1 A2 1R Y v nk 1R 1 b g 2 )
(5 BT 23K .

R3 ERERTIMNITHHEEATRE BAXRYL QHR EERM @ KR

Table 3 Linear equations, correlation coefficients, LODs,

LOQs and recoveries of nine analytes in saliva sample

2y i e £ i BR S T R /%
Zx S v JE B Rec les
Ff B S547 B AR Correlation coovenes/
Linear LODs/ LOQs/ (n=6)
No. Analytes coefficients —
equations ) (pg/L) (pg/L) 1 th =)
(R?)
Low  Medium High
1 L BE Pyridine y=147.85x—5. 64 0.9992 2.4 7.9 88 +8 94 +7 97 £7
2 2- 35 ng e y=192.57x—8.12 0.9997 2.1 6.9 94 £ 7 96 £5 104 =6
2-Methylpyrazine
3 2, 5- T Lk y=211.642x—9. 46 0.9992 1.3 4.3 87 £ 6 98 £ 4 96 + 4
2,5-Dimethylpyrazine
4 2., 6- " FF ik i g y=279.13x—10. 24 0.9992 1.1 3.6 91 =6 99 £ 5 96 + 5
2,6-Dimethylpyrazine
5 2,3~ RL i gk y=225.18x+9. 14 0.9994 1.0 3.3 92 =5 98 £ 6 95 + 5
2,3-Dimethylpyrazine
6 3-Z FmpnE 3-Ethylpyridine  y=204. 46x—5. 25 0.9992 1.3 4.3 102 8 95 =8 98 £+ 6
7 2,3,5-= W 3L y=157.82x—1.45 0.9998 1.3 4.3 85 +7 93 +6 98 £ 8
2,3,5-Trimethylpyrazine
8 5- Fe-2- FH KL mg y=156.22x—3. 24 0.9991 1.5 4.8 86 £ 6 89 £ 6 96 =7
5-Ethyl-2-methylpyridine
9 2.3,5,6-P0 B B y=239. 12— 2. 20 0.9999 0.9 3.0 90 =7 94 + 4 102 + 6

2,3,5,6-Tetramethylpyrazine
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il W B S O Y N R R I S . AR R
B < 265 00 B A I v ) I E 28 B DA i I Sy
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I T 7 1 B 5 45 08 W B 5 el YA v 1 i IR 25 )
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RS W i 2, 3- F Sk e Ay b R L T
2,3,5- = I LML WA 2,3,5,6- DU FH 3 Ak 128 A
AR W 3 R R R L O 38 A i R
0.81 pug/L A1 0.73 pg/L. A 500 & # W
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F 7 Z M Tukey Z 5 b3 AL 55 50 #7 - &2 BLAS [
A R W £ e Y RS M ) R R B 2R A
TEREMEE S (P<<0.05), XY Al T X
a3 AN TR 9 4 10 AR
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Fig. 4 Box plots of pyrazines and pyridines contents

in smokers’ saliva of different cigarettes
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