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THE PHARMACOKINETICS OF D- AND L-a-ACETYLMETHADOL
AND THEIR N-DEMETHYLATED METABOLITES IN THE DOG
Francis L. S. Tse

(Under the supervision of Assoc. Prof. Peter G. Welling)

L-a-acetylmethadol (LAAM) is currently being investi-
gated as a substitute for methadone in the treatment of
narcotic abstinence symptoms. It is known to have a slower
onset and Tonger duration of pharmacologic activity than
its d- enantiomer (DAAM), and repeated dosing of LAAM has
caused cumulative toxicities in some cases.’ Both LAAM and
DAAM undergo extensive biotransformation in man or experi-
mental animals to form active metabolites, with only a
small fraction of the dose being excreted unchanged. It
has been postulated that the difference in time course of
pharmacologic activity between LAAM and DAAM 1is due mainly
to differences in the pharmacokinetic behavior of their
active metabolites.

The present study was undertaken to provide a rela-
tively complete pharmacokinetic profile for LAAM and its N-
demethylated metabolites, l1-a-noracetylmethadol (NORLAAM)
and 1-a-dinoracetylmethadol (DINORLAAM). The pharmaco-
kinetic behavior of drug'and metabolites after adminis-
tering LAAM was then compared with that after dosing DAAM.
Finally, the accumulation characteristics and drug metabo-

1izing enzyme inducing properties of LAAM and DAAM and



their respective major metabolites during repeated doses of
LAAM and DAAM were examined.

Each of three dogs was administered single intravenous
doses of LAAM, DAAM, NORLAAM and DINORLAAM, and single oral
doses of LAAM and DAAM. Two of the dogs also received LAAM
and DAAM orally on a chronic basis, one dose every two days
for 14 days. Pure samples of the nor- and dinor- metabo-
lites of DAAM (NORDAAM and DINORDAAM, respectively) were
not available for experimentation.

Plasma level data indicated that the pharmacokinetics
of LAAM, DAAM and their N-demethylated metabolites after
intravenous doses to dogs can be adequately described by a
two compartment open model. Apparent distribution volumes
at steady state were 1260, 1260, 500 and 300% body wt for
LAAM, NORLAAM, DINORLAAM and DAAM, respectively, indicating
extensive tissue uptake of these compounds. Average bio-
logical half-lives were 6.6 hr for LAAM, 12 hr for NORLAAM
and 3.6 hr for DINORLAAM. After intravenous administration
of LAAM, plasma NORLAAM levels were very low, fluctuating
but persistent. Higher levels of NORLAAM and DINORLAAM
were observed after oral doses of LAAM, probably because of
rapid metabolism of LAAM in the Tliver during first-pass.
Although LAAM had a shorter half-l1ife than NORLAAM, the
conversion of LAAM to NORLAAM appeared to be less efficient
than that of NORLAAM to DINORLAAM.

After dintravenous administration, the half-1ife of



DAAM (ca 3.5 hr) was shorter than that of LAAM, but
increased significantly (to ca 6.2 hr) after the drug was
given orally. The half-life of NORDAAM showed a similar
increase from 5 hr after intravenous DAAM to 8 hr after
orally administered DAAM.

Both LAAM and DAAM were rapidly and almost completely
absorbed after oral doses. However, the two isomers dif-
fered in the extent of first-pass metabolism, the data
indicating more efficient hepatic extraction of DAAM than
LAAM. DINORDAAM appeared to resemble DINORLAAM in having a
shorter true half-1ife than the nor- metabolite. Hence,
for both LAAM and DAAM, the rate of elimination of the nor-
metabolite was believed to be the Timiting factor in the
loss of both the nor- and dinor- metabolites. The longer
half-lives of both LAAM and NORLAAM than those of the cor-
responding d- isomers may partially reflect the different
time courses of pharmacologic effects of LAAM and DAAM.

The pharmacokinetics of LAAM and DAAM, as well as
their nor- and dinor- metabolites, were virtually unchanged
by repeated dosing of the parent drugs. The dosage regimen
employed in this study resulted in no accumulation of LAAM

or DAAM, and very little accumulation of the metabolites.
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I. INTRODUCTION

A. Background

1. The Isomers

Acetylmethadol (6-dimethylamino-4,4-diphenyl-3-
acetoxyheptane), a closely related derivative of methadone
(6-dimethylamino-4,4-diphenyl-3-heptanone), was first syn-
thesized by Bockmiihl and Ehrhart in 1948 (1) and was fur-
ther described by Speeter and associates (2) and Pohland

and associates (3) in 1949.

- /CH3 - - /CH3
CH,-CH,-C-C-CH,-CH-N CH,-CH,-CH-C-CH,-CH-N
3 2 8 2 ~CH 3 é 6 277 ~cH
CH3 3 CH3—”- CH3 3
0
Methadone Acetylmethadol

Due to the presence of two asymmetric carbon atoms in
the molecule, two pairs (o and B) of enantiomers exist.
The Bockmiihl1-Ehrhart synthesis by sodium and propanol
reduction of dl-methadone yields the B acetylmethadols,
while the Speeter and Pohland procedures which utilized
platinum oxide hydrogenation of dl-methadone give the a
isomers. It was also noted (3) that the a-methadols, and
hence their acetylated derivatives, exhibit optical rota-
tions that are opposite in sign to the parent ketones.

Thus 1-a-acetylmethadol (LAAM), which has the



S-configuration at C3 and at C6’ is derived from d-metha-
done with the 6S configuration, and d-a-acetylmethadol
(DAAM) from 1-methadone which has the 6R configuration.

When comparing the morphine-Tike activities and also
the toxicities of the various isomers of methadone, metha-
dol and acetylmethadol in mice, Eddy and associates (4,5)
found that both o and B8 dl-methadols were less toxic and
had less analgesic effects when dosed orally or subcutane-
ously than dl-methadone. The acetylmethadols, on the other
hand, were similar to dl-methadone in toxicity, but had
greater analgesic effect. Other investigators (6,7) found
dl-a-acetylmethadol to be more constipating than morphine
in rats and rabbits when given in equivalent analgesic
doses, though there is less Tikelihood of developing drug
tolerance. A more recent study (8) showed that the dura-
tion of antinociceptive action of LAAM, determined in the
rat tail pinch test, was six times that of morphine and
three times that of methadone. The onset of activity was
considerably later after LAAM than after morphine or
methadone.

0f the a and B diastereoisomers, the a-dl-acetylmetha-
dols have been shown to have more analgesic activity and to
" be less toxic in mice than the B-d1 forms (5). David and
associates (9) studied the control of chronic pain by a-dl-
acetylmethadol and reported that oral or subcutaneous doses

of 5 to 10 mg given three or four times daily were well



tolerated and highly effective, with relief of pain
occurring within 20 to 30 minutes of dosing and lasting
between four and five hours.

In tests of presumptive analgesia in rodents, Chen
(10) observed that LAAM had a delayed onset and prolonged
duration of analgesic activity when compared with the d-
isomer. Using the rat tail burn method, Pohland and asso-
ciates (3) found that the analgesic activity of LAAM and
DAAM were 37% and 200%, respectively, of that of dl-metha-
done. These observations are in good agreement with those
made by Smith (11), who showed that DAAM was more potent as
an analgesic agent than LAAM. In rats, DAAM had double the
analgesic activity of racemic methadone, whereas LAAM was
about one-fourth as active. The Tevo forms also exhibited
delayed onset and prolonged duration of pharmacologic
effects. Clinical studies by Keats and Beecher (12) con-
firmed the superior analgesic activity of DAAM to LAAM and
also indicated delayed toxicity after repeated doses of
LAAM in the form of unexplained coma somewhat similar to
morphine poisoning. Other reports of clinical toxicities
of the a acetylimethadols, particularly the long duration
and cumulative toxicities of the dl1- and 1- forms, caused
them to be abandoned as analgesics (13,14).

The first clinical study on the addicting characteris-
tics of o acetylmethadol was reported by Fraser and Isbell

(15). In ten morphine addicts, 30 mg of the racemic



mixture or 15 mg of DAAM given subcutaneously induced
intense euphoria, starting within 30 minutes and lasting 30
hours post dose. Thirty mg of LAAM produced no effect

until nine hours after subcutaneous or intravenous injec-
tion, while euphoria appeared within two hours upon adminis-
tering equal doses orally. The duration of euphoria was
longer after dosing LAAM than DAAM. Further studies in man
(13) showed that morphine-like effects were observed within
30 minutes of a subcutaneous injection of DAAM, whereas
injection of LAAM by the same route resulted in a four to
six hour delay in onset of activity, with prolonged action
lasting up to 72 hours. Both the delay in onset and dura-
tion of action were somewhat shorter following oral doses
of LAAM. After repeated doses of LAAM, 30 mg b.i.d. for
two days, cumulative toxic effects manifested as depression
approaching coma, severe nausea and mental confusion
appeared in some patients. These were prevented, however,
and previously narcotic addicted patients were well main-
tained, when the LAAM dosage interval was increased to 72
or even 96 hours.

Many subsequent clinical studies have been conducted
to compare the efficacy of either a-dl-acetylmethadol or
LAAM with that of methadone in the treatment and rehabili-
tation of narcotic addicts. The results indicated no
observable differences in the safety and effectiveness of

the two drugs (14,16-22). Methadone patients usually



experience a "rush"-like effect within 2 hr of taking medi-
cation. This effect does not occur with LAAM, which
appears to have a smoother action and a more consistent
inner state associated with it. This difference between
methadone and LAAM appears to be an important factor in
patient preference and acceptance (22-24). A major advan-
tage of LAAM, however, is that it will suppress abstinence
symptoms for approximately twice as long as methadone (23),
and some investigators (18,19) suggested 80 mg oral doses
of LAAM three timeé a week as a substitute for daily admin-
istration of 100 mg methadone. The established efficacy
and prolonged activity of LAAM provide particular advan-
tages in permitting less frequent doses, less frequent
visits by patients to the clinic and the possibility of

more effective control over illegal opiate distribution.

2. Metabolism and Pharmacokinetics of a-Acetylmethadols

In an attempt to explain the delayed onset and pro-
longed activity of LAAM, as observed in the earlier inves-
tigations, many experiments were conducted to study the
metabolism and pharmacokinetics of this drug. A number of
accurate and sensitive chemical assays have been reported
for determining LAAM and its major metabolites in biologi-
cal fluids (25-31). However, difficulties still exist in
assay specificity and hence in the simultaneous determina-

tion of these compounds.



Sung and Way (32) studied the metabolism and physio-
logical disposition of both enantiomers of a-acetylmethadol
in the rat and showed that both are extensively metabolized
with 1ittle, if any, drug being excreted unchanged. They
noticed that the time course of morphine-like effects did
not correlate with tissue levels of LAAM, and suggested
that observed LAAM activity was due to an active metabolite.
It was further postu]éted that the de]ayed and prolonged
activity of LAAM compared to that of the more potent
dextro-rotatory isomer was due to a slower rate of metabo-
lism and greater secretion into stomach followed by
reabsorption.

Indeed, it was subsequently shown that the analgesic
effect of LAAM after intraventricular injection was signif-
icantly reduced in mice pretreated with the metabolic
enzyme inhibitor SKF-525A, except during the first hour
(33). The lack of inhibition during the first hour was
thought to be due to sufficiently high levels of LAAM to
provide maximum pharmacologic response despite reduced
metabolite formation.

In a detailed study of the metabolism of dl-a-acetyl-
methadol in male albino rats, McMahon and associates (34)
used oral and intravenous doses of 2.5 mg/Kg of acetylmetha-

]4C in the N-

dol and a derivative, noracetylmethadol, with
methyl or the 0O-acetyl groups. Comparison of data from the

two routes of administration indicated efficient absorption



of both acetylmethadol and noracetylmethadol from the gas-
trointestinal tract. Based on the rates of excretion of
radiocarbon dioxide from rats receiving labelled compounds,
these authors showed that the major route of acetylmethadol
metabolism was sequential N-demethylation. The half-time
of removal of the first N-methyl group was approximately
two hours, a rate roughly three times faster than removal
of the second N-methyl group. Hence, they proposed that
the active metabolite of LAAM is l1-a-noracetylmethadol
(NORLAAM), which is probably responsible for the delayed
and prolonged effects of LAAM. Hydrolysis of the acety]l
group was shown also to be a significant pathway of dl-a-
acetylmethadol metabolism, to the extent of about 30% fol-
lowing intravenous administration. However, the resulting
carbinol could not be detected in tissues. Tissue distri-
bution studies in rats after intravenous dosing of labelled
acetylmethadol demonstrated peak levels of radioactivity in
lung, muscle and brain within one to five minutes, and
later in liver and kidney. Plasma levels were low, reached
minimum values at about 30 minutes, but rose to a new maxi-
mum at eight hours or later. It was suggested that the
second peak represented re-entry of final metabolites into
the circulation from tissue sites. After oral administra-
tion, much lower levels were obtained in all tissues except
liver, where maximum levels were generally reached at 0.5

to 1.0 hour after dosing. Specific identification of



acetylmethadol and noracetylmethadol showed that at 0.5
hour after intravenous dosing, the unchanged drug predomi-
nated over the metabolite in all tissues. At four hours,
it still predominated in brain, while both compounds were
present in equal quantities in lung tissue. However, in
the 1iver, the major site of metabolism, noracetylmethadol
predominated. Total body radioactivity was shown to be
persistent in rats dosed with N-methyl labelled noracetyl-
methadol, the rate of disappearance indicating a half-Tife
of about 14 days.

Billings and coworkers (27) identified both NORLAAM
and a-l1-dinoracetylmethadol (DINORLAAM) in rats dosed
orally with LAAM HC1 (5 mg/Kg), and reported half-times of
disappearance of 13 and 21 hr, respectively, for the nor-
and dinor- metabolite. The peak plasma level of both com-
pounds occurred at about 4 hr, which could account for the
delayed onset of activity following administration of the
tertiary amine.

Two subsequent studies have compared the morphine-like
activity of the nor- and dinor- metabolites with that of
the parent compound. Nickander and associates (35) showed
that both metabolites were approximately 15 times more
effective than LAAM in depressing electrically induced
twitch of longitudinal muscle of the guinea pig ileum in
vitro, and concluded that they are responsible for the pro-

longed in vivo effects of LAAM. However, in an in vivo




mouse writhing test, Smits (36) obtained less morphine-Tike
activity from the dinor- than from the nor- metabolite.
Noracetylmethadol is also an active analgesic in man. In a
double-blinded study involving 300 patients, Gruber and
Baptisti (37) showed that this compound was approximately
three times as potent as morphine when administered in
single oral doses to patients with postpartum uterine
cramps. Noracetylmethadol also had a greater duration of
effectiveness, and caused fewer untoward effects and slower
development of drug tolerance.

Billings and associates (38) confirmed the same meta-
bolic pathway of acetylmethadol via N-demethylation in man.
Plasma levels of both nor- and dinor- metabolites were
observed shortly after the initial dose of LAAM, and con-
siderable accumulation of DINORLAAM occurred after repeated
dosing. These authors reported a six- to eight-fold
increase in urinary excretion of both LAAM and the demeth-
ylated metabolites during repeated doses. They postulated
that these compounds are extensively tissue bound following
the initial dose, thereby limiting excretion levels, whereas
the ability of the tissue to bind amines becomes saturated
during repeated dosage, resulting in substantial increase
of the excretion rate. Nevertheless, urinary excretion of
total amines accounted for only a small percentage of the

dose.

Based on a study in rats, Henderson and coworkers (39)
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reported that less than 20% of LAAM and metabolites was
excreted in the urine, regardless of the dose or route of
administration. These authors suggested that the elimina-
tion of drug via the feces may result from biljary excre-
tion of LAAM and metabolites, rather than from lack of
absorption of parent drug.

Further evidence of the importance of the fecal elimi-
nation route for LAAM and its metabolites has been provided
by Misra and Mulé (40). These authors administered 2 mg/Kg
of [2-3H]~LAAM to female monkeys by subcutaneous injection
and obtained only 20 to 23 percent of total radioactivity
in urine compared to 34 to 39 percent in the feces during
one week.

In addition to the N-demethylated metabolites, Kaiko
and Inturrisi (25) reported methadol and normethadol as
metabolites of LAAM 1in human urine, and summarized the LAAM
metabolic pathway as shown in Scheme I (26). Methadol is
the product of hydrolysis of the acetyl group, which has
previously been observed in the rat by McMahon and associ-
ates (34). oa-1-Methadol possessed much greater analgesic
effectiveness than d-methadone orally or subcutaneously in
mice, and was one-third to one-half as effective as LAAM
(41). a-1-Methadol was progressively N-demethylated in the
rat to a-l-normethadol and a-1—d1normethado1, which was
then N-acetylated to form a-1-N-acetyldinormethadol (42).

Both a-T-normethadol (43,44) and a-T1-dinormethadol (44)
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Scheme I
Acetylmethadol Metabolic Pathway in Man,

as Proposed by Kaiko et al. (26).

CH
CHo-CH,-CH-C-CH,-CH-N] 3
3 2 7 2 ] ~cH
CH3-ﬁ-0 CH3 3
0
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have been reported to possess significant analgesic
activity in the rat, while N-acetyldinormethadol has little
if any analgesic activity (42).

Henderson aﬁd associates (39) recently identified N-
acetylnormethadol as a possible metabolite in both urine

3H-LAAM. In another study

and plasma of rats dosed with
(45), methadone and its metabolites, including 1,5-dimethyl-
3,3-diphenyl-2-ethylidene-pyrrolidine, were detected in
urine, liver and serum of rats treated with LAAM.

Recently, Misra and associates (46) reported that aro-
matic hydroxylation of DINORLAAM to p-hydroxydinoracetyl-
methadol is a significant metabolic pathway for LAAM in the
monkey. Peak concentrations of LAAM (73-79 ng/ml) occurred
in plasma 2 to 6 hr after 2 mg/Kg oral dose of [2—3H]-LAAM
to the monkey, and declined to 5-11 ng/ml 48 hours post
dose. Peak concentrations after subcutaneous injection
were comparatively higher (117-249 ng/ml1) and were sus-
tained between 1-6 hr before declining to 3-10 ng/ml 48
hours after injection. In both acutely and chronically
treated monkeys, free LAAM was not detectable in plasma
48 hr after dosing. Plasma half-1ife values of LAAM were
shorter after chronic treatment than after single doses,
indicating a faster rate of metabolism of this compound.

Further studies in patients (47), using plasma pro-
files during a maintenance program, have suggested mean

plasma half-lives of LAAM and NORLAAM of 7 and 48 hours,
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respectively. Plasma levels of DINORLAAM did not decline
during the 48-hour dosage interval. Opiate effects, as
manifested by changes in pupil size, appeared to return to
the pre-dose value at a slower rate than the rate of LAAM
disappearance from plasma, but more rapidly than the rate
of disappearance of NORLAAM. This study confirmed that the
relatively long duration of opiate effects of LAAM is
associated with biotransformation to active and persistent
metabolites.

Henderson and associates (48) reported on the pharma-
cokinetics of LAAM and its nor- and dinor- metabolites
after acute and chronic administration of LAAM to narcotic
addicts. The plasma decay curve for LAAM was described as
biexponential, with average t%(u) of 6 hr and t%(B) of 50
hr following chronic administration. There seemed to be
little cumulation of LAAM after repeated doses. In con-
trast, NORLAAM and DINORLAAM plasma levels were low after
acute LAAM dose, but increased five- to ten-fold following
chronic administration, with a t% of 31 hr for NORLAAM.
Plasma lTevels of DINORLAAM declined so slowly that its t%
could not be accurately determined. Urinary excretion of
LAAM and metabolites was extremely low. Following the
first dose of LAAM, only 2% of the total dose appeared in
the urine within 72 hours, but this increased to 6% after
chronic LAAM administration.

Summarizing the results of the previous studies, it
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can be stated with 1ittle doubt that the delayed onset and
prolonged duration of pharmacologic action of LAAM are
caused mainly by in vivo formation and cumulation of active
metabolites, especially NORLAAM and DINORLAAM. This would
account also for the more rapid onset of morphine-like
activity observed with oral administration of LAAM than
with subcutaneous or intravenous injection (13,15,32)a.
Another possible explanation for the long duration of
action is that both LAAM and its metabolites may be exten-
sively bound to tissue proteins (32,38,47). Tissue binding
would delay both biotransformation and excretion and con-
stitute a reservoir of active compound. Data from the
recent study by Henderson and associates (48) suggest that
methadone, LAAM, NORLAAM and DINORLAAM are indeed bound to
tissue proteins, and that these compounds compete for tis-
sue binding sites. A third factor that may contribute to
the Tong duration of LAAM activity is enterohepatic circu-
lation of the parent drug and metabolites (48). Extensive
biliary excretion of LAAM has been observed in the rat (39,
50). Although there is no direct evidence of this
occurring in man, the very low level of urinary excretion

of LAAM and metabolites in patients tends to support this

qan orally administered drug, if absorbed, must pass
through the liver where it can be metabolized before
reaching the systemic circulation, while less than 30% of
the dose passes through the liver in the first circulatory
pass after usual intravenous administration (49).
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hypothesis.

B. Objectives and Rationale

The primary objective of the present study is to exa-
mine and compare the pharmacokinetics of the d- and 1-
isomers of a-acetylmethadol following acute intravenous and
oral administration to the dog, in order to explain the
difference in pharmacologic activity between the two iso-
mers. It has been reported (51,52) that the large differ-
ences in analgesic potency between d- and 1-methadone are
due to intrinsic differences in pharmacologic properties,
and are not related to differences in disposition or metab-
olism. Horng and associates (53) recently studied the in
vitro binding of LAAM and DAAM and their N-demethylated
derivatives to the opiate receptors of rat brain, and
observed that the N-demethylation of LAAM to NORLAAM and
DINORLAAM increased the affinity for opiate receptors,
while the N-demethylation of DAAM to NORDAAM had an oppo-
site effect. These authors suggested, therefore, that the
shorter duration of activity of DAAM as compared to LAAM is
likely due to the difference in affinity of their respec-
tive metabolites for the stereoselective receptor sites.

On the other hand, there are examples where the distribu-
tion characteristics (54) and rate of metabolism (55,56) of
a drug are also a function of the stereochemical configura-

tion of the parent compound. This phenomenon of
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stereospecificity may be applicable to the isomeric forms
of a-acetylmethadol, as postulated by Sung and Way (32),
but no studies have been conducted comparing the pharmaco-
kinetics of LAAM and DAAM.

Studies will also be conducted with acute intravenous
administration of NORLAAM and DINORLAAM to the dog. Accu-
rate description of the apparent volumes of distribution
can then be obtained for these metabolites, thus enabling
a more complete pharmacokinetic analysis of the parent
drug.

There is also little information on the pharmacokine-
tics of LAAM and DAAM during multiple doses to individuals
or animals not previously exposed to these compounds, and
hence on changes in drug_and metabolite disposition and
metabolism rates due to possible enzyme induction or other
factors during repeated doses. Studies in mice have shown
that multiple oral administration of methadone caused
rapid, sizeable increments in the activity of the N-
demethylating enzyme in the liver (57), and increased meth-
adone metabolism resulting from such enzyme induction has
been demonstrated in man (58). In the present study, the
accumulation characteristics and drug metabolizing enzyme
inducing properties of LAAM and DAAM and their respective
major metabolites during repeated oral doses of LAAM and
DAAM will be examined.

The compounds studied in this thesis, together with
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their structural formulae, names and abbreviations, as well
as molecular weights, are presented in Table 1.

There have been a number of reports on the untoward
effects associated with LAAM in human subjects (13,38,59),
and the questions of safety and cumulative toxicity fol-
lowing repeated administration of LAAM still remain to be
explored. It is the author's hope that this thesis will
provide some of the basic information necessary for the

improvement of acetylmethadol maintenance therapy.
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Table 1. List of Compounds Studied

Chemical Structure Name M.W.
<> ACETYLMETHADOL 353
CH
i « /3
CH,-CH,-CH-C-CH,-CH-N l1-a-acetylmethadol = LAAM
3 2 l 2 S
CHS—ﬁ—O[:i:] CH, CH3  4-a-acetylmethadol = DAAM
0
[:;:] CH NORACETYLMETHADOL 339
* /3
CH3-CH2-CH-C-CH2-CH-N 1-a-noracetylmethadol =
| Y NORLAAM
CH3-C-O CH3
A d-a-noracetylmethadol =
0 NORDAAM
[:;:] H DINORACETYLMETHADOL 325
/
CH.-CH.-CH=C-CH.,-CH-N 1-a-dinoracetylmethadol =

3 e o W DINORLAAM

CH3—C-0 CH3
[ d-a-dinoracetylmethadol =
0

DINORDAAM
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IT. EXPERIMENTAL

A. Materials

Pure samples of DAAM, LAAM, NORLAAM, DINORLAAM, o-1-
methadol and a-T-normethadol were provided in the hydro-
chloride salt form by the National Institute on Drug Abuse.
Dichloromethane and 1-chlorobutane were reagent gradea and
were glass distilled prior to use. 1-Octano1b was purified
by refluxing over NaOH pellets. A1l bther chemicals were
either analytical or reagent grade and were used as sup-
plied.

Three male mongrel dogsc, age 2-4 years and weighing
between 14 and 19 Kg, were used in the study. The dogs
were individually housed in standard laboratory cages and

were fed a regular dry diet with no restrictions on water.

B. Methods

1. Dosing and Dog Plasma Sampling

a. Single Intravenous Dose Study

The drugs, in hydrochloride salt form, were
administered to each of the three dogs to deliver the fol-

Towing doses of LAAM, DAAM and molar equivalents of NORLAAM

aA]drich Chemical Company, Milwaukee, Wisconsin.

bEastman Kodak Company, Rochester, New York.

CAnimal Care Unit, The University of Wisconsin, Madison,
Wisconsin.
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and DINORLAAM:

Experiment No. Drug Dose

1 (A, B, C) LAAM 0.6 mg/Kg

2 (A, B, C) DAAM 0.6 mg/Kg

3 (A, B, C) NORLAAM 0.575 mg/Kg
4 (A, B, C) DINORLAAM 0.55 mg/Kg

It was decided, after numerous trials, that the above doses
represent the highest that can be given safely to dogs
without precipitating serious behavioral problems and other
toxic signs. Pure samples of NORDAAM and DINORDAAM were
not available for experimentation.

Based on the "Youden Square Plan" (60), the order of

treatments were randomized as follows:

Dog Experiment
A 1 2 3 4
B 2 1 4 3
= 3 4 2 1

To ensure maximum accuracy of doses, the intravenous
solutions were prepared immediately before administration.

The hydrochloride salts of DAAM, LAAM and DINORLAAM are
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readily soluble in normal saline? at room temperature,
while that of NORLAAM is not, but is soluble in 10% ethanol
in normal saline solution, with vigorous agitation at ca
B0°C. A]thougﬁ there is no obvious explanation for the
poor aqueous solubility of NORLAAM, even as its hydrochlor-
ide salt, this phenomenon has been previously confirmed in
other laboratories (61).

In order to maintain uniformity between treatments,
all drugs in the intravenous dosing study were dissolved in
10% ethanol in normal saline. For each experiment, the
concentration of the solution was adjusted so that the
desired dose was contained in an injection volume of 2 ml.

Prior to each experiment, the dogs were fasted for a
minimum of 12 hours, but had access to water ad 1ibitum.
During the experiment, the dog was placed in a restraining
apparatus consisting of a strong sheet which supported its
body and through the holes of which its T1imbs protruded.
The 1imbs were held secure by pediatric 1imb restraints
tied to the shell of the restraining apparatus so that the
animal was allowed to stand normally but not to move around
and worry indwelling catheters.

Two vein infusion sets  were positioned, one in a vein

40.9% Sodium Chloride Irrigating Solution, U.S.P., Travenol
Laboratories, Deerfield, I1linois.

bMiniset<:>vein infusion set with winged adapter, Travenol
Laboratories, Deerfield, Il1linois.
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in each front leg. Each set consisted of a 19-gauge x 7/8"
needle with 30 cm of flexible plastic tubing attached which
can hold approximately 0.6 ml of fluid. Clotting of blood
in the infusion sets was prevented by infusion of about
2 ml (10 units/ml1) of saline-diluted sodium heparin solu-
tion® into the sets approximately every hour they were in
position. Using a 5-ml syringeb equipped with a three-way
stopcockc, the designated dose was administered via one
infusion set, injection being accomplished in approximately
10 seconds. The infusion set was immediately flushed with
5 ml of normal saline solution and subsequently removed.
Blood samples (8 ml) were collected via the other
infusion set shortly before and at 5, 15, 30, 45 and 60
minutes after dosing. Before each sampling, 5 ml of
residual fluid was withdrawn to remove any heparin solution
in the infusion set. The 8 ml blood sample was then drawn
and replaced by 8 ml of normal saline solution. The
residual fluid was reinjected, followed by 2 ml of heparin
solution. The use of infusion sets in this manner assured
intravenous dosing and facilitated rapid collection of
blood samples without multiple venipunctures during the

first hour of experiment. The infusion set was removed

aPanhepr1n<:), 5000 U.S.P. units/ml, Abbott Laboratories,
North Chicago, Il1linois.

bJe]co Laboratories, Raritan, New Jersey.

CPharmasea], Inc., Toa Alta, Puerto Rico.
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after taking the 60-minute sample, and the dog released
from the restraining apparatus.

Additional blood samples were obtained at 2, 3, 4, 6,
8, 12, 18, 24, 36, 48, 60, 72 and 96 hours after dosing.

Collected blood samples were placed in 10 ml hepa-
rinized vacutainers?® and centrifugedb at 2300 rpm for 15
minutes. The plasma was removed and kept deep frozen
(-20°C) until analyzed, usually within a week.

Experiments on the same dog were performed at inter-
vals of at least two weeks. This avoided the possibility
of changes in pharmacokinetic parameters due to pridr
exposure to the drug, ensured complete removal of drug from
a previous experiment from the body, and allowed complete

healing of venipuncture sites.

b. Single Oral Dose Study

The following doses were administered orally,

in hydrochloride form, to each of the three dogs:

Experiment No. Drug Dose
5 (A, B, C) LAAM 2 mg/Kg
6 (A, B, C) DAAM 2 mg/Kg

qGreen stopper VacutainerC:)evacuated glass tubes coated with
143 units of sodium heparin, Becton-Dickinson, Rutherford,
New dJersey.

bDynac Centrifuge, Clay Adams, Parsippany, New Jersey.
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Food was withheld for 12 hours before each experiment. The
drug was dissolved in 25 ml of water and transferred into a
Sty]ex<:>2 0z irrigating syringea. A stomach tube, 48" x
1/8" I.D., was used to administer the solution. The dog's
mouth was held open and one end of the tube was carefully
introduced into its stomach. The solution was injected
directly into the stomach tube opening. Twenty-five ml of
water was used to flush residual drug from the syringe and
the stomach tube into the stomach.

Blood samp1ing'was as described for the intravenous

study, except that the 5-minute sample was omitted.

c. Multiple Oral Dose Study

Two weeks following the end of the acute dosing
experiments, repeated oral doses of LAAM and DAAM hydro-
chloride were administered to Dogs A and C in the following

pattern:

Experiment No. Drug Doseb
7 (A, C) LAAM 1 mg/Kg (x 7)
8 (A, C) DAAM 1 mg/Kg (x 7)

aPharmasea] Laboratories, Glendale, California.

bA total of seven doses were given, one dose being

administered every 48 hours.
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The drugs were administered in a fashion similar to the
single oral doses. Blood samples were taken immediately
before each dose and at 1, 2, 3 and 4 hours after the
first, fourth and seventh (final) doses. Additional blood
samples were taken at 15, 30 and 45 minutes and 6, 8, 12,
18, 24 and 36 hours after the first and final doses, and at

48, 60, 72 and 96 hours following the final dose.

2. Assay of Plasma Samples

a. Extraction of Compounds from Plasma

The assay used for the extraction of acetyl-
methadol and its major metabolites from plasma was adapted
from the method described by Kaiko and associates (26),
with several modifications.

Three ml of plasma was placed in a 15-ml siliconized
centrifuge tube with a teflon-Tined screw capa. One ml of
0.2 M phosphate buffer (pH 7.4) was added, followed by one
drop of 1-octanol. After thorough mixing on a vortex
mixerb, the sample was extracted with 9 ml of 1-chlorobu-
tane by horizontally shaking at 3 oscillations/sec for
10 min on a flat-bed shaker® and then centrifuging at

1000 g (2300 rpm) for 10 min. Eight ml of the upper,

aCorning Glass Works, Corning, New York.

bSuper—Mixer, Cole-Parmer, Chicago, Il1linois.

“Eberbach Corporation, Ann Arbor, Michigan.
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organic phase was transferred with a pipet to a second
tube, and the contents of the initial tube were discarded.
The compounds were then extracted into 5 ml of 0.2 N hydro-
chloric acid by shaking for 10 min and centrifuging for
10 min. The upper, organic phase was discarded by aspira-
tion. The acid phase was washed by adding 5 ml of n-
hexane® and shaking for 10 min, followed by centrifuging
for 5 min. The hexane was then removed by aspiration and
discarded. Seven drops of 50% sodium hydroxide solution
were added to the washed acid phase to yield a pH of
approximately 13. The compounds were then immediately
extracted into 5 ml of dichloromethane by shaking for 10
min followed by centrifuging at 1000 g for 5 min. The
upper, aqueous phase was discarded by aspiration. The
sample extract was subsequently divided into two equal por-
tions by pipetting 2 ml of the organic phase into each of
two 3-ml Reacti-via]sb and evaporating to dryness under
nitrogenc.

Comments: It has been reported that some spontaneous
formation of the amide derivative of noracetylmethadol and
dinoracetylmethadol occurs at any pH above neutral (26,

62). The amides result from an intramolecular acyl shift

an-Hexane, 99+%, Aldrich Chemical Company, Milwaukee,

Wisconsin.
bPierce Chemical Company, Rockford, ITlinois.

CN-Evap, Organomation Assoc., Shrewsbury, Massachusetts.
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as shown in Scheme II. However, experiments in our labora-
tory have shown that this can be minimized by immediately
extracting the compounds from the alkaline solution into
dichloromethane. It is also important that the final

evaporation step be carried out without any heating.

b. Quantitative Determination of Acetylmethadol by

Gas-Liquid Chromatography

The residue in one Reacti-vial was dissolved in
20 ul of carbon disulfide which contained 0.3 ug of tri-
acontane® as an external standard. Two ul of the sample
was injected into the gas chromatograph.

A gas chromatographb equipped with a flame-ionization
detector was used. The column was a 6-ft helical glass
column with an I.D. of 2 mm and an 0.D. of 6 mm, packed
with 3% XE-60 on 80/100 mesh Gas-Chrom QC, and was condi-
tioned at 220°C initially for 48 hours. The electrometer
was set at an amplifier range of 1 and an attenuation of 8.
The chart speed on the recorderd was 40 cm/hr. The carrier
gas was nitrogen with a flow rate of 30 ml/min, while the

flame gases were hydrogen and compressed air at flow rates

aApph‘ed Science Laboratories, State College, Pennsylvania.

bPerkin-E]mer 3920B Gas Chromatograph, Norwalk, Connecticut.

CAppHed Science Laboratories, State College, Pennsylvania.

dPerkin—E1mer 023 Recorder, Norwalk, Connecticut.



Scheme II. The Alkaline Conversion of Noracetylmethadol

and Dinoracetylmethadol to Their Corresponding Amides.
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of 30 and 360 m1/min, respectively. The temperatures of
the detector and injector port were 300°C and 275°C
respectively, and a column temperature of 200°C was used
for analysis.

Comments: Under these operating conditions, the
retention times were 188 sec for acetylmethadol and 609 sec
for triacontane.

It was originally hoped to simultaneously measure four
major metabolites, i.e., noracetylmethadol, dinoracetyl-
methadol, methadol and normethadol, as well as the parent
drug. In order to achieve optimal peak resolution, a
series of different liquid phases of varying polarity and
different solid supports and column Tengths were tested
under various carrier gas flow rates and column tempera-
tures. Unfortunately, because of the close structural
resemblance of these compounds, the retention times of at
least two of them were so close that peak interference
became inevitable, as shown in Table 2. Although the use
of a column packed with diethylene glycol succinate yielded
some initial success, column bleeding soon became a serious
problem even at lower temperatures and this method had to
be abandoned.

Since it was not successful in separating dinoracetyl-
methadol as its unchanged entity, the method of deliber-
ately converting noracetylmethadol and dinoracetylmethadol

to their amides for quantitative analysis (26) was
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examined. After adjusting the pH of the aqueous phase to
13, the compounds were incubated for 30 min in a heating
block? at 70°C to effect the conversion of the metabolites
to their corresponding amides prior to extraction into
dichloromethane. This treatment resulted in good resolu-
tion of all five compounds on the 6-ft column packed with
3% XE-60 on 80/100 Gas-Chrom Q by significantly increasing
the retention times of noracetylmethadol and dinoracetyl-
methadol, which were 350 sec and 404 sec respectively at a
column temperature of 240°C and nitrogen flow rate of

40 m1/min. However, it was soon noticed that acetylmetha-
dol itself was also affected by this procedure. Tse and
Welling (63) reported that part of the acetylmethadol was
hydrolyzed to form methadol during incubation at pH 13.

Any standard calibration graphs generated from such data
will therefore lead to incorrect calculation of acetylmeth-
adol and methadol concentrations in biofluids where the two
compounds may be present in variable relative amounts.

Lack of sensitivity of the flame ionization detector
imposed an additional problem. Although the minimum
detectable plasma concentration of acetylmethadol using the
aforementioned assay and operating conditions was only 1 ng/ml,

that of the metabolites was quite high, about 50 ng/ml.

aTemp-B]ok Module Heater, Scientific Products, McGraw Park,
ITTinois.
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The use of a nitrogen-phosphorus detector? on the same gas
chromatograph provided 1ittle improvement of sensitivity.
It was finally decided to prepare electron capture sensi-

tive derivatives of the metabolites for gas chromatography.

c. Quantitative Determination of Noracetylmethadol

and Dinoracetylmethadol by Gas-Liquid

Chromatography

The method of Walle and Ehrsson (64), with
slight modifications, was employed to prepare the fluoro-
acyl derivatives of the metabolites of acetylmethadol for
electron capture detection. To the extracted compounds in
the second Reacti-vial (see section a., p. 26) was added
20 ul dichloromethane containing 0.16 pug of a-d-norpropoxy-
phene hemicitrateb as an external standard. The solution
was evaporated to dryness under nitrogen. 0.5 ml benzene®
was added, followed by 0.1 ml of a 0.05 M triethy]amined in
benzene solution. The contents were thoroughly mixed on a

vortex mixer. Ten ul of heptafluorobutyric anhydridee was

added, and the vial immediately sealed and heated for 15 min

aPerkin-E]mer, Norwalk, Connecticut.

bLi11y Laboratories, Indianapolis, Indiana.

cBenzene, Sequanal Grade, Pierce Chemical Company,
Rockford, I1linois.

dA]drich Chemical Company, Milwaukee, Wisconsin.

€pierce Chemical Company, Rockford, Illinois.
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at 70°C in a heating block?®. It was then allowed to cool,
followed by the addition of 1 ml water and shaking for

1 min. One ml of 5% aqueous ammonia solution was added.

The vial was shaken for 5 min with subsequent centrifuga-
t1'onb for 10 min. Approximately 5 ul of the benzene (upper)

phase was injected into the gas chromatograph.

63 elec-

The gas chromatographC was equipped with a Ni
tron capture detector and a 6-ft helical glass column with
an I.D. of 2 mm and an 0.D. of 6 mm, packed with 3% SE-30
on 100/120 Gas-Chrom Qd. The electrometer was set at an
attenuation of 8, and the chart speed on the recorder® was
40 cm/hr. The carrier gas was 5% methane in argon with a
flow rate of 30 ml/min. The column temperature was 200°C,
while the temperatures of the detector and injector ports
were 300°C and 200°C, respectively.

Comments: Under the above operating conditions, the
retention times were 648 sec and 505 sec for the acyl

derivatives of noracetylmethadol and dinoracetylmethadol

respectively, and 729 sec for that of norpropoxyphene. The

aTemp-B]ok Module Heater, Scientific Products, McGraw Park,
ITTinois.

bInternationa] Equipment Co., Boston, Massachusetts.

“Hewlett Packard 5730A Gas Chromatograph, Palo Alto,
California.

dApph’ed Science Laboratories, State College, Pennsylvania.

ePerkin-E1mer 023 Recorder, Norwalk, Connecticut.
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method was capable of measuring plasma levels as low as
1 ng/ml of noracetylmethadol and 5 ng/ml of dinor-
acetylmethadol. Acetylmethadol, being a tertiary amine,
did not undergo the acylation process as shown in Scheme
III. Nevertheless, its presence was noted as a negative
peak at 422 sec.

Mefhado] and normethadol were also derivatized, but
more than one derivative were formed in each case, with
retention times of 292 and 371 sec for methadol and 292,
336 and 371 sec for normethadol derivatives. The over-
lapping of the peaks further complicated the problem, and
subsequently led to the decision that methadol and normeth-
adol be excluded from the present study. This may also be
rationalized in terms of the reported absence of methadol,
and any demethylated biotransformation products of metha-
dol, in the plasma of subjects administered acetylmethadol

(26, 38).

Scheme III. A General Acylation Reaction.
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3. Stability Test for LAAM, NORLAAM and DINORLAAM in

Frozen Plasma (-20°C)

This experiment was carried out to examine whether
compounds were subjected to degradation while stored in
frozen plasma. Although no blood sample was stored for
over three weeks before analysis, this experiment was con-
ducted over a period of one month.

To each of seven test tubes was added 0.4 ug of LAAM,
followed by 4 m1 of blank dog plasma. After thorough
mixing on a vortex mixer, all but one of the tubes were
immediately placed in a freezer at -20°C. Three ml of
drug-containing plasma (0.1 ug/ml) in the one tube was
transferred into a 15-ml siliconized centrifuge tube and
analyzed for LAAM as described previously.

The remaining six samples were analyzed at 1, 3, 6, 9,
20 and 30 days following the beginning of the experiment.
On each day, one tube was removed from the freezer, the
content thawed, and 3 ml of it assayed for LAAM.

The above procedure was used also to study NORLAAM and
DINORLAAM stability.

4. Interpretation of Data

a. Standard Calibration Curves and Extraction

Efficiency of Assay

Control dog plasma samples (3 ml) to which LAAM
has been added at concentrations of 0.005, 0.025, 0.05, 0.1
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and 0.2 ug/ml were assayed in quadruplicate. The peak
height ratios of LAAM:triacontane were plotted against the
known drug concentrations. Data were then processed by
analysis of variance (ANOVA) of the linear regression
model.

Standard curves for NORLAAM and DINORLAAM were
obtained in a similar fashion, but assaying was only done
in triplicate. The lower sensitivity of the DINORLAAM
assay required the standard curve for this compound to be
generated at a slightly higher concentration range, namely,
0.025, 0.05, 0.1, 0.2 and 0.4 ug/ml.

Standard drug samples (0.015, 0.075, 0.15, 0.3 and 0.6
ug of LAAM and NORLAAM, 0.075, 0.15, 0.3, 0.6 and 1.2 ug of
DINORLAAM) were also analyzed, and the extraction effi-
ciency for each compound was subsequently calculated as

follows:

Peak Ht. Ratio(Drug from plasma:External Standard)

kh recovery = Peak Ht. Ratio(Drug Standard:External Standard)

9 5 "
X g X 5 X 100%

Both NORLAAM and DINORLAAM and their external standard

(norpropoxyphene) were measured as their corresponding hep-

tafluorobutyric anhydride derivatives. The factor (% X %)

accounts for the aliquot sampling in the assay.



37

b. Plasma Concentration versus Time Data

The plasma concentration versus time data were
plotted on a semi-logarithmic graph paper. Based on the
results, an appropriate pharmacokinetic model was chosen
for analysis of data. Graphic analysis, using the method
of residuals (65), was performed to obtain initial esti-
mates of pharmacokinetic parameters. Attempts were then
made to fit each individual set of experimental data to the
proposed model by the method of least squares, using an
iterative nonlinear regression program NREG? on a digital
computerb.

Statistical analysis and comparison of the plasma

level data and pharmacokinetic parameter values were also

performed where appropriate.

qWith user supplied subroutine.

bUnivac 1110 digital computer, Madison Academic Computing
Center, The University of Wisconsin, Madison, Wisconsin.
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ITI. RESULTS

A. Assay of Plasma Samples

The GC temperatures and gas flow rates were chosen by
experimenting to yield maximum detector sensitivity to the
compounds. Under the aforementioned operating conditions,
retention times in the XE-60/Gas-Chrom Q column were 188
sec for LAAM and 609 sec for triacontane. A representative
chromatogram isvshown in Figure 1. Figure 2 is a chromato-
gram showing the passage of NORLAAM and DINORLAAM through
the SE-30/Gas-Chrom Q column. The retention times were 648
sec for NORLAAM, 505 sec for DINORLAAM and 729 sec for nor-
propoxyphene, all three being detected as their corres-
ponding heptafluorobutyric anhydride derivatives.

Standard calibration curves for LAAM, NORLAAM and
DINORLAAM are given in Figures 3, 4 and 5, respectively.
The regression equations and ANOVA results are also shown.
With all three equations, the intercepts are not signifi-
cantly different from zero, indicating that peak height
ratios are directly proportional to concentrations. It was -
shown also that both d- and 1- enantiomers responded in an
identical fashion to GC analysis. Hence, the same standard
curves were used to calculate the concentrations of LAAM,
NORLAAM, DINORLAAM and their d- counterparts in unknown
plasma samples. The reproducibility of the standard curves

was examined periodically by analyzing plasma samples
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Figure 1. Chromatogram of dog plasma sample containing
LAAM (0.2 ug/ml1), using the XE-60/Gas-Chrom Q column

with a flame ionization detector.

a LAAM,

b triacontane.
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Figure 2. Chromatogram of dog plasma sample containing

NORLAAM and DINORLAAM (0.2 pg/ml), using the SE-30/

Gas-Chrom Q column with a Ni63

electron capture
detector.

DINORLAAM,

1]

a

b

NORLAAM,

1]

c norpropoxyphene,
all three were measured as their corresponding

heptafluorobutyric anhydride derivatives.
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Figure 3. LAAM standard curve.
Regression equation is
y = 6.02(+0.26)x + 0.0079(+0.027)
where parenthesis indicates 95% confidence interval.

n = 20, R® = 0.993, r = 0.996, p < 0.07.
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Figure 4. NORLAAM standard curve.
Both NORLAAM and external standard were measured as
their heptafluorobutyric anhydride derivatives.
Regression equation is
y = 7.41(#0.25)x - 0.0001(+0.012)
where parenthesis indicates 95% confidence interval.

n =15, R = 0.997, r = 0.997, p < 0.01.
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Figure 5. DINORLAAM standard curve.
Both DINORLAAM and external standard were measured as
their heptafluorobutyric anhydride derivatives.
Regression equation is
y = 1.77(+0.089)x - 0.0009(+0.018)
where parenthesis indicates 95% confidence interval.

n =15, R® = 0.993, r = 0.997, p < 0.01.
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containing known concentrations of the drugs.

In the rare instances when unknown plasma levels
exceeded the range of the standard curves, the plasma sam-
ples were first diluted with distilled water before subse-
quent assaying. The minimum detectable plasma concentra-
tion was ca 1 ng/ml for acetylmethadol and noracetylmetha-
dol, and 5 ng/ml for dinoracetylmethadol.

Results of extraction efficiency calculations are

shown in Tables 3, 4 and 5.

B. Stability of LAAM, NORLAAM and DINORLAAM in Frozen

Plasma

The observed concentrations of LAAM, NORLAAM and
DINORLAAM in plasma samples after being frozen for the
designated periods of time are reported in Table 6 and

Figure 6.

C. Studies in Dogs

1. Observed Drug-Related Behavioral Changes

Almost immediately fo]1oWing acute intravenous
dosing, and about 20 minutes after acute oral dosing of the
compounds studied, dogs would either enter a state of
depression or fell asleep. This was followed by a period
of excitation at about 1 hour after dosing and Tasting for
4 or 5 hours, during which time the dogs were restless and

irritated. Defecation often occurred shortly after
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Table 6.

Time (Days)

0

~N
o O wu o w

w

Observed Concentrations of LAAM,
DINORLAAM in Plasma® Following

Periods of Storage at -20°C.

NORLAAM and

Concentration (ug/ml)

53

NORLAAM
0.
0.

0

o o o o

099
10

.97
.099
.097
.097
.094

DINORLAAM

0.

o O o o o o

097

.10
«10
11
.10
.10
.10

%Initial concentration of each compound in plasma was

0.1 ug/ml.
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Figure 6. Observed concentrations of LAAM (@), NORLAAM
(©) and DINORLAAM (QO) in plasma after storage at
-20°C.



lllTll[*lIllIll'Ill[ll
(o] O w0 o 0

i — o = e
o o o O o

(jwybow) NOILVHLNIONOD VWSVTId (G3AHY3ISEO

2=

20

O -

55

(DAYS)

- TIME



56

administration of the drugs. This is believed to have been
caused by the contraction of the bowel, induced by the
drugs and/or metabolites. Salivation was a common phenom-
enon. The drugs also caused transient paralysis of hind
Timbs on several occasions. These drug-related behavioral
changes are summarized in Table 7. Toxic responses, how-
ever, were not observed after the lower, 1 mg/Kg oral doses
in the LAAM and DAAM multiple dosing studies.

Dog B tended to react more violently to dosed com-
pounds than the other two dogs. In fact, two hours after
taking a 2 mg/Kg oral dose of LAAM (Experiment 5B), Dog B
convulsed and expired. The unfortunate atypical behavior
demonstrated by this dog has been previously observed with

other morphine type drugs (66).

2. Plasma Concentration versus Time Data

a. Single Dose Studies

i. Plasma Concentrations

The plasma concentration versus time data
of LAAM, DAAM and their N-demethylated metabolites studied
are presented in Tables 8-25, and plotted on a semiloga-
rithmic scale in Figures 7-23. Slight variations in
sampling times between experiments were caused by diffi-
culties occasionally encountered in blood sampling. After
dosing LAAM or DAAM, no peaks were observed during gas

chromatographic analysis at the retention times of methadol
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Table 8.

Experiment TA.

59

Plasma Concentrations of Drug and

Metabolites after Intravenous Administration of

0.6 mg/Kg LAAM to Dog Ad,

C (ug/ml)

t (hr LAAM NORLAAM DINORLAAM
0.083 _b 0.080 0.020
0.25 0.17 0.033 0.008,
0.50 0.11 0.039 0.0054
0.75 0.096 0.011 0.006,
1 0.035 0.010 0.005,
2 0.023 0.007, 0.005,
3 0.018 0.006, 0.005,
4 0.011 0.006, 0.005,
6 0.008, 0.005, 0.004,
8 0.010 0.005, 0

12 0.005, 0.004g 0

18 0.002, 0.004, 0

24 0.001, 0.003, 0

37 p¢ 0.003, 0

48 - 0.003, 0

2 < 0.002, 0

96 - 0 0

aDog weight: 19 Kg, LAAM dose: 11.4 mg.

bNot measured.

CBe]ow detectable Timit.
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Figure 7. Experiment 1A. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg
LAAM to Dog A. Computer determined equationa for LAAM
(@) is
C, = 0.26e

1
Lines for NORLAAM (@) and DINORLAAM ((0)) are hand

-2.19t -0.11¢t

+ 0.020e

drawn. Note change in time scale after 25 hr.

8The equation is in the form of C, = Ae %t 4+ e PRt

where C], A, B, a and B are as defined on pp. 112-
113«
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Table 9. Experiment 1B.

Metabolites after Intravenous Administration of

0.6 mg/Kg LAAM to Dog B2.

62

Plasma Concentrations of Drug and

C (ug/ml)

E (hr LAAM NORLAAM DINORLAAM
0.083 0.22 0.013 0.010
. 25 0.062 0.004, 0.007,
0.50 0.054 0.004, 0.005,
.75 0.031 0.004, 0.006g
] 0.028 0.005, 0.005,
2 0.025 0.005, 0.005,
3 0.022 0.004, 0.005,
4 0.019 0.005, 0
6 0.016 0.004, 0
8 0.012 0.004, 0

12 0.010 0.003, 0

18 0.004, 0.004, 0

24 0.0029 0.0033 0

36 0 0.003, 0

48 - 0.002, 0

60 - 0.001 0

72 - 0

aDog weight: 18.2 Kg, LAAM dose: 10.92 mg.
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Figure 8. Experiment 1B. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg
LAAM to Dog B. Computer determined equation for LAAM
(@ is
C, = 0.42e

1
Lines for NORLAAM (@) and DINORLAAM ((0) are hand

-10.1t -0.12¢t

+ 0.034e

drawn. Note change in time scale after 25 hr.
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Table 10. Experiment 1C. Plasma Concentrations of Drug
and Metabolites after Intravenous Administration of

0.6 mg/Kg LAAM to Dog C2.

C (ng/ml)

t (hr LAAM NORLAAM DINORLAAM
0.083 0.23 0.013 0.017
0.25 0.073 0.005, 0.006,
0.50 0.038 0.005, 0.0064
0.75 0.036 0.003, 0.005,
] 0.033 0.0044 0
2 0.034 0.004,

3 0.030 0.004,
4 0.026 0.004, 0
6 0.021 0.004, 0
8 0.018 0.004,

12 0.013 0.004,

24 0.0034 0.003, 0

36 0 0.0024 0

48 0 0.002, 0

72 - 0.001, 0

96 - 0 0

aDog weight: 14.3 Kg, LAAM dose: 8.58 mg.
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Figure 9. Experiment 1C. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg
LAAM to Dog C. Computer determined equation for LAAM
(@) is
C, = 0.41e

1
Lines for NORLAAM (Q)) and DINORLAAM (C)) are hand

-9.88t -0.093t

+ 0.038e

drawn. Note change in time scale after 25 hr.
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Table 11. Experiment 2A. Plasma Concentrations of Drug
and Metabolites after Intravenous Administration of

0.6 mg/Kg DAAM to Dog A2.

C (ug/ml)

g (hr DAAM NORDAAM DINORDAAM
0.083 2.32 0.021 0.0075
P25 0.84 0.023 0.0055
0.50 0.21 0.014 0.005]
i, 75 0.21 0.010 0.0052
1 0.099 0.011 0
s 0.088 0.0082 0
3 0.093 0.0074 0
4 0.086 0.0069 0
6 0.028 0.0050 0
8 0.027 0.0039 0

12 0.011 0.0023 0

18 0.0052 0

24 0.00]5 0

36 0 0 0

aDog weight: 19 Kg, DAAM dose: 11.4 mg.
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Figure 10. Experiment 2A. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg
DAAM to Dog A. Computer determined equation for DAAM
(A is
Gy = J.83e

1
Linear regression Tine? for the 8 phase (0.75 - 12 hr)

-6.98t -0.21¢

+ 0.15e

of NORDAAM (A\) is
log C3 = log 0.011 - 0.058t, r = -0.997
The T1ine for DINORDAAM (ZSQ is hand drawn.

aC3 is the concentration of NORDAAM in the central
compartment, as defined on p. 193.
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Table 12.

Experimen

71

t 2B. Plasma Concentrations of Drug

and Metabolites after Intravenous Administration of

0.6 mg/Kg DAAM to Dog B2.

C (ug/ml)

t (hr DAAM NORDAAM DINORDAAM
0.083 0.69 0.059 0.009,
0.25 0.31 0.061 0.007,
0.50 0.19 0.067 0.006,
0.75 0.15 0.036 . 0.005,
2 0.16 0.034 0
3 0.13 0.021 0
4 0.098 0.020 0
6 0.065 0.015 0
8 0.0563 0.013 0

12 0.029 0.007, 0

18 0.006, 0.003, 0

24.5 0.0024 0 0

36 0 0 0

aDog weight: 18 Kg, DAAM dose: 10.8 mg.
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Figure 11. Experiment 2B. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg
DAAM to Dog B. Computer determined equation for DAAM
(A s

1

Linear regression line for the B8 phase (3 - 18 hr) of

NORDAAM (&) is

-8.20t -0.17¢%

= 0.97e + 0.19e

log C3 = Jog 0.032 - 0.054t, r = -0.998
The line for DINORDAAM (/\) is hand drawn.
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Table 13. Experiment 2C. Plasma Concentrations of Drug
and Metabolites after Intravenous Administration of

0.6 mg/Kg DAAM to Dog C2.

C (ug/ml)

g Lhr DAAM NORDAAM DINORDAAM
0.083 0.36 0.006] 0

B 25 0.12 0.0038 0.0063
0.50 0.10 0.0046 0.0053
9. 75 0.077 0.0039 0

1 0.056 0.0027 0

g 0.058 0.0018 0

3 0.041 0.0024 0

4 .031 O.OO]4 0

6 0.022 0 0

8 0.018 0 0

2 0.0063 0 0

18 0.0021 0 0

24 0 0 0

%Dog weight: 15.1 Kg, DAAM dose: 9.06 mg.
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Figure 12. Experiment 2C. Plasma concentration-time pro-
files after intravenous administration of 0.6 mg/Kg

DAAM to Dog C. Computer determined equation for DAAM
(éi) is

C -11.2t

-0.22t

= 0.67e + 0.086e

1
Linear regression line for the 8 phase (1 - 4 hr) of
norDAAM (A\) is

log C3 = Jog 0.003.l - 0.073t, r = -0.736

The Tine for DINORDAAM (Zﬁk) is hand drawn.
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Table 14. Experiment 3A. Plasma Concentrations of Drug
and Metabolite after Intravenous Administration of

0.575 mg/Kg NORLAAM to Dog A%.

C (ng/ml)

t (hr ‘ NORLAAM DINORLAAM
0.083 - 0.0077
0.30 0.12 0.0092
0.50 0.081 0.015
0.75 0.067 0.017
3 0.046 0.049
4 0.046 0.044
6 0.037 0.034
8 0.024 0.033

12 0.024 0.025

24 0.0095 0.018

36 0.0063 0.011

48 0.0022 0.0057

60 0 0

%Dog weight: 18.9 Kg, NORLAAM dose:
10.87 mg.
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Figure 13. Experiment 3A. Plasma concentration-time pro-
files after intravenous administration of 0.575 mg/Kg
NORLAAM to Dog A. Computer determined equation for

NORLAAM (@) is

C. = 0.20e_3'44t -0.065t

3
Linear regression Tine? for the B phase (6 - 48 hr) of

+ 0.051e

DINORLAAM () is
lTog C. = log 0.044 - 0.018t, r = -0.995

ac5 is the concentration of DINORLAAM in the central

compartment, as defined on p. 175.
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Table 15. Experiment 3B. Plasma Concentrations of Drug
and Metabolite after Intravenous Administration of

0.575 mg/Kg NORLAAM to Dog BZ.

C (ug/ml)

t (hr NORLAAM DINORLAAM
0.083 0.32 0.018
0.25 0.11 0.027
0.50 0.082 0.047
0.75 0.058 , 0.062
4 0.028 0.077
6 0.015 0.070
8 0.012 0.043

12 0.0089 0.033

24 0.0042 0.016

36 0 0.010

48 0 0

aDog weight: 17 Kg, NORLAAM dose:
9.78 mg.
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Figure 14. Experiment 3B. Plasma concentration-time pro-
files after intravenous administration of 0.575 mg/Kg
NORLAAM to Dog B. Computer determined equation for

NORLAAM () is

6. = 0. 37~ 38% -0.084t

3
Linear regression line for the B phase (8 - 36 hr) of

+ 0.026e

DINORLAAM (D) is
log C; = log 0.062 - 0.023t, r = -0.993
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Table 16. Experiment 3C. Plasma Concentrations of Drug
and Metabolite after Intravenous Administration of

0.575 mg/Kg NORLAAM to Dog 2.

C (ug/ml)

t (hr NORLAAM DINORLAAM
0.083 0.18 0.014
0.25 0.0091 0.021
0.50 0.067 0.028
g.758 0.049 0.033
1 0.045 0.041
2 0.042 0.049
3 0.037 0.043
4 0.035 0.039
7 0.033 0.034
8 0.031 0.030

12 0.020 0.027

24 0.016 0.016

36 0.0073 0.011

48 0.0056 0.0079

60 0 0

%Dog weight: 17.5 Kg, NORLAAM dose:
10.06 mg.
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Figure 15. Experiment 3C. Plasma concentration-time pro-
files after intravenous administration of 0.575 mg/Kg
NORLAAM to Dog C. Computer determined equation for

NORLAAM (@) is

4.27¢t -0.043¢t

C, = 0.1%e" + 0.039e

3
Linear regression line for the B phase (4 - 48 hr) of
DINORLAAM (D) is

log C5 = log 0.042 - 0.016t, r = -0.993
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Table 17. Experiment 4A. Pl

asma Concentrations of

DINORLAAM after Intravenous Administration of

0.55 mg/Kg DINORLAAM to Dog AZ.

0.083
0.25
0.50
025

T2
18

C (pg/ml)
0.48
0.32
0.19
0.12

.086
.070

o o o

.046
.032
.019
.008

o o o O

aDog weight: 19 Kg,

DINORLAAM dose:
10.45 mg.

86
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Figure 16. Experiment 4A. Plasma concentration-time pro-
file after intravenous administration of 0.55 mg/Kg
DINORLAAM to Dog A. Computer determined equation for

DINORLAAM (D) is

~3.86% = 23%

C. = 0.50e + 0.13e

5
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Table 18. Experiment 4B. Plasma Concentrations of

DINORLAAM after Intravenous Administration of

0.55 mg/Kg DINORLAAM to Dog BZ.

0.083
0.25
0.50
0.75

12
18

C (ug/ml)
0.21
0.12
0.10
0.057
0.040

o

035

(e}

.030
0.027
0.017
0.010
0.004

aDog weight: 17 Kg,

DINORLAAM dose:
9.35 mg.

89
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Figure 17. Experiment 4B. Plasma concentration-time pro-
file after intravenous administration of 0.55 mg/Kg
DINORLAAM to Dog B. Computer determined equation for

DINORLAAM (D) is

C = 0.21e-3-47t -0.19t

5 + 0.050e
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Table 19. Experiment 4C. Plasma Concentrations of
DINORLAAM after Intravenous Administration of

0.55 mg/Kg DINORLAAM to Dog C2.

t (hr C (ug/ml)
0.083 0.60-
0,25 0.24
0.50 0.099
0.75 0.076
1 0.067
2 0.064
3 0.051
4 0.041
6 0.030
8 0.021

12 0.011

18 0.003,

24 0

aDog weight: 15.1 Kg,
DINORLAAM dose:
8.31 mg.
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Figure 18. Experiment 4C. Plasma concentration-time pro-
file after intravenous administration of 0.55 mg/Kg
DINORLAAM to Dog C. Computer determined equation for

DINORLAAM () is

-7.11t <0.17t

C. = 0.91e + 0.082e

5
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Table 20.

Experiment

5A. Plasma Concentrations of Drug

and Metabolites after Oral Administration of 2 mg/Kg

g5

LAAM to Dog A?2.
C (ug/mil)

t (hr LAAM NORLAAM DINORLAAM
0 0 0 0
§.25 0.020 0.005, 0.005
0.50 0.028 0.016 0.010
0,75 0.042 0.052 0.019
1 0.057 0.064 0.029
2 0.037 0.086 0.042
3 0.034 0.068 0.050
4 B. 027 0.051 0.054
6 0.021 0.042 0.041
8 0.019 0.041 0.025

12 0.009, 0.026 0.017

18 0.0054 0.020 0.011

24 0.0034 0.014 0.008

36 0.001, 0.006, 0

48 0 0.002, 0

60 - 0 0

aDog weight: 18.7 Kg, LAAM dose: 37.4 mg.
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Figure 19. Experiment 5A. Plasma concentration-time pro-
files after oral administration of 2 mg/Kg LAAM to Dog

A. Computer determined equationa for LAAM (@') is

C1 - ]5.35e-]'028t =0. 083t -1.032%

Linear regression line for the B8 phase (4 - 48 hr) of

NORLAAM (@) is

+ 0.034e - 15.38e

log C3 = log 0.063 - 0.028t, r = -0.998
and that for the B phase (12 - 24 hr) of DINORLAAM

(C)) is

log C5 = log 0.033 - 0.026t, r = -0.995

4The equation is in the form of C, = pe %t 4 pe Bt

-k_t
Ce @ , where the symbols are as defined on pp. 114-
115. Although the close similarity of A and C and
also ka and o might suggest possibility of computer

generated artifact (67), the values are in fact
realistic and give rise to similar numerical values
of microscopic rate constants to those obtained by
graphic analysis. This argument applies also to
Figures 20-23.
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Table 21. Experiment 5B. Plasma Concentrations of Drug
and Metabolites after Oral Administration of 2 mg/Kg
LAAM to Dog B,

C (ug/ml)

g (hr LAAM NORLAAM DINORLAAM
0 0 0 0
0.25 0.020 0.006, 0.010
0.50 0.032 0.016 0.019
8.75 0.052 0.037 0.029
.5 0.056 0.044 0.041
2 Experiment aborted following expiration

of dogb.

%Dog weight: 16.6 Kg, LAAM dose: 33.2 mg.
bDue to the Timited data obtained in this particular study,
graphical illustration of the plasma concentrations is not
shown.



Table 22.

Experiment

5C. Plasma Concentrations of Drug

and Metabolites after Oral Administration of 2 mg/Kg

LAAM to Dog c2.

g9

C (ug/ml)
t (hr LAAM NORLAAM DINORLAAM
0 0 0 0
0.25 0.019 0.004, 0.015
0.50 0.028 0.009, 0.021
0.75 8.083 0.019 0.027
1 0.051 0.033 0.033
2 0.040 0.025 0.053
3 0.027 0.022 0.060
- 0.025 0.021 0.057
6 0.017 0.021 0.051
8 0.013 0.018 0.042
12 0.009, 0.016 0.031
18 0.005, 0.012 0.024
24 0.0022 0.0084 0.019
36 0 0.005, 0.008,
48 - 0.002, 0.004,
60 - 0 0
aDog weight: 14.5 Kg, LAAM dose: 29.0 mg.
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Figure 20. Experiment 5C. Plasma concentration-time pro-
files after oral administration of 2 mg/Kg LAAM to Dog

C. Computer determined equation for LAAM (@D) is

-1.02t -0.097¢t -1.016t

C, = -23.92e + 0.027e + 23.89%e

1
Linear regression 1ine for the B phase (2 - 48 hr) of
NORLAAM (@) is

log C3 = log 0.026 - 0.020t, r = -0.999
and that for the B phase (12 - 48 hr) of DINORLAAM

Q) is

log C5 = log 0.065 - 0.025t, r = -0.997
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Table 23.

Experiment

102

6A. Plasma Concentrations of Drug

and Metabolites after Oral Administration of 2 mg/Kg

DAAM to Dog Al

C (ug/ml)

g (hr DAAM NORDAAM DINORDAAM
0 0 0 0
0.25 0.027 0.022 0.022
0.50 0.044 0.059 0.037
.75 0.054 0.072 0.048
1 0.082 0.092 0.068
2 0.045 0,13 0.097
3 0.039 0.13 0.072
4 0.030 0.093 0.057
6 0.019 0.044 0.053
8 0.017 0.036 0.042

12 0.011 0.020 0.025

24 0.002; 0.007, 0.009

36 0 0.002, 0

48 " 0 0

aDog weight: 18.7 Kg, DAAM dose: 37.4 mg.
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Figure 21. Experiment 6A. Plasma concentration-time pro-
files after oral administration of 2 mg/Kg DAAM to Dog

A. Computer determined equation for DAAM (A) is

C. = 90.67e_]'098t -0, 31E 90.71e—]'10t

1
Linear regression line for the B8 phase (6 - 36 hr) of

+ 0.036e

NORDAAM (d\) is

log C3 = log 0.073 - 0.047t, r = -0.997
and that for the B phase (4 - 24 hr) of DINORDAAM ka)
is

log C5 = log 0.086 - 0.047t, r = -0.996
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Table 24.

Experiment

105

6B. Plasma Concentrations of Drug

and Metabolites after Oral Administration of 2 mg/Kg

DAAM to Dog BZ.

C (ug/ml)

[ hr DAAM NORDAAM DINORDAAM
0 0 0 0
0.25 0.027 0.020 0.010
0.50 0.054 0.037 0.016
.75 0.070 0.061 0.022
1 0.082 0.077 0.027
2 0.060 0.075 0.031
3 0.050 0.059 0.030
4 0.048 0.052 0.026
6 0.038 0.042 0.018
8 0.029 0.039 0.017

12 0.021 0.023 0.012

18 0.008, 0.015 0.007

24 0.003, 0.012 0.005

36 0 0.002, 0

48 - 0 0

aDog weight: 16.6 Kg, DAAM dose: 33.2 mg.
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Figure 22. Experiment 6B. Plasma concentration-time pro-
files after oral administration of 2 mg/Kg DAAM to Dog

B. Computer determined equation for DAAM (éﬁn is

-1.237t -0.11t -1.239t

C, = 71.93e + 0.070e - 72.0e

1
Linear regression line for the B8 phase (3 - 36 hr) of
norDAAM (A\) is

log C3 = Jog 0.075 - 0.039t, r = -0.992
and that for the B8 phase (6 - 24 hr) of DINORDAAM (Zl)
is

log C5 = log 0.029 - 0.032t, r = -0.998
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Table 25.

Experiment 6C.

108

Plasma Concentrations of Drug

and Metabolites after Oral Administration of 2 mg/Kg

DAAM to Dog g®,

C (nug/ml)
t (hr DAAM NORDAAM DINORDAAM
0 0 0 0
0.25 0.017 0.019 0.004,
0.50 0.034 0.025 0.012
0.75 0.064 0.061 0.015
1 0.047 0.053 0.018
2 0.039 0.040 0.020
3 0.037 0.046 0.020
4 0.032 0.043 0.016
6 0.022 0.037 0.013
8 0.020 0.028 0.011
12 0.012 0.023 0.008,
24 0.002, 0.0074 0
36 0 0.003, 0
48 0 0 0
“Dog weight: 14.3 Kg, DAAM dose: 28.6 mg.
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Figure 23. Experiment 6C. Plasma concentration-time pro-
files after oral administration of 2 mg/Kg DAAM to Dog

) s
-1.147¢t

C. Computer determined equation for DAAM (4

1.146t ~0.12t

C, = 46.42e + 0.046e - 46.46e

1
Linear regression line for the B phase (2 - 36 hr) of
NORDAAM (A\) s

log C3 = lTog 0.055 - 0.034t, r = -0.996
and that for the B phase (6 - 12 hr) of DINORDAAM (Zl)
is

log C5 = log 0.019 - 0.030t, r = -0.993
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and normethadol, thus confirming the absence of these
metabolites, within assay limitations, in the plasma of

dogs treated with the parent drugs.

ii. Theoretical

The semilogarithmic plots of plasma con-
centration versus time, given in Figures 7-18, suggest that
the elimination from the body of all compounds studied is
biexponential following intravenous doses. It was there-
fore elected to analyze the data in terms of the pharmaco-
kinetic two compartment open model. Scheme IV describes

this model following intravenous administration of a drug.

Scheme IV

Two Compartment Open Model with Rapid Intravenous Injection.

Tissue Compartment A

Central Compartment 10

Datt=0/2/

The intravenous dose D is instantaneously introduced into a
central compartment of apparent distribution volume V],

which represents plasma and other tissue and.f1uid volumes
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into which the drug rapidly equilibrates. The tissue com-
partment consists of other tissues and fluids into which
the drug penetrates, but which are not in rapid equilibrium
with the central compartment. The quantities A] and A2
refer to amounts of unchanged drug in the central and
tissue compartments, respectively. The first-order rate
constants k12 and k21 govern the transfer of drug between
the compartments, while k]O is the first-order rate con-
stant governing Toss of drug from the central compartment
by all elimination processes, j.e., excretion and metabol-
ism. Equation 1 describes the concentration of drug in
plasma versus time profile appropriate to this model (68).

t

- (kyy - B)e B (Eq. 1)

g D -a
“ 7 e maytlkyy - ele

The composite rate constants o and B are defined as

i | 2
= gl(kyp + kyq *+ Kkyg) iJ(k]Z tokop k)T - dkypkggl

(Eq. 2)

™

where B is the slope of the post-distributive log-linear
phase of loss of drug from the body, multiplied by -2.303,
and o is -2.303 multiplied by the slope of the residual
line, i.e., the log-linear phase obtained by subtracting
the extrapolated 8 line from the observed data points

during the initial curvilinear distributive phase. The
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rate constants k]2’ k21 and k]O are calculated using

Equations 3-5 (68),

- A8 + Ba

kpy = A+ B (Eq. 3)
kig = 22 (Eq. 4)
10 7 Xy,

kyp = @+ B - kyy - ki (Eq. 5)

where A and B are the intercepts of the a and B extrapol-
ated lines, respectively, on the ordinate. The apparent

volume of distribution, V], is determined from

vV, = (Eg. 6)

The biological half-1ife, t1/256’ is

ty2,8 T R VEq. 7
while the distribution half-1ife, t1/2,a’ is

. (Eq. 8

The two compartment open pharmacokinetic model as
applied to oral administration of drugs is depicted in

Scheme V.
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Scheme V

Two Compartment Open Model with First-Order Absorption.

Tissue
Compartment
Ay
k12 || ko3
k k]0
fFD —33 A, =C,.v, —Z>
_ 1 1 71
at t = 0
Central

Compartment

F is the fraction of the dose D absorbed from the gastroin-
testinal tract, while f is the bioavailability factor due
to possible first-pass metabolism in the liver. The pro-

duct, fF, is then the fraction of D appearing in the sys-
temic circulation as unchanged drug. ka is the first-order

rate constant of absorption. The remaining symbols are as
defined in Scheme IV. The plasma concentration of drug at
time t is defined by Equation 9 (68).

kafFD k

T AN

- o k - B
21 21 ]e-Bt -

~at
, - 0l(B - a7]e =3 [(k

k - k -k_t
21 a = a

[ = Je }
(@ = K, )08 - k)

Graphic estfmates of B and o are obtained as described pre-

viously, while ka is -2.303 multiplied by the slope of the
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log-Tinear phase obtained by subtracting the extrapolated o
line from the first residual during the absorption phase.
The rate constant, k2] is calculated using Equation 10

(68),

BkaP + akaQ + aBR

ka1 = P{k, - o) +Qlk, - B8) (Eq. 10)

where P = A/ka, Q = B/ka and R = C/ka. A and B are pre-
viously defined, whereas C is the intercept of the ka
extrapolated Tine on the ordinate, but bearing a negative
sign. . The rate constants k10 and k]2 are obtained as
defined in Equations 4 and 5. The apparent volume of dis-

tribution, V], is determined by

fFD

I I R ] (I (Eq. 11)

Due to the relatively small number of data points for
metabolites in relation to the complexity of the pharmaco-
kinetic models (to be discussed on pp. 172 and 191), com-
plete pharmacokinetic profile was studied only with the

administered compound in each experiment.

iii. Results of Least-Squares Fitting

The Teast-squares estimates of the indi-
vidual pharmacokinetic parameters are listed in Tables 26-

31.
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Table 30. Experiment 5 (A, C).

124

Computer Estimates of

LAAM Pharmacokinetic Parameters after Oral

Parameter

Administration of 2 mg/Kg LAAM.

D (mg)
o (hr-])

t1/2,a (hr)

8 (hr™ 1)

t1/2,8 (hr)

K, (he™ 1)

t1/2,abs (hT)

K 1

12 (

hr ')
k (hr'])
21
k hr_])

10 (
fFD/V, (ug/ml)

R2

r

Dog A Dog C

37.4 . 29.0

1.03 | 1.02

0.67 0.68

0.093 0.097

7.44 7.13

1.03 (-79.5-81.6) 1.02 (-18.0-20.1)
0.67 0.68

0.49 (-60.7-61.7) 0.49 (-12.8-13.8)
0.39 (0.052-0.73) 0.31 (0.046-0.57)
0.25 (-18.9-19.4) 0.32 (-5.74-6.38)

0.098 (-7.56-7.75) 0.
0.978 0.
0.970 0.

11 (-1.92-2.14)
978
973
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Calculated values of plasma clearance? and steady state

volume of distribution (V )b, as well as the coefficients

dss
of determination (RZ)C and correlation coefficients (r)
between observed and predicted values for the computer-
fitted data points, are also shown. In order to make all
data points contribute equally to the sum of squares, con-
centrations were individually weighted by the factor 1/C
during the computer fitting process for all experiments
except Experiment 3 (A, B, C), where the weighting factor
was 1/C for concentrations above 0.02 ug/ml, and 10/C for
those below this level. Although arbitrary, this decision
improved the fit to the terminal phase of the plasma Tevel

profiles, resulting in a more accurate definition of the B

slope.

iv. Additional Pharmacokinetic Parameters from

Graphic Analysis

With the metabolites in Experiments 1, 2,

3, 5 and 6, B was calculated whenever the post-distributive

a _
Plasma clearance = V]k10.

b, . 1tk * kaq)
dss Koq
5 2 _ 5 2
cp2 _ _observations deviations

- 2
observations
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phase (B phase) was well defined (NOR- metabolite in
Experiments 2, 5 and 6 and DINOR- metabolite in Experiments
3, 5 and 6). This was achieved by performing linear regres-
sions on the logarithmic plasma level versus time data
points constituting the B phase. The resulting line has a
slope of -8/2.303.

The areas under plasma level versus time curves (AUC)
for drugs and metabolites were calculated by trapezoidal
rule from t = 0 to t = =, or to a certain time following a
dose, to facilitate appropriate comparisons between dif-
ferent experiments. In the former case, AUC from t = 0 to
t =t', time of the final data point, was determined by
trapezoidal rule, while the terminal area, from t = t' to
t = «», was calculated as C'/B, where C' is the concentra-

0+t

tion of the final data point. AUC plus AUCt T equals

0=+

AUC Peak concentration, C » was the highest observed

max

drug or metabolite concentration in plasma, and tmax was
the time after dosing when CmaX was obtained.
Results from the above calculations are summarized in

Tables 32-37.

b. Multiple Dose Studies

i. Plasma Concentrations

The plasma concentration versus time data
of LAAM, DAAM and their N-demethylated metabolites studied

are presented in Tables 38-41 and in Figures 24-27.



Table 32. Experiment 1

Pharmacokinetic Parameters after Intravenous

(A, B, C).
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Graphic Estimates of

Administration of 0.6 mg/Kg LAAM.

Parameter Compound Dog A Dog B Dog C
auc®® (ug hr/ml) LAAM 0.32 0.34 0.47
0+4 hr
AUC (ug hr/ml) NORLAAM 0.052 0.020 0.019
Auc?™48 hY g hr/m1)  NORLAAM 0.23 0.15 0.17
C.., (ug/ml) NORLAAM 0.080 0.013 0.013
DINORLAAM  0.020 0.010 0.011
t . (hr) NORLAAM 0.083 0.083 0.083
DINORLAAM  0.083 0.083 0.083
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. Table 33. Experiment 2 (A, B, C). Graphic Estimates of
Pharmacokinetic Parameters after Intravenous

Administration of 0.6 mg/Kg DAAM.

Parameter Compound Dog A Dog B Dog C

8 (hr™1) NORDAAM 0.13 0.12 0.17

t]/z,B (hr) NORDAAM 5.21 5.58 4.12

auc?™™ (ug hr/ml1) DAAM 1.34 1.32 0.47
NORDAAM 0.090 0.30 0.019

0+4 hr

AUC (ug hr/ml1) NORDAAM 0.039 0.13 0.010
Croax (ug/m1) NORDAAM 0.023 0.067 0.006,
DINORDAAM  0.007,  0.009, 0.006,

toax (NF) NORDAAM 0.25 0.50 0.083

DINORDAAM  0.083 0.083 0.25
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Table 34. Experiment 3 (A, B, C). Graphic Estimates of
Pharmacokinetic Parameters after Intravenous

Administration of 0.575 mg/Kg NORLAAM.

Parameter Compound Dog A Dog B Dog C
B8 (hr—]) DINORLAAM 0.041 0.053 0.036
t1/2,8 (hr) . DINORLAAM 16.8 13.1 19.1
AUCY™™ (ug hr/m1)  NORLAAM 0.88 0.49 1.00
DINORLAAM 1.05 1.30 1.15
Cmax (ug/m1) DINORLAAM 0.049 0.077 0.049
tmax (hr) DINORLAAM 3.00 4.00 2.00

Table 35. Experiment 4 (A, B, C). Graphic Estimates of
DINORLAAM Pharmacokinetic Parameter after Intravenous

Administration of 0.55 mg/Kg DINORLAAM.

Parameter Dog A Dog B Dog C
0> (g hr/ml) 0.70 0.33 0.64

AUC
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Table 36. Experiment 5 (A, B, C). Graphic Estimates of
Pharmacokinetic Parameters after Oral Administration of

2 mg/Kg LAAM.

Parameter Compound Dog A Dog B Dog C
g (hr-ly NORLAAM 0.064 -2 0.046
DINORLAAM 0.060 - 0.057
ty/0.5 (hr) NORLAAM 10.8 - 15.2
DINORLAAM  11.6 - 12.1
0>
AUC (ug hr/ml) LAAM 0.41 - 0.34
NORLAAM 1.01 - 0.57
DINORLAAM 0.66 = 1.12
Auc?*48 hT (g hr/ml)  NORLAAM 0.96 - 0.5
Chax (Mg/m1) LAAM 0.057 0.056 0.053
NORLAAM 0.086 - 0.033
DINORLAAM 0.054 - 0.060
thax (NF) | LAAM 1.00 1.50 0.75
NORLAAM 2.00 - 1.00
DINORLAAM 4.00 - 3.00

aNot calculated.



Table 37. Experiment 6 (A, B, C).
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Graphic Estimates of

Pharmacokinetic Parameters after Oral Administration of

Parameter

g (hr™ ')

t1/2,B (hr)

AUCO%° (ug hr/ml)

. (ng/m1)

max

2 mg/Kg DAAM.

Compound
NORDAAM

DINORDAAM

NORDAAM
DINORDAAM

DAAM
NORDAAM
DINORDAAM

DAAM
NORDAAM
DINORDAAM

DAAM
NORDAAM
DINORDAAM

7,29
7.40

0.42

0.97

0.082

0.097

1.00

7.82
9.39

0.63

0.85

0.082
0.077
0.031

1.00

.42
i
.28

.064
.061
.020

«1B
.75
« 50




Table 38. Experiment 7A.

133

Plasma Concentrations of Drug

and Metabolites after Multiple Oral Doses of LAAM

(1 mg/Kg, every 48 hours, x 7 doses) to Dog A2,

Day t (hr

0.25
0.50
0.75

N 00 OO B w N

24
36

C (ug/ml)

LAAM NORLAAM DINORLAAM
0 0
0.010 0.001,4 0
0.015 0.002, 0.007,
0.018 0.005, 0.008,
0.021 0.011 0.011
0.025 0.021 0.016
0.019 0.028 0.023
0.012 0.029 0.026
0.011 0.021 0.018
0.011 0.019 0.015
0.006 0.014 0.013
0.003 0.009, 0.008,
0.002 0.008, 0.005,
0 0.003, 0
0 0.001, 0
0 0.003 0



Table 38 (continued)

11

13

o O o o

How N

12
18

hr

A
.50
«19

134

C (ug/ml)

LAAM NORLAAM DINORLAAM
0 0.0059 0
0.016 0.011 0.013
0.020 0.020 0.019
0.017 0.033 0.024
0.011 0.023 0.025
0 0.0064 0
0 0.007] 0
0 0.0042 0
0.009, 0.0054 0.005,
0.010 0.0087 0.008,
0.012 0.010 0.0097
0.017 0.011 0.013
0.023 0,023 0.021
0.016 0.034 0.027
0.011 0.035 0.029
0.0080 0.025 0.018
0.0066 0.020 0.017
0.003, 0.014 0.011
O.OO'I8 0.011 0.0077
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Table 38 (continued)

‘ C (ug/ml)
pay® t (hr LAAM NORLAAM DINORLAAM
13 24 0 0.006, 0.005,
36 0 0.002, 0
48 0 0.001, 0
60 0 0 0

aDog weight: 18.5 Kg, LAAM dose: 18.5 mg per dose.

bA single dose given on each indicated day.



Figure 24. Experiment 7A. Plasma concentration-time pro-

files for LAAM (——), NORLAAM (— — —) and DINORLAAM
(=« - —) after multiple oral doses of LAAM (7 x

1 mg/Kg) to Dog A. The symbols @ (NORLAAM) and @@
(coincident LAAM and DINORLAAM) indicate pre-dose con-
centrations in plasma during repeated dosing. Arrows
indicate times of dosing. In the inserts, data points
constituting the B phase from the first (¥§7L) and
final (— —ﬁﬁr —) doses are plotted on a semilogarithmic
scale. Equations for linear regression lines are:

a. LAAM, First dose, B phase = 4 - 24 hr

log C] = log 0.018 - 0.038t, r = -0.992
Final dose, B phase = 4 - 18 hr
log C] = log 0.018 - 0.057t, r = -0.993

b. NORLAAM, First dose, B phase = 6 - 48 hr

log C3 = log 0.030 - 0.025t, r = -0.996
Final dose, B phase = 6 - 48 hr
log C3 = log 0.036 - 0.031t, r = -0.997

c. DINORLAAM, First dose, B phase = 6 - 24 hr

log C5 = log 0.026 - 0.027t, r = -0.996
Final dose, B phase = 6 - 24 hr
log C5 = log 0.028 - 0.031t, r = -0.990
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Table 39. Experiment 7C.
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Plasma Concentrations of Drug

and Metabolites after Multiple Oral Doses of LAAM

(1 mg/Kg, every 48 hours, x 7 doses) to Dog CZ.

Day t (hr

0.25
0.50
0.75

C (ug/ml)

LAAM NORLAAM DINORLAAM
0 0
0.0073 0.0086 0.0051
0.013 0.021 0.0079
0.018 0.024 0.011
0.021 0.025 0.012
0.022 0.019 0.017
0.019 0.016 0.015
0.011 0.015 0.013
0.0077 0.014 0.013
0.0062 0.013 0.011
0.0047 0.0098 0.0086
0.0026 0.0084 0.007O
0.001] 0.0066 0.0052
0 0.0032 0
0 0.002] 0
0 0.001 0
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Table 39 (continued)

C (ug/ml)
Day t (hr LAAM NORLAAM DINORLAAM
7 0 0 0.0020 0

1 0.020 0.021 0.012
2 0.019 0.026 0.016
3 0.014 0.019 0.016
4 0.0099 0.018 0.014

9 0 0 O.OO'I3 0

11 0 0 0.0016 0

13 0 0 0.003] 0
0.25 0.007-l 0.0090 0.0064
0.50 0.012 0.013 0.011
0.75 0.014 0.015 0.012
1 0.019 0.016 0.015
2 0.018 0.027 0.021
3 0.013 0.021 0.017
4 0.0098 0.019 0.015
6 0.0068 0.017 0.016
8 0.0051 0.014 0.014
12 0.0035 0.015 0.011
18 0.0015 0.0082 0.0084
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Table 39 (continued)
C (ug/ml)
Day t (hr LAAM NORLAAM DINORLAAM
13 24 0 0.0052 0.005]
36 0 0.0037 0
48 - 0.0015 0
60 - 0 0
aDog weight: 14.5 Kg, LAAM dose: 14.5 mg per dose.
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Figure 25. Experiment 7C. Plasma concentration-time pro-
files for LAAM (——), NORLAAM (— — —) and DINORLAAM
(- - -—) after multiple oral doses of LAAM (7 x
1 mg/Kg) to Dog C. The symbols @ (NORLAAM) and @
(coincident LAAM and DINORLAAM) indicate pre-dose con-
centrations in plasma during repeated dosing. Arrows
indicate times of dosing. In the inserts, data points
constituting the B phase from the first (4K7L) and
final (—-1ﬁk—-—) doses are plotted on a semilogarithmic
scale. Equations for linear regression lines are:

a. LAAM, First dose, B phase = 4 - 24 hr

log C] = log 0.016 - 0.046t, r = -0.994
Final dose, B phase = 4 - 18 hr
log C] = log 0.015 - 0.056t, r = -0.996

b. NORLAAM, First dose, B phase = 3 - 48 hr

log C3 = log 0.018 - 0.020t, r = -0.997
Final dose, B phase = 3 - 48 hr
log C3 = log 0.024 - 0.025t, r = -0.991

c. DINORLAAM, First dose, B phase = 3 - 24 hr

log C5 = log 0.017 - 0.021t, r = -0.993
Final dose, R phase = 3 - 24 hr
log C5 = log 0.021 - 0.024t, r = -0.985
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Table 40.

Experiment 8A.

143

Plasma Concentrations of Drug

and Metabolites after Multiple Oral Doses of DAAM

(1 mg/Kg, every 48 hours, x 7 doses) to Dog Al

Day t (hr

0.25
0.50
0.75

o o P w

12
18
24
36

C (pg/ml)

DAAM NORDAAM DINORDAAM
0 0 0
0.005 0.007 0.009
0.013 0.013 0.014
0.019 0.024 0.019
0.039 0.042 0.031
0.041 0.060 0.049
0.029 0.056 0.039
0.025 0.038 0.031
0.020 0.027 0.027
0.018 0.020 0.023
0.011 0.018 0.012
0.006 0.010 0.007
0.003 0.005 0
0 0.007 0
0 0 0
0 0 0
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Table 40 (continued)

C (pg/ml)
Day t (hr DAAM NORDAAM DINORDAAM
7 0 0 0 0
1 0.035 0.038 0.036
2 0.045 0.062 0.048
3 0.034 0.061 0.042
4 0.028 0.040 0.036
9 0 0 0 0
11 0 0 0 0
13 0 0 0 0
0.25 0.0052 0.011 0.010
0.50 0.011 0.016 0.017
0.75 0.013 0.022 0.020
1 0.023 0.039 0.037
2 0.037 0.064 0.054
3 0.034 0.069 0.035
4 0.023 0.048 0.036
6 0.021 0.032 0.028
8 0.015 0.024 0.020
12 0.010 0.019 0.012
18 0.0046 0.0089 0.0084
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Table 40 (continued)

C (ug/ml)
Day t (hr DAAM NORDAAM DINORDAAM
13 24 0.0025 0.0044 0
36 0 0.0014 0
48 0 0 0

aDog weight: 17.3 Kg, DAAM dose: 17.3 mg per dose.
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Figure 26. Experiment 8A. Plasma concentration-time pro-
files for DAAM (——), NORDAAM (— — —) and DINORDAAM
(= . « =) after multiple oral doses of DAAM (7 x
1 mg/Kg) to Dog A. The symb01‘A§ (coincident DAAM,
NORDAAM and DINORDAAM) indicates pre-dose concentra-
tions in plasma during repeated dosing. Arrows indi-
cate times of dosing. In the inserts, data points
constituting the g phase from the first (-\/-) and
final (— —4A— —) doses are plotted on a semilogarithmic
scale. Equations for Tinear regression lines are:

a. DAAM, First dose, B phase = 3 - 24 hr

log C1 = log 0.039 - 0.046t, r = -0.999
Final dose, B phase = 4 - 24 hr
log C] = log 0.038 - 0.050t, r = -0.998

b. NORDAAM, First dose, B phase = 4 - 36 hr

log C3 = log 0.054 - 0.044t, r = -0.995
Final dose, B phase = 4 - 36 hr
log C3 = log 0.064 - 0.047t, r = -0.997

c. DINORDAAM, First dose, B phase = 3 - 18 hr

log C5 = log 0.052 - 0.048t, r = -0.992
Final dose, B phase = 3 - 18 hr
log C5 = log 0.049 - 0.045t, r = -0.984
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Table 41. Experiment 8C.
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Plasma Concentrations of Drug

and Metabolites after Multiple Oral Doses of DAAM

(1 mg/Kg, every 48 hours, x 7 doses) to Dog ge,

Day t (hr

0.25
0.50
0.75

12
18
24
36

C (ug/ml)

DAAM NORDAAM DINORDAAM
0 0 0
0.008, 0.009, 0.005,
0.020 0.012 0.007,
0.023 0.019 0.011
0.026 0.024 0.013
0.021 0.020 0.016
0.016 0.020 0.015
0.015 0.016 0.014
0.017 0.015 0.017
0.011 0.014 0.012
0.005, 0.009, 0.007,
0.003, 0.005, 0.005,
0.001, 0.004, 0
0 0.001, 0
0 0 0
0 0 0



Table 41

Day

7

11

13

(continued)

0.
0.50

hr

25

5

149

C (ug/ml)

DAAM NORDAAM DINORDAAM
0 0.001, 0
0.027 0.025 0.013
0.024 0.023 0.017
0.016 0.019 0.016
0.016 0.016 0.014
0 0 0
0 0.002, 0
0 0.0014 0
0.009, 0.011 0.008
0.014 0.020 0.010
0.018 0.025 0.013
0.024 0.028 0.015
0.020 0.023 0.018
0.015 0.021 0.019
0.013 0.019 0.016
0.009, 0.016 0.012
0.008, 0.014 0.011
0.005, 0.009, 0.008
0.002 0.005 0.004



Table 41 (continued)

150

C (pg/ml)
Day t (hr DAAM NORDAAM DINORDAAM
13 24 0.0014 0.0034 0
36 ' 0 0.0016 0
48 0 0 0

aDog weight: 14.3 Kg, DAAM dose:

14.3 mg per dose.
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Figure 27. Experiment 8C. Plasma concentration-time pro-
files for DAAM (——), NORDAAM (— — —) and DINORDAAM
(=« « =) after multiple oral doses of DAAM (7 x
1 mg/Kg) to Dog C. The symbo]sA (NORDAAM), A
(coincident DAAM and DINORDAAM) and A (coincident
DAAM, NORDAAM and DINORDAAM) indicate pre-dose concen-
trations in plasma during repeated dosing. Arrows
indicate times of dosing. In the inserts, data points
constituting the B phase from the first (—K?L) and
final (—-—ﬁhr —) doses are plotted on a semilogarithmic
scale. Equations for linear regression lines are:

a. DAAM, First dose, B phase = 3 - 24 hr

log C1 = log 0.022 - 0.047t, r = -0.994
Final dose, B phase = 3 - 24 hr
log C] = log 0.020 - 0.050t, r = -0.995

b. NORDAAM, First dose, B phase = 2 - 36 hr

log C3 = log 0.024 - 0.034t, r = -0.996
Final dose, B phase = 2 - 36 hr
log C3 = log 0.026 - 0.035t, r = -0.996

c. DINORDAAM, First dose, B phase = 2 - 18 hr

log C5 = log 0.018 - 0.029t, r = -0.978
Final dose, B phase = 4 - 18 hr
log C5 = Jog 0.023 - 0.047t, r = -0.992
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ii. Theoretical

Equation 12 describes the plasma concen-
tration, after multiple doses,of a drug obeying the two
compartment open model kinetics with first-order absorp-
tion, where elimination occurs only from the central com-

partment (69). Concentration, (C]) at any time t after

n,
the nth dose of drug is
k_fFD k - a -nat
. _a 21 1 - e =gt
(Cy)n v, {[(ka - a)(B - a)][] . eTOT L ¥
k - B -nBT
21 1 - e -Bt
[ o] [ —=la +
(Ka - B)(OL BT 'l - e BT
-nk_T
Kor - k M%aT k.t
21 a 1 - e a
fr— = 1C - Je } (Eq. 12)
(a ka)(B kay' e kT

where T is the time interval between two consecutive doses.
Other parameters are as defined in Equation 9. Once steady

state plasma Tevels are attained, Equation 12 becomes

k_fFD k -
- 21 1 -at
10y )s = 3] {[(ka - a)(B - a)][] j e-ar]e o

k = B
21 ] -Bt

e Coey e
k -k -k_t
21 a 1 a

[(oc i ka)(B — kaT:l[] ] e_kaT]e } (Eq. 13)

where (C1)0o is the plasma concentration of drug during a

dosing interval at steady state.
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Since the primary objectives of these experiments were
to examine the accumulation characteristics and changes in
elimination kinetics of the drug and metabolites upon mul-
t%p]e dosing, extensive computer analysis of data was not
performed. Comparisons were based primarily on B, AUC,
Cmax and tmax values.

The numerical value of B was obtained by linear
regression analysis of the plasma levels constituting the B
phase. As stated previously, the slope of the line equals
-B/2.303.

Integration of Equation 13 from time zero to t yields
the AUC during a dosage interval after reaching steady

0>

state, which is equal to AUC after the initial single

dose, i.e., fFD/V]k (65). In the present study, area

10
under curve values were calculated by trapezoidal rule from
zero to infinite time (AUC0+m) after the first dose and

from 0 to 48 hours (AUCO+T) after the final dose. If the

last detectable concentration, C', was at t' where t' <

0~ 0-t'

48 hr, then AUCTT = (aAuc + AUCE T8 MYy here
AUCt +408 was calculated using Equation 14.
t'+48 hr (48 hr - t') _at
AuC = [ C'e -dt
0
- g_[] _ 8—8(48 hr - t')] (Eq- ]4)

The accumulation factor, R, is defined as
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c” .

R = q]ax = f‘;’\.ln (Eq' 15)
C C
ma x min

where CmaX and Cmin represent maximum and minimum plasma

concentrations, respectively, at steady state or after the
first dose, as indicated by the superscripts. It has been
shown (65) that if T is of sufficient length such that the
drug is administered in the postabsorptive, postdistribu-
tive phase of the preceding dose, as is the case in this

study, then
R = e (Eq. ]6)

which can also be written as R = 1/(1 - 2°%), where ¢ = 1/

1

After obtaining R from Equation 16, observed Cmax

%1/2.8°

values were used to predict CEa » which can be subsequently

X

compared with the observed Cmax values after the final
(seventh) dose. Values of tmax after the first and final

doses were also examined.

iii. Pharmacokinetic Parameters from Graphic

Analysis

Using the aforementioned methods, pharma-
cokinetic parameters were calculated for the administered
drugs and metabolites. Results are shown in Tables 42 and

43.
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IV. DISCUSSION

A. Assay of Plasma Samples

The GC method used for the simultaneous determination
of acetylmethadol, noracetylmethadol and dinoracetylmetha-
dol in this study is accurate, selective, and highly sensi-
tive. Although the extraction efficiencies of the metabo-
lites from plasma (ca 49% for NORLAAM and 16% for DINOR-
LAAM) are relatively low compared to that of the parent
drug (ca 100%), they are nevertheless consistent. Success-
ful use of triacontane and norpfopoxyphene as external
standards in the assays for LAAM and metabolites,

respectively, has further contributed to the excellent

reproducibility of the standard calibration curves.

B. Stabijlity of LAAM, NORLAAM and DINORLAAM

Loss of acetylmethadol via hydrolysis at the 3-C posi-
tion has been shown to occur at elevated temperatures (63).
This and other possible degradation processes, if occurring
during the storage period of plasma samples prior to assay-
ing, would Tead to incorrect interpretation of drug and
metabolite plasma concentrations. Results of the stability
studies, as shown in Table 6 and Figure 6, indicated neg-
1igible l1oss of either LAAM, NORLAAM or DINORLAAM from

plasma stored at -20°C for up to one month.
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C. Studies in Dogs

Although the pharmacologic effects of the compounds
were not examined in detail in this study, observed drug-
related behavioral changes, as presented in Table 7, sug-
gest that NORLAAM produces more potent and prolonged action
after intravenous administration than either the parent
drug or the dinor- metabolite. This observation is in good
agreement with those reported by earlier investigators (34,
36). Oral doses of LAAM caused more serious and sustained
toxic responses than intravenous LAAM, thus confirming pre-
vious observations in man (15). This phenomenon is
believed to be due in part to first-pass metabolism of LAAM
to form NORLAAM prior to its entry into circulation. Com-
parison of the intravenous and oral doses between LAAM and
DAAM supported the general claim that DAAM is more potent
than LAAM, while also having a more rapid onset and shorter
duration of morphine-like activities (3, 10, 12).

Attempts will be made in later sections to explain these
differences in terms of the time course of plasma levels of
drug and metabolites in the body.

The overall objectives of this study are to examine
and compare the pharmacokinetic characteristics of LAAM,
DAAM and their N-demethylated metabolites after intravenous
and oral administrations of the parent drugs. This cannot
be achieved, however, without first gaining knowledge of

the distribution volumes in the body of all the compounds
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involved. Intravenous dosing of NORLAAM and DINORLAAM was
therefore carried out to provide this information. Unfor-
tunately, NORDAAM and DINORDAAM were not available for
experimentation, hence limiting to a certain extent the
pharmacokinetic analysis of DAAM metabolism.

It was decided to begin the analysis of pharmacokine-
tic profiles by examining the results of the DINORLAAM
intravenous dosing study, i.e., Experiment 4 (A, B, C). A
pure system is present here, with no perturbation of

kinetics from other compounds.

1. Single Intravenous Administration of DINORLAAM

Average DINORLAAM plasma levels from three dogs are
shown in Table 44 and Figure 28. For clarity of presenta-
tion, the standard deviation bars have been left out in
Figures 28-33.

The model used to depict DINORLAAM pharmacokinetics
following intravenous administration of this compound to

the dog is shown in Scheme VI.
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Table 44. Experiment 4 (A, B, C). Average Plasma
Concentrations of DINORLAAM after 0.55 mg/Kg

Intravenous Doses of DINORLAAM.

t (hr) Average Plasma DINORLAAM (ug/ml)
0.083 0.43 (0.20)2
0.25 0.23 (0.10)
0.50 0.13 (0.052)
0.75 0.083 (0.030)

1 0.074 (0.038)
2 0.062 (0.025)
3 0.050 (0.020)
4 0.038 (0.010)

6 0.026 (0.0079)
8 0.017 (0.0057)
2 0.0079 (0.0032)
18 O.OO'I2 (0.002])

24 0

aStandard deviation, n = 3, for Tables 44-70.
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Figure 28. Experiment 4 (A, B, C). Average plasma con-
centration-time profile for DINORLAAM (()) after

0.55 mg/Kg intravenous doses of DINORLAAM.
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Scheme VI
Pharmacokinetic Model for Intravenous

Administration of DINORLAAM.

50

Scheme VI is clearly identical to Scheme IV, but'with the
subscripts of the symbols, 1 and 2, replaced by 5 and 6 to
apply specifically to DINORLAAM. Hence, Equation 1, when
employed to describe DINORLAAM plasma level versus time

profiles, becomes

Cs ~ Vgrﬁg?‘ETE(kss - a)e™ - (kgg - 8)e ] (Eq. 17)

and Equation 2 becomes Equation 18.

a _ 1 e _
= 7l{kgg * kg5 * kgg) i-tisa t kgs * kgg) 4bkggskgo]

(Eq. 18)

™

Table 45 gives the average of the individual
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pharmacokinetic parameter values previously shown in Table
29. Following intravenous administration, DINORLAAM pene-
trated rapidly into the peripheral compartment, with the
distributive phase ending in ca 1 hr. The large apparent
volume of distribution, ca 500% body wt at steady state,
indicated rapid and extensive tissue uptake of this com-
pound, which may be attributed to its lipophilicity and
good membrane penetrating capability. The average biolog-
ical half-1ife was 3.6 hr, a value many times smaller than
those reported previously (27, 47, 48). This observation
will be discussed further in Section 2.b., p. 177.

Plasma clearance of DINORLAAM was calculated to be ca
300 m1/min, although no information was available regarding
the relative contributions of metabolism, renal excretion

and renal tubular secretion of this drug.

2. Single Intravenous Administration of NORLAAM

Average plasma Tevels of NORLAAM and its metabo-
Tite, DINORLAAM, after dosing NORLAAM intravenously are
presented in Table 46 and Figure 29. Scheme VII is the
model used to describe the pharmacokinetics of these two

compounds.
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Table 45. Experiment 4 (A, B, C). Average Pharmacokinetic
Parameter Values of DINORLAAM after 0.55 mg/Kg

Intravenous Doses of DINORLAAM.

Parameter Average Value

a (hr-T) 4.81 (2.00)

/0.4 (Nr) 0.16 (0.054)

g (hr ') 0.20 (0.032)

t]/Z,B (hr) 3.61 (0.56)
-1

kge (hr™") 3.06 (1.61)
-1

kgs (hr™") 0.84 (0.11)
]

keg (hr™") 1.11 (0.44)

D/Vg (ug/ml) 0.63 (0.37)

V5 (% body wt) 118 (82.4)

Vekgg (m1/min) 320 (137)

Vyes (% body wt) 485 (235)

AUCY™ (ug hr/m1) 0.56 (0.20)
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Average Plasma

Concentrations of NORLAAM and DINORLAAM after

0.575 mg/Kg Intravenous Doses of NORLAAM.

Average Plasma Concentration (ug/ml)

NORLAAM
0.25

0.10

0.12

0.076 (0.008;)

0.058 (0.009,)

0.045

0.042

0.041

0.036 (0.009,)

0.026

0.033

0.022 (0.009,)

0.018 (0.007,)

0.0094 (0.005,)
0.004; (0.004,)
0.002, (0.002g)
0

DINORLAAM

0.
0.
0.
0.

013 (0.005])
024
0092
030 (0.016)

.037 (0.023)
.041
.049

0.046

0.054 (0.021)

o o o o o

o O

.035 (0.006

.016 (0.001
.011 (0.000

.052
.034

9)

.028 (0.0045)

5)
1)

- 004, (0.004])
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Figure 29. Experiment 3 (A, B, C). Average plasma
concentration-time profiles for NORLAAM (d)) and
DINORLAAM (()) after 0.575 mg/Kg intravenous doses
of NORLAAM.
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Scheme VII

Pharmacokinetic Model for Intravenous

Administration of NORLAAM.

NORLAAM DINORLAAM
A, Ag
k3g || kg3 ksg || Kes
k k
Ay = CoeV M A= Cov, 20
IR I 5 = C5Vg
D//EE/'

at t = 0 k

The Teft-hand side of this model describes the pharma-
cokinetics of NORLAAM, and is again identical to Scheme Iv,
except the subscripts of the parameters have been altered
to apply specifically to NORLAAM. The elimination rate
constant, k30, is explicitly separated into k3m * k3e’
where k3m is the rate constant of metabolism to form
DINORLAAM and k3e represents other metabolic and excretory
processes. The DINORLAAM portion of the model is now
analogous to Scheme V, with a first-order rate of appear-
ance of this metabolite.

The rate equations 19-22 describe the rates of change
of amounts of drug or metabolite in the various compart-

ments as a function of time.
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dA
3

at ° “(kgg * kge * kgp)Ag F o kyaA, (Eq. 19)
dA,

at - Kzahs - ka3hy (Eq. 20)
dAg

Tt~ KanP3 - (kgg + kgg)Ag * kgghg (Eq. 21)
dA

a?— = k56A5 - k65A6 (Eq. 22)

Equations 19-22 were solved using Laplace transformations
and matrix algebra, as described in Appendix B, to yield

Equations 23-26.

D -ant -Bnt
A3 = 8 R [(k43 - an)e = (k43 = Bn)e ] (Eq 23)
n n
k,.D -a t -B. t
34 n n
A, = e - = & ) (Eq. 24)
4 Bn an
(k a ) (k - o) -a_t
Ag ggg D-k3pnlrg -42 o, = 25)(8 e
n n d n d n
(k43 8n)(k65 Bn) 'e_Bnt %
(o, - B )(ay - B )(By - B,)
(kg3 - 99 (kgs - o) St
(&n - O('d)(Bn ad)(Bd ad)
(kg = 84)(kgs - Bg) o Fdt (Eq. 25)
(o, - ByI(B, - Byl(ay - By)
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(k o) -o t
- 325 43
"6 7 335" KankselTE o Ta, on:)(Bd aye
(kyg = 8,) -e_B”t ,
(an = Bn)(ud = Bn)(Bd - Bn)
(k43 - OLd) 'e-ddt .
(o = o) (B, - ay)(By - ay)
(k43 = Bd) 'Bdt
(@, - Bg0(8, - B)(ag - B¢ 1 (Eq. 26)

Since these equations contain the o and 8 values of both
NORLAAM and DINORLAAM, the subscripts 'n' and 'd', respec-
tively, are used to distinguish between them. These com-
posite rate constants have been defined in a general form
by Equation 2. The symbol D in these equations is the dose
of NORLAAM. Hence, the factor 325/339, representing the
ratio of DINORLAAM:NORLAAM molecular weights, is needed in

Equations 25 and 26 to yield the equivalent dose of

DINORLAAM. Accordingly, the concentrations of NORLAAM (C3)
and DINORLAAM (C5) in the central compartments are
-a_t
D %n
C, = - [(k,r - a )e -
3 V3(Bn an) 43 n
-Bnt
(kgq - B,)e ] (Eq. 27)

and
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o - 325 Do (kg = op)lkes = op)  capt
5 339 Vg “(B, - o )lay - o J(By - o)
(k43 - Bn)(k 5 - Bn) .e'Bnt N
(o, - By)lay - B )(By - B,)
(kg3 = og)(kgs - 4) St
zan - O{'d)(Bn O‘d)(Bd = O"d)
(ka3 = Bg)lkes - Bg) -Bqt e
(C"n - Bd)(Bn = Bd)(ad = Bd)
a. NORLAAM Pharmacokinetics
Equation 27 1is analogous to Equation 1. Table

47 gives the average pharmacokinetic parameter values for
this compound.

After intravenous dosing, NORLAAM exhibited similar
distribution properties to DINORLAAM. The apparent volume
of the central compartment and the distribution volume at
steady state were 215 and 1264% body wt, respectively,
indicating an extremely large portion of the drug being
bound to or otherwise sequestered by tissues. The larger
distribution volume of NORLAAM than that of DINORLAAM,
probably due to the higher 1ipophilicity of NORLAAM,
results in a lower concentration of NORLAAM in the systemic
circulation, and a smaller amount being presented to the
site of elimination during each pass. The elimination
half-1ife of NORLAAM (ca 12 hr) is longer than that of
DINORLAAM, while plasma clearance values of the two com-

pounds are similar.
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Table 47. Experiment 3 (A, B, C). Average Pharmacokinetic
Parameter Values of NORLAAM after 0.575 mg/Kg
Intravenous Doses of NORLAAM.

Parameter Average Value
a (hr 1) 4.03 (0.51)
b1 /2,5 T 0.17 (0.024)
8 (hr 1) 0.064 (0.020)
£ g KHD) 11.7 (4.00)
kyg (hr7)) 2.95 (0.45)
-1
kyq (hr7h) 0.62 (0.23)
-1
k3o (hr™h) 0.52 (0.43)
D/V, (ug/ml) 0.29 (0.092)
V, (% body wt) 215 (60.8)
V3k30 (m1/min) 275 (124)
Vdss (% body wt) 1264 (176)
AUc?™ (ug hr/m1) 0.79 (0.27)
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b. DINORLAAM Pharmacokinetics

Average pharmacokinetic parameter values of
DINORLAAM after intravenous doses of NORLAAM is given in
Table 48. As the plasma level of NORLAAM declined, that of
DINORLAAM increased and reached a peak at 3 hr, with an
average Cmax of ca 0.06 ug/ml.

The average biological half-l1ife of DINORLAAM, calcu-
lated from the observed B slopes, was ca 16 hr. This
figure is approximately four times greater than that
obtained from dosing DINORLAAM directly (Table 45). Com-
paring these half-1ife values with the half-1ife of NORLAAM
(Table 47) is instructive. It is obvious that here is an
example of the so-called 'flip-flop' model (65), where a
drug is converted to a metabolite which has a shorter elim-
ination half-1ife than the parent compound. The rate con-
stant for appearance of metabolite in the body is therefore
smaller than the rate constant for its elimination. Under
such circumstances, the terminal Tlinear slope of the metab-
olite concentration versus time curve, after dosing the
parent drug, is actually controlled by the rate of metabo-
lTite formation from the parent drug. The resemblance of
the apparent DINORLAAM half-1ife in Experiment 3 to the
NORLAAM half-Tife supports this reasoning. The values of B

and t in Table 48 are therefore not the true parameter

1/2:8
values for DINORLAAM. The interpretation of DINORLAAM

half-Tife in the literature (27, 47, 48) is incorrect for the
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~Table 48. Experiment 3 (A, B, C). Average Pharmacokinetic
Parameter Values of DINORLAAM after 0.575 mg/Kg |
Intravenous Doses of NORLAAM.

Parameter Average Value
g (hr 1)@ 0.043 (0.008,)
a
ty2, (B7) 16.3 (2.98)
auc%® (ug hr/m1) 1.17 (0.13)
Cray (wO/m1) 0.059 (0.016)
t . (hr) 3.00 (1.00)

aApparent values. See explanation in
text.
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same reason. This artifact, however, could not have been
unveiled without dosing DINORLAAM directly, as was done in

this study.

c. Extent of DINORLAAM Formation from NORLAAM

Two methods were used to calculate the fraction

of NORLAAM metabolized to DINORLAAM by area® analysis.

NORLAAM (iv) NORLAAM (iv)
NORLAAM DINORLAAM

Integrating Equation 27, followed by sub-

i. AUC AuC

stitutions and rearrangements, yields Equation 29, which
describes the area under the NORLAAM plasma level curve

after an intravenous dose of NORLAAM, Dn

NORLAAM (iv)

AUCN ORLAAM = é Cy

V,k (Eq. 29)

. NORLAAM (iv) . ; . .
The equation for AUCDINORLAAM is derived in Appendix C.

It is a difficult and lengthy process to integrate

qSince many different AUC's will be considered, the fol-
b(c)
a 3
area under the C-t curve of compound 'a' after adminis-
tering drug 'b' via route 'c' The abbreviations po and
iv indicate oral and intravenous dosing, respectively.

lowing nomenclature is adopted: AUC which reads the
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Equation 28, but a rapid method has been introduced (70)

and was employed to yield Equation 30,

NORLAAM (jv) _ (325/339)D f_

DINORLAAM V5k5O

AUC

where fm is the fraction of NORLAAM metabolized to
DINORLAAM. From Equations 29 and 30, fm can be expressed

as follows:

NORLAAM (iv)

k. (AUCDINORLAAM )(339)(V5k50) G 31
m AUCNORLAAM (Tv]) /1325 Wk, o a-
NORLAAM

Analysis of data from NORLAAM dosing, Experiment 3 (A,
B, C), provided all parameters in Equation 31 except V5k50,
the value of which was obtained from intravenous doses of

DINORLAAM, Experiment 4 (A, B, C).

DINORLAAM (iv) NORLAAM (iv)
DINORLAAM DINORLAAM

The area under the DINORLAAM plasma

ii. AUC AUC

concentration-time curve after intravenous DINORLAAM is

DINORLAAM (iv) _ _°d

AuC
DINORLAAM V5k50

(Egq. 32)

where Dd is the dose of DINORLAAM. Solving Equations 30

and 32 simultaneously gives the equation for fm’
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NORLAAM (1iv)

¢ o (U DINoRLAAN WEELIRES (Eq. 33)
m AUCDINORLAAN (iv])’ 3257 'D_ U=
DINORLAAM

based on the assumption that V5k50 retained identical
values after dosing NORLAAM and DINORLAAM, and could there-

fore be cancelled in the equation.

The resulting two sets of fm values are listed as

follows:

Dog i. Equation 31 ii. Equation 33

A 1.38 1.51
B 3,189 3.90
C 1.43 1.56

The fm values calculated using the two equations were
almost identical for each dog. Although consistent, the
percent conversion of over iOO% is unrealistic. This is
believed to have been caused by the assumed constancy of V5
and k50 values between experiments. Since k5O equals
udsd/kss, it is influenced by the microscopic rate con-
stants oy and Bd' While Bd may be reasonably constant
between doses, values of Cy and k65’ obtained under the
experimental conditions, are quite variable. This appears
to be the most 1ikely explanation for the varied and high
estimates of fm values. Observations in this study may

serve to indicate the tenuous and dosage-dependent nature
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of microscopic rate constants associated with multi-
compartment pharmacokinetic modeling, and the difficulties
one might expect in using numerical values of such para-
meters in calculations involving comparisons of individual

data.

3. Single Intravenous and Oral Administrations of LAAM

and DAAM

Average plasma levels of LAAM, DAAM and their N-
demethylated metabolites following intravenous and oral
administrations of LAAM and DAAM are shown in Figures 30-
33. These data will be tabulated later for comparison pur-
poses.

Scheme VIII describes the pharmacokinetics of LAAM,

NORLAAM and DINORLAAM? following intravenous administration
of LAAM. The drug and metabolites all obey two compartment

kinetics.

ApAAM was shown to obey similar pharmacokinetics to LAAM.
The same behavior could be assumed for NORDAAM and
DINORDAAM, although this was not proved due to the
unavailability of these metabolites.
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Figure 30. Experiment 1 (A, B, C). Average plasma
concentration-time profiles for LAAM (@B), NORLAAM
(ﬂ)) and DINORLAAM (()) after 0.6 mg/Kg intravenous

doses of LAAM. Note change in time scale after 25 hr.
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Figure 31. Experiment 2 (A, B, C). Average plasma
concentration-time profiles for DAAM (A), NORDAAM
(A) and DINORDAAM (A) after 0.6 mg/Kg intravenous
doses of DAAM.
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Figure 32. Experiment 5 (A, B, C). Average plasma
concentration-time profiles for LAAM (@), NORLAAM
(O) and DINORLAAM (O) after 2 mg/Kg oral doses of
LAAM.
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Figure 33. Experiment 6 (A, B, C). Average plasma
concentration-time profiles for DAAM (A), NORDAAM
(ﬂ) and DINORDAAM (A) after 2 mg/Kg oral doses of
DAAM.
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This model was constructed based on the assumptions
that N-demethylation of LAAM is a sequential process (34)
and that elimination of LAAM and metabolites occurs only
from the central compartment. The LAAM portion of the
model is identical to Scheme IV, with the elimination rate

constant, k10, explicitly separated into k + k where

Tm le’

k is the rate constant of metabolism to form NORLAAM and

m
k1e is that of other metabolic and excretory processes.
The remainder of the model is identical to Scheme VII, but
with a first-order rate of appearance for NORLAAM.

The equations describing the concentrations of LAAM

and NORLAAM in the central compartments can be written

analogously to Scheme VII and Equations 27 and 28:

. D A
17 T8 - a])[(k21 - aqp)(e -

-B-lt

(k21 - 81)e ] (Eq. 34)

and
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339 DKy, (kpy - og)kgg - aq) ~apt

C = .e +
- &1)

37 35377V, (8 - ay)la, - o, (5,

(kZ] - 81)(k43 - 81) ‘B]t
(aq - By (o, - B;)(B, - B{) © ¥

(k21 - O‘n)(k43 ) O‘n) o, t

(o - o )08 - o )(B, - o« °
(kz] - Bn)(k43 - Bn) -B t
(a; - 8,)(f; - B )(a - B ° "] (Eq. 35)

+

n

D is the dose of LAAM, and the factor 339/353, representing
the ratio of NORLAAM:LAAM molecular weights, is required in
Equation 35 to obtain the equivalent dose of NORLAAM. The
symbols o and 8] are the composite rate constants for LAAM,
and have the same definitions as in Equation 2. To obtain
the expression for CS’ the plasma concentration of
DINORLAAM, a six by sig matrix must be solved. The process
itself is tedious, and the resulting equation will be hexa-
exponential. It would be unrealistic to attempt to fit the
limited plasma level data to such an expression. An
explicit equation for C5 is therefore not presented.

The pharmacokinetics of LAAM after oral administration
can be described by the general model in Scheme V. To
apply specifically to LAAM, the concentration term

becomes
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k_fFD k - o -a., t
& s eyl |t
1 a 1 1 1
k - B -8, t
21 1 1
[ = - le +
(ka1 81)(0L] 81)
k -k -k _t
21 a a
[ - - Je } (Eq. 36)
(0"] ka)(B] ka)

where ka is the first-order rate constant of absorption of

LAAM. Equations for C, and C. after oral LAAM will not be

3 5
used for analysis of data and are therefore not included

here.

a. Intravenous Administration of LAAM and DAAM

i. LAAM vs. DAAM Pharmacokinetics

Average plasma concentrations are compared
when possible in Table 49,}whereas average pharmacokinetic
parameter values are compared in Table 50. By examining
the individual and average values, it is apparent that the
plasma concentrations of DAAM during the early phase were
higher than those of LAAM. However, due to the Timited
number of animals used and hence the small number of
degrees of freedom, differences were shown significant only
at 30 and 45 minutes after dosing. Mean distribution

volumes, V1 and V of LAAM were almost identical to

dss”’
those obtained for NORLAAM, but were approximately four
times greater than equivalent values for DAAM, suggesting

that the 1- isomer distributes into body tissues to a much
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Table 49. Experiments 1 (A, B, C) and 2 (A, B, C).
Average Plasma Concentrations of LAAM and DAAM after

0.6 mg/Kg Intravenous Doses of LAAM and DAAM, respectively.

Average Plasma Concentration (ug/ml)

t (hr LAAM DAAM N
0.083 0.22 1.12 (1.05) xD
0.25 0.10 (0.06) 0.43 (0.38) NS©
0.50 0.066 (0.035) 0.17 (0.059) <0.05
0.75 0.054 (0.036) 0.15 (0.066) <0.1
1 0.032 (0.003;) 0.078 *

2 0.027 (0.006) 0.10 (0.051) NS
3 0.023 (0.006) 0.089 (0.046) NS
4 0.019 (0.007,) 0.072 (0.036) NS
6 0.015 (0.006) 0.038 (0.023) NS
8 0.013 (0.004;) 0.033 (0.018) NS

12 0.009, (0.003,) 0.015 (0.012) NS

18 0.003, 0.004, (0.002,) *

24 0.0024 (0.001,) 0.000, *

24.5 . 0.002, *

aPaired t-test.

bInsufficient data for statistical comparison.

“Not significant, p > 0.1.
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(A, B, C) and 2 (A, B, C).

Average Pharmacokinetic Parameter Values of LAAM and DAAM

after 0.6 mg/Kg Intravenous Doses of LAAM and DAAM,

respectively.

Average Value

Parameter LAAM DAAM p
o (hr ') 7.40 (4.52) 8.81 (2.20) NS
ty/2.q (h1) 0.15 (0.14) 0.082 (0.019) NS
g8 (hr™)) 0.11 (0.012)  0.20 (0.029)  <0.1
b p g (00 6.57 (0.78) 3.51 (0.54)  <0.05
kyp (hr71) 5.74 (4.00) 5.92 (2.40) NS
Koy (hr7)) 0.68 (0.36) 1.14 (0.59)  <0.1
kg (hr71) 1.09 (0.23) 1.94 (1.17) NS
D/V, (ug/ml) 0.40 (0.10) 1.96 (1.75) NS
V. (% body wt) 159 (47.0) 48.8 (32.5) NS
Vikyq (m1/min) 495 (160) 212 (110) NS
Vi, (% body wt) 1261 (124) 305 (204) <0.02
aUc%™™ (ug hr/ml) 0.38 (0.082)  1.04 (0.50) NS
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greater extent than the d- isomer. Similar differences in
distribution properties have been observed in d- and 1-
methadone (54). It must be realized, however, that the
possibility of plasma protein binding exists with LAAM,
DAAM and their metabolites (48). A closely related com-

. pound, morphine, has been shown to be ca 35% bound to
plasma proteins at therapeutic levels (71, 72). Thus, the
calculated volumes of distribution must be considered as
apparent values, and they need not represent actual distri-
bution spaces. Values of o indicated that the distribution
process was extremely rapid for both LAAM and DAAM, with
the o phase ending in 1 hr in both cases.

The elimination rate constant, k of DAAM was twice

10°
that of LAAM. A twofold difference was seen also between
the plasma clearance values of LAAM and DAAM. The average
biological half-1ife of LAAM was 6.6 hr, approximately
double that of DAAM (3.5 hr). D- and 1- isomers of other
compounds, including propranolol (55) and warfarin (56),
have been shown to differ in a similar fashion. Because of
the faster elimination of DAAM, its plasma concentration
rapidly declined to a level similar to that of LAAM at ca
20 hr after intravenous dosing.

O+oo

The average AUC value, calculated by trapezoidal

rule, was smaller for LAAM than for DAAM. This is consis-
0o

tent with the Targer plasma clearance of LAAM, since AUC

equals dose/plasma clearance (65).
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ii. NORLAAM vs. NORDAAM Pharmacokinetics

Comparisons of average plasma concentra-
tions are shown in Table 51. Comparisons of the average
pharmacokinetic parameters are described in Table 52.
Plasma levels of both NORLAAM and NORDAAM peaked almost
immediately following intravenous dosing of the parent com-
pounds. Average Cmax values of NORLAAM and NORDAAM were
almost identical.

With the exception of the 48 hr sample, differences
between NORLAAM and NORDAAM plasma Tevels were not signifi-
cant by paired t-tests. Nevertheless, it is clear from
Figures 30 and 31 that the NORLAAM plasma C-t curve was
more prolonged, with detectable levels occurring at 72 hr,
while NORDAAM levels could not be detected after 18 hr.

The average half-Tife of NORDAAM was ca 5 hr, whereas that
of NORLAAM could not be calculated due to the sustained
nature of the plasma Tevels. The cause of the low, fluctu-
ating, but persistent plasma levels of NORLAAM is not
clear. A possible explanation may be provided by the rapid
distribution of LAAM, after intravenous administration,
into an extremely Targe volume (V] = 160% body wt). This
results instantaneously in a multi-fold dilution of plasma
concentrations, hence delivering only a minute portion of
the drug to the metabolic site for NORLAAM formation.
Henderson and associates (39) reported a similar phenomenon

in rats, and attributed the prolonged plasma levels of LAAM
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Table 51. Experiments 1 (A, B, C) and 2 (A, B, C).
Average Plasma Concentrations of NORLAAM and NORDAAM after

0.6 mg/Kg Intravenous Doses of LAAM and DAAM, respectively.

Average Plasma Concentration (ug/ml)

t (hr NORLAAM NORDAAM p
0.083 0.035 (0.039) 0.029 (0.028) NS
0.25 0.014 (0.016) 0.029 (0.029) NS
0.50 0.016 (0.020) 0.028 (0.034) NS
0.75 0.006, (0.004) 0.017 (0.017) NS
1 0.006, (0.002) 0.006, *

2 0.0055 (0.001¢) 0.015 (0.017) NS
3 0.0044 (0.001,) 0.010 (0.009,) NS
4 0.005, (0.000,) 0.009; (0.009,) NS
6 0.0044 (0.000;) 0.0064 (0.007,) NS
8 0.004, (0.000,) 0.005. (0.006;) NS

12 0.0045 (0.000,) 0.003, (0.004,) NS

18 0.004, 0.001; (0.001,) *

24 0.003, (0.000,) 0 *

36 0.003, 0 *

37 0.003, ~ *

48 0.002, (0.000,) 0 | <0.0T

60 0.001, 0 *

72 0.001, (0.001,) 0 NS
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Table 52. Experiments 1 (A, B, C) and 2 (A, B, C).
Average Pharmacokinetic Parameter Values of NORLAAM and
NORDAAM after 0.6 mg/Kg Intravenous Doses of LAAM and DAAM,

respectively.

Average Value

Parameter NORLAAM NORDAAM P
Couy (ug/ml) 0.035 (0.039) 0.032 (0.032) NS
t . (hr) 0.083 (0) 0.28 (0.21) NS
auc®® Mg hre/m1)  0.031 (0.019)  0.061 (0.064) NS
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to its enterohepatic circulation.

iii. DINORLAAM vs. DINORDAAM Pharmacokinetics

Average plasma concentrations and pharma-
cokinetic values are shown in Tables 53 and 54, respec-
tively. Like the nor- metabolites, both DINORLAAM and
DINORDAAM plasma levels reached a maximum almost immediately
after intravenous dosing of the parent drugs. No signifi-
cant differences were observed between the plasma levels of
DINORLAAM and DINORDAAM. Detectable levels of DINORDAAM
lasted for only 45 min, making it impossible to compare the
area under curve of the two compounds. Plasma levels of
DINORLAAM, on the other hand, were somewhat more sustained.
However, it was not possible to calculate the half-Tife of

either isomer in this case.

b. Oral Administration of LAAM and DAAM

i. LAAM vs. DAAM Pharmacokinetics

Average plasma concentrations and also
pharmacokinetic parameters obtained from the two isomers
are compared in Tables 55 and 56, respectively.

DAAM achieved higher plasma levels than LAAM during
the 24 hours after oral administration. Although tm was

ax
a 1 hr in both cases, average C_.. of DAAM (0.076 ug/ml)

was higher than that of LAAM (0.055 ug/ml). The death of

Dog B during the oral LAAM experiment resulted in



Table 53.

Experiments 1

(A, B, C) and 2 (A, B, C).

202

Average Plasma Concentrations of DINORLAAM and DINORDAAM

after 0.6 mg/Kg Intravenous Doses of LAAM and DAAM,

hr
0.083
.25
0.50
0.75

respectively.

Average Plasma Concentration (ug/ml)

DINORLAAM

o o o o

.006

.003
.001
.001

007,
.006

0
1

.0036
.0034

5
7
6

(
(

o

.000
.000

.002
. 003

.002

.014 (0.0055)
0.0012)

g)
6)

.003])

)

)
02,)
5)

DINORDAAM
0.0057 (0. 005 )
0.0064 (0. 0010)
0.0055 (0. 0006)
0.0034 (0. 0029)
0
0
0
0
0

NS
NS
NS
NS
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Table 54. Experiments 1 (A, B, C) and 2 (A, B, C).
Average Pharmacokinetic Parameter Values of DINORLAAM and
DINORDAAM after 0.6 mg/Kg Intravenous Doses of LAAM and

DAAM, respectively.

Average Value

Parameter DINORLAAM DINORDAAM P

C (ug/ml) 0.014 (0.0055) 0.007, (0.001 NS

ma X 8 7)
tmax (hr) 0.083 (0) 0.74 (0.098) NS




12
18
24
36

Table 55.
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Experiments 5 (A, B, C) and 6 (A, B, C).

Average Plasma Concentrations of LAAM and DAAM after

2 mg/Kg Oral Doses of LAAM and DAAM, respectively.

hr

«25
a0
«F B

Average Plasma Concentration (ug/ml)

LAAM

0.020 (0.0003)

0.029 (0.0024)
0.049 (0.0062)
0.054
0.056
0.039
0.031
0.026
0.019
0.016
.009

.005

o o 9O

.003
0.000

DAAM

0.024

0.044

o O

«062
.070

0.048

0.042

QO

o o O o

.037
.026
. D22
015
.008
.002

(0.0059)
(0.010)
(0.008])

(0.020)

(0.011)
(0.0068)
0.010)
0.010)
0.006])
0.0054)

(0.0007)

NS
<0.1
<. 05




Table 56. Experiments 5 (A, B, C) and
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6 (A, B, C).

Average Pharmacokinetic Parameter Values of LAAM and DAAM

after 2 mg/Kg Oral Doses of LAAM and DAAM,

Average Value

respectively.

Parameter LAAM DAAM p
a (hr 1) 1.02 1.16 (0.071) *
t1/2.q (M) 0.68 0.60 (0.036) *
8 (hr 1) 0.095 0.11 (0.005,) *
S 7.28 6.22 (0.29) x
K, (he™ 1) 1.02 1.16 (0.071) *
1/2 be (hr) 0.68 0.60 (0.036) x
1y (hr 1y 0.49 0.50 (0.026) *
K,y (hr 1y 0.35 0.50 (0.15) *
kg (hr -1 0.28 0.27 (0.065) *
FFD/V, (ug/m1) 0.10 0.13 (0.024) *
C..y (ng/ml) 0.055 (0.002,) 0.076 (0.010)  <0.1
t . (hr) 1.08 (0.38) 0.92 (0.14) NS
Auc®™™ (ug hr/m1)  0.38 0.49 (0.12) *
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insufficient data for statistical comparison of other phar-
macokinetic parameters between the two isomers. However,
it is noted that, after oral dosing, LAAM and DAAM have
almost identical absorption (ka) and elimination (k10) rate
constants. The difference between their half-lives, while
significant in the intravenous experiments, is now very
slight. This appears to be due mainly to the prolonged
half-1ife of DAAM after oral dosing. This subject will be
discussed further in Section d.i., p. 218.

Values of AUC0+w were slightly greater for DAAM, com-
pared to LAAM. This observation is consistent with the
higher plasma levels of DAAM. DAAM also possessed a larger
fFD/V] than LAAM. However, a more accurate method of
assessing the relative bioavailability of these two com-
pounds, upon oral administration, is to compare their fF

values, which will be calculated on pp. 214 and 222.

ii. NORLAAM vs. NORDAAM Pharmacokinetics

Average plasma concentrations are compared
statistically when possible in Table 57, while average
pharmacokinetic parameters are given in Table 58. After
oral dosing of parent drugs, bbth NORLAAM and NORDAAM
plasma levels peaked at approximately 1.5 hr. Maximum con-

centration, C was slightly higher for NORDAAM, and the

max’

plasma levels of this metabolite were also more sustained,

(RS

resulting in a slightly larger AUC Average half-lives



Table 57.
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Experiments 5 (A, B, C) and 6 (A, B, C).

Average Plasma Concentrations of NORLAAM and NORDAAM after

2 mg/Kg Oral Doses of LAAM and DAAM,

Q.28
0.50
0.75

12
18
24
36
48

Average Plasma Concentration (ug/ml)

respectively.

NORLAAM

o o o o o o o o o

o O

.005
.014 (0.003

(0.000

1 9)

7)

.036 (0.017)
.048
.044
<055
. 045
.036
«031
.030

0.021

. 005
.002

.016
.011

9
9

NORDAAM
0
0.020 (0.0016)
0.040 (0.017)
0.064 (0.0064)
0.074 (0.020)
0.081 (0.044)
0.077 (0.043)
0.063 (0.026)
0.041 (0.0038)
0.034 (0.0058)
0.022 (0.0018)
0.015
0.009 (0.0024)
0.002 (0.0005)
0

<0.005
<0.1
<0.1
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Table 58. Experiments 5 (A, B, C) and 6 (A, B, C).
Average Pharmacokinetic Parameter Values of NORLAAM and
NORDAAM after 2 mg/Kg Oral Doses of LAAM and DAAM,

respectively.

Average Value

Parameter NORLAAM NORDAAM
8 (hr 1) 0.055 0.087 (0.0084)
By g g Lied 13.0 8.01 (0.83)
AUCO™™ (ug hr/m1) 0.79 0.85 (0.13)
Cay (n/mI) 0.060 0.088 (0.035)

tmax (hr) 1.50 1.25 (0.66)
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by graphic analysis are 13 hr for NORLAAM and 8 hr for
NORDAAM. These are believed to represent true half-1life
values, since they are longer than those observed for the
corresponding parent drugs. Such a postulate has been
proven correct for NORLAAM by intravenous administration of
the metabolite itself, and is probably also true for
NORDAAM. The longer half-l1ives of both LAAM and NORLAAM
than those of their corresponding d- isomers may partially
explain the longer duration of morphine-like activity of

LAAM as compared to DAAM.

iii. DINORLAAM vs. DINORDAAM Pharmacokinetics

Average plasma concentrations and pharma-
cokinetic parameter values are presented in Tables 59 and
60, respectively. There were no significant differences
between the plasma levels of these metabolites during the
absorptive phase, but DINORLAAM levels were more sustained

after reaching C
0>

max® 91ving rise to a smaller B slope and a

larger AUC than DINORDAAM. Half-Tives calculated from
the observed B values are ca 12 hr for DINORLAAM and 9 hr
for DINORDAAM, which are almost identical to the half-Tives
of the corresponding secondary amines, NORLAAM and NORDAAM.
Hence, it can be reasonably assumed that DINORDAAM is simi-
lar to DINORLAAM in having a shorter biological half-1ife

than the nor- metabolite. In this case the apparent value

of observed B actually reflects the rate constant of
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Experiments 5 (A, B, C) and 6 (A, B, C).

Average Plasma Concentrations of DINORLAAM and DINORDAAM

after 2 mg/Kg Oral Doses of LAAM and DAAM,

12
18
24
36
48

. 25
. 50
s £

respectively.

Average Plasma Concentration (ug/ml)

DINORLAAM

o O O o o o o

.010 (0.0048)

.017 (0.0057)

.025 (0.0054)
«R31
. 041

.047

0.055

0,055

o O o

o o o

.046
.034
.024
.017
013
.004

0

.0021

DINORDAAM
012 (0.0089)
.022 (0.014)
.028 (0.017)
.038 (0.027)
.049 (0.042)
.040 (0.028)
.033 (0.021)
.028 (0.022)
.023 (0.017)
<015 (0.0091)
.0078
.0048 (0.0047)

NS
NS
NS




211

Table 60. Experiments 5 (A, B, C) and 6 (A, B, C).

Average Pharmacokinetic Parameter Values of DINORLAAM and

DINORDAAM after 2 mg/Kg Oral Doses of LAAM and DAAM,

Parameter

g (hr 1)@

(hr)?

(ug hr/m1)
C (ug/m1)

max

tmax (hr)

ty/2,8
0>
AUC

respectively.

Average Value

DINORLAAM DINORDAAM
0.059 0.079 (0.014)
119 8.99 (1.44)
0.89 0.53 (0.34)
0.057 0.049 (0.042)
350 2.17 (0.29)

aApparent values.

See explanation in text.
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appearance of the dinor- metabolite in the systemic circu-
lation, as discussed previously in Section 2.b., p. 177.
Hence, the rate of elimination of the nor- metabolites of
both LAAM and DAAM appears to be the limiting factor in the
loss of both the nor- and the dinor- metabolites and there-

fore probably some of the pharmacologic activities.

c. Intravenous and Oral Administration of LAAM

i. LAAM Pharmacokinetics, I.V. vs. P.O.

The average pharmacokinetic parameters of
LAAM after intravenous and oral doses are given in Table
61. Paired t-tests could not be performed since only two
sets of oral dose data are available.

Relative values of o and k]2 suggest much faster dis-
tribution of LAAM into tissues after intravenous than after
oral dosing, perhaps the result of an 'overload effect'.
Intravenous dosing also resulted in a larger elimination
rate constant (k]O) of the drug. However, the half-l1ife of
LAAM after intravenous administration (6.6 hr) was only
slightly shorter than that after an oral dose (7.3 hr).

Normalized Auc9™™

after intravenous dosing was three
times greater than the AUCO+w value after oral administra-
tion. The overall efficiency of appearance of unchanged
LAAM in the circulation, fF, after an oral dose, can be

estimated as follows (70).



Table 61. Experiments 1 (A, B, C) and 5 (A, B, C).
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Average Pharmacokinetic Parameter Values of LAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral

Average Value

Doses of LAAM.

Parameter V.
o (hr 1) 7.40 (4.52)
ty/2.q (A1) 0.15 (0.14)
g (hr 1) 0.11 (0.012)
by sz, g Cr] 6.57 (0.78)
- (hr™ 1) 5.74 (4.00)
Ko7 (hr™ 1) 0.68 (0.36)
k10 (he™ 1) 1.09 (0.23)
fFD/V, (ug/m1)? 0.40 (0.10)
auc®™ (ug hr/mi1) 0.38 (0.082)

O O O O O N o o

.02
.68
.095
<28
.49
«35
.28
.10
.38

AfF = 1 for i.v. doses.
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CLAAM (iv) _ (i.v. dose)

AU = (Eq. 37)
LAAM V]k]0
LAAM (po) _ fF-(p.o. dose)
AUC| A VX (Eq. 38)
1710
From Equations 37 and 38, fF can be written as:
LAAM (po)
AUC ;
o LAAM i.v. dose
iF = (AUCLAAM (iv))(p.o. dose) (Eq. 39)
LAAM

assuming the product V1k10 stays constant between intra-

venous and oral dosing experiments. Using Equation 39, fF
values were found to be 0.40 for Dog A and 0.21 for Dog C,
but could not be calculated for Dog B because of the lack

of AUC data from oral dosing.

ii. NORLAAM Pharmacokinetics, I.V. vs. P.O.

The average plasma levels are compared in
Table 62, while the average pharmacokinetic parameters are
given in Table 63.

Plasma levels of NORLAAM peaked more rapidly after
intravenous doses of LAAM, and were also sustained longer
than those after oral dosing. Since intravenous LAAM
appears to distribute more extensively into tissues than
oral LAAM, small quantitieé of the parent drug may be con-
tinually re-entering into the central compartment and being
metabolized to NORLAAM, thereby prolonging the NORLAAM

half-1ife after intravenous LAAM.



Table 62.

Experiments 1

% 1D

(A, B, C) and 5 (A, B, C).

Average Plasma Concentrations of NORLAAM after 0.6 mg/Kg

0.
0.

Intravenous Doses and 2 mg/Kg Oral Doses of LAAM.

hr

.083

25
50

<29

Average Plasma NORLAAM (ug/ml)

1.V,

o o o o o o

O O O O O o o o o o o

.006

.005
.004
.005
.004
.004
.004
.004

.003

.002

«035

7

~ wu o

.0035

.0034

(0.

(0.
(0.
(0.
(0.
(0.
(0.

(0.

(0.

(0.039)
.014 (0.016)
.016 (0.020)
.0064 (0.0040)

0028)

0015)
001,)
0007)
0005)
0006)

0006)

0004)

0004)

P.0.

o o o o o o o o o o

o o o o

.005

.048
.044
.055
.045
.036
31
.030
021
.016
011
.005

« 002

1

.014 (0.003
.036 (0.017)

9

(0.0004)

NS
NS
<0.1
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Table 62 (continued)
Average Plasma NORLAAM (ug/ml)

t (hr I1.V. P.O. p?
60 0.001, 0 *
72 0.0014 (0.001,) . .

8In Tables 62, 64, 67 and 69, average plasma levels after
oral doses were normalized to a dose of 0.6 mg/Kg in per-
forming paired t-tests.
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Table 63. Experiments 1 (A, B, C) and 5 (A, B, C).
Average Pharmacokinetic Parameter Values of NORLAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral Doses of LAAM.

Average Value

Parameter I1.V. P.0.
aucO>48 T g hrsml) 0.18 (0.042) 0.74
C. ., (ug/ml) 0.035 (0.039) 0.060
¢ (hr) 0.083 (0) 1.50

max
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After normalizing for the difference in doses, oral

LAAM yielded a somewhat larger AUCO+48 hr

value for NORLAAM
than that yielded by intravenous LAAM. This can be
explained in terms of the very high concentration of LAAM
presented, after oral dosing, to the liver during the

first-pass, where it was partially metabolized prior to

dilution into the systemic circulation and tissue volumes.

iii. DINORLAAM Pharmacokinetics, I.V. vs. P.O.

Average plasma levels are compared in
Table 64, while pharmacokinetic parameters are shown in
Table 65. Normalized plasma DINORLAAM levels were higher
after oral than intravenous doses of LAAM, again indicating
substantial first-pass metabolism of orally administered
LAAM before entering the general circulation. DINORLAAM
levels after intravenous LAAM peaked almost instantaneously,
but rapidly declined and were not detectable after six

hours.

d. Intravenous and Oral Administration of DAAM

i. DAAM Pharmacokinetics, I.V. vs. P.O.

The average pharmacokinetic parameters are
compared in Table 66. Like LAAM, DAAM appeared to dis-
tribute far more rapidly into the tissues after intravenous
dosing than after oral dosing. Elimination was also faster

after intravenous administration of DAAM, with a
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Table 64. Experiments 1 (A, B, C) and 5 (A, B, C).
Average Plasma Concentrations of DINORLAAM after 0.6 mg/Kg

Intravenous Doses and 2 mg/Kg Oral Doses of LAAM.

Average Plasma DINORLAAM (ug/ml)

t (hr I.V. P.O. p_
0 0 0 -
0.083 0.014 (0.005;) - -
0.25 0.007, (0.001,) 0.010 (0.004,) <0.1
0.50 0.006, (0.0004) 0.017 (0.005,) NS
0.75 0.006, (0.000,) 0.025 (0.005,) NS
1 0.003. (0.003,) 0.031 *
1.5 - 0.041 -

2 .003, (0.002) 0.047 *
3 0.003, (0.003,) 0.055 *
4 0.001, (0.002,) 0.055 *
6 0.001 (0.002) 0.046 *
8 0 0.034 *

12 0 0.024 *

18 0 0.017 *

24 0 0.013 *

36 0 0.004, *

48 0 0.002] *
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Table 65. Experiments 1 (A, B, C) and 5 (A, B, C).
Average Pharmacokinetic Parameter Values of DINORLAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral Doses of LAAM.

Average Value

Parameter I.V. P.0O.
Cmax (ug/m1) 0.014 (0.0055) 0.057
T (hr) 0.083 (0) 3+50

maXx
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Table 66. Experiments 2 (A, B, C) and 6 (A, B, C).
Average Pharmacokinetic Parameter Values of DAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral Doses of DAAM.

Average Value

Parameter 1.V, P.O. p
a (hr 1) 8.81 (2.20) 1.16 (0.071)  <0.05
t1/5.q (hr) 0.082 (0.019) 0.60 (0.036)  <0.005
g (hr™1) 0.20 (0.029)  0.11 (0.005,)  <0.05
ty/5.¢ (hT) 3.51 (0.54) 6.22 (0.29) <0.05
ki, (hr7h) 5.92 (2.40) 0.50 (0.026)  <0.1
kpy (hr71) 1.14 (0.59) 0.50 (0.15) NS
ko (hr 1) 1.94 (1.17) 0.27 (0.065) NS
FFD/V, (ug/m1)® 1.96 (1.75) 0.13 (0.024) NS
aUc?™™ (ug hr/m1)  1.04 (0.50) 0.49 (0.12) <0.1

aIn Tables 66, 68 and 70, the values of AUC, fFD/V] and

Cmax after oral doses, when calculated, were normalized
to a dose of 0.6 mg/Kg in performing paired t-tests.

be = 1 for i.v. doses.
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significantly shorter half-1ife (3.5 hr) than that observed
after an oral dose (6.2 hr). The cause of this difference
is not clear. Cohen and associates (73) reported a similar
case with 5-Fluorouracil and attributed the longer half-
Tife of the oral dose to biliary recycling. This argument,
however, does not seem applicable to the present situation,
where the overall time span involved is much longer. Con-
tinual absorption of DAAM from the gastrointestinal tract
is another possible but unlikely explanation.

0+

Normalized AUC values after intravenous dosing were
significantly greater than those from oral doses. Values

of fF after oral DAAM are calculated by Equation 40,

Aucgﬁﬁm (PO) i d

= T.V. ose

r (AUCDAAM (iv))(p.o. dose’ (Eq. 40)
DAAM

which is analogous to Equation 39. From Equation 40, fF
values are 0.10, 0.16 and 0.28 for Dogs A, B and C,
respectively. Comparing these values with those for LAAM
on p. 214, and assuming that oral doses of both LAAM and
DAAM are efficiently absorbed (12), it appears that a
greater portion of DAAM was metabolized during the first
pass through the Tiver. This may indicate more efficient
hepatic extraction of DAAM than LAAM, hence contributing to

the shorter half-1ife of DAAM.
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ii. NORDAAM Pharmacokinetics, I.V. vs. P.O.

Average plasma levels are compared in
Table 67, while average pharmacokinetic parameters are com-
pared in Table 68. There were no significant differences
between the normalized plasma NORDAAM levels from intra-
venously and orally administered DAAM. The half-Tife of
NORDAAM increased significantly from 5 hr after intravenous
dosing to 8 hr after oral dosing of DAAM, a phenomenon
similar to that observed with the parent drug, and dis-
cussed in the preceding section.

0o

t and AUC

max? Cmae of NORDAAM

Differences in C
between the two routes of administration of DAAM are not

significant.

iii. DINORDAAM Pharmacokinetics, I.V. vs. P.0.

Average plasma levels are compared in
Table 69, whereas average pharmacokinetic parameters are
compared in Table 70. After intravenous DAAM, DINORDAAM
reached peak plasma levels significantly faster than after
oral DAAM, but detectable levels Tasted for only ca 1 hr.
This made comparisons difficult between the two routes of

administration of DAAM.
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Experiments 2 (A, B, C) and 6 (A, B, C).

Average Plasma Concentrations of NORDAAM after 0.6 mg/Kg

o o O o o

12
18
24
36

Intravenous Doses and 2 mg/Kg Oral Doses of DAAM.

hr

<083
.29
«50
+19

Average Plasma NORDAAM (ug/ml)

I.V.

o o o o o o

.006

.029 (0.
029 (0.
.028 (0.
.017 (0.

o o o

027)
029)
034)
017)

2,0
0
0.020 (0.0016)
0.040 (0.017)
0.064 (0.0064)
0.074 (0.020)
0.081 (0.044)
0.077 (0.043)
0.063 (0.026)
0.041 (0.0038)
0.034 (0.0058)
0.022 (0.0018)
0.015
0.0092 (0.0024)
0.0028 (0.0005)

NS
NS
NS

NS
NS
NS
NS
NS
NS

£0.02
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Table 68. Experiments 2 (A, B, C) and 6 (A, B, C).
Average Pharmacokinetic Parameter Values of NORDAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral Doses of DAAM.

Average Value

Parameter I.V. PO p
g (hr™l) 0.14 (0.023)  0.087 (0.008y)  <0.T
S1pm. g L) 4.97 (0.76) 8.01 (0.83) <0.1
auc®™™ (ug hr/m1)  0.13 (0.14) 0.85 (0.13) NS
Cooy (ng/ml) 0.032 (0.032) 0.088 (0.035) NS
t __ (hr) 0.28 (0.21) 1.25 (0.66) NS

max




Table 69.

Experiments 2 (A, B, C) and 6 (A, B, C).
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Average Plasma Concentrations of DINORDAAM after 0.6 mg/Kg

Intravenous Doses and 2 mg/Kg Oral Doses of DAAM.

Plasma DINORDAAM (ug/ml)

Average

t (hr 1.V.
0
0.083 0.0057 (0.005])
0.25 0.0064 (0.00]0)
0.50 0.005¢ (0.0006)
0.75 0.003, (0.0029)
1 0
2 0
3 0
4 0
6 0

0
12 0
18
24 0

P,
0
0.012 (0.0089)
0.022 (0.014)
0.028 (0.017)
0.038 (0.027)
0.049 (0.042)
0.040 (0.028)
0.033 (0.021)
0.028 (0.022)
0.023 (0.017)
0.015 (0.0091)
0.0078
0.0048 (0.0047)

NS
NS

NS
NS
NS
NS
NS
NS

NS
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Table 70. Experiments 2 (A, B, C) and 6 (A, B, C).
Average Pharmacokinetic Parameter Values of DINORDAAM after

0.6 mg/Kg Intravenous Doses and 2 mg/Kg Oral Doses of DAAM.

Average Value

Parameter I.V. P.O. p

Cmax (ng/ml1) 0.0078 (0.0017) 0.049 (0.042) NS

tmax (hr) 0.14 (0.098) 2.17 (0.29) <0.005
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e. Extent of NORLAAM Formation from LAAM

With the data from the experiments conducted,
the fraction of absorbed LAAM metabolized to NORLAAM, fm',
can be calculated by any one of the four methods described

below.

LAAM (po) - LAAM (po)
LAAM ) NORLAAM

A pharmacokinetic model for orally adminis-

i. AUC AUC

tered LAAM, specifically designed to include first-pass
metabolism in the liver, is presented in Appendix D. Equa-
tions were derived to describe the areas under plasma

level-time curves of both LAAM and NORLAAM.

£FD
LAAM (po) _ 1
AUC M = VX (Eq. 47)
1%70
339/353)FDf
LAAM (po) _ ( 1'm
AUCNORLAAM = = VoK (Eq. 42)

3730

D] is the dose of LAAM. Equations 41 and 42 are combined

to give Equation 43.

LAAM (po)
61 - (AUCNORLAAM )(353)(V3k30)f 'Fq. 48]
m LAAM (po)’'339/'V, Kk q-
AUC, g 170

The values for areas are available from Experiment 5 (A,
c), V1k10 from Experiment 1 (A, B, C) and V3k30 from
Experiment 3 (A, B, C). Numerical values of f are not

known, but approximations can be made by using the fF
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values calculated on p. 214, i.e., assuming F = 1. This is
rationalized in terms of the reported good absorption of

orally dosed LAAM (5, 12, 34, 39).

LAAM (iv) LAAM (iv)
LAAM NORLAAM

By analogy with Equations 29 and 30, the

ii. AUC AUC

area under the LAAM plasma level curve after an intravenous

dose of LAAM is

LAAM (iv) D

- 1
LAAM v

K (Eq. 44)
1710

AUC

and the AUC of NORLAAM after intravenous LAAM s

LAAM (iv) (339/353)D]fm

= (Eq. 45)
NORLAAM Vakag

AUC

Combining Equations 44 and 45 yields the expression for

f ',

m
LAAM (iv)
fs (AUCNORLAAM )(353)(V3k3o) e
m LAAM (iv)’'339’ 'V, k q-
auctaan 1570

Numerical values of the parameters were provided by Experi-

ments 1 (A, B, C) and 3 (A, B, C). Since it is impossible

0>

to estimate the AUC values of NORLAAM after dintravenous

LAAM without an accurate definition of B, close approxima-

0+72 hr

tions were made by using values of AUC in these
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; a
calculations .

NORLAAM (iv) LAAM (iv)
NORLAAM NORLAAM

Expressions for these two area terms were

iii. AUC vs. AUC

given in Equations 29 and 45. Combination of these yields

Equation 47.

LAAM (iv)
e o= (OENoRLAAN ) (353 (2, a7
m AUcNORLAAN (7v]’ 3397 D, 4.
NORLAAM

The areas were again determined by trapezoidal rule from

zero to 72 hoursb.

NORLAAM (1iv) LAAM (po)
NORLAAM NORLAAM

Equations 29 and 42 described these two

iv. AUC AUC

areas. Solving them simultaneously resulted in Equation

Iy
LAAM (po)
AUC D
. NORLAAM 353, ", 1
fa = (AUCNORLAAM (1vy)(339)(n1)(F) (Eq. 48)
NORLAAM

By assuming F = 1, values of fm can be calculated for Dogs

A and C, for which oral LAAM data were available.

3puc®?72 " £op LAAM after intravenous LAAM: Dog A = 0.32,
Dog B = 0.34, Dog C = 0.47.

auc?>72 AT £o NORLAAM after intravenous LAAM: Dog A =
0.29, Dog B = 0.20, Dog C = 0.23.

auc®72 PY o1 NORLAAM after intravenous NORLAAM: Dog A =
0.88, Dog B = 0.49, Dog C = 0.95.

b
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The resulting four sets of fm‘ values are listed as

follows:

Dog i. Egq. 43 ii. Eq. 46 iii. Eq. 47 iv. Eq. 48

A 0.37 0. 38 0.33 Q.35
B - 0.48 0.39 -
c 0.21 0.28 0.29 0.21

The four methods yielded almost identical results for each
dog, which suggests that the presumption made in methods i
and iv, that F = 1, is probably correct. Although the fm'
values from the three dogs are similar and appear to be
realistic, it must be realized that the same tenuous
assumptions regarding the constancy of distribution volumes
and microscopic rate constants as described for fm (p. 181)
have been made here. Nevertheless, the calculated values
of fm and fm' indicate that the conversion of LAAM to
NORLAAM is less efficient than that of NORLAAM to DINORLAAM.
On the other hand, LAAM was shown to have a shorter bijo-
logical half-1ife than NORLAAM. This can be explained by
the existence of other routes of elimination of LAAM, such
as renal excretion or formation of metabolites other than

NORLAAM.
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4. Multiple Dose Studies of LAAM and DAAM

a. Multiple Oral Administration of LAAM

After repeated oral dosing for two weeks, the
pharmacokinetics of LAAM, as well as its nor- and dinor-
metabolites, were generally unchanged. Although there
seemed to be a slight trend toward faster elimination and
shorter half-lives of all three compounds, a phenomenon
which has been noticed previously in monkeys (46, 74), its
significance cannot be tested due to the 1imited data, and
its effect was so small that, intuitively, there appears to
be no metabolic enzyme induction or inhibition of any of
the compounds during multiple dosing. Unfortunately, these
experiments did not provide sufficient information to dis-
cuss the possibility of compensating changes. Further evi-
dence of negligible change of kinetics is provided by the

(IES)

similar numerical values of AUC after the first dose and

O+t

AUC after the final dose, as shown in Table 42. There

is also an excellent agreement between the Cmax observed

after the final dose and C;ax values predicted from the

pharmacokinetic interpretations of both single and repeated

dosing data.

According to o

nax values predicted using Equations 15

and 16, and the observed plasma levels in Figures 24 and
25, there is no accumulation of the parent drug and very
little accumulation of the metabolites. A lower C was

ma X
actually obtained for LAAM after the final dose, which is
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consistent with the slightly shorter half-1ife. ATthough
previous investigators have confirmed the absence of accum-
ulation of LAAM (38, 46, 48, 75), significant accumulation
of both NORLAAM and DINORLAAM occurred after repeated oral
doses of LAAM (38, 48). In one study (48), the authors
reported a five- to tenfold increase in NORLAAM and
DINORLAAM plasma Tevels after chronic administration of
LAAM to human subjects. However, the LAAM doses in that
study were given three times a week, and reported half-
lives were 31 hr for NORLAAM and over 100 hr for DINORLAAM,
yielding predicted accumulation factors of ca 1.5 for
NORLAAM and 3.4 for DINORLAAM. It is therefore obvious
that the degree of accumulation of the drug or metabolites

depends heavily on the dosage interval:half-1ife relations.

b. Multiple Oral Administration of DAAM

Based on the results shown in Figures 26 and 27
and Table 43, almost the same can be said about drug and
metabolite pharmacokinetics after repeated doses of DAAM as
those of LAAM. Although some differences existed between
the parameter values of the two dogs, numerical values
within the same animal were consistent between the first
and the final doses.

Predicted R values for metabolites were somewhat less
than those for the 1- isomers, primarily because of the

shorter half-1ives of the d- forms. Only slight
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accumulation of the metabolites was observed. This is
similar to the situation with LAAM. There was again
excellent agreement between observed and predicted C?ax
values of all compounds.

The predictability of C:ax values in the present study
provided excellent evidence of the validity of the pharma-
cokinetic models used to describe the plasma levels in
single and repeated dose experiments. If the ¢ values in
this study are applied to man, one may reasonably predict
that a Tonger dosage interval than that currently used
would be recommended. From a pharmacokinetic point of
view, this is a more appropriate and more desirable dosage
regimen since it avoids the possibility of toxic accumula-
tions of drug or metabolites often observed in chronic LAAM
therapy. The major objection to this argument, perhaps, is
that there may be times between doses when plasma levels of
active drug or metabolites are too low to be therapeu-
tically effective, thus risking the occurrence of narcotic
withdrawal symptoms. Further studies need to be conducted

in patients addicted to narcotics in order to answer such

questions and also to achieve optimum LAAM therapy.
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V. CONCLUSIONS

An important route of elimination of LAAM, DAAM and
their metabolites is via the feces (38, 39, 40), and any
pharmacokinetic profiles of these compounds will not be
truly complete without inclusion of the fecal data. Never-
theless, sufficient information has been generated here
from plasma level data alone to answer the questions out-
Tined in this study. Following is a brief summary of the

results and observations:

1. The pharmacokinetics of LAAM, DAAM and their N-
demethylated metabolites after intravenous doses to
dogs can be adequately described by a two compartment

open model.

2. Following intravenous administration, LAAM, NORLAAM
and DINORLAAM distributed rapidly into extremely large
physiological spaces. Apparent distribution volumes
at steady state were 1260, 1260 and 500% body wt for
LAAM, NORLAAM and DINORLAAM, respectively, indicating

extensive tissue uptake of all three compounds.

3. Average biological half-lives were 6.6 hr for LAAM,
12 hr for NORLAAM and 3.6 hr for DINORLAAM, obtained

from separate intravenous administration of each
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compound. The interpretation of DINORLAAM half-1ife
in the literature (27, 47, 48), based on DINORLAAM
plasma Tevels following LAAM doses, was shown to be

incorrect.

After intravenous administration of LAAM, very low,
fluctuating but persistent plasma levels of NORLAAM
were observed. This appears to be because of rapid
distribution of LAAM into a large distribution volume
before it can be metabolized. The drug then re-enters
slowly into the central compartment and becomes metab-
olized to sustain the NORLAAM levels. Higher plasma
lTevels of NORLAAM and DINORLAAM were obtained after
oral doses of LAAM, probably because of rapid metabo-
Tism of LAAM in the liver during first-pass, before
entering into the systemic circulation and tissue

volumes.

Although LAAM had a shorter half-life than NORLAAM,
the conversion of LAAM to NORLAAM appeared to be less
efficient than that of NORLAAM to DINORLAAM. Hence,
other metabolic or excretory processes might be
playing an important role in the elimination of the

parent drug.
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After intravenous administration, DAAM had a steady
state distribution volume of ca 300% body wt. Its
half-1ife (ca 3.5 hr) was much shorter than that of
LAAM, but increased significantly (to ca 6.2 hr) after
the drug was dosed orally. The half-1ife of NORDAAM
showed a similar increase from 5 hr after intravenous
DAAM to 8 hr after orally administered DAAM. The
reason for such changes in half-1ife values is not
clear, but may be associated with biliary recycling or
continual absorption of the drug from the gastrointes-

tinal tract.

LAAM and DAAM showed no stereoisomeric differences in
their absorption characteristics, both compounds being
well absorbed from the gastrointestinal tract. Frac-
tion of dose absorbed, F, was shown to be close to
unity for LAAM, and is assumed to have a similar
numerical value for DAAM. However, the d- and 1-
isomers differed in the extent of first-pass metabo-
1ism. Values of f ranged between 21 and 40% for LAAM
and 10 and 28% for DAAM, probably indicating more
efficient hepatic extraction of DAAM than LAAM. The
more rapid elimination of DAAM may therefore have
resulted from differences in the metabolism as well as

distribution characteristics of the two isomers.
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After oral administration of LAAM and DAAM, observed
half-Tife values of NORLAAM and NORDAAM were 13 and

8 hr, respectively, while those of DINORLAAM and
DINORDAAM were 12 and 9 hr, respectively. The simi-
larities between these values for nor- and dinor-
metabolites suggest that DINORDAAM may resemble
DINORLAAM in having a shorter true half-1ife than the
nor- metabolite. Hence, the rate of elimination of
the nor- metabolites of both LAAM and DAAM appears to
be the 1imiting factor in the loss of both the nor-
and dinor- metabolites. The elimination rate of the
nor- metabolite is probably responsible, in part at
least, for the time course of observed pharmacologic

activity.

The longer half-lives of both LAAM and NORLAAM than
those of the corresponding d- isomers may partially
reflect the different time courses of pharmacologic

effects of DAAM and LAAM.

The pharmacckinetics of LAAM and DAAM, as well as
their nor- and dinor- metabolites, were virtually
unchanged by repeated dosing of the parent drugs.
Although a slightly shortened half-1ife was observed
after multiple doses in some cases, the difference

between first and final dose data was too small to
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suggest either metabolic enzyme induction or increased

0>

hepatic blood flow. Values of AUC after initial

doses were almost identical to those of AUCO_>T after
the final dose. There was also excellent agreement

between the observed and predicted C;ax values.

11. The dosage regimen employed for LAAM and DAAM during
repeated dosing in dogs resulted in no accumulation of
the parent drugs, and very little accumulation of the
metabolites. Similar dosage interval:half-1ife rela-
tions may be adapted for use in man, in order to avoid
the possibility of toxic accumulation of drug or
metabolites often observed in LAAM maintenance

therapy.

It should be pointed out, however, that any arguments
and conclusions made in this study must be qualified by the
small number of dogs tested. Before being applied to any
clinical decisions, these data would need to be confirmed
in a larger group of animals. The validity of using the

dog as a test model for man also needs to be proven.
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APPENDIX A

Glossary of Terms
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Amount of administered compound in the central
compartment.

Amount of administered compound in the tissue
compartment.

Amount of NORLAAM or NORDAAM in the central
compartment.

Amount of NORLAAM or NORDAAM in the tissue
compartment.

Amount of DINORLAAM or DINORDAAM in the central
compartment.

Amount of DINORLAAM or DINORDAAM in the tissue
compartment.

Area under plasma level vs. time curve.

AUC from time = t] to time = t2.
AUC of compound 'a' after administering drug 'b'
via route 'c'

Composite first-order rate constant defined by
Eg. 2 and represents the distribution phase of a
drug obeying two compartment pharmacokinetics.

a of DINORLAAM.

a of LAAM.

a of NORLAAM.

Composite first-order rate constant defined by
Eq. 2 and represents the post-distributive elim-

ination phase of a drug obeying two compartment

pharmacokinetics.
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B of DINORLAAM.

B8 of LAAM.

B of NORLAAM.

Observed plasma concentration of drug or
metabolite.

Concentration of administered compound in the
central or plasma compartment.

Concentration of NORLAAM or NORDAAM in the cen-
tral or plasma compartment.

Concentration of DINORLAAM or DINORDAAM in the
central or plasma compartment.

Concentration of the final data point on a
plasma level vs. time profile.

Concentration of administered compound in the

kh dose during

central compartment after the n
repeated dosing.

Concentration of administered compound in the
central compartment during a dosing interval at
steady state.

Highest observed drug or metabolite concentra-
tion in plasma.

Highest observed drug or metabolite concentra-

tion in plasma after the first dose during

repeated dosing.
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Highest observed drug or metabolite concentra-
tion in plasma at steady state during repeated
dosing.

Minimum concentration of drug or metabolite in
plasma after the first dose during repeated
dosing.

Minimum concentration of drug or metabolite in
plasma at steady state during repeated dosing.
Dose of administered compound.

Dose of DINORLAAM.

Dose of LAAM.

Dose of NORLAAM.

Dosage interval (t):half-1ife ratio of drug or
metabolite.

Fraction of dose D of an orally administered
compound absorbed from the gastrointestinal
tract.

Fraction of absorbed oral dose of a compound
which reaches the systemic circulation in
unchanged form.

Fraction of dose D of an orally administered
compound appearing unchanged in the systemic
circulation.

Fraction of intravenous dose of NORLAAM

metabolized to DINORLAAM.
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Fraction of absorbed LAAM metabolized to
NORLAAM.

Apparent first-order rate constant of absorption
of an orally administered compound obeying two
compartment pharmacokinetics.

Apparent first-order rate constant governing the
transfer of an administered compound from the
central compartment into the tissue compartment.
Apparent first-order rate constant governing the
transfer of an administered compound from the
tissue compartment into the central compartment.
Apparent first-order rate constant governing
metabolism of LAAM or DAAM to the nor-
metabolite.

Apparent first-order rate constant governing all
excretory and metabolic processes of LAAM or
DAAM except metabolism to form the nor-
metabolite.

Apparent first-order rate constant governing the
loss of an administered compound from the cen-
tral compartment by all elimination processes.
Apparent first-order rate constant governing the
transfer of NORLAAM or NORDAAM from the central

compartment into the tissue compartment.
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3m

3e

30

56

65

50
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Apparent first-order rate constant governing the
transfer of NORLAAM or NORDAAM from the tissue
compartment into the central compartment.
Apparent first-order rate constant governing
metabolism of NORLAAM or NORDAAM to the dinor-
metabolite.

Apparent first-order rate constant governing all
excretory and metabolic processes of NORLAAM or
NORDAAM except metabolism to form the dinor-
metabolite.

Apparent first-order rate constant governing the
Toss of NORLAAM or NORDAAM from the central com-
partment by all elimination processes, i.e.,

k3m * k3e'

Apparent first-order rate constant governing the
transfer of DINORLAAM or DINORDAAM from the cen-
tral compartment into the tissue compartment.
Apparent first-order rate constant governing the
transfer of DINORLAAM or DINORDAAM from the tis-
sue compartment into the central compartment.
Apparent first-order rate constant governing the
loss of DINORLAAM or DINORDAAM from the central
compartment by all elimination processes.
Accumulation factor of drug or metabolite during
repeated dosing.

Time after administration of a compound.
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Time when the final data point on a plasma level
vs. time profile was taken.

Absorption half-1ife of an orally administered
compound obeying two compartment pharmaco-
kinetics.

Half-1ife of the distribution phase of a com-
pound obeying two compartment pharmacokinetics.
Biological half-1ife of a compound obeying two
compartment pharmacokinetics.

Time after dosing when Cma of drug or metabo-

X
lite was obtained.

Time interval between consecutive doses of a
compound in a multiple dose regimen.

Apparent volume of the central compartment
occupied by an administered compound obeying two
compartment pharmacokinetics.

Apparent volume of the central compartment
occupied by NORLAAM or NORDAAM.

Apparent volume of the central compartment
occupied by DINORLAAM or DINORDAAM.

Plasma clearance of an administered compound
obeying two compartment pharmacokinetics.

Plasma clearance of NORLAAM or NORDAAM.

Plasma clearance of DINORLAAM or DINORDAAM.
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dss Apparent volume of distribution at steady state

of an administered compound obeying two compart-

ment pharmacokinetics.



261

APPENDIX B

Equations for Scheme VII Describing The Amount of NORLAAM
and DINORLAAM in Plasma and Tissue Compartments as a
Function of Time After Intravenous

Administration of NORLAAM
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The differential equations B1-B4 describe the rates of
change of amounts of NORLAAM or DINORLAAM in the various

compartments as a function of time.

dA
3

at " kg * kg * kgp)Ag ¥ kA, \Bg. B}
dA,

at - Kzghy - Ky3hy (Eq. B2)
dA,

at = kaphz - (Kgg + kgolAg + keohg (Eq. B3)
dAg

dat = Ksehs - Kgshg LEdRE

Application of the Laplace transform to these linear dif-
ferential equations converts them into linear algebraic
equations. The Laplace transform of a time dependent func-

tion f(t) is L[f(t)], or F(s), as defined by Equation B5,

e YU (t)dt (Eq. B5)

where s is a real number such that the integral converges
for some finite value of s and all greater values. The
Laplace transforms of common functions in pharmacokinetics
do not have to be calculated with Equation B5 since they
are tabulated in Laplace transform tables (76).

The Laplace transforms of Equations B1-B4 are
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(s + kyg + kgg + k3m)K3 + (-k43)K4 =D (Eq. B6)
(-k34)K3 to(kyq ¥ s)K4 =0 (Eq. B7)
(-k3m)'K3 + (s + kg + kso)ﬁ5 + (-kss)ﬁ6 =0 (Eq. B8)
(~kgg)Bg + (s + kes)Ag = O (Eq. BY)

where the bar represents the Laplace transform of that
quantity and D is the dose of NORLAAM. Equations B6-B9 can
be solved for K3, 54, KS and KG by matrix algebra utilizing

Cramer's rule. The matrix of coefficients is

(s + k3g * k3o * kgp)  -kyq 0 0
s - -K3g (s + k43) 0 0
K3 0 (s * kgg + kgg)  -kgg

0 0 -kg g (s + k65)

(Eq. B10)

which upon expansion becomes

.2 2
b= [s™ + (kgp + kg3 + kgo * kgp)s + kpa(kg + kg )I[s® +
(kgg * kg5 * kgg)s + kggkg ] | (Eq. B11)

If oy and Bn are defined as
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“n 1
g, T 2llkgg * gyt kgg * kg) +
J(k34 P kgy tokgg +okg)? - kg3lkge + k)1 (Eq. B12)
and oy and Bd as
:j = gl(kgq + kgs + kggl *
V(kgg + ke + kgol? - 4k ssks o] (Eq. B13)

Then Equation B11 reduces to Equation B14.

A= (s +a)(s+ B,) (s + ag)(s + By) (Eq. B14)

The A, matrix is

D -k43 : 0 0
F, - Z (k430+ s) - 0 . _ko Bq. BIE)
56 50 65
0 0 -k56 (s + k65)
which can be expanded to
AE3 = D(k43 + s)(s + ad)(s + Bd) (Eq. B16)

By Cramer's Rule,
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_ AK3

A3 = —A—— (Eq. 817)
or

_ D(k43 + s)

A3 = (S - OLn)(S T Bn) (Eq. 818)

The anti-Laplace of Equation B18, found in tables (76), is

-ant -Bnt
(Dk - Da e - (Dk - DB Je
Ay = —2 L = B (Eq. B19)

- a
Bn n

which rearranges to Equation B20, i.e., text Equation 23,
which describes the amount of NORLAAM in the plasma or cen-

tral compartment as a function of time.

Ag-= gl (K, ~ o Yo - (kgg - B, )e "7 (Eq. B20)

Utilizing a similar development (Equations B21-B23) yields
Equation B24 which describes the amount of NORLAAM in the

tissue compartment as a function of time, i.e., text Equa-

tion 24.
(s + k34 + k3e + k3m) D 0 0
T - -k34 0 0 0
4
-k3m 0 (s + k56 + kSO) —k65
0 0 'k56 (s + k65)
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AK4 = Dk34(i + ad)(s + Bd) (Eq. B22)
AR Dk
T - 4 34
e O WL EIE 150 B2
k,,D -0t -t
- 34 n n
A4 = W(e = e ) (Eq. 324)

Similarly,

(s *+ k3g * k3o * kgp)  <k,y D 0
AF - -k34 (k43 +s5) 0 0
5
-k3m 0 0 -k65
0 0 0 (s + k65)
(Eq. B25)
= Dk3m(k43 + s)(s + k65) (Eq. B26)
T AAS ) Dk3m(k43 + s)(s + k65) (£q 527)
5 4 (s + a)(s + 8 (s +ay)(s + 8,) '
- bk [ (kg3 - ap)kgg - o)) .
3m-(8, - a ) ey - a ) (By - a ) (s + o)
(k43 - Bn)(k65 Bn) N
(a - B, ) (ay - B ) (By - B (s + B

43 = %q) (kg - ay)

(o = ag (B, = agl(8y = ay)(s ¥ ag) *

43 = Bq)lkgs - B4)
(an - Bd)(Bn - ij(ad - Bd)(s + Bd)] (Eq.

B28)
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By taking anti-Laplace, and inserting the ratio of molecu-
lar weights of DINORLAAM:NORLAAM (325/339) in order to con-
vert D into its equivalent dose of DINORLAAM, the amount of
DINORLAAM in the central compartment as a function of time

is described by Equation B29, i.e., text Equation 25.

(kg - o )kgg - o) ot

[ n
3m=(B, - ag)lay - a J(By -«

325 e N
n n

Ag = 33970k

w

n

(k43 - B )(kGS - B ) _8 t
(o, - 8,0(ay - 8,0(B; - 6,7 ¢ 7

n

t

(kg3 - ag)(kgg - ay) gk

(a, - ag) (B, - o )(By - o) ©

n

(k43 - Bd)(k65 = Bd) 'Bdt
T Bg)(B, - B lag - By ® ] (Eq. B29)

(o

Following the same procedure, the amount of DINORLAAM in
the tissue compartment as a function of time is described

by Equation B33, i.e., text Equation 26.

(s + kgg * k3o + kgp)  -kyg J b
7, - Ky, (kyq *+ ) 0 0
K3 0 (s * kgg + kgp) O
0 0 g g 0
(Eq. B30)

Dk3mk56(s + k43) (Eg. B31)



268

(kg3 - o)
P*3n*s6 T8, =5, T(a, = eI (By ~ o (s # o7 *
(k43 = Bn) N
(e, - B )(ay - B )(By - B )(s +B)
(kg3 - o) .
(an = O"d)(Bn = ad)(Bd - ad)(s + ad)
(k43 = Bd)
(o, = Bg)(B, - Bg)(oy - By)(s * gd)] (Eq. B32)
(k - a ) -a_t
325 43
??"'Dk3mk56[(sn SR ICY a:)(sd =y e "o+
(k43 i Bn) e'Bnt N
(a = B (e, = 8,108, = 5.
(k43 = O"d) e‘ddt .
(an = ad)(Bn = 0Ld)(Bd = ud)
(k43 - Bd) -Bdt
(o, - Bq)(B, - B4 (ay - By) ° ] (Eq. B33)
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APPENDIX C

Area Under the Concentration-Time Curve of DINORLAAM

after Intravenous Administration of NORLAAM
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The area under the plasma level-time curve of
DINORLAAM after intravenous dosing of NORLAAM may be
obtained by integrating text Equation 28 from zero to
infinite time. This is a tedious task, requiring a large
number of algebraic manipulations to simplify the resultant
expressions. A simpler method of obtaining the AUC is to
make use of a basic property of Laplace transforms as
recently described by Wagner (70). From the definition of
Laplace transform,

LEf(t)] = é f(t)dt (Eq. C1)

it is noticed that a time dependent function can be inte-

grated between the limits of zero and infinite time simply

by setting s equal to zero in the Laplace transformed

equation, i.e.,

LEF(t)] = ./‘°° f(t)dt (Eq. €2)
s =0 L

By first converting Equation B27 to the concentration form,

i.e., dividing it by V5, the AUC for DINORLAAM can be

written as follows,

NORLAAM (iv) Dkgpn(kgq + s)(kgg + s)

DINORLAAM - Ve(s + o )(s + B (s + ag)(s + Bq)

AUC
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which, after correction for DINORLAAM dose, yields Equation
C4.

NORLAAM (iv) _ (325/339)Dkg k,3kee

AUC = (Eq. C4)
DINORLAAM VSQanadBd

By analogy to text Equation 4, it is obvious that k30 =

ocnsn/k43 and k50 = adsd/kGS’ which, when substituted into
Equation C4, gives Equation C5

NORLAAM (iv) _ (325/339)Dkg

= {(Eq. C§)
DINORLAAM V5k30k50

AUC

Since k3m/k30 equals the fraction of NORLAAM dose metabo-
lized to DINORLAAM, fm’ Equation C5 then becomes Equation
C6, or text Equation 30.

(325/339)Dfm

K (Eq. C6)
50

NORLAAM (iv) _

AUCH INORLAAM

‘V5
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APPENDIX D

Pharmacokinetic Model for Oral Administration of LAAM, with
Equations to Describe the Area Under the Concentration-Time

Curves of LAAM and NORLAAM
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The portion of this model dealing with LAAM is
actually similar to text Scheme V, except it includes the
hepato-portal system as an integral part of the central

compartments of LAAM and NORLAAM. D, is the dose of LAAM

1
administered, and F is the fraction of D1 absorbed from the

GI tract. LAAM is absorbed into the hepato-portal system
with an apparent first-order rate constant ka' A fraction,
f, of the absorbed dose reaches the systemic circulation as
unchanged LAAM, while the remaining fraction, (1 - f), is

metabolized to NORLAAM, (1 - f)fm', and other metabolites,

(1 - f)(1 - fm'), prior to entering the systemic circula-

tion. Other symbols are as defined in text Scheme VIII.

/(kyo #

Tm Tm
), i.e., the fraction of absorbed LAAM metabolized to

It is assumed in this model that fm' = k
kle
NORLAAM during the first-pass is the same as that after the
drug reaches the systemic circulation. Thus, it is assumed
that the liver is the only metabolic organ, and metabolism
during the first-pass is not saturated (77).

The equation for the AUC of LAAM in this model has
been derived (65):

fFD
LAAM (po) _ 1
AUCLAAM VK (Eg. D1)
1710
where k]0 = k1m + k]e

The appearance of NORLAAM in the systemic circulation

is via two routes. First, NORLAAM is being formed as a
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biotransformation product of the portion of LAAM in the
systemic circulation. The yield from this process is
(fFD])(fm')(339/353), where (339/353) is the ratio of
NORLAAM:LAAM molecular weights, and is needed since metabo-
Tism of LAAM to NORLAAM occurs on a mole to mole basis. In
addition, NORLAAM is also formed during the first-pass, the
amount being equal to (FD])(1 - f)(fm')(339/353). Since
both LAAM and NORLAAM obey two compartment pharmacokinetics,
the equation for the AUC of NORLAAM can be written by
analogy to Equation D1. Substituting the numerator in
Equation D1 with the total amount of NORLAAM appearing in
the systemic circulation, and the denominator with plasma

clearance of NORLAAM, yields Equation D2,

LAAM (po) fFDyf, ' (339/353) + FD, (1 - f)f '(339/353)

NORLAAM V3k30

AUC

(Eq. D2)

which can be simplified to give Equation D3, i.e., text

Equation 42.

LAAM (po) (339/353)FD]fm'

= (Eq.
NORLAAM V3k30

AUC D3)
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APPENDIX E

Typical Computer Output Using the Program NREG
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Note

Simuitaneous determination of acetylmethadol and its major metabolites by
gas-liquid chromatography :

FRANCIS L. S. TSE and PETER G. WELLING* :
Center for Health Sciences, School of Pharmacy, University of Wisconsin, Madison, Wisc. (U.S.A. )
(Received December 9th, 1976) 2

Kaiko et al.! recently described a method utilizing solvent extraction and gas-
liquid chromatography for the quantitative determination of acetylmethadol simul-
taneously with its two major metabolites, noracetylmethadol and dinoracetylmetha-
dol, in human biofluids. The metabolites were measured as their corresponding amides,
which were formed by adding four drops of 509, sodium hydroxide solution to the
final extract (resultant pH = 13) and incubating at 70° for 30 min. These authors
reported that acetylmethadol itself was unaffected by this procedure.

We have adapted this method to determine acetylmethadol, noracetylmethadol,
dinoracetylmethadol, as well as another major metabolite, methadol, quantitatively
in biological fluids. During the course of generating standard curves for these four
compounds, however, it was repeatedly observed that the detector response to acetyl-
methadol was low while that to methadol was high. It was thereforc decided to in-
vestigate the possibility of loss of acetylmethadol via alkaline hydrolysis, hence the
in situ synthesis of methadol during the assay procedure.

MATERIALS AND METHODS

a-I-Acetylmethadol hydrochloride, e-/-noracetylmethadol hydrochloride, e-/-
dinoracetylmethadol hydrochloride and «-/-methadol hydrochloride were provided
by the National Institutes of Health (Bethesda, Md., U.S.A.).

A Perkin-Elmer Model 3920B gas chromatograph equipped with a flame-
ionization detector was used. The column was a 6-ft. helical glass column with an
1.D. of 2mm and an O.D. of 6 mm, packed with 3%, XE-60 on 80-100-mesh Gas-
Chrom Q. The electrometer was set at an amplifier range of 1 and an attenuation of
8. The carrier gas was nitrogen with a flow-rate of 30 ml-min~! while the flame
gases were hydrogen and compressed air at flow-rates of 30 and 360 ml-miu~!
respectively. The temperatures of the detector and injector port were 300° and
275° respectively, and a column temperature of 200° was used for analysis.

Acetylmethadol hydrochloride (0.4 ug) was placed in each of two 15-ml
siliconized cer -ifuge tubes with Teflon-lined screw-caps. Five milliliters of 0.2 &
hydrochloric auid were added to each tube, followed by four drops of 50% sodium

* To whom inquiries should be directed.
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hydroxide solution to yield a pH of approximately 13. After thorough mixing, the
contents of one tube were immediately extracted into 8 ml of chloroform by shaking
for 10 min followed by centrifuging at 1000g for 5 min. The second tube was
incubated in a heating block at 70° for 30 min prior to extraction with chloroform.
The upper, aqueous phase was removed by aspiration and discarded, while the organic
phase was concentrated by evaporation under nitrogen, transferred into a l-ml
Reacti-vial and subsequently evaporated to dryness. The residue was dissolved in
20 1 of carbon disulfide which contained 0.8 ug of triacontane as external standard.
One microliter of the sample was injected into the gas chromatograph. The drug:
triacontane peak-height ratios were calculated and compared. The experiment was
repeated four times.

RESULTS AND DISCUSSION

Under the aforementioned cperating conditions, the retention times were
190 sec for acetylmethadol, 213 sec for methadol and 549 sec for triacontane.

The samples which were not incubated yielded only the acetylmethadol and
the triacontane peaks. Incubation at pH 13 resulted in a significantly lower acetyl-
methadol peak and the appearance of a sizable peak at 213 sec, the retention time of
methadol. Fig. 1 shows the relative peak heights of acetylmethadol and methadol
from acetylmethadol samples with and without incubation. -

0.6 _}
0.5
g2
£ osf
Zzx
o
Q-
<x
=2 03
Lo
U
8% oz-
ge
(e R} o
0

{c) {b)

Fig. 1. Relative peak heights of acetylmethadol ([J) and methadol (72) from acetylmethadol samples
(2) with and (b) without incubation at 70° for 30 min. Values represent the average from four ex-
periments. The vertical bars indicate 1 standard deviation.

The tesults show that part of the acetylmethadol was hydrolyzed to form
methadol during incubation at pH 13, a step which is necessary in order to convert
noracetylmethadol and dinoracetylmethadol into their corresponding amides for
better peak resolution. Any standard calibration graphs generated from such data
will inevitably lead to incorrect calculation of acetylmethadol and methadol concen-
trations in biofluids where acetylmethadol and methadol may be present in variable
relative amounts. ’ .

Hence, in order to measure simultaneously acetylmethadol, noracetylmetha-
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dol, dinoracetylmethadol and methadol, it seems necessary, after the addition of
strong base in the last step in the extraction procedure', to divide the sample extract
into two equal portions. One portion is immediately extracted into chloroform and
subsequently analyzed for acetylmethadol and methadol, while the other is incubated
and then analyzed for noracetylmethadol and dinoracetylmethadol as their corre-
sponding amides. :
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