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Establishment and validation of ultra-performance liquid chromatography
quadrupole electrostatic field orbitrap high-resolution mass spectrometry
for the detection of 30 fentanyl-kind compounds in blood
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Abstract: Objective To establish a method for simultaneous determination of 30 fentanyl-related compounds
in blood by ultra-performance liquid chromatography quadrupole electrostatic field orbital high resolution mass
spectrometry (UPLC-Q Exactive Orbitrap HRMS) . Methods Blood samples were extracted with methanol acetonitrile
and detected by high-resolution and high-sensitivity UPLC-Q Exactive Orbitrap HRMS. Results There was a good
linear relationship between the metabolites of 30 fentanyl-related substances in a certain concentration range, and the
correlation coefficients( R*) were greater than 0. 9970. The limits of detection( LOD ) and limits of quantitation( LOQ)
were 0. 02~0. 2ng/mL and 0. 1~0. Sng/mL respectively. The recoveries of 30 fentanyl-related substances were 80% ~
120% ,the matrix effect was 80% ~115% ,and the RSD% of intra-day and inter-day precision were 1. 6% and 9. 9%.
At three different levels of 0.5,2.0 and 10. Ong/mL, the accuracy was between 90% and 110%. Conclusion The
method was validated through sample detection and demonstrated high efficiency and raliability in practical case
handling. It has significant practical value for case investigation by public security organs and research on drug abuse in

clinical medicine.
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B #5494 AR 2T X # & M+H FE5T RT/min
W E KRR C1,HyN,0 233. 1648 84.0807 * /177. 1387 2.82
TBE T 5 RE C,sHxN,0 247. 1805 84.0807 * /177. 1387 4.03
e C1sHyu,N,0, 277. 1911 96. 0807 * /128. 1069 5.06
EFFHRR C16H,N, 04 291. 1703 142. 0862 " /231. 1492 3.52
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FRR Cp,HxN,0 337.2274 188. 1434 " /105. 0699 10. 83
2,3-3 TiH AR Cy HyyN, 0 339.2431 204. 1383 " /120. 0807 16.35
RAAF KR Cy3HyN,0 349.2274 188. 1434 /105. 0699 13. 66
a-FREFRE Cy3HyN,0 351.2431 91.0542 " /202. 1590 12.82
(£)AX3-FAFAR C,3HyyN, O 351.2431 202. 1590 * /105. 0699 14.38
TELE KR Cy3HyyN, 0 351.2431 188. 1434~ /105. 0698 15.80
FT B AR Cy3HyN,0 351.2431 105. 0698 * /188. 1434 15.18
B-#HAEIGF R C»HxN,0, 353.2224 204. 1383 " /186. 1277 7.70
VR LB AR CyHyN, 0, 353.2224 188. 1434 ™ /105. 0698 6.15
AR BRI K CpHy FN, 0 355.2180 188. 1434 * /105. 0699 12.55
X RGK Cy,Hy,FN,0 355.2180 105. 0698 * /234. 1288 11.98
3-F ARG KR Cy HyN,08 357.1995 111. 0262 /208. 1154 11.91
(£)-B-FAFAIE K CyoHyN,0,8 359.1788 341.1682" /192. 0841 6.16
N-F Aok £ TR R Cp3HuN,0, 361. 1911 174. 1277 " /91. 0542 10.26
HRBES KT C,H3, N, 0 365. 2587 188. 1434 " /105. 0699 16. 55
S CyHyr FN, O, 371.2129 188. 1434 ™ /105. 0699 6.97
kv 3 K e CyHyN, 0, 375. 2067 188. 1434 /105. 0699 13.26
IR CyoHygN, O 377.2071 228.1230" /317. 1859 4.78
FAFFRE CpHygN, 0, 381.2173 91.0542* /321. 1961 11.84
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FRAR CpHyoN, 0, 395. 2329 113.0597 * /335.2118 14.81
M3 K6 Gy HyyNg Oy 417. 2609 197. 1284 * /268. 1768 10.28
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A3 30FFARENTEERER BB TR

LM E/ Hr i FR/ EEMWR/
R KM ARX 2
(ng-mL™") (ng-mL™)  (ng-mL™")
H VR R—KEH y=3.461x107"x-6. 538x 107 0.1~50 0.9984 0.02 0.1
T B F KR y=2.765%x10"" x-2. 466x107 0.5~50 0.9983 0.2 0.5
F A SR y=2.629%107"'x-2.902x1072 0.5~50 0. 9989 0.2 0.5
=T FEHRE y=1.039x10""x—4.352%x10" 0.5~50 0.9983 0.2 0.5
N-FTAEFFEHRR y=3.085x10""' x—6. 804x107* 0.5~50 0.9987 0.2 0.5
LELIF R y=3.424x10"' x—4. 125x1072 0.5~50 0.9987 0.2 0.5
R B KR y=2.250x10"*x+1.203x107" 0.5~50 0.9974 0.2 0.5
LBEM % F AR5 KR y=3.730x10""' x—4. 495%x10” 0.5~50 0.9984 0.2 0.5
R y=3.656x10"'x~3.935x10"? 0.5~50 0.9983 0.2 0.5
2,3-8) KR y=5.362x10""x-2.950x10"2 0.1~50 0. 9994 0.02 0.1
NSRS S y=4.012x10""'x—4. 530x10"* 0.5~50 0.9974 0.2 0.5
a- ARG KR y=3.426x10""x-4.051x1072 0.5~50 0.9985 0.2 0.5
(£)AX-3-F ARG KR y=3.792x107"'x-3.967x10"2 0.5~50 0.9981 0.2 0.5
TELF KRR y=3.909%10""x—4. 876x1072 0.5~50 0.9984 0.2 0.5
FTBLS KR y=3.921x10""x—4. 871x107* 0.5~50 0.9984 0.2 0.5
B-ZAGF KR y=2.940x10""x=6. 105x10” 0.5~50 0.9984 0.2 0.5
VAL TRIF KRR y=3.297x10"'x-3.922x10"? 0.5~50 0.9988 0.2 0.5
ARRIF R y=3.550x10""x—4. 056x 102 0.5~50 0.9981 0.2 0.5
xR KR y=3.571x10""x-6. 855x1072 0.5~50 0. 9985 0.2 0.5
3-F ARG KRR y=3.303x107"x-4. 846x 1072 0.5~50 0.9983 0.2 0.5
(2)-B-BEMRIFXE y=2.928x10""x~2.393x 107> 0.5~50 0. 9987 0.2 0.5
N-F Jekvi & 7 5 K R y=3.346x10""'x—4.227x10* 0.5~50 0.9984 0.2 0.5
RBEI K y=5.209x10""x-1.087x10™" 0.1~50 0.9987 0.05 0.1
RGRR y=3.138x10"'x—6. 141x10* 0.5~50 0. 9982 0.2 0.5
kv - KR y=3.156x10"" x—4. 241x10* 0.5~50 0.9977 0.2 0.5
%S y=2.840x10""'x-5.429%1072 0.5~50 0.9977 0.2 0.5
FRFFRE y=2.913x10""'x~4. 095x10"2 0.5~50 0.9970 0.2 0.5
R R y=3.568x10""'x-3.297%x10" 0.5~50 0.9984 0.1 0.5
FHRE y=2.764x10"" x-5. 908107 0.5~50 0.9987 0.2 0.5
T 2 K y=2.827x10"'x-6. 609x1072 0.5~50 0. 9983 0.2 0.5
Fo4 30 I KR KM R0 e R ML e R e R S
I W/ B A (n=6) A (n=4) EY B/
i (ng-mL™") A% % B/ % S % WEE/ % /% %
T HRR 0.5 96. 5 2.9 98.0 1.7 105.9 92.5
2.0 100.0 9.6 109. 0 9.9 109. 3 89.5
10.0 95.3 4.7 93.4 6.6 108.3 91.5
T BT AR 0.5 93.1 5.7 92.7 6.8 96.2 80.1
2.0 109.2 8.6 109. 0 9.2 102.5 86.3
10.0 94.7 5.2 93.9 6.1 109. 8 95.8
= FA R 0.5 94.2 4.5 94. 8 4.0 102.3 81.2
2.0 109.2 8.8 107.0 9.8 109.7 95.5
10.0 95.7 4.3 93.5 6.4 104.6 80.7
T FHRE 0.5 105.7 4.2 103.0 2.2 107.2 82.6
2.0 107.0 6.5 100. 6 9.3 105.3 92.2
10.0 95.6 6.3 93.6 6.3 101. 4 89.4
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q i W/ HA(n=6) B8 (n=4) A [oRi &4
v (ng-mL™)  CEHE/% 5 E S Y BB ES % A B % L/ % %
N-FREEFFHFAL 0.5 104. 8 3.6 104.2 3.1 104. 8 82.6
2.0 109.2 8.5 109.0 8.8 105.3 80. 7
10.0 94.2 5.7 92.7 7.2 108. 4 81.2
TEBF KR 0.5 103.9 3.0 103.8 2.4 104. 5 83.2
2.0 109.0 8.6 109. 7 9.0 109. 1 89.7
10.0 104. 4 4.3 92.6 7.3 106. 5 91.5
7 5 B 5 K 0.5 103.6 2.5 97.3 1.9 81.4 91.8
2.0 109.0 8.4 110.0 9.8 87.8 101.2
10.0 97. 1 2.8 92.8 7.1 91.5 113.8
2,3-8 TH KRR 0.5 107.2 6.5 104. 8 4.3 100. 3 84.4
2.0 108. 8 8.6 108.9 8.7 103.2 89.3
10.0 103.6 3.6 106.2 6.2 107.6 91.5
HRAEGT KR 0.5 99. 8 9.1 93.5 9.5 98. 4 93.8
2.0 110. 4 9.9 109. 8 9.3 101.6 100. 4
10.0 95. 1 4.9 93.7 6.6 105.6 116.9
3-W R BAR G KR 0.5 105.2 3.8 110.0 7.1 107.5 93.3
2.0 108.2 7.6 107.5 8.4 109.9 95.1
10.0 103.5 3.4 93.5 6.4 109. 6 88.2
(+)-B-FE LRI KT 0.5 105.9 5.0 105. 8 4.9 9.1 99.7
2.0 108. 7 8.4 109. 3 9.0 105.5 94.7
10.0 96.7 3.1 95.4 4.5 95.4 108.9
N-F Foekvg & P35 KR 0.5 106. 0 4.1 105. 4 4.1 105. 4 86. 8
2.0 109. 3 8.8 109.0 13.0 106. 2 88.3
10.0 95.8 4.2 92.0 8.0 103.2 95.7
KBS K 0.5 104.3 3.6 101.9 1.6 88.9 9.5
2.0 108.9 8.6 108. 8 8.4 97.3 101.0
10.0 102.9 2.8 99.0 5.6 96. 6 117.9
RFKRE 0.5 104.5 5.5 103.9 3.1 95.6 98.6
2.0 109. 1 8.6 109.0 8.5 105.3 95.2
10.0 104. 1 4.0 93.8 7.1 106. 2 117.4
vk vl 35 KR 0.5 106. 5 6.3 102.3 1.7 90.9 98.4
2.0 109. 5 8.9 109. 7 9.7 98.8 101. 4
10.0 105.3 5.2 104.3 4.2 103.2 118.3
ThERR 0.5 104.9 3.8 104. 6 3.6 90.2 94.3
2.0 109. 8 9.3 109. 6 9.9 92.3 87.4
10.0 96.3 3.7 92.7 7.2 99.7 107.9
FRAFFAL 0.5 103. 1 2.3 105. 4 5.5 106. 5 81.8
2.0 108. 1 7.6 107. 5 8.6 108.2 85.2
10.0 95.9 4.0 93.2 6.7 105. 1 93.3
G N 0.5 107.8 7.2 104.9 8.8 88.2 94.3
2.0 106. 5 6.4 106. 2 6.1 92.3 97.4
10.0 103. 1 3.1 104. 1 4.1 105.2 107.9
FHFAE 0.5 105.7 4.2 102.9 2.2 78.2 95.6
2.0 108. 8 8.3 110.0 9.2 89.0 103.5
10.0 104. 1 4.0 94.0 6.0 83.2 116.3
7 35 K R 0.5 105.2 3.9 106. 5 4.8 80. 4 95.6
2.0 108. 6 8.1 108.7 8.8 95.3 103.5
10.0 103.7 3.7 92.7 8.2 90. 5 116.3
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_— W/ H A (n=6) HiE(n=4) £V ERE
v (ng-mL™)  EHE/% AR % B LS T WEE/ N /% %
B-#AF R 0.5 104. 4 3.5 102.6 1.9 99.3 99. 4
2.0 108. 1 7.7 110.0 8.3 101.9 92.0
10.0 96. 4 3.6 9.1 5.8 115.9 85.2
VAL LRSS KR 0.5 105. 7 4.9 107.0 6.5 101.7 96.3
2.0 109. 6 8.7 109. 1 8.8 102.0 94.0
10.0 103. 1 3.3 104.5 4.4 99. 8 108.7
LRI T ARG KR 0.5 104. 6 3.5 103.2 2.2 107.3 92.9
2.0 108.9 8.5 109. 6 9.6 104.7 94.0
10.0 9. 6 3.3 106. 8 5.2 112.0 94.2
3R 0.5 104. 4 3.5 105.3 5.3 70. 6 95.7
2.0 108.0 7.6 108. 4 8.8 75.7 95.9
10.0 103.3 3.2 93.5 6.5 80. 4 117.6
ARBI KR 0.5 104. 1 3.3 99.0 5.4 108. 1 120.0
2.0 108.2 7.8 109. 0 8.1 101.5 96. 6
10.0 97.0 2.9 92.0 7.9 107.2 85.8
xR KR 0.5 104. 1 3.3 103.3 2.6 91.7 115.4
2.0 108.2 7.8 107. 8 9.0 106.7 88.7
10.0 103.2 2.9 94.0 6.3 105. 4 86. 4
a-FTRAFRE 0.5 104. 6 3.6 104.0 8.0 9.5 95.5
2.0 108.7 8.3 109.0 8.7 108.3 99.6
10.0 95.6 4.3 95.5 7.5 110.0 87.1
(£) AX-3-FRAFAR 0.5 104. 2 3.4 104.3 3.5 93.4 119.3
2.0 107.2 6.8 109.0 8.8 107. 1 102.7
10.0 103.5 3.4 106. 0 5.9 109. 8 92.5
TR KR 0.5 106. 4 5.0 108. 0 6.2 88.5 107. 0
2.0 107.2 6.9 108.3 8.7 105. 1 101. 1
10.0 104.2 4.2 92.0 8.1 110.0 89.7
FT B KR 0.5 106. 4 5.1 108.0 6.2 105.0 94.8
2.0 107.2 6.9 107. 4 7.7 103.9 90.9
10.0 104.2 4.1 92.8 8.1 109. 6 87.3
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