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EXT3QXCTION METHOD AND THIN-LAYER CHROM_4TOGRAPKIC SYS- 
TEM FOR THE DETERMINATION OF Q-I-ACETYLMETHADOL AND 
METABOLITES EN BIOLOGICAL FLUIDS 

SUMMARY 

An extraction method and thin-layer chromatographic (TLC) system for the 
determination of rz-Lacetylmethadof and its known metatiolites (methadol, noracetyll- 
metbadol, dinoracetyImethadoE, normethadof, 6-acetamido-Li,~dipbe~y~-~-heptanol, 
and N-methyl-6-acetamida4,~d~pheF_yr-3-hepta~o~~ are described_ The parent drug 
and metabolites are extracted from biologica fluids with ethyl acetate and separated 
by TLC using silica gei plates and a developing system of ethyl acetate-methanol- 
water--ammonia (85:10:1: I). T’hk system mq be used to quantitat,ively determine 

levels of radiolabeled drug and metabolites by scraping the TLC plates into 3-mm 
zonal fractions and measuring the amount of radioactivity by scintillation counting. 
A representative radfochromatogram obtained from an extract of monkey urine is 
shown. 

The Z-isomer of cr-acetylmethadol (LAM) has been reported to be a long- 
acting opiate-like analgesic in man ‘*‘. LAM has a longer duration ofaction than meth- 
adone in suppressing narcotic withdrawa symptoms and is presemly undergoing 
clinica studies as a substitute for methadone in the treatment OF heroin addicGonSd. 
Recent data suggest that a signiftcznt portion of the activity of LAM is due to its 
rnetabolites7-3. LA-M is K-demethylated first to a-Z-noracetylmethadol (NAM) and 
then to a-l-dinoracetyhnethadol (NNAMJLo. Methadot (MOL), normethadol 
(NMOL)Ll, h’-methyl-6-acetamido4,4-diphenyI-3-heptano~ (N-aceqlnormethado1) 
and 6-acetamido-W-diphenyI-3-heptanof (N-acetyldinormethadol)’ have also been 
identified as metabolites of LAM (Fig. I). 

The purpose of this report is to describe an extraction method a=d a thln- 
layer chromato,gaphy (TLC) system for the separation of LAM aod its metabolites 
NAM, NNA-M, MOL, NLMOL, h’-acetyInormethadot and N-acetyldinormethadof 
with a view to their identification and quantiution in urine, plasma, bile and tissues. 

* A&or :o whom reprint requests should be addressed. 
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Ezch 2-ml urice, plasma, or bife sampIe, in in 38-d centrifuge nzbe with a PTFE 
I&d screw cap, was diluted with 2 ml of distilted water and the pH Mieftllly adjusted 
to 9.5 with 0.1 N NaOH soIution. The sample was then extracted with :O mi of &s-w 

tilled ethyl acetate by shaking for I min using a Vortex mixer followed by centrifu- 
g&ion at 362 g for 5 min. The upper organic phase wzs transferred to a second tube 
azrd the extraction wzs repeated with another IO ml of ethyl acetate. The ethyf acetate 
was evqorated under nitrogen and the sample extract concentrated In the lower tip 
of the tube by rinsing the fewer sides of the tube with approsimate!y I00 ~1 of ethyl 
acetate a.zd afSo_ing this to evaporate. The free drug and me’tabolites in the extract 
were then determined by TLC. 

Recoveries 

To determine the per cent recovery of LAM, N_4M, MOL and NMOL from 
urine, one set of ten wine samples was fortified with LAM and BiA-M, and another set 
with MOL and NMOL, each at a concentration of t ,ug/mL The samples were then 
extracted with ethyl acetste following the szme procedure described above for sampIe 
preparation. The extract was dissolved in about 100 ~1 of distilfed acetone and be- 
tweet 2-3 ~1 were injected into the gas chromatograph fitted with ii flame ionization 
detector. 

The recovery of L_4M was also determined by fortifying urine with tritiated 
LAM at a concentration of 1 ,~g/ml (about 9755 dpm) and extracting foilowing the 
procedure described abcve. The extrzct WBS transferred to a gfass sciniiG&on vi& 
Searle Scintilfation Cocktaif (PCS) added, and the amcxmt czf rstdioactivity in the 
extract determined nsing a liquid s&tiIIation counter (Searle Mar& IT). Tritiated 
toIuene was used as an internal standard to correct for ffuenching. 

The recovery of NNAM was determined usin, = tr&ated metabolite isoWed 
from rat bile. The radioactive metabolize wzs purified by TLC, and its purity and struc- 
Lure were determined by gas chromatography-mass spectrometry (GC-MS). Ten 
urine samples were fortified with the radioactive metzbotite (about I ,rcg/mf, 12,000 
dpm) and were extracted zs described above. The recovered radioactivity was deter- 
mined by Iiqriid scintillation counting. 

Gzs-Ziqnid chromatogzaphic (GLC) an&is was performed OII a Tracer 
MT-220 gas chromatograph equipped with a hydrogen &me ionization detector. 
The column was 8 6 ft. x Z/S in. LD. U-shaped glass column. The packing consisted 
of 3 oA OV-25 on hW--120 mesh Gas-Chrom Q_ The colrrmn oven temperature was 
165”. The injectortemperature and the deteckor temperature were 240” and 270”, respec- 
tively. The carrier gas was nitrogen at a Bow-rate of 40 mIjmin. Hydrogen and air 
flow were adjusted to give maximal detector response. The retention times of LAM, 
NAM, MOL and NMOL were 14.67, 16.06, 15.59, and 17.30 min, respecdvelg. 

The concentrations of the di%erent compounds were determined by comparing 
the peak areas of the stzndards. Czlibration curves were constructed using sfandards 
of different concentration. Each calibration curve was constructed from duplicate 



detetinstions of at teat four different points and has been fobrmd to be linear over 
the range of concentratior;s used. 

Precozted thin-12yer pf2tes (20 x 20 cm, silim gel (Merck) 0.2.5 mm) were 
nerked ir?to six lanes v&h a spatula. Tlze estr2cts were reconstituted izt about 5% 
75 ,GI of distilied methanoI a;~d streaked about 2 cm from the bottom of the piate 
using 2 $OO-.tiE Hamiiton syringe. Standards were spotted on tile same @rite to deter- 
mine the position of the comporrnds under stridy. The plates were developed 2t room 

teroper2ture in eqtrilibrated tanks filred wi+Jr Gelman adsorbent pads using the solvent 
system ethyl aretate-met-IiaD_oI-wacer~o~~~~2~ed ammonia Q35 : 10: 1: I). Develop- 
me3t time was about 50 min. The compounds were loaGed 2fter development by 
sprzying t_k stzzdards with iodoplatinate spray reagem. 

The developed silica gel plate was scraped into Z-mm zorzes 2r1d the silic2 gel 
wz_s trasferred to g!ass scintiiiatiorr via&, mixed with 3.5 ori of water 2nd 10 ml of 

PCS and then counted in a liquid scintillation coun&z~. Tritiated tohene wits used 2s 

an intemai standard to correct for qr;ench_n,. _ i 0 A plot of the radiozcctivity found in each 

frxtion (dpm) c’,~r~xs t’_ie distance of the fraction from the origin showed 2 distribu- 

ticn of the rzdioactivity (Fig. 2). In each c2se, r2dioactive peaks whic’n corresponded 
to the iiF values of authentic standards were assumed to be idenricai to the stindards. 

Sohen; exlraction 

-A number of solvents, including ethyl acetate, &ethyl ether, n-butyI chIoride, 
methyiene chloride, chloroform 2Ezd chloroform-isopropzol in different proportions 
were e-valuated for their ability to extract LAM aad its metiboiites from urine. Urine 
saxp!es obaiaed from dogs 2nd monkeys wEricEr received “H-labeled L_4M were 
exuacted with &e diKerent solvents at pH 9.5 and the amount of radioactivity re- 
coi-ered w2s determined by liquid sciotiII2don counting. On the basis of such deter- 
minations, ethyi acetete ~2s chosen 2s the solvent for the extraction of the free drug 
2nd me’zbolites. Therefore, ~PF cent recovery of the different EnetaboEites from Elrine 
using ethyi Etcetate was determined by GC 2s described in -Materials 2nd methods. 
Mean recoveries for ten urine samples quarraitsted by GC were 9f & 5.4% for LAM, 
91 + 6.0% for NAM, FE3 A 9.0% for MOL, and W.6 & 8.0% for NMOL. Recovery 
of LAM wing tritiated drug was 93 f Z.;t% wheir 21~&zed by liquid scintillation 

counting. 

NW&Z recovery ~2s determined using the pxre radioactive metabolite isolated 
from r2t bile sod purised by TEC. Snxture 2nd pnrity of the me*abotite were con- 
firmed by GC-l=&S. Recovery from urine ~2s found to be 96 4 Z.O% usicg e&G 
scetaate (ten samples fort&d with 12,HB dpm, I .ug,/ml). Careful adjustment of the 
PH of the u&e su?lple to 9.5 was found to be importint, since spontioeous coaver- 
&or; of NAM to N-acetyEaormet&doI and NXhM to N-acetyldinormeth2dof in 
appxci2bie 2motmts ~2s observed when the pH was sdjusted to 13. Such 211 intra- 
rn&zc&r 2cyi sWt under alkaline conditions has been reported by ~McMalzon cf c&” 
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in norpropoxyphene and dinorpropoxyphene, *hi& are of similar structure to NAM 
and NNAM. Preliminary pH studies in our laboratory have shown that conversion 
of NAM to I<-acetyInormetbadoI arid NPlc’AM to N-ac&yIdinormethadoI increases 
when the pH is increased from 9.5 to 13. The amount of ?4-acetyvInormerhadoI and N- 
ace@yfdinormethadol formed at pH 9.5 used in our recovery srudy has been found to 
be ne&ible zs determined by the GC system described In Materials and methods. At 
a column temperature of 210” the retention times of t-he N-acetylnormethadof and N- 
acetyidinormethadol are 9.6 and 8.0 min, respectively. BilIings eC al.’ hzve reported 
the presence of metabokalfy formed N-acetyInoLmethadof and N-acetyldinormetha- 
do1 in human urine. N-AcetyIdinormethadoI has also been reported its a major urinary 
2nd biliary metabotite of methadoVX. 

A number of TLC solvent systems were evabted for the separation of atr- 
thentic standards of LAM, NAM, NNAM, MOL, NMOL, N-acetylnormethadol, 
and WacetyldinormethadoL Both acidic ~tnd basic solvent systems were attempted 
in one- and two-dimensional chromatography OIZ sifica gel piates. Some of the solvent 
systems evaluated included butanokmmonia, butaanol-acetic acid, butanoi~hloro- 
form-ammonia, ethyl ace~te-methanoEmmonia 2nd others. The best separation 
of all the seven standards was achieved in one-&mensionaI chromatography using 
the sofvent system ethyl acetate-methanol-water-concentrated ammonia (85 : 10: I : I )_ 
The R, vakes of the difTerent compounds ae shown in Table P. 

RF VALUES OF LAM AND ME-k-AEiOtfTES USING THE SOLVENT SYSTEktf ETHYL 
ACETATE-METHANOL-WATER-CONC. AXfXONfA (85:10:1 :I) 

Fig. 2 is a representaive radiocbromarogram showing the spectrum of metab- 
elites and their amounts ia a monkey urine extract as determined by scraping the pfate 
in 3-mm sections and counting rhe radioactivity. A great amorrnt of FadioactiviEy re- 
mains at the otigin and represents conju gated and pofar metabolites extracted by the 
ethyl acetate. Enzymatic and acid hydrolysis of the conjugates is being carried out 
and the samples analyzed using the szme procedure. Direct counting of the silica gel 
by suspending it in a liquid scintillation gel (PCS and water) has been found to be a 
fast, sensitive and quantitative method. EIntion of Ehe silica geel fractions with metha- 
nol and removal of&&e methanol prior to scintilhtion corrnting was lengthy 2nd tedi- 
ous with no appreciable improvement in counting efFiciency. Use of omnifluor scin- 
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Fig 2. Repxsentztive TLC n_diuc’bxnato_gram of 2 monkey rzrirx extract collected 24 h after 3Ef- 
lai~d& LAM admiiistrztion. 

tfltetiorz cocktail to elute directIy the compounds from the siiicz geeT particles in the 
scktiitation via! showed poor eEciency. This could be due to incompfete elution of 
ihe various compounds and to reabsorption of the compowds on the silica geel par- 
ticks In the bottom of the vial. 

The method we have described should provide a means for quz&tative deter- 
mination of xhe different metabohites of LAM in dif3ereot species administered tadio- 
IaMed LAM. It should aiso provide a means for the elucikzion of the role of bio- 
transformarion irr the pbzxm~co!ogiczl action of LAM. 
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