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Study on the doping control method for the detection of narcotic
analgesics and f§ — blockers
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ABSTRACT The analytical method for doping control analysis has been studied. Twen
ty — nine drugs including eightecn narcotic analgesics . nine B— blockers, one stimulant and one
internal standard were analysed simultaneously by gas chromatograph equipped with a nitro-
gen— phosphorous detector and gas chromatograph combined with a mass selective detector
after denvatization of the drugs.
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Since Beckett first applied sensitive gas chromatographic testing procedures to detect
abuse drugs at an athletic event in 1965, many procedures for the screening of stimulants
and opioids have beenreported ‘* - °. (Gas chromatograph combined with mass
spectrometer (GC — MS ) has been widely used for the confirmation of the results obtained
by screening procedures. Catlin et al*®' have used gas chromatography ( G C) for the
screening of opioids. the urine extracts were analysed after denvatization by trifluoroacetic
anhydride. Maurer et al'*' have analysed opioids with GC— MS after acetylation of the
samples. Fang et al have compared different derivatization procedures for twelve narcotic
analgesics and two stimulants with AN —methyl— N — tnmethylsilyltrifluoroacetamide,
N — methyl ~ bis (trfluorcacetamide ) and trifluoroacetic anhydride ®'. In the routine analy-
sis for doping control during sport games, a method for the screening of narcotic analgesics
and £ — blockers is needed. Because more than twenty drugs with different chemical proper-
ties ar® to be detected simultancously. it is necessary to find out a suitable derivatization
procedure and gas chromatographic conditions. This paper presents a method for the simul-
taneous separation and detection of eighteen narcotic analgesics . nine f— blockers. one
stimulant and one internal standard by gas chromatograph equipped with a nitro-
gen — phosphorous detector ((GC — NPD ) and gas chromatograph combined with a mass
selective detector (GC— MSD ).

EXPERIMENTAL

Standards and reagents
Pethidine was supplied by Qinghai Drug Factory; methadone hydrochloride and
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atenolol were oblained from Tianjin Central Drug Factory: propranolol and alprenolel
were obtained from Shanghai Second Drug Factory: morphine hydrochloride was ob-
tained from Huadong Pecple's Drug Company: ethyimorphine was obtained from Beijing
Medicine Compuany: methaquulone ( internal standard ) was obtained from Beijing
Friendship Hospiial. codeine phosphate. cthamivan. levorphanol. phenazocine. acebutolol.
tabctolel, nadoloi. oxprenolol and sotalel were obtained from Institut National de ia
Recherche  Scieniiiique (Canada);  anileridine. pentazocine, heroin. nalbuphine.
dextropropoxyphenc.  trimeperidine.  ethoheptazine.  metoprolol.  dihydrocodeine.
dipipanone. dextromorumide and buprenorphine were obtained from Zentrale Doping
Kontroli—Labor des SMD (DDR ). MSTFA { ¥—methyl— N — trisnethylsiiyito --
fluorcacetamide ¥ was obtainied from  Pierce { USA ) and MBTFA[ N - methylbis-
( trifluoroacetanude )] was from Sigraa t USAY. Al other chemicals were of anaiytical
reagent grade.

Derivatization of the samples

To a5 ml test tube were added solutions containing 50 ~ 300 g of narcoiic analgesics.
$ — blockers. one stimuiant and an internai standard lisied in Table }. The mixture was
evaporaled to dryness under nitrogen. To the residue 2 ml of MSTFA were added. The so-
lution was well voriexed and ther heated at 70 C for 10 munm in an oven. Afier that.
600 p 1 of MBTFA were added and the sclution was vortexed for a few seconds and then
heated at 70 T for 10 mjn in an cven. The solution was then evaporated under nitrogen
to a volume of 150 p1. 1 i of ihe resulting soiution was injevtea into GC— NPD and 2 uf
colinto GC—MSD.
Gas chromatograph - nittegen phospheicus Zefector condiiions

Gas ciiromatographic unalysis was performed on a HP — 5390A gas cnromatograph
combined with a nitrogen phosphorous detecior (GC—NPD ) and HP — 3393 integrator
which controlled u HP —7673A automatic sampler. A HP — 5 capillary column was used
(17 m> 0.2 mm {12}, Heiitm was used a3 the camer gas with a flow rate of 1.0 mi/min
with oven at 180 U . Flow rates ol heliwin, air and hydrogen to the detecior were 33.2
109 and 3.4 ml/min respectively. The temperature o1 the injection porl was 250 T and
that of the detectur dlock was 280 € . The column temperature was sel at 180 T for [
min. then inereascd  to 220 © at a rate of 10 € smin. alter that the temperature was in-
creased to 260 T at a ratec of 3 T /nun. thento 280 € at 10 C /min. Finally the co-
luman temperaturc was kept at 280 T for 5 min.
Gas chromatograpa — mass selective detector conditions

The gas chromatograph - nuass selective detector { GO~ MSD ) analysis was per
formed on a HP — 38%0A sas chromatlograph combined witih a HP — 59708 muass selective
detector which was ojuipped with a2 HF — 35 capillary column { 25m~ 0. 2 mm D ).
Helium wes used as the carrier gas with a flow rate of 0.98 mi.‘min with theoven at 180T .
The columa temperawure program was bie same as that in GC - NPD analysis except that
at the beginning the temperature was mcreased right away without stayiug at 180 C for I
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main and tinally the column was kepe at 280 ¢ for t| min. The temperature of the injec-
ton port was 250 C and chai of the transterline hetween GC and MSD was 280 €

RESULTS AND DISCUSSION

Retenton times ot ihie drugs obtained from GC - NPD and GC — MSID analyses are
shown 1n Tables 1 and 2. Characteristic ions of mass specira of the compounds are shown
i Jadle 2 also. Tolul won current obtained from the analysis of the sample prepared as
deseribed 1 the derivanization procedure is shown in Figure 1. All the drugs vielded

Tub 1. GC - NPD data for TVIS - T A derivatives of narcotic analgesics and J§— blockers

Lompaund Helehtion 1ime Relutive retention
o e ma e
Pettudine (11 ¢ - 3 : 0. 4690
A, AAAD 2ENS . 542
Ummeperdm | hi{l 1637 n.5570
Fthahoptasme LRI 3.R5) N.5864
Leaxtroprupoxyphene 1PP 4477y 0.0213
b 8Kl 1.0482
Frhaman 1TT Y 4.6 07065
" Alprennla: fALp KRVELS 0.7537
Crpreaniol ITp) Sog () dp%T
fetbiich et M | 63T 095
Muethat uatone 157 0.5a3 10000
Iy 1D LT 10778
Setop kAT 7201 (.0Uv9
YenwFEaeiap Lk 7T L. 154>
Proprano fP1e 8237 1.2547
Alenulal TAle ) 8.23° 1.2547
nhydrocodeine (O 2. 1uk 1.3871
Sodatol 15030 Y 235 1-4067
Meadelol (Nag? 10,28 1.5270
Codeine () 10 1kl I 5461
Dnppanone 10 10 15K 1.5778
Fhy itnorpiane 1744 gl 1.5982
Morphime (MO [[UPRY) L6376
Eicroml H12 0 12 822 1.0532
Avchutibinl { A 1311 14083
Prenwaacmet P1{ s IR 19983
woibasiifhed 1Labd HRPE X ZoMkd
13 ga) 21126
Andendioe » AN 155844 23077
Dexvromoramude (MR) To.213 2.4n98
Malbuphme (MAI WYL 2 4987
Bupreworphine (8L ! IS LS 29229
26 Oy 3.9724
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Tab 2.GC—~MSD data for TM5S - TFA derivatives of narcotic analgesics and f — blockers

Compeund MW Peak Retention Characterstic jomn

number time

. o (min }

Pethidine 247 2 4.942 TL172.24T(M™)
Anadol 261 13 5.260 172,251
Trnmependine 275 3 5. 746 186. 275 (M * )
Elhoheptazine 26! 4 6 027 57.188-2611M ")
Dextropropoxyphene 339 1 4.507 115.208.91

5 6.334 58.91. 178
*Einamivan 233 f 7.074 223,295(M T ). 193
Alprenotol 249 7 7464 284.129. 402
Oxprenatol k) ] 2.454 284.129. 418
Methadone 304 9 9440 72.294
Methaqualone 25 WY 9.739 235.2500M 7 ]
Levurphanot 257 L1 16.147 39.3200M 7 1150
Mecloprolel a7 12 10.207 284,129.420
Pentazocine 85 13 10.857 289,342-35M ™ }
Atenolol 06 14 11.551 284.158.359
Propranclal 259 L5 1.674 JRA179.427(M )
Sotalot a72 16 12 774 34,497
Dibiydrocodeine 301 17 12.845 373UM 7T 0. 146.236
Madolol W I8 13.620 86 510-409
Codeine 209 19 13.751 ITHM 1.178.234
Dhpipanone RETH 2 14.084 112,334 M — 150
Ethylmorphine 313 M 14. 166 385iM 192,234
Morphune 285 22 14,390 73.236.420{M )
Heruin Lt Ra (6390 327.369(M™ ). 268
Acchutolo] 330 R 15.516 284,129
Phenazocine 321 iE) 16. 3848 302,378 .
Labetalol 28 26 17.427 291

27 17.827 42
Anjleridine 352 28 22.071 246.91.115
Dicxtremoranide 92 d 22,3002 140, 265,306
Nathuphine 137 30 22501 T3.573M ' ).428
Bisprenorphine 457 E)| 29.5140 55,189,273

Ll 40.95] 450.55.482

The basc peak ions are shiwn first in the characteristc: wons.
chromatographic peaks. As shown in Figure | and Table 1. most gas chromatographic
peaks of the drugs are well separated by GC—NPD and GC - MSD. Alfhough in the
chromatogram obtained by GC—NPD the peaks of propranolel overlapped that of
atenolvl and acebutalol overlapped that of phenazodne. it is easy to identify them with
their characteristic ions by GC —MSD. The retention times of the drugs on GC—NPD
were shorter than thnse on GC - MSD. because the colamn used in the GC— NPD was

shorter.
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Fig 1. Total on current obtamed from the GC— MSD andlysis of o sarople conlaminy twenty — nine
standards prepared as descnibod 10 the derivatizution procedure.  The peak numbers in the figure acc
the same as those i Tuble 1.
Derivatization conditions
Derivatization reaction wus affected by many factors such as the temperature of the re-
actior and the amounts of the dervatizaion reagents. In this procedure, MSTFA and
MBTFA were used for derivatization. Different temperatures were tried for the reaction. 1t
was found that four peaks were obtained from labetalol when 80 T was used for heating
‘after MSTFA and MBTFA were added. while two peaks were obtained if 70 C was used
instead of 80 C . The two peuks corresponded to the two isomers of labetalol. 70 € was
used in Jater experiments. For the derivatization of the mixture containing all the drugs as
described in the sample preparation. 2 m! of MSTFA and 60C p 1 of MBTFA were used. 1t
was found that for the derivatization of a sample containing three or four drugs or the ex-
tract of each urine sample. t was sufficient to use 100 ul of MSTFA and 30 pul of
MBTFA.
Muitipie chromatograpbic peaks
Most drugs yielded a single chromatographic peak under presem derivatization condr
tions. however some drugs such as nalbuphine, methadone. sotalol and buprenorphine
yielded multiple peaks. This might be caused by the side reactions or uncompleteness of the
derivatization. Nalbuphine vielded two peaks at 13.229 and 16. 404 min in GC-NPD
and 17.427 and 22.511 min iz GC — MSD. The chromatographic peak of longer retention
time wus used for the identification of the compound beacause M ion (573 ) has been ob-
tained in its mass spectrum. Two peaks were obtained from methadone in GC—NPD at
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6.37% and 7.22] mun and in GC —MSD at 9.449 and 10. 48! min. The first one was the
main product of the derivatization. the 1on 294 (M — 151 has been obtained in the spec-
trum of the prak. Sotalol vielded two peaks also in GC — NPD (9. 235 and 9. 643 min}
and in GC—MSD (12.774 and 3. 387 min ). The first one was the main product of the
derivatization . its mass spectrum showed ion of 344. the M~ jon of sotalol -~ OTMS.
Small peaks at 19. 189 min in GC'—~ NPD and 29. 510 min in GC—MSD were obtained
from buprenorphine followed by a high peak at 26.079 min in GC~ NPD and 40. 951
min in GC - MSD {not shown in Figure ! }. The second peak was 17 times as high as
that of the first one 1n GC —~NPD and 3.3 times in GC — MSD. Both peaks were used for
the identification of the compound.

Dextropropoxyphene

The decomposition of dextropropoxyphene was observed in GC-NPD and
GC—MSD analyses. Two peaks were obtained from dextropropoxyphene at 4. 079 and
6.882 min in GC - NPD and 4.527 and 6.334 min in GC — MSD. The peak at 4.079 minin
GC — NPD corresponded to that at 6.334 min in GC—M3D. It was found that when the
temperature of the injection port was decreased to 180 C .- the height of the peak at 6.882
min in GC~ NPD got much higher and corresponding to this peak . a new peak appeared
at 9.973 min in GC—MSD. This result indicated that dextropropoxyphene might be de
composed at high emperature.

Internal standard

Phenazine was first tried as the finternal standard, however the peak of phenazine
overlapped that of pethidine. Methaguulone was then used. Tt was well separated from
methadone and levorphanol as shown in Figure 1.

GC — NPD analysis described in this paper can be used for the screening of the drugs
listed in Table 1 and GC— MSD be used for the confirmation of the results obtaind by
GC — NPD. The presence of multinle chromatographic peaks from some compounds does
not aflect the detection of the drugs. This method has been used successfully for the detec
tion cf analgesics and f — blockers in the accreditation test organized by International
Olympic Committee in November 1989.
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