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Development and application of isotope
dilution analysis for fentanyl by isotopic
fractionation.

Shoji Sera

Abstract
Advantages of isotope dillution analysis for fentanyl (FT) and its
main metabolite, norfentanyl (Nor-FT) were demonstrated.
Isotopic fractionation for isotope dillution analysis was examined
by separation of FT and its deuterated analogue using capillary
gas chromatograph. The separation of FT and seven kinds of
deuterated FTs were proportional to the number of labeled
deuterium atoms and inversely to the temperature of the column
oven. The propionyl group was more effectively position of
deuterium labeling for isotopic fractionation than anilino or
phenylethyl groups. The quantitative determination of FT in
serum and urine was examined by GC equipped with a surface
ionization detector (SID). For an analysis of Nor-FT -in urine,
N-alkylation was necessary to detect sensitively by SID.
Methyl derivative was selected from 3 kinds of N-alkyl
derivatives to increase sensitivity and peak resolution, and to
prevent interference with urinary ‘compound. No endogenous
compounds or concomitant drugs interfered with the detection of
FT and Nor-FT in the serum or the urine of patients.
Furthermore, pharmacokinetics of FT was solved with the
present method by two—compartment model built into metabolic

process.
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Fig. 2-1. Chemical strhctufes of FT and deuterated FT.
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Fig. 2-2. Gas chromatographic separation of FT and its deuterated
analogue at column temperature 260°C.
A:CBP1 column B:CBPS5 column
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Fig. 2-3. Effect of column temperature (T in Kelvin) on the separation
of FT and its deuterated analogue in the CBP1 column.

Table 2-1. Thermodynamic parameters of FT and its deuterated analogues
in CBP1 and CBPS5 columns

CBP1 CBP5

AAH AAG (cal/mol) AAH AAG (cal/mol)
(cal/mol) 230 260C  280°C  (CAVMOD) y30  260C  280°C
FT-ani.-°H; 114 9.3 9.6 93 15.2 9.0 7.8 75

FT-phe.?H; 228 112 100 101 201 88 75 7.7
FT-pro-’Hy  17.1 148 143 142 246 140 132 124

FT-’Hy, 566 21.6 197 178 404 220 206 196
FT-H,5 598 269 243 245 435 282 277 264
FT-*H,, 612 292 276 264 611 333 305 289

FT-*H,y 623 329 313 300 643 361 345 322
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Fig. 2-4. Effect of labeled deuterium atoms on 44G of deuterated FT
at 280°C.
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Table 3-1. Reproducibility of isotope dilution analysis

Amount Amount found (ng/ml) (n=5)
added 1st day - 2nd day ~ 3rd day
(ng/ml) Mean RSD Mean RSD Mean  RSD

0.2 0201 1.7% 0210 5.5% 0.197 6.4%
4 4.07 0.6% 4.11 0.6% 4.16 1.3%

40 39.6 0.5% 39.6 0.9% 393 0.4%
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Fig. 3-1. Chromatogram of FT and internal standards,
FT-A, FT-B and FT-*H,,.



Table 3-2. Comparison of internal standards, FT-A and FT-B with -
deuterated analogue, FI'—ZH,.,

Amount Amount found (ng/ml) using each internal standard (n=3)

added FT-A FT-B FT-°H,y
(ng/ml) Mean RSD Mean RSD Mean RSD

0.4 0414 4.3% 437 269% 0416 8.9%

4 407 22.4% 137 258%  4.01 3.9%

21 211 192% 286 188% 213 0.8%
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Fig. 3-2. Chromatograms of serum extracts from patient using the deuterated
analogue FT-ZHw as an internal standard. Collection time of serum

after the administration of FT (5 pg/kg i.v.): Control (A),
20 min, FT 2.13 ng/m] (B) and 90 min, FT 0.46 ng/m! (C).
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Fig. 3-3. Serum concentration versus time profile for FT in patients after
administration of FT (5 pg/kg i.v.).

4. REEIFEFRANECIDIRP 72 9 LE SV ZORBHOEE
4-1. RS EERC X AFTREYORE

Goromaru b (FGC-MS#% F\W I ZERMEK b U — 3B L OFTORBIHERZ TV, T v
PREBWE LTSEERIE LT | FTREBERDPCEOHOIEALME NS & &
BLTWA18) (Fig.d-1.) o Ty Tv FELUVRENE y b OWEHFMES AR
BERICLOVFTO 7 = % FAEOKBLEEELRE LY | FTIABRKEEBERTORE
{LFT, EREHTHEH T = xF 446 (Nor-FT) 8L OFTOpMOKBLEDEERTT -
T\ % 2 0) o

ZDES>EGC-MSIE & 5 RERAMME b v — ik, {b¥EE2 R LERBED .
¥ #-Selected Ion Monitoringic & % EREE BN A[RER SOFE2HF LTH 58, EED
Bl & R A NE L T B SO, bR ER LTVt Bf. MS% AL
FLWECAMEREEL LT, 1+ 5 ) —GCk & 5 RERMAERRAFEN < D
DEHIGHIhTW5B21724) FTIZ 2\ T BKRIEBAEIC & 2 AL 5 BERE b 7T
BThsCLRTTRRRLAY THB25 26 | %2 CAKGHERONEL REFTER
IS Ly & bIC RANor-FTOER I >4 T b BE Uiz, |



@—cmcw—noicgcocmcrg _— HO—@—CHZ,CHZ-ND—N—COCF&C%

FT FT-p-OH

N |

OH
@—CH;CH:—ND—N—CO(‘:HC& “NQE&COC“?C* glucuronide

FT-(w-1)-OH
Nor-FT

OH
Hrs(;>—<>r~5coéﬂcn3
Nor-(w-1)-OH

Fig. 4-1. Metabolic pathway of FT.
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Table 4-1. Reproducibility of FT concentration in urine

Amount Amount found (ng/ml)
added Mean RSD

(ng/ml) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

04 0.481 0.372 0.592 0.512 0454 0482 16.7%

4 3.89 3.50 3.68 3.67 3.68 368 3.7%

42 42.4 40.2 43.4 43.1 41.9 422 3.0%
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Fig. 4-3. Chromatograms of Nor-FT derivatives and their deuterated analogues
Nor-FT-Me (A), Nor-FT-Et (B) and Nor-FT-Ben (C).
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Fig. 4-4. Effect of column temperature (T in Kelvin) on the separation of
Nor-FT derivatives and their deutcrated analogues.
Nor-FT-Me (O), Nor-FT-Et (A), Nor-FT-Ben (O)
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Table 4-2. Reproducibility of Nor-FT concentration in urine

Amount Amount found (ng/ml)
added Mean RSD
(ng/ml) Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
10 12.85 12.15 12.72 11.75 1193 1228 4.0%
40 37.26 45.40 36.15 42.72 4523 4135 10.6%
399 371.3 419.1 4298 393.5 4074 4042 5.6%
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Table 4-3. Urinary concentration of FT and Nor-FT

Subject A Subject B
z‘n“l':) FT Nor-FT (ng/ml) ET Nor-FT (ng/ml)
(ng/ml) Measured Corrected (ng/ml) Measured Corrected
0-60 0.37 0.0 0.0 1.54 103 10.1
60-120 803 841 827 181 463 459
120-180  4.97 86.6 85.7 1.75 50.5 50.2
180-240 249 63.7 63.2 0.36 39.5 39.4
240360 059 52.8 52.7 0.59 20.8 20.7
360-480  1.74 71.1 70.8 1.61 51.1 50.8
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Fig. 4-5. Chromatograms of urine extracts from patients using the deuterated
analogue FT- -ZH,9 (A) or Nor-FT-sz (B) as the internal standard.

Collection time of urine after the administration of FT (5 pg/kg i.v.):
60 min , FT 7.27 ng/ml (A) and 480 min, Nor-FT 71.14 ng/ml (B).
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Fig. 5-1. Serum concentration versus time profile for FT in patients after
administration of FT (Spg/kg 1.v.).
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Fig. 5-2. Cumulative excretion amount versus time profile for FT
in urine from patients after administration of FT (Sug/kg i.v.).
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Fig. 5-3. Cumulative excretion amount versus time profile for Nor-FT
- in urine from patients after administration of FT (Sug/kg i.v.).
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Fig. 5-4. Two-compartment model build into metabolic process.
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Fig. 5-5. Time course of FT and Nor-FT.
O:Serum concentration of FT (ng/ml)
[O:Cumulative excretion amount of FT in urine (ug)
{:Cumulative excretion amount of Nor-FT in urine (g, conversion value to FT)
—:Predicted curve by two-compartment model
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Table 5-1. Pharmacokinetic parameters of FT in patients

Parameter Mean SD RSD(%)
@ (min) 0.338 0.294 87.2
B (min™) 0.0119 0.0187 156.8
Ky (min™) 0.00159 0.00231 145.1
ky; (min™) 0.0496 0.0659 133.0
ku (min™") 0.00545 0.00546 100.2
ki, (min™) 0.221 0.193 87.3
km (min"") 0.0776 0.0893 115.1
Ve (I/kg) 0.276 0.304 110.5
Fe 0.569 0.415 72.9
T1 (min) 63.6 424 66.7
T2 (min) 63.6 40.1 63.1
AUC (mg/l'min) 859 1024 119.3
CL (I/kg/min) 00120  0.0097 81.2
MRT (min) 533 993 186.3
Vdss (I/kg) 2.41 2.58 107.2

Table 5-2. Pharmacokinetic parameters of FT in previous reports

Ishii®® Hengstmann”) Haberer'” Bower*" Current study

Parameter GC-TSD RIA RIA RIA GC-SID
Ve (I/kg) 0.745 0.0707 0.770 0.882 0.276
CL (V/kg/min) 0.0156 0.00688  0.0108 0.0221 0.0120
ko (min™') 0.00210 0.100 0.0115 0.0282 0.0792*
k> (min™) 0.0980 0.366 0.0505 0.103 0.221
ky, (min™) ' 0.0450 0.0300 0.0177 0.0224 0.0496
*kio+ km
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