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10 /3fEIC A/B (20/80, v/v) & U7z F+ ¥ F 4 V[EAE
A 7 410213, Waters ft 8 OASIS-HLB (4.6 X20 mm,
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1. F> 741 CEEmY -LC/MS EOERRE
TV AZADAF AL T, B E5E L LT,
ESIICXk 2RV T4 TE—-FEHMH LA ZTOME 7
o b A [MHH] A A v AL, 750420 M4
YELTmAEI87T9% B35 2N TE R (Fig. 1 (A),
B)). £72, 797XV v8&—VIZBELTIZ, Fig 1
(C) 1o TY. LZE2A5T, MRME— FIck3E=4)
VIOA K VR, m/z 33711879 (7xvAa=L) B&
Wm/z 3421 — 1879 (7 =V Z=)-dy) HHNT, &

THILE L MEUEMEICREEICZAS K5 ICHHEL,
187.9
100+
(A) m/z 342—
X
104.8
133.8 220.9 342.1
Iw%e ,
100- (13) 187.8
m/z337—
=
104.6
1337}457 215.9 71
10IOI |l ] |l LI B B | 2I()lol L} 1 |l L} ) ) ) 3’Ol()l ] L} L} ] Ll ) |l 4|00
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©
"
o0/
N” Yo
[5 g; V4 .
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Monitoring ion

Fig. 1 MS/MS spectra of fentanyl. ESI-Positive mode
(daughter scan: m/z 100-400). (A) Precursor ion: m/z
342 for fentanyl-ds. (B) Precursor ion: m/z 337 for fen-
tanyl. (C) Fragmentation pathway of fentanyl in ESI-MS/
MS™.

XV 54 VERHT -LC/MS 53 & 47 - 72459, MR
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A4 FE LT, BDAKRIBIRIZIAS HWehThs, L
LN, 7x ¥4 Z)LOREHRITESE Z & IZIEREIZIAL
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ZOEFINAR (7 = & Z)b-ds) &= NEEHETRIZ KD
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ER W EFEEL 2. X512, wifh / sides MR
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Table 1 Analytical validation of fentanyl in human serum samples for recovery and stable tests

Stabiity

Spiked levels (ng/ml)

Detection levels (ng/ml) Recovery [RSD] (%)

0.05
0.5
1.0
10.0
0.05
0.5
1.0
10.0
0.5
1.0
0.5
1.0
0.5
1.0
0.5
1.0
5.0

Intra-day assay

Inter-day assay

Process/wet extract®
Bench-top®
Freeze and thaw*

Long-term’

[S2309) BES) BN, BN B S) BES) NG) BNE) BlepiNerRNe RN RN ) BEE) NG RS B =]

0.054 108 [10.1]
0.51 102 [ 1.4]
1.01 101 [ 2.4]
10.23 102 [ 1.0]
0.055 111 [ 6.9]
0.50 102 [ 2.6]
0.99 99 [ 1.7]
10.24 102 [ 2.4]
0.49 98 [ 3.8]
0.99 99 [ 1.9]
0.49 97 [ 2.3]
0.98 98 [ 1.1]
0.48 96 [ 4.5]
0.99 99 [ 2.6]
0.48 96 [ 2.7]
0.98 98 [ 1.8]
4.91 98 [ 1.5]

* After 12 h in autosampler at 5°C. " After 6 h at room temperature (27°C). ©

—30°C. * At — 30°C for 30 days.

7.86 337.1>187.9

- (A) Fentanyl 6.58e4

%

0O 2 4 6 8 10 12 14 16 18 20

B 7.86 342.2>187.9
4.00e4
Fentanyl-d;
<
0 2 4 6 8 10 12 14 16 18 20
Time

Fig. 2 MRM chromatograms of fentanyl in human serum from
patient with cancer. (A) Monitoring ion: m/z 337 — 188, fentan-
yl concentration: 0.80 ng/ml. (B) Monitoring ion: m/z
342 — 188 for internal standard of fentanyl-ds.

After three freeze and thaw cycles at

D, EREELNER T v 2 L OMEEA R T2
ERbNhE. 7z, AMbEEE, v F4 T
%%%bfnétb,%@i&h&#ﬁ%méhfkﬂ
HAERIZ 200 BRIALL L& —FECHIET S Z L S WRET H
3. 20354, 1RIKIZHBWT, RET 10 7505 HiiE
LD, FOWHEZR L) — =L, ERTIE TIRERY
BEDEEIOLNS. TORY, BEZTREIN TS
HEdEf & v &, MBS, T2 DAl 2 fEK 541 o
HEeNEDT N5,
AEBEETNT, a2y ba— LI TS BRARE
D7 = v A ZI)UIERE & JlE L2285, 0.16 ~ 1.69ng/
ml EJVVIREHEIPH & 2 572 (Table 2). X512, 8l 7
BT, FRBiahE G X 0 & R IR I ORI A1 %0
R, WFER PG HEIC & B MhRE O G B
Nz, ZOFKE LT, BRI 0D e i i Hh i 515 &
T 24~ 28 WE[' 7 A WS 2L OWENH D, KRR
A9 2 ERIMIES] (Wil i% 24 WERE) TR & L g
FTCHEL TS ZREREZL NS, F72, K

WIANZ BT, ERERIh 7L 7 I VIRE S WS 72
BEOLGIREICK2HESY gE2503. DLy,

AR 2 RS 2L A R 5 Z &3, SHORE,D
TR LI Y b a— L RET 572008 EEL5
ha. 5%, BHIEECETS7 2V 2 2L oIlihiRE %
HET 5 ZEDEHRIZONT, BEDOREEIMAII 71T
T3 &<, A% OR OUGERI R Y 20 & &R
TZE330DLEDLNS.
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Table 2 Fentanyl concentration levels in human serum samples from patients with cancer

Information of patients with cancer Administration Concentration

Sex BMI Age Alb (mg/dl) Methods Concentration (mg/3 days) (average & SD ng/ml)

Female 18 48 2.9 Intravenous (12.5 ng/h) 0.27 = 0.03

Transdermal 2.1 0.16 = 0.01

Male 17 39 1.9 Intravenous (12.5 ng/h) 0.30 £+ 0.02

Transdermal 2.1 0.20 = 0.01

Female 15 57 3.6 Intravenous (12.5 ng/h) 0.46 £ 0.05

Transdermal 2.1 0.38 = 0.01

Male 20 68 3.7 Intravenous (25 ng/h) 0.65 £+ 0.02

Transdermal 4.2 0.73 = 0.04

Male 21 70 2.0 Intravenous (25 ng/h) 0.84 £ 0.06

Transdermal 4.2 0.56 £+ 0.07

Female 23 51 3.4 Intravenous (25 ng/h) 0.45 £ 0.13

Transdermal 4.2 0.40 £ 0.02

Male 20 60 4.0 Intravenous (75 ng/h) 1.22 = 0.04

Transdermal 12.6 1.09 £+ 0.03

Male 17 49 3.4 Intravenous (75 ng/h) 1.69 = 0.04

Transdermal 12.6 0.84 £ 0.04

10) FDA Guidance for Industry. Bioanalytical Method Valida-

K ﬁf tion. US Department of Health and Human Services, FDA,
CDER, CVM, 2001; www.fda.gov/cder/guidance/indeex.
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open-label trial. J. Pain Symptom Manag. 2005; 30: 96~ 13) Tassinari D, Drudi F, Rosati M, et al. Transdermal opi-
103. oids as front line treatment of moderate to severe cancer

4) Cachia E and Ahmedzai SH. Transdermal opioids for can- pain: A systemic review. Palliat. Med. 2011; 25: 478-487.
cer pain. Curr. Opin. Support Palliat. Care 2011; 5: 15— 14) VSR, Lertipde, SHEE, fth. BSAEE» 5K
19. Wik 27 2 v 2 =08y FOHMMED KOREIEDOK

5) Hostynek JJ and Maibach HI. Fentanyl transdermal patch- 5. Palliative Care Research 2008; 3: 201-208.
es: Overview of cutaneous adverse effects in humans. Cu- 15) b, i, FRAZE, fth, 7 v a2=)sy F
tan. Ocul. Toxicol. 2010; 29: 241-246. O IEL & B8 L C—AAN 3 5 it gE b h

6) /NIEERE], hRERE, SREET, ft A et A FEAD S TEBIE A Bk 4 MEEHESA. HRRIEREERS 2010; 3:
7 1V A ZNMARINDOF EA 4 Fa—F - 3 v Ok 93-96.

ENAEIRIGHRIC B 2 IE Lo BET. 355 2009; 129: 16) Hoy SM and Keating GM. Fentanyl transdermal matrix
335-340. patch (Durotep MT patch; Durogesic DTrans; Durogesic

7) Phipps JA, Sabourin MA, Buckingham W, et al. Measure- SMAT): In adults with cancer-related pain. Drugs 2008;
ment of plasma fentanyl concentration: Comparison of three 68: 1711-1721.
methods. Can. Anaesth. Soc. J. 1983; 30: 162-165. 17) Hair PI, Keating GM and McKeage K. Transdermal matrix

8) Shou WZ, Jiang X, Beato BD, et al. A highly automated fentanyl membrane patch (matrifen): In severe cancer-
96-well solid phase extraction and liquid chromatography/ related chronic pain. Drugs 2008; 68: 2001-2009.
tandem mass spectrometry method for the determination of 18) Heiskanen T, Mitzke S, Haakana S, et al. Transdermal
fentanyl in human plasma. Rapid Commun. Mass Spectrom. fentanyl in cachectic cancer patients. Pain 2009; 144: 218-
2001; 15: 466-476. 222.

9) LuC, Jia JY, Gui YZ, et al. Development of a liquid chro- 19) MEEE T, iHER. 72 v 228y F 851280 %
matography-isotope dilution mass spectrometry method for ME7 LTI VEE=2) 2O M. HIEMERESEE
quantification of fentanyl in human plasma. Biomed. Chro- 2008; 1: 53-58.

matogr. 2010; 24: 711-716.



116 ez bdt— - IRET - BPRHEE - fth

Determination of Fentanyl Drug in Cancer Patient Serum
by Liquid Chromatography with Mass Spectrometry
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Abstract: We developed a liquid chromatography-mass spectrometric (LC/MS) method for the analysis of fen-
tanyl in human serum. Quantification of fentanyl was performed by on-line solid phase extraction (SPE) using OA-
SIS-HLB, reversed-phase 1.C separation, and finally stable isotope dilution electrospray ionization-tandem MS in
multiple reaction-monitoring (MRM) mode. The MRM monitoring ions were m/z 337.1 — 187.9 for fentanyl and m/z
342.1 — 187.9 for fentanyl-d; (internal standard), respectively. The lower limit of quantitation (LLLOQ) of fentanyl
was 0.05 ng/ml in human serum. Recovery values ranged from 99 to 111% for inter- (RSD: 1.7-6.9%) and intra-
(RSD: 1.0-10.1%) day assays. This method was applied to measuring fentanyl levels in serum from patients with
cancer. Fentanyl levels in serum samples were 0.20 & 0.01 to 1.69 =& 0.04 ng/ml for continuous intravenous admin-
istration and 0.16 = 0.01 to 1.09 &= 0.03 ng/ml for transdermal fentanyl. This analytical technique proved useful to

measure fentanyl levels in human serum samples during a clinical study for pain control.

Key words: fentanyl, human serum, liquid chromatography mass spectrometry



