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THE QUANTITATION OF CYCLAZOCINE AND ITS METABOLITES IN 
HUMAN URINE BY USE OF GAS-LIQUID CHROMATOGRAPHY’ 

SUMMARY 

A method is described for the quantitative determination ot‘ cyclazocine and 
its N-dealkylated bic~transljrmntion product, norcyzlazocine, in l~wnan urine. The 

method mn also be used to estimate rhe levels of conjugated cyclazocine and nor- 
cyclazocine by nicxurcnm~t of the amount of these compounds released by acid 
Ilydrol_vsis_ The compour;ds are recovered from urine by the use of solvent extraction 
and separ:~ttd as their trifluoroacc~_vl derivatives by UK use of zas-liquid chromato- 
grnpliy. 

The Icvcls of c_vclazocinc and mcrabolitcs \vcrc determined in the urine col- 
lected front two patients receivin, ‘* 1 .c) nig 01~ cvclrizocine everv 12 h for the treatment 
of opiate dependence_ Approsimatcl~ 60 I:.:, of the administered dose W;IS recovered in 
patient urine as cyclazocine and metabolites. An avecye of21 “;, of the administered 
dose appeared in the urine 21s c~clazocine. 2-l:!:;: ;i?i conjugated cyclazocine, -&‘!.ii as 
norcycl:izocine rind I 1 I’,;, 3s conjugated norcy+zocine_ 

INTRODUCT10S 

Cyclazocine, a member of the brnzomorphan series. exhibits potent narcotic 
tlntagonist and agonist properties in the human_ Currently, cyclazocine is under eval- 

uation tix treatment of opiare dependence_ Martin c’r rrl.‘, Jaft‘e and Brill’ and 
Freedman cl rrI_3 all have reported that cychzocine can be :LII efktive narcotic 
blocking agent in post-addicts_ 

At present there is no information available on rhe biotransformation of 
cyclazocine in the human. kIu115 and Gorodctzky” and Mu112 rr crl_’ reported that fol- 
lowing the subcutaneous administration of tritiated cyclazocinc the drug is biotrans- 
thrnwd in the dog to norcyclazocine and ~ ~~lucuronide conjugates of both cyclazocine 
and norcyclazocine. The purpose of this report is to describe a specific and sensitive 
method for the identification and quantitation of cyclazocine and norcyclszocine in 
the urine of two patients receiving cyclazocine for the treatment of opiate dependence_ 
__.-. 

* A preliminnry report of these data has been publishrd in Plrrrr7~rcrrol~~isr. 15 ( 1973) 167. 
I* To whom requests for reprints should be addressed_ 

*** Andrew W. Mellon. Te:xher-Scientist, 1974-75. 
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MATERIALS AND METHODS 

Cheirricafs mzti reagents 

c/,1-Cyclazocine and ri,l-norcyclazocine, each as the free base, were provided by 
Dr. S. Archer ofThe SterlingWinthrop Research Institute (Rensselaer, N-Y., U.S.A.). 
Tritiated cyciazocine, as the cyclohexylsulfamate salt. was a gift of Dr_ C_ Gorodetzky 
of the Addiction Research Center (Lexington, Ky., USA_). The internal standard, 
levallorphan as the tartrate salt, was provided by Hoflinann-LaRoche (Nutley, N-J., 
US-A_) (Fis_ I)_ Trifluoroacet_vlimidazoie was obtained from Pierce (Rockford, Ill., 

U.S.A_)_ $Glucuronidase, Type H-I. was obtained from Sigma (St_ Louis, MO., 
U.S.A.). 

Hesane, n-butyl chloride and chloroform are Distilled in Glass@ and obtained 
from Burdict and Jackson (Muskegon, Mich_, U.S.A.). isobutanol is reagent grade. 

Cyciazocine Norcyclazocine 

N-CH,CH=CH, 

Levallorphan 

Fig_ I_ Structural formuiae of cyciazocine_ norc_vclazocine and Icvallorph~n. the internal st~ndllrd_ 

Stock solrrtiott_s- 

Aqueous sohttions of cyclazocine, norcyclazocine and levallorphan each at a 
concentration of 20 &ml are prepared and kept refrigerated_ 

The extraction procedure is adapted from that described by Inturrisi and 
Verebelyh for the extraction of methadone from plasma and urine_ A flow sheet out- 
lining this procedure is given in Fi5. -_ = 3 To urine (1-4 ml) in a siliconized 15ml cen- 
trifuge tube with a Teflon “-lined screw cap are added 0.2 ml of the aqueous solution 
of internal standard, 0.5 ml of Delory and King-s carbonate-hydrogen carbonate 
buffer’, I Al, pH 9.8, and one drop of I-octanol_ After thorough mixing the sample 
is extracted with 5.0 ml of n-butyl chloride-isobutanol (7:3) by shaking for 5 min 
followed by centrifugation at 1500 rpm (5OOg) for 5 min. The upper, organic, phase is 
removed and saved_ The extraction is then repeated with an additional 5.0 ml of the 
rz-butyl chloride-isobutanol(7:3) mixture and this organic phase is added to the one 
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Sample 

Internal standard 

Aqueous phase Organic phase 

, 1 Wash rith “-,hexa”e tdiscard’ 

n-Hexane Aqueous phase 

Organic Aqueous phase 

I 

Idiscardl 
Evaporaie 

Dissolve in reagent and inject 
aliquot into gas chromatograph 

Fig. 2. A llow sheet outlining the procedure for the csnxction of c~clazocine and norc~clazocinr 
Tram urine. 

resulting from the initial estraction. The compounds are estracted into acid by the ad- 
dition of 5.0 ml of02 Nhydrochloricacid to thecombined organic phases and shaking 
for 7 min follo\ved by centrifugation at 500 ,g for 3 min. The upper, organic, phase is 

removed by aspiration and discarded. Theacid phase is washed by the addition of5.0 ml 
ofn-hesane and shaking for 5 min followed by centrifugation at 5OOg for 3 min. The 
/z-hesane phase is removed by aspiration and discarded. The washed aqueous phase 
is made alkaline by the addition of0.4 ml ofconcentrated ammonium hydroxide (pH 
adjusted to appros_ IO)_ The compounds are extracted into 7.0 ml of the fz-butyl 
chloride-isobutanol solvent mixture by shaking for 5 min followed by centrifugation 
for 3 min_ The upper, organic, phase is transferred into a 12-ml siliconized centrifuge 
tube_ The sample extract is concentrated by evaporating the organic phase to dryness 
with the use of a multiple flash evaporator with the bath at 65’ (Evap-O-Mix, Buchier. 

Fort Lee. NJ., U.S.A.). The sample extract is concentrated in the lower tip of the 
tube by rinsing the lower sides of the tube with 50 1’1 of chloroform and allowing this 
to evaporate_ The sampleestract is dissolved in 10 to 20 ,A of trifluoroacetylimid3zole- 
chloroform (1~4) and between 1 and 41’1 are injected immediately into the gus chro- 
matograph. 

Gus-iiqtrid dzrozzzutoy-aplzx (GLC) 

The GLC analysis is performed on a Varian Model 1740 gas chromatograph 

equipped with a hydrogen flame ionization detector_ The column is a 6-ft.-long spiral 
glass with a 2-mm I-D_ The liquid phase is 3 7; SE-30 on Gas-Chrom Q, SO-100 mesh. 
The temperature of both the detector and injector port is 260”. Helium, at a flow-rate 
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of between 30 and 35 ml)minz is the carrier gas_ Hydrogen and air few-rates a-c bc- 
tween 32 and 40 mijmin and between 200 and 250 mifmin, respectively. The gas Row 
are adjusted to give masimal detector response- A column oven temperature of be- 
tween 210 and 220” is used for the analysis- Detector sensitivity is varied from S to 
32- IO-*’ A/mV at full scale. 

Calibrution uirws ami qrmttilarion 

Standard calibration tunes are generared by the addition ofc_vciazocine and 
norcyclazocine in the selected amounts from O-4 to S-0 fig to a 4-O-ml sample ofcontrol 

urine and proceedins us described above_ The peak height of the detector response 
to each compound is divided by the peak height of the internal standard lo yield a 
ratio. Standard calibration curves are generated relating these peak height ratios to 
the amount of each compound added to the snmpie. Each calibration curve is con- 
structed from triplicate determinations of five different points. The wnount of ertch 
compound in tin unknown urine sample is determined by converting the peak height 
ratio obtained into the absolute amount of compound present in the sample. The 
linearity of the standard calibration curses within rile range indicated allows rile use 
of calculated slopes for these conversions_ 

The recovery of cyciazocine and norcycktzocine from urine \vas detcrmincd by 
adding selected amounts from 0-J to S-0 ~lg of each compound to 2-O ml of control 
urine samples and extractin, ~1 as described above_ The amount of each compound 
recovered was compared to the amour-a obtained when the same seiecled amounts 
were added to the extracts of a second set of control urine samples just prior to their 
evaporation to dryness. The single variable in this procedure for the determination 
of the percentage recovery from estraction is the time of the addition of compound 
to the urine, prior to or after the multi-step extraction procedure_ That is, the only 
difference between the two sets of final extracts is that the former contains compound 
remaining after the losses incurred through the estraction and the latter set contains 
the tota amount of each compound added. All other variables are controlled for. 
Quantitation was achieved in both sets of samples using GLC by the addition of 
internal standard to the extracts just prior to their evaporation to dryness. Samples 
from the two sets were alternately injected into the g-as chromstograph in order to 
control for any changes in column or instrumentation conditions- After correcting 
for aiiquot losses, the recovery from urine was S5_6’j:; _+ 3.7 SD. fix cyciazocine 
and 93_9qL 5 12-O SD_ for norcyclazocine- The mean recovery of each compound 
was based on triplicate determinations of four amounts_ The recovery of cyclkocine 
was also determined using tritiated compound (approx IS mCifmmole labeled al C-3). 
The mean recovery was SS_5% & 3.1 S-D. for the same amounts as determined by 
GLC using the Same controlled approach. 

Acid-hydrolyzable conjugates of cyciazocine and norcyciazocine are released 
as free bases by adding a volume of concentrated hydrochloric acid equal to IjlOth 

of the urine sample volume and heatin, c* for i h at 121’- under IS p.s_i_ in an autoclave 
according to the method of MuiC rr rrL’_ 
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To determine the extent to which glucuronide conjugates account for the acid- 
hydrolyzable conjugates ofcyciazocine and norcyciazocine we compared the amount 
of free base of each compound released following acid-hydrolysis to that following 
hydrolysis by /&iucuronidtlse. Duplicate 2.0~ml urine samples (K-C., O-4 11 post- 
drug) arc incubated for 4S h with 2.0 ml of /-;-~incuronidttse, 5000 Fishman U/ml of 
0.5 M acetate bufk, pH 5-O_ Duplicate samples of the above urine are incubated 
with acetate builk without enzyme added_ A third set of urine samples is subjected 
to acid i~ydroiysis as described above_ Prior to the extraction and GLC quantitation 
of the bases tile pH of the urine samples is adjusted to approsimatei_v 10 by the addi- 
tion of concentrated ammonium hydroxide. 

Tile escretion ofcyciazocine and metaboiites was determined in &ine collected 
fiorn two patients under treatment for opiate dependence during 4-h periods for the 
first I2 h after ;m oral dose of I.9 me ot‘ l/J-cyhzocine. The samples. were frozen at 
-20 prior to antlly.sis_ 

KESULTS XNL) DISCUSSION 
.’ 

In order to develop :I method \vitil sulticient sensitivity to measure the reiativei~ 
low Icvcls ofcyclazocina :md norcyclazocine that might be anticipated in the biofluids 
of these patients ;I comparison was made of the gas c!lromatogrt~pilic detector re- 

spoiisc to cyclazocinc. norc~ciazocinc and their trifiuoroacct_viatcd derivatives. When 
the peak height of the detector response to each compound is plotted as a !-unction 
of the absolute qwmtity injected into the gas ci~romatogrt~pi~ (Fig_ 3) it is clear that 
the linear dynamic range of the trifiuaroacetyi dcril-atives estends through consider- 
ably louver n:mogr:mi quantities than that observed with the corresponding underi\-a- 
tized base?;. We estimate that the io\vcr limit of sensitivity (i.e. a 5 I!;: deflection above 
baseline) to cychzocine was 50 ng and to norcyclazocine ripprosimatciy 200 ng while 
the louver limit ofsensitivity to the corresponding derivatives extends to ;lpprosimateiy 
IO ng. III addition. the rciativc S.E. for triplicate determinations was & ! -5 :J.<, for tri- 

fluoroacet~iati-d cycirtzocine compared to 2 15.5 ],:.I for underivtttized cpAazocinc and 
:+ I.0 17,; for trifL!c~roacrt~iated norcyclazocine compared to 234.5 yr,L for uridcrivatized 
norcyciazocine. 

The trifluorortcet_vlation al‘ cyciazocine and norcyciazocine favors their’G LC 
quantitation using the flmnc ionization detector by prodwins more vohtiic cotn- 

pounds resultinS in less adsorption onto column packin, c* materials. This is especially 

true for norcychzocine. The method of Ahmtld and Mcdzihradsk~ for the dcter- 
mination of benzomorpixms usin, (T underivtltized compounds included neither nor- 

cyciazocinc nor a demonstration of the quantitation ofcyciazocine in the biotluids of 
the human_ Pittman and Williams have reported ;I r;ldio-immunotlssa_v method for 
cychzocine but as yet it has not been used to quantitate levels of the dry in human 
biofluids following its administration. The method reported here is sufficiently sensi- 
tive for the quantitation of both cyciazocine tmd norcyclazocine in the urine of 
human subjects receivin g cvciszocine for the treatment of opiate dependence. How- _ 
ever, if ttame ionization detection of these compounds proves inadequate for piasma- 

level determinations. these halogensted derivatives permit the utilization ofan electron 
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Fig. 3_ Effect of trifluoroxetylation of c_vclnzocine ttai norcyciazocine on linear dgxu~ic rwgc‘_ 

Each point represents the mean of tripkue drterminzttionsr the brackets represent the CIII~Z. GLC 
conditions are as described in Materials and methods_ -4 = Cyclazociner B =: trilluoroacctylzitrd 
cycktzocinr: C :-- norcyclazocine: D = trifluoroacct~htrd norcyclnzociuc. 

capture detector which would further increase the limits of sensitivity of the method. 
The method can be used to quantitate as little as 40 ng ofcyclazocine and nor- 

cyclazocine per 4-mI aliquot of urine. A relative SE_ of -&3.0:‘{, was obtained for 
triplicate determinations of points representing known amounts of drug and 
metabolite added to urine and used as the standard calibration curves. A relative 
S-E_ of -&7_5% was obtained for triplicate determinations of cyclazocine and nor- 
cyclazocine in patient urine samples_ 

ExampIes of chromatograms obtained under the conditions described in 
Materia!s and methods are given in Fig_ 4_ The multi-step extraction procedure 
results in an extract that is free ofinterferin_g peaks. In most cases it was possible to 
introduce samples into the gas chromatograph every I2 min_ Fig_ 4a shows a chro- 
matogram of an extract of the urine collected during the S-12-h period after an oral 
dose of 1-Q mg of cyclazocine_ The extract contains peaks that correspond in retention 
time to the trifluoroacetyl derivatives of norcyclazocine (NC), cyclazocine (C) and 
the added internal standard, levallorphan (L)_ Fig_ 4b shows the chromatograni of 
an extrclct of an equivalent aliquot of this sample urine- This urine sample, however, 
was subjected to acid hydrolysis prior to extraction. It is clear, even by visual inspec- 
tion, that the ratio of the peak height of either NC or C to that of the internal standard, 
L, is greater in Fig_ 45 than in Fig_ 4a_ Thus, samples exposed to acid hydrolysis have 
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Fig. -I_ Chromatograrns of human urine mtracts from :! patient \vho wceived an oral dose of 1.9 nlg 
cyclrizocinc (C)_ The internal standard. Ievallorphan (L). was xi&xi directly to the urine and the es- 
tract prqwred. Norcyclnzocine (NC). C and L present in the estract were tritluoroacctylnted just 
prior to GLC analysis_ (a) Free unconjugtited C and NC. (b) Total free and conjugated C and KC 
resulting from ;tcid hydrolysis of the urine prior to rstrxtiom Retention times arc NC == I .S min. 
C = Z-7 min and L --= 2.6 min. GLC conditions arc as described in Materials and nwthcxls. 

a srettter total mnount of both compounds than the corresponding unhydrolyzed 

sa~nples_ The amount of cyclazocine and norcyclazocke present as a conjugate \v;ls 
calculated by subtracting the amount determined in Fi g. 4s (free compound) from the 
amount deternlined in Fig. 4b (total compound)_ No si@icant ditl‘erence was found 
between the amount of conjugated compounds computed by this method and the 
amounts obtained when samples were subjected to acid hydrolysis after the free bases 
had been removed by extraction. 

Table I contains data on the total urinary excretion ofcyclazocine and metab- 
elites for the 12 11 following a 1-9~mg oral dose ofcyclazocine. During this period the 
total base recovered was predorninrtntly as cyclazocine and its conjqate. In patient 
K-C. 24.4’j;; of the administered dose (0.464 m_g) was excreted as conjugated cxclazo- 
tine and 143% (0.251 nq) ;is free cycl:tzocine_ For patient B.W. 23_41Ji of the 
administered dose (0.445 mg) was escreted as conjugated cyclazocine and 262 I>:, 
(0-49s rn$) 3s free cyclazocine. In patient K.C. 14-O’%; of the administered dose (0.266 
mg) was escreted as conjugated norcyclazocine and 5_7:,< (0.109 mg) as free nor- 
cyclazocine. For patient B-W. S-S yi of the administered dose (0.16s mg) was escreted 
3s conjugated norcyc!azocine and only 2-O>:, (O-037 mg) as free norcyclazocine. 
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T.4BLE I 

TOTAL URINARY EXCRETION OF CYCLAZOCINE. NORCYCLAZOCINE AND THEIR 
CONJUG.4TES iN THE 1Zh FOLLOWING A 1-9~mg ORAL DOSE OF CYCLAZOCINE 

0.109 0.1i6 I_110 54.9 . 

0.037 0.16s 1.14s 60-t 

Approximately 60:;: of the adminisrered dose was recovered in the urine of both 
patients as cyclazocine and metabolites. 

These data indicate rhnt the biotransformation of cyclazocine in the humx~ 
resembles that found by MuE PI ai_’ in the dog to the estent that cyclazocine was es- 
creted principaliy as free and conjugated dry_ In addition, free and conjugated nor- 
cyclazocine xere excreted in appreciable amounts- In the urine excreted for 12 h after 
drug administration, an average amount equal to 60% ofthe orally administered dose 
could be accounted for as cyclazocine and biotransformation products_ -To explain the 

incomplete recovery of administered dose it may be SL, atTested that the drug was not 
compIetely adsorbed from the gastrointestinal tract, that there are routes of elimintl- 
tion other than the kidney, that other biotransformation products are formed as 
sugested by MuE et czf.‘, and that the patients had not yet reached a balance bet\veen 

drus absorption and elimination_ There are, as yet, insuflicient data to support or 

reject any of these explanations. It is likeiy. ho\vever, that the excretion of a given 
dose of cyclazocine in these patients requires considerably more than 12 h. This is 
indicated from the relatively unattenuated rate of excretion of cyciazocine and 
metabolites illustrated in F 

tl Cyclarocine anb conjugated 
ckroctuct 
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11 Norcyclazocine and 
conjugated urtxiuct 
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Fig_ 5. Urinav escrction or c~cIrtzocine (A)). conjugtcd cvclazocinc (B-A?. c~clrtzncine pllts conju- 
T&ted cvclazocine (B). norcychzocinc (D), conjugated norcychzocine (E-D) and norc~clazocinc plus 
conjugated norc~ctazocinc (E) following m oral dose of I.9 mg of cyc!azocinc to patient KC. 
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cl Cyclarocine and conjugated 

lion of cyclazocine and nx2tabolites for the 12 h following drug :tdniinistrrttion lo 
patient KC. The relative rate ofescretion ofcach form of each base renmincd in the 
same order throughout the 12-h collection period. If it comparison of the anio~mt of 

each conipound excreted during each period is made. it reveals t!iat the hi&xt rates 
of excretion ofcyclazocine and metabolites occurs during the -l-S h period after drum 
administrrttion. Holvcver. the considerable quantities escreted during the S-12-h 
period suggests that there is continued escretion beFond 12 11. indeed, for patient 
B-W_ the highest rates of excretion of cyclazocine. cyclazocine conjugate snd nor- 
cyclazocinc conjugrtte occur during the S-12 h period as illustrated in Fig_ 6. The pa- 
tients receive c_vclazocinc every 12 h for the maintenance of a narcotic blockade_ If the 
blockade is to be effective throughout the 12-h dosing interval, one woulct not espect 

to recover the tots1 administered dose within the interval. 
The amount of free cyclazocine released by $-&ucuronidase hydrolysis of the 

0-4-h post-drug urine of patient K.C. was equivslent to the amount released by acid- 
h_\tdrolysis. In contrast, $-glucuronide hydrolysis accounted for only IS 7,; of the total 
acid-hydrolyzable norcyclttzocine conjugate in this sample. kIuE C'I nl.' accounted for 
the acid-hydrolyzable conjugates of both cyclazocine and norcyclazocinc as @- 
slucuronide conjugates in the do g_ Our prelimintwy results itrdicatc that in the hun~tn 
also cyclazocine and norcyclazocine are excreted 3s glucuronide conjugates. The total 
escrcted acid-hydrolyzable conjugate of cyclazocine can be accounted for 3s the 
glucuronide conjugate whereas for norcvclazoeine the partial recovery of conjugate 
as the glucuronide may indicate that norcyclazocinc is excreted iii the form of other 
COtlju~iltes in liumzln urine_ 

The methods we htt\-e described should prove \:aluitble in the elucidation of the 
phormacokinetics of cyclttzocine in man. We are currently applying the method dc- 
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scribed above to study the metabolism and excretion of cyclazocine in ;t considerably 
larger number of subjects_ The modification of this method to allow the determination 
of plasma levels of drug and metabolite should provide a means of elucidating the 
relationship between plasma level and narcotic blockade. 

The results of this preliminary study indicate that both N-dealkylation and 
conjugation ttre important routes of-biotransformation for cyclazocine in man (Fig. 7). 

CYCLAZOCINE 

NORCYCLAZOCINE CYCLAZOCINE CONJUGATE 

Conjugation 

\ 
NORCYCLAZOCINE CONJUGATE 

Fig_ 7 kktrtbolism of cyktzocins in the human. _ . 
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