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DERIVATIVES OF MORPHINE

CODEINE

Small concentrations of codeine are found in opium
but commercial supplies are commonly obtained
by chemical conversion of the more abundant
morphine. Although codeine has been widely used
in therapeutics for many years, it is only compara-
tively recently that there has been any elucidation
of its biological disposition.

Methods of estimation

Codeine (3-methylmorphine) is a strong mono-
acid base (pka = 8.22 or 8.55) (Farmilo, Oestreicher
& Levi, 1954; Beckett, 1956) which is sparingly
soluble in water and easily extracted from alkaline
aqueous solutions by many organic solvents. The

* This study on the biological disposition of morphine
and its surrogates is being published in the Bulletin of the
World Health Organization in four instalments. The first
instalment was devoted to morphine per se (Bull. Wld Hlth
Org., 1961, 25, 227). This-the second-deals with deriva-
tives of morphine. The third will deal with synthetic surro-
gates of morphine and the final instalment will discuss
general considerations. The four instalments will eventually
be available as a joint reprint.

1 Department of Pharmacology, University of California
Medical Center, San Francisco, Calif., USA. The authors
were aided in their preparation of this report respectively
by Grant RG-1839 from the National Institutes of Health
and by Senior Research Fellowship SF 271 from the Public
Health Service, US Department of Health, Education and
Welfare.

various solvents which have been used to extrac
the alkaloid from biological media include a chloro
form-ethanol mixture (Oberst, 1941), benzene
(Adler & Latham, 1950), a chloroform/isoamyl-
alcohol mixture (Axelrod, 1955) and ethylene
dichloride (Woods, Muehlenbeck & Mellett, 1956).
None of these solvents is specific for codeine

since they all extract alkaloid metabolites as well as
other interfering substances normally found in
biological material. Consequently, the validity of
codeine estimation depends on one of two ap-
proaches: (a) effecting a chemical reaction which is
specific for codeine in the presence of extracted
contaminating substances, or (b) producing condi-
tions which segregate codeine prior to reaction with
a non-specific reagent. The former approach has
had limited use and has consisted in the formation
of either the insoluble codeine silicotungstate, which
has been measured gravimetrically (Oberst, 1940),
or the equally insoluble silicomolybdate, which
has been measured nephelometrically (Adler &
Shaw, 1952). The disadvantage of this approach
lies in the fact that considerable coprecipitation
with the normally soluble morphine complex
occurs in the presence of large amounts of codeine
(Adler & Shaw, 1952).

It is the second of these approaches that has been
used by most workers, and methods for the separa-
tion of codeine include column adsorption (Stol-
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man & Stewart, 1949), paper partition chromato-
graphy (Latham & Elliott, 1950; Mannering, Dixon,
Baker & Asami, 1954; Takemori & Mannering,
1958), differential extraction of extraneous com-
pounds by a series of buffer washes of the alkaline
solvent (Adler & Latham, 1950; Latham & Elliott,
1950; Woods, Muehlenbeck & Mellett, 1956) and
counter-current distribution (Adler, 1952; Miller
& Elliott, 1955; Adler, Fujimoto, Way & Baker,
1955). The use of an alkaloid reagent spray (Manner-
ing, Dixon, Baker & Asami, 1954) or of tracer
methods (with 14C-labelled codeine) (Latham &
Elliott, 1950) in conjunction with paper chromato-
graphy has provided semiquantitative information.
Quantitative results have been obtained by tracer
methods in conjunction with counter-current distri-
bution (Miller & Elliott, 1955). However, the most
popular method for quantitative estimation involves
the formation of a codeine-dimethylaminoazo-
benzenesulfonic-acid complex which is readily
soluble in organic solvents and easily determined
by spectrophotometric means. This " methyl
orange method ", first suggested by Brodie and
Udenfriend (Brodie & Udenfriend, 1945; Brodie,
Udenfriend & Dill, 1947) as a non-specific basic
amine reaction, has yielded quantitative results
following isolation of codeine either by counter-
current distribution (Adler, 1954; Adler, Fujimoto,
Way & Baker, 1955), buffer-wash procedure (Adler
& Latham, 1950; Latham & Elliott, 1950; Woods,
Muehlenbeck & Mellett, 1956) or elution from a
paper chromatogram (Takemori & Mannering,
1958).
The methyl orange method is also useful for

determining norcodeine concentrations, provided
that the organic solvent is not ethylene dichloride,
in which the norcodeine-methyl-orange complex
is relatively poorly soluble (Adler, Fujimoto, Way
& Baker, 1955).

Tracer methods involving codeine-3-04CH3 and
codeine-N-14CH3 have been important in establish-
ing carbon dioxide as a metabolic product of
codeine and in indicating that the carbon may
originate from either the 3-methoxy (Adler &
Latham, 1950) or the N-methyl group (Adler, 1952).
Measurement of radioactivity per se has been

useful in tracing the distribution and routes of
excretion of codeine together with its metabolites
(Latham & Elliott, 1950), but definitive information
of codeine metabolism is provided only when tracer
techniques are combined with other physico-
chemical methods (Adler, 1958).

Absorption
Data on the relative effectiveness of codeine when

administered by different routes do not necessarily
supply a valid basis for interpretation in terms of
absorption, since by these tests poor absorption
cannot be distinguished from good absorption
coupled with rapid metabolic inactivation. The
quantitative studies of the absorption of codeine
suggest that it is absorbed as well as, and in some
instances better than, morphine. The diminished
polarity at the 3-position may favour absorption
when the drug is given by mouth. In man, after a
single oral dose of 22 mg the 24-hour urinary
excretion of codeine and metabolites ranged bet-
ween 63% and 86% of the dose and was not
much different from that observed after intra-
muscular injection of the same dose (Adler, Fuji-
moto, Way & Baker, 1955). Oral absorption of
larger or subsequent doses, however, may be poor.
Thus, in the same study, only 48% of the dose was
recovered from the urine of a subject receiving
70.5 mg every 4 hours for a period of 12 hours.
Rapid mobilization of the drug from the intra-
muscular site in man is evidenced by the appearence
of 14CO2 in the breath within 15 minutes after
injection of 22 mg of either codeine-N-14CH3 or
codeine-04CH3 (Adler, Fujimoto, Way & Baker,
1955). With the former the general pattern of
pulmonary 14CO2 resembles that seen after intra-
muscular injection of 8 mg of morphine-N-14CH3
(Elliott, Tolbert, Adler & Anderson, 1954).

In the monkey, after subcutaneous injection of
20 mg/kg codeine maximum plasma levels of
3 ,ug/ml free codeine and 15-18 ,tg/ml bound codeine
are found about one hour after injection (Woods,
Muehlenbeck & Mellett, 1956). An additional
5 ,tg/ml are found in the plasma at this time as free
and bound morphine, thus bringing the total
alkaloid concentration to 23-26 ,ug/ml-or about
the same concentration of alkaloids as is found in
monkey plasma after injection of a larger (30 mg/kg)
dose of morphine (Mellett & Woods, 1956).

In the dog peak levels of free codeine are reached
earlier and are higher than in the monkey on the
same dose, but peak levels of bound codeine are
lower and are found later. Thus, after subcutaneous
injection of 20 mg/kg, dog plasma rapidly attains
a maximum concentration of 7 ,ug/ml free codeine
at 45 minutes; the concentration of bound codeine
is about 2 ,tg/ml at this time and slowly reaches the
maximum of 14 ,ug/ml at 120 minutes after injection
(Woods, Muehlenbeck & Mellett, 1956). In the dog
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sublingual application of codeine required a dose
of 27-54 mg/kg to be as effective as 1 mg/kg given
subcutaneously (Walton & Lacey, 1935b).
The difficulties mentioned above are encountered

in drawing conclusions as to the absorption of
codeine in the rat from the excellent study by Ercoli
& Lewis (1945) on the effectiveness of the drug when
administered by subcutaneous, intraperitoneal,
intravenous and oral routes. However, quantitative
data on the absorption of that subcutaneous dose
found by Ercoli & Lewis to be effective within 30 mi-
nutes in 40-60% of their rats are provided by the
study of Latham & Elliott (1950) on the distribution
of 14C after injection of 40 mg of codeine-3-O4CH3
per kg in male Slonaker-Wistar rats. Recalculation
of the figures to take into account sample size and
the contribution of blood-borne "IC taken up at the
injection site (additional data furnished by personal
communication with the authors) shows that 73% of
the dose of 14C had been absorbed by 60 minutes
and 84.6% by 120 minutes after injection. Using a
different strain of rats (and a different test for
" analgesia ") Miller & Elliott (1955) found that a
subcutaneous dose of 20 mg/kg (administered as
25 mg/kg of codeine-N-14CH3 hydrochloride) was
fully effective at 15 minutes after injection in male
Long-Evans rats, at which time levels of approxi-
mately 3.5 ,ug of 14C codeine (calculated as the base)
per g of tissue were found in all parts of the central
nervous system.

Distribution

Practically nothing is known concerning the
distribution or tissue concentrations of codeine in
species other than the rat. The possible selective
tissue retention of bound codeine metabolites in
man, the monkey and the dog is discussed later,
in the section on excretion. The work on the rat is
largely confined to 14C measurements after injec-
tion of labelled codeine and these indicate ready
access of the drug to all tissues (Latham & Elliott,
1950).

Miller & Elliott (1955) determined the concentra-
tion of radioactivity in liver, kidney, the adrenals
and various parts of the central nervous system at
15, 30, 60 and 150 minutes after subcutaneous
injection of 25 mg of codeine-N-"4CH3 hydro-
chloride in Long-Evans rats. They found that peak
concentrations in all parts of the brain occurred at
1 hour after injection and amounted to about
9 ,ug per g of tissue. Elliott & Adler (1956) found
that at 1 hour after injection of 25 mg of codeine-

N-14CH3 or codeine-04CH3 the 14C levels in the
brain were approximately the same as those in
plasma and muscle. This contrasts sharply with
the finding that after injection of morphine-N-14CH3
the plasma and muscle 14C levels are 10-20 times
higher than the brain levels. Miller & Elliott (1955)
found that after 1 hour a rapid decline in 14C levels
occurs which parallels the pharmacological activity,
as measured by reaction time to a thermal stimulus.
Characterization by counter-current distribution of
the radioactivity present in the brain 30 minutes
after injection indicated that 99.6% of the 14C could
be ascribed to unaltered codeine. In these experi-
ments peak concentrations of 14C equal to approxi-
mately 20 ,ug/g were reached also at 60 minutes
in the liver and adrenals, the levels declining to half
this value at 150 minutes. The kidney continued to
show a marked increase in 14C concentration with
time. Latham & Elliott (1950) found no decline
in 14C concentration after 60 minutes when Slonaker-
Wistar rats were injected with 40 mg/kg codeine-
014CH3 hydrochloride and, in fact, the brain and
liver concentrations continued to rise during the
second hour after injection, while the kidneys
appeared to have a slightly lower concentration at
this time. The differences in the results obtained
on the one hand by Miller & Elliott and on the
other by Latham & Elliott are undoubtedly related
to the difference in dosage levels, since the higher
dose may be expected to result in protracted brain
levels just as it prolongs the duration of the
pharmacological effect (Beecher, Keats, Mosteller
& Lasagna, 1953; Becker & Hays, 1958). Other
contributing factors may include the difference in
rat strain or possibly the presence of metabolites
tagged with 14C in the one case and not in the other.
Adler & Latham (1950) showed that after codeine-
O14CH3 injection a small part of the radioactivity
in rat tissues is due to 14C bicarbonate, and Latham
& Elliott (1950) showed that the intestinal tract
contains a 14C basic amine with solubility character-
istics different from those of codeine. This material,
designated as codeine-X, is not norcodeine (Adler,
Fujimoto, Way & Baker, 1955). It appears to
resemble a substance found by Woods, Muehlen-
beck & Mellett (1956) in small amounts in auto-
claved dog urine after codeine injection. Latham
& Elliott (1950) also determined the radioactivity
in rat tissue 31 hours after injection of 40 mg/kg
codeine-O"4CH3 hydrochloride. They found ap-
preciable levels of 14C still present at this time in the
gastro-intestinal tract, liver, kidney, blood and lung,
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FIG. I
METABOLIC PATHWAYS OF CODEINE
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which suggests a rather prolonged retention of
codeine and/or metabolites by certain tissues in
the rat.

Metabolism
A schematic representation of the pathways of

codeine metabolism in man is presented in Fig. 1.
Bound codeine was first suggested to be an

important biotransformation product of codeine
in man in 1941 (Oberst, 1941). Some ten years later
evidence from studies in rats using isotopically
labelled codeine suggested that other important
metabolic pathways include 0-demethylation and
N-demethylation (Adler & Latham, 1950; Adler,
1952). That such demethylation in vivo results in
the release and excretion of the respective de-
methylated residues was established for man in 1952
by the identification of morphine and norcodeine
in urine extracts after codeine administration
(Adler, 1952). Morphine was isolated as the dinitro-
phenyl ether and the structure was verified by
analysis of the powder X-ray diffraction pattern
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(Adler & Shaw, 1952; Adler, Fujimoto, Way &
Baker, 1955); norcodeine was determined after
counter-current distribution by reaction with methyl
orange (Adler, 1954; Adler, Fujimoto, Way &
Baker, 1955). Several subsequent studies have
confirmed the in vivo release of morphine in man
(Mannering, Dixon, Baker & Asami, 1954; Adler,
Fujimoto, Way & Baker, 1955; Paerregaard, 1958),
in the monkey (Woods, Muehlenbeck & Mellett,
1956), in the dog (Paerregaard, 1958) and in the rat
(Adler & Shaw, 1951, 1952; Adler, 1953), and the
in vitro release of morphine by liver microsomes
of the rabbit, rat, guinea-pig, dog (Axelrod, 1955)
and mouse (Takemori & Mannering, 1958). These
in vitro studies extend the original observations of
Bernheim & Bernheim (1944) that incubation of
codeine with rat liver slices results in the formation
of a compound with phenolic properties. Liver
microsomes of various species also metabolize
codeine to norcodeine (Axelrod, 1956; Takemori
& Mannering, 1958) although the in vivo release of
norcodeine has been studied only in man (Adler,
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1952; Adler, Fujimoto, Way & Baker, 1955) and
in the rat (Adler, 1953). Thus far there has been no
direct evidence to indicate that the same codeine
molecule is demethylated at both the 0- and the N-
positions to yield normorphine.

In man measurable amounts of free morphine
and free norcodeine can be demonstrated in urine
after large doses of codeine (Adler, Fujimoto, Way
& Baker, 1955), but after normal therapeutic doses
only trace amounts of these free bases are excreted,
the major fraction of each alkaloid appearing as a
conjugated base. None of the conjugated bases
excreted after codeine administration has been
isolated and identified as a chemical entity; evidence
for their occurrence is indirect and rests on the
increase in free (i.e., extractable) alkaloid resulting
from strenous acidic hydrolysis. Although pre-
liminary evidence suggested that conjugated codeine
contains a glucuronic acid moiety (Adler, 1958),
more recent evidence indicates that more than one
kind of conjugated codeine may be formed in vivo.
For example, acid pressure hydrolysis of guinea-pig
urine after codeine injection yielded almost twice
the amount of free codeine that was obtained after
hydrolysis with /3-glucuronidase. Only the glucu-
ronidase-susceptible form was obtained in vitro
(Axelrod & Inscoe, 1960).

It is quite likely that conjugation of codeine or of
norcodeine occurs at the 6-position, since the
secondary hydroxyl appears to be the most likely
position available for such a reaction. It is also
likely that the bound morphine arising from
codeine metabolism is morphine-3-glucuronide
(Fujimoto & Way, 1958) since the structure of
codeine-released morphine is identical with authen-
tic morphine and there is no reason to believe that
the bound forms would differ. No experimental
evidence has been presented concerning the struc-
ture of biosynthetic bound norcodeine.

Experiments in which codeine-04CH3 or codeine-
N-14CH3 has been injected in man have shown that
after 0-demethylation of codeine to morphine or
N-demethylation to norcodeine not all of the cor-
responding methyl carbon appears in the breath as
14CO2 (Adler, Fujimoto, Way & Baker, 1955). Some
of it may be present in tissues as 14C bicarbonate
(Adler & Latham, 1950) and some may have been
incorporated into the carbon pool.
A detailed analysis of pulmonary 14CO2 excretion

over a 24-hour period following injection of
codeine-N-_4CH3 in man suggests that metabolic
alteration at the N-methyl position follows a

simple exponential law, which can be described by

the function derived from the equation d kC,

where - is the rate of alteration of the
dt

remaining quantity of codeine (C). Inspection of
the hourly rate plot of 14CO2 excretion for man
(Adler, 1953) reveals that, following an absorption
lag, the N-methyl radical is altered at the hourly
rate of 16% of the amount of codeine remaining.
In contrast to this, data obtained from pulmonary
14CO2 following injection of codeine-04CH3 in man
indicate that metabolic alteration of codeine at the
3-position does not follow a simple exponential
function and that the appearance of 14CO2 in the
breath is governed by at least two distinct rates:
an initial hourly rate of 16% of the codeine present
which is later superseded by a slower rate of ap-
proximately 6 %. A similar conclusion regarding
the metabolism of the 3-OCH3 group in the rat was
reached by Krueger (1953) after mathematical
analysis of our data on 14CO2 excretion in that spe-
cies (Adler & Latham, 1950). Krueger has suggested
that the slower rate may result from conversion of
codeine into a methoxy-containing metabolite
followed by a subsequent conversion of the methoxy
group of the metabolite into CO2 at the slow rate
of 6% per hour. That release of norcodeine is
followed by a slow and limited release of normor-
phine is a possibility to consider, although the
amount formed may be too small for detection by
present means.
Metabolism to '4CO2 is also the fate of the labelled

3-0-methyl carbon when codeine is incubated
in vitro with slices of rat liver, kidney or skeletal
muscle. Liver slices are over 100 times more active
than the other tissues in this regard and hence it
may be presumed that the main site of codeine
metabolism in vivo is the liver. Other tissue slices,
including brain, did not metabolize codeine to
"CO2 (Adler & Latham, 1950). The immediate
precursor of CO2 is formaldehyde and the forma-
tion of formaldehyde from either the 3-methoxy
carbon or the N-methyl carbon has been localized
in the liver microsomes (Axelrod, 1955, 1956;
Takemori & Mannering, 1958). In contrast to the
results found by Adler & Latham (1950) with
slices, Axelrod (1955) found that the isolated
microsomes of kidney and muscle were completely
inactive in metabolizing codeine. The liver micro-
somal enzyme system is active only in the presence
of reduced triphosphopyridine nucleotide and
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oxygen, a frequently encountered requirement for
the microsomal oxidation of a variety of drugs
(Brodie, Gillette & LaDu, 1958; Gillette, Brodie
& LaDu, 1957).
As in the case of normorphine, discussed in the

first instalment of this study, the formation of
norcodeine may be dependent on the enzymatic
oxidation of the tertiary amine group to the amine
oxide, followed by rearrangement to a carbinol
compound and subsequent hydrolysis yielding the
secondary amine, norcodeine, and formaldehyde.
It is also possible, as suggested by Brodie, Gillette
& LaDu (1958), that the initial step in either N-
demethylation or 0-demethylation may involve a
direct substitution of a hydroxyl group for a hydro-
gen, with subsequent hydrolysis to the correspond-
ing dealkylated amine or phenol, respectively, and
formaldehyde. Although the same in vitro condi-
tions are necessary for either 0-demethylation or
N-demethylation of codeine, Elison (1961) has
concluded from an analysis of the enzyme kinetics
that different enzymes are involved in demethylation
at the N- and 0-positions.

Although the exact steps leading to the oxidative
dealkylation of codeine are unknown, the subse-
quent release of the dealkylated residues poses some
ineresting questions concerning the importance of
these metabolic events in vivo, since each of the
dealkylated residues, norcodeine and morphine,
is a compound of marked pharmacological effect
when administered in vivo. Norcodeine, although
less potent than codeine in its "analgesic" and
toxic effects in mice (Miller & Anderson, 1954)
appears to be equally potent in normal man and
about 3 times more potent in its sedative effects in
norcodeine or codeine addicts (Fraser, Isbell &
Van Horn, 1960). Morphine is well known to be
5-10 times more potent than codeine in most of its
effects, except toxicity in animals, where the excitant
rather than the depressant effects of codeine pre-
dominate.

It is interesting to note that morphine had been
assumed to play an active role in the pharmaco-
logical effects of codeine before there were any
direct experimental data to show that morphine is
released from the parent drug. In 1938 Wolff
suggested that morphine addicts could be main-
tained on codeine simply because such individuals
had acquired the capacity to split off the methyl
radical of codeine, thereby liberating the morphine
moiety. Sanfilippo (1948a) concluded that the
narcotic action seen with small doses of codeine

in the dog was due to a variable and limited ability
of the animal to convert part of the dose to morphine,
and that with large doses this limit was surpassed.
He postulated that with large doses the effect of
this small amount of released morphine was obscured
by the excitement and convulsions caused by the
high concentrations of unmodified codeine. His
experiments showed that chronic administration
of codeine resulted in tolerance to the narcotic and
hyperglycemic effect of initial doses and that recip-
rocal cross-tolerance to such effects occurred
between morphine and codeine (Sanfilippo, 1947,
1948a, 1948b, 1948c). These data were offered as
verification of the hypothesis that liberation of
morphine is responsible for the central depressant
effects of a small dose of codeine and for the
phenomenon of tolerance seen with chronic admini-
stration.
The main objection to this hypothesis lies in the

initial premise that large doses of codeine are not
demethylated to morphine as readily as small doses.
As can be seen from the data presented in the section
on urinary excretion of codeine and its metabolites,
an increase in the codeine dose leads to an increased
excretion of morphine so that, regardless of dose,
relatively the same percentage has been demethylated
to morphine. On the other hand, other experimental
data (Miller, Gilfoil & Shideman, 1955; Stanton,
Keasling, Gross, Marshall & Hirschler, 1958) tend
to validate Sanfilippo's hypothesis, regarding the
antagonism of morphine by high concentrations of
codeine. However, as will be discussed in the final
instalment of this study, other seemingly serious
obstacles prevent complete acceptance of the
hypothesis that the central depressant actions of
codeine are due to the liberated morphine.

Excretion

Codeine and its alkaloid metabolites are excreted
almost entirely by the kidney in man, the monkey
and the dog; in the rat the kidney is only partly
responsible for excretion of the drug, a considerable
portion of the dose being eliminated via the gastro-
intestinal tract.

Experiments using 14C-labelled codeine in man
show that elimination by the kidney is rapid, about
two-thirds of the total alkaloids to be excreted being
found in the urine within 6 hours after administra-
tion of the drug (Adler, 1954; Adler, Fujimoto,
Way & Baker, 1955). Urinary excretion is virtually
completed in 24 hours, although trace amounts of
codeine and/or metabolites may be expected to be
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URINARY EXCRETION OF CODEINE AND METABOLITES, EXPRESSED AS PERCENTAGE OF DOSE ADMINISTERED

T.e Codeine Norcodeine Morphine
Animal Dose ~Route a Time C dieNroen opie ReferenceAnimal | (mg1kg) IR°UTe a (hours) \Free Bound Free Bound Free Bound |_ Referenee

Man

Normal 0.33 IM 6 10.8 23.4 1.9 3.5 7.6 b Adler (1954)

to 0.3-0.4 IM 24 6.6-15.9 46.1-51.3 Trace 9.5-12.3 Trace 5.3-17.2 Adler et al. (1955)

it 0.3-0.4 Oral 24 5.2-17.3 31.7-45.5 Trace 10.2-21.3 Trace 4.7-13.0 Adler et al. (1955)

go 0.5 Oral 24 - _ _ - Trace 4.2-10.4 Paerregaard (1958)

is 1.43 c Oral 24 - - - - - 0.5-4.0 d Mannering et al. (1954

,, 4.0 c Oral 24 4.0 19.9 2.7 13.6 1.0 6.9 Adler et al. (1955)

Addict 4.8-9.5 c SC 24 3.8-7.9 - - - 0 - Oberst (1940)

to 6.9-14.0 c Oral 24 3.1-5.8 - - - 0 - Oberst (1940)

of 3.4.10.0c Oral? 24 11.2 31.6 - - 0 0 Oberst (1941)

Monkey

Normal 20 SC 24 4-7 27-39 - - 1 6 Woods et al. (1956)

to 40c SC 24 3-10 31-33 - - 0.5-2 7-10 Woods et al. (1956)

Tolerant 40 c SC 24 16 23 - - 2 7 Woods et al. (1956)

Dog

Normal 1.4 SC 24 - - - - Trace 0.87-1.77 Paerregaard (1958)

it 14.1 SC 24 - - - - Trace 0.93-1.81 Paerregaard (1958)

of 20.0 SC 24 4-11 42-58 - - <0.2 <0.3 Woods (1957); Woods
et al. (1956)

28.2 SC 24 - - - - 0.02-0.06 1.13-2.21 Paerregaard (1958)

Rat J 33.3 SC 30 2.8 9.2 0 0 - 29.3 e Adler (1953)

a IM = intramuscular; SC= subcutaneous.
b Estimate based on "4CO2 from codeine-04CH3.
c Divided doses.
d Semiquantitative data.
e Estimate based on '4C measurements after injection of codeine-N-'4CH3.

excreted for several days after the initial 24-hour
period. Thus, a small amount of carbon-14 (less
than 2% of the dose) was found in urine on the
second day and a still smaller amount (less than
0.5% of the dose) on the third day after injection
(Adler, Fujimoto, Way & Baker, 1955). A similar
pattern of rapid urinary excretion is characteristic
of the monkey and the dog (Woods, Muehlenbeck
& Mellett, 1956; Paerregaard, 1958).
Only a relatively small part of the dose is excreted

as free codeine, the major portion of the dose being
found in urine as biotransformation products. The
accompanying table summarizes the- available quan-
titative data on the urinary excretion of codeine and

metabolites in man, monkey, dog and rat. The
data on the rat are previously unpublished observa-
tions. In the table some published data have been
recalculated to express the dose in terms of mg of
anhydrous codeine base per kg of body-weight,
assuming, when necessary, the weight of man to be
70 kg. The percentage of the dose excreted as
demethylated alkaloid has been calculated on a
weight-for-weight basis, ignoring the slight reduction
(5 %) in molecular weight that results when codeine
is converted to either morphine or norcodeine.
Although it would be desirable to have more

information in order to fill in the obvious gaps in
the table, from what limited data there are it appears
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that no dramatic changes in the pattern of urinary
excretion of codeine metabolites occur as a result
of altering the route of administration, the size
of the dose, or the condition of tolerance or addic-
tion, or as a result of administering the drug in mul-
tiple fractions rather than in a single dose. It appears,
moreover, that the excretion of codeine and meta-
bolites in man and in the monkey is probably quite
similar, but that in the dog there is considerably
less and in the rat considerably more conversion to
and excretion of morphine after codeine administra-
tion.
The results of studies using codeine-3-014CH3 in

rats (male and female) suggested that extensive
morphine formation may have occurred, since over
half of the dose of 14C was converted to carbon
dioxide (Adler & Latham, 1950; Latham & Elliott,
1950) in a 30-hour period after subcutaneous
injection. No chemical characterization of the
excreted alkaloids was made in these early studies
and for this reason the data have been cmitted from
the table. The data that are included were obtained
from an experiment in which a female rat was
injected with an equivalent dose of codeine-N-14CH3
and the excreta were collected after the same interval
of time. During this period pulmonary 14CO2 (and
therefore possible norcodeine formation) amounted
to 15.85% of the dose. Of particular significance,
therefore, is the fact that neither free nor bound
norcodeine was present in the urine. An appre-
ciable fraction, if not all, of the norcodeine formed
must be eliminated via the gastro-intestinal tract.
This is indicated by the fact that 7.4% of the dose
was recovered from faeces as free norcodeine and
more may have been present in bound form, although
this could not be determined owing to the extra-
ordinarily high b lanks found in hydrolysed rat
faeces. Total faecal excretion amounted to at least
34.6% of the dose, for in addition to non-isotopic
free norcodeine the faeces contained 27.2% of the
dose of carbon-14. This was present mainly as
free codeine (20.4% of the dose). Analyses of pooled
bile showed that free codeine and free norcodeine
were present in the ratio of 3:1 (Adler, 1953). The
remaining faecal radioactivity (6.8% of the dose)
was probably due to metabolically released mor-
phine-N-14CH3. Similarly, in urine the radioactivity
present in excess of that due to free and bound
codeine (29.2% of the dose) was probably due to
morphine. This is in accordance with the observa-
tion that when the released morphine is non-
isotopic, as after codeine-014CH3, the radioactivity

excreted by rats via either the faeces or the urine
is greatly reduced (Latham & Elliott, 1950; Adler,
1954).

In contrast to that in the rat, faecal excretion of
codeine and metabolites in man, in the monkey and
in the dog amounts to, at most, a small percentage
of the dose. Adler, Fujimoto, Way & Baker (1955),
in their 14C-codeine experiments in man, found that
0.02-0.17% of the dose appeared in the faeces in a
24-hour period after injection of 22 mg of codeine.
The constipative action of this dose in one subject
resulted in a delayed faecal excretion of an
additional 1.5% of the dose of carbon-14 after the
initial 24-hour period.
Woods, Muehlenbeck & Mellett (1956) could

detect neither codeine nor morphine in the faeces of
monkeys after injection of a single dose of 20 mg/kg
or after a total of 40 mg/kg given in 4 divided
doses. Furthermore, following seven weeks' chronic
administration of codeine in one monkey, no more
than 2.6% of the daily dose was recovered from the
faeces, as equal parts of bound codeine and free
morphine.

In the dog, after injection of 20 mg/kg an average
of 1% of the dose was recovered from the faeces,
predominantly as free codeine (Woods, Muehlen-
beck & Mellett, 1956). This may originate as bound
codeine in the bile with subsequent hydrolysis in
the gut, since the gall-bladder of a dog sacrificed
8 hours after injection of the drug contained 0.6%
of the dose, mainly in the conjugated form.

In man, the monkey and the dog the free alka-
loids, including the free forms of the codeine meta-
bolites, morphine and norcodeine, appear in the
urine almost entirely within 6-8 hours after injection
of the drug, whereas the conjugated alkaloids may
continue to be excreted fer as long as 48 hours
after (Adler, 1954; Adler, Fujimoto, Way & Baker,
1955; Paerregaard, 1958; Woods, Muehlenbeck &
Mellett, 1956). This suggests that there may be a
selective retention of the bound forms by tissues,
with subsequent slower release than occurs with the
free alkaloids. There may, of course, be other
explanations for the delayed and protracted excre-
tion of the bound forms. Thus, impaired renal
clearance of the conjugated alkaloids, leading to a
sustained plasma concentration, could give rise
to the same phenomenon. This seems rather un-
likely, however, since the half-life of plasma free
codeine is the same as that of plasma bound
codeine in the morkey and is not very different in
the dog (Woods, Muehlenbeck & Mellett, 1956).
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Another possibility is that there is extensive biliary
excretion of the bound alkaloids, with subsequent
slow reabsorption from the gut and recirculation
to the kidney. While there are no pertinent data for
man or the monkey, the work of Woods Muehlen-
beck & Mellett (1956) on the dog indicates that the
bile contains no codeine, free or bound, in the first
2 hours after injection of the drug, and that the
bound codeine present in the gall-bladder 8 hours
later amounts to less than 1% of the dose. This,
incidentally, serves to point out a marked contrast
between codeine and morphine with respect to the
role played by the gastro-intestinal tract in their
disposal, since more than 10% of the dose can be
recovered from dog bile 90 minutes after morphine
injection and larger fractions, up to a third of the
dose, can be recovered at later time intervals (Woods,
1954). In the dog, the gastro-intestinal tract is
probably an important excretory route for codeine-
released morphine as well, but this is difficult to
demonstrate inasmuch as dogs are such poor
converters of codeine to morphine (Paerregaard,
1958) that only the most sensitive methods for mor-
phine determination (Adler, Elliott & George, 1957;
Paerregaard, 1957) can furnish evidence of this
phenomenon.

HEROIN

Heroin is a semi-synthetic derivative of mor-
phine in which the 3-OH and the 6-OH groups have
been esterified to produce a diacetyl ester. The
compound is a strong base with a pka of 7.83
(Farmilo, Oestreicher & Levi, 1954). Despite the
fact that the use of this compound for therapeutic
purposes has been banned in many countries,
heroin still has pharmacological appeal because of
its addicting properties.

Methods of estimation

The quantitative estimation of heroin extracted
from biological fluids presents a problem, because
hydrolysis of the compound occurs easily if the
extraction conditions are not carefully controlled.
Extraction of the free base of heroin into an organic
solvent has been effected with minimum hydrolysis
by treating the aqueous phase with sodium bicar-
bonate (Way, Kemp, Young & Grassetti, 1960).
Extracted heroin has been estimated either directly
by the methyl orange method or, after hydrolysis,
by the Folin-Ciocalteu reagent. The latter proce-
dure involves determining the difference between
the total and free phenols present. The validity

of this procedure has been checked by paper chroma-
tography (Way, Kemp, Young & Grassetti, 1960).

Absorption
It is generally conceded that heroin is rapidly

absorbed after parenteral administration. In all
species studied, including man, the onset of action
of heroin has been found to be extremely prompt.
Marked systemic effects were observed within two
minutes after subcutaneous administration in the
cat, horse, donkey, goat, rabbit and guinea-pig
(Guinard, 1899). In the dog with Thiry's fistulae
the motor stimulant effects were apparent within
two minutes after subcutaneous administration
(Walton & Lacey, 1935a). In the rat, concomitant
with a rapid onset in pharmacological effects,
heroin and its biotransformation products, 6-mono-
acetylmorphine (MAM) and morphine, were found
in the brain within a few minutes after injection of
75 mg/kg of heroin into the popliteal space (Way,
Young, Johnson & Kemp, unpublished data).
Quantitative studies in the mouse, after subcutaneous
administration, also indicate a very rapid absorption
rate for heroin. Over 90% disappeared from the site
of injection within 15 minutes, but owing to some
local deacetylation of the drug the amount of heroin
actually absorbed was probably about 80%. There
was a rapid onset in effect and this was accompanied
by a rapid rate of appearance of MAM and mor-
phine in the body and brain of the animal (Way,
Kemp, Young & Grassetti, 1960).

Absorption of heroin after administration by
mouth is eITatic. The onset of action after oral
ingestion in several animal species was found to be
more iITegular than after subcutaneous adminis-
tration, but in general effects were noted within
20-30 minutes (Guinard, 1899). Sublingual doses
of 35 mg in humans showed no clear effects except
in one of three trials (Walton & Lacey, 1935b). In
the dog, however, systemic effects were noted within
4-7 minutes after sublingual application (Walton,
1935; Walton & Lacey, 1935b).

Distribution
Very few studies have been carried out on the

distribution of heroin, probably because the rapid
degradation of the drug makes it difficult to trace
the compound in body fluids. Earlier reports of the
presence of heroin in tissue after poisoning (Mc-
Nally, 1917a, 1917b) cannot be considered reliable
because the isolation procedures and the specificity
of the colour tests for heroin are subject to question.
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More recent quantitative methods show that, in
the mouse, levels of heroin are discernible in the
brain for only a brief period. Immediately after a
2-minute infusion of 37.5 mg/kg intravenously, the
brain level of heroin was only 6.5 ,tg/g and it was no
longer detectable (<2 ,ug/g) at 7.5 minutes. Bio-
transformation products of heroin were detected,
on the other hand, for somewhat longer periods.
Levels of MAM were 21.5 ,ug/g and 16.6 ,ug/g,
respectively, at the same intervals and remained
detectable for at least 30 minutes. Morphine was
also present as a metabolite in concentrations
between 2 and 4 ,g/g over a 30-minute period (Way,
Kemp, Young & Grassetti, 1960). Intravenous

injection of large doses of heroin in the rabbit and
the rat also resulted in a rapid appearance and
disappearance of heroin in the brain. This was
accompanied by high MAM levels, and somewhat
lower morphine levels, which persisted for at least
2 hours (Way, Young, Johnson & Kemp, unpub-
lished data).

Metabolism

Heroin is rapidly deacetylated in the body,
yielding first MAM and shortly thereafter morphine.
The latter compound is then conjugated, presumably
with glucuronic acid (Fig. 2).
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The possibility that heroin might be deacetylated
has been considered by several investigators because
the acetyl groupings on the compound are labile,
especially the 3 or phenolic acetyl group. Two
group of workers (Eddy & Howes, 1935; Wright &
Barbour, 1935) suggested independently that heroin
acted principally as MAM, because the two com-

pounds were found to be virtually equipotent in
pharmacological activity.

MORPHINE

Rizzoti (1934, 1935), using qualitative colour
reactions, reported that the perfused frog heart
metabolized heroin rapidly to MAM add then more
slowly to morphine. While the end-products of
heroin hydrolysis were not isolated, differentiation
of MAM from morphine was satisfactorily made
by the colour response to iodic acid. The deacetyla-
tion of the phenolic acetyl group from heroin
required less than one hour. Deacetylation of the

0
HERO
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alcoholic acetyl group was much slower, only
20-30% of the added heroin being accounted for as
morphine after 25 hours.
Wright (1941, 1942) furnished indirect evidence

that heroin is metabolized to MAM and morphine
by serum and other tissues. On the basis that the
acetic acid liberated from hydrolysis of heroin
would decompose a bicarbonate solution, mano-
metric techniques were applied to measure the
amount of CO2 evolved. On incubating heroin and
rabbit serum in the presence of sodium bicarbonate,
he found a rapid release of CO2 during the first
20 minutes, the quantity of CO2 liberated being
proportional to the amount of heroin added. From
comparisons made of the respective rates of hydro-
lysis of heroin and MAM and the observed differ-
ences in the enzymatic activity of various tissues
from the rabbit and rat, Wright also concluded that
the 3-acetyl rather than the 6-acetyl was hydrolysed
first from heroin.

Studies in vivo substantiate the in vitro findings
that heroin is metabolized to MAM and morphine.
Shen (1936) reported that morphine was present
in the urine of addicts and of rabbits receiving
heroin, but details are lacking for an evaluation of
his techniques. Oberst (1943) reported that the alka-
loid extracted by ethyl acetate from the alkalinized
urine of addicts failed to give a test for acetyl groups
and exhibited an X-ray diffraction pattern com-
patible with a substance with the structure of
morphine. However, as Oberst himself points out,
this work does not establish morphine as an actual
metabolic product of heroin, since the extraction
procedures used would have resulted in the hy-
drolysis of any urinary heroin or MAM to mor-
phine.
More recent studies, however, have yielded con-

vincing evidence that MAM and morphine are
metabolic products of heroin. Kemp & Way (1959)
noted from incubation studies that homogenates
of the brain, blood, liver and kidney of humans,
dogs, rats, rabbits and mice were quite active in
converting heroin to MAM and, to a lesser degree,
to morphine. Identification of MAM and morphine
was established by paper chromatographic studies.
Similar findings were noted with whole-mouse homo-
genates incubated with heroin or with homogenates
recovered from animals injected with heroin. Sub-
sequently, Way, Kemp, Young & Grassetti (1960)
found that counter-current distribution of an extract
of whole-mouse homogenate incubated with heroin
yielded a substance with partition characteristics

identical with those of MAM, and a crystalline sub-
stance was isolated from mouse homogenate incub-
ated with heroin which gave an infra-red absorption
spectrum identical with synthetic MAM. Morphine
was established to be a heroin metabolic product
by the application of counter-current distribution
methods to extracts of brain taken from rats
receiving heroin (Young & Way, unpublished data).
Inasmuch as MAM and morphine are potent
pharmacological compounds, both may contribute
appreciably to the pharmacological effects of heroin.
The significance of these findings will be discussed
in the final instalment of this study.

Virtually all mammalian tissues appear to be
capable of deacetylating heroin at both the 3-carbon
and the 6-carbon position. Wright (1941, 1942)
reported on the distribution of this enzymatic
activity in tissues of the rabbit, rat and human, and
Ellis (1948) in those of the rabbit and guinea-pig.
Massart & Dufait (1941) reported that heroin was
hydrolysed by horse serum. Wright (1941) found
that the sera of rabbits could be classified by their
deacetylating ability into two types. One type
contained enzyme(s) capable of deacetylating
heroin at both the 3- and the 6-position, although
the latter position is not as susceptible to attack.
The other type contained enzyme(s) capable ofhydro-
lysing only the phenolic acetyl grouping, since the
sera from this group liberated carbon dioxide when
incubated with heroin but not when incubated with
MAM.
Wright (1942) later studied other tissues from the

rabbit, as well as those from the rat, as to ability
to hydrolyse heroin. Of the tissues examined, the
liver exhibited the highest activity followed by the
kidney, brain, blood, serum, and muscle, in that
order. Human liver, like rat and rabbit liver, was
found capable of hydrolysing heroin, dihydroheroin
and their corresponding monoacetyl derivatives.
In fact, human liver was found to be more active
than either rat or rabbit liver in deacetylating MAM
and dihydro-6-acetylmorphine. Ellis (1948), using
rabbit plasma and liver and guinea-pig liver, con-
firmed the studies of Wright.
The nature of the enzyme which hydrolysed

heroin was studied by Wright (1941, 1942), He
concluded that the enzyme could not be cholines-
terase, since he found that rabbit sera which had
almost identical ability to hydrolyse acetylcholine
differed in their capacity to deacetylate heroin and
MAM. In a follow-up study he furnished additional
evidence to support his conclusions. He found that

5
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the order of activity for rat tissues with acetylcholine
as substrate was: brain > liver > serum > kidney.
Brain had as much as 20 times more cholinesterase
activity than kidney in some of the animals. The
order for the deacetylation of heroin in the same
animals was: liver > kidney > brain > serum.
Thus, he concluded that cholinesterase was not
involved in the deacetylation of heroin, either at the
3-carbon or at the 6-carbon position.

Ellis (1948) confirmed the studies by Wright and
suggested that the hydrolysis of the 3-acetyl group
of heroin appeared to be a function of tributyrinase,
but not of the enzymes which hydrolyse methyl-
butyrate, acetylcholine or acetylsalicylic acid. He
found that hydrolysis of heroin was rapid in guinea-
pig plasma and liver, the liver exhibiting by far the
greater activity. Since the plasma of the guinea-
pig hydrolyses acetylcholine rapidly and acetyl-/-
methylcholine slowly, and the liver of the guinea-
pig has little activity on either substrate (Sawyer,
1945; Ellis, 1947), Ellis (1948) concluded that the
enzyme which hydrolysed heroin could not be
cholinesterase or pseudo-cholinesterase. He also
concluded that heroin was not hydrolysed by the
enzyme which attacks acetylsalicylic acid, inasmuch
as aspirin was hydrolysed rapidly by guinea-pig
plasma but only slowly by the plasma of man, dog
and rabbit. Heroin, on the other hand, was hydro-
lysed rapidly by both rabbit and guinea-pig plasma,
slowly by human and not at all by dog plasma.

Excretion

The earlier claim (Langer, 1912) that the greater
part of heroin is excreted unchanged in the urine
and, to a lesser extent, in the faeces has not been
substantiated. No evidence has been found to
indicate that heroin is excreted unchanged in any
significant quantities in the urine, but most of the
dose can be accounted for in urine chiefly as bio-
transformation products. Several investigators have
rerorted that the excretion product of heroin is
morphine. Shen (1936) reported that he was unable
to extract any heroin from the urine of rabbits or
addicts after giving the compound. Since he was able
to detect morphine in the urine, he concluded that the
heroin must have been changed into morphine on
passing through the human body. Goris & Four-
mont (1931) also reported that the excretion product
of heroin was morphine. Oberst (1941) studied the
excretion of various morphine derivatives, among
them heroin. While the method he used to esti-
mate morphine does not unequivocally exclude

the presence of heroin or MAM in the urine,
the amount of these substances would be virtually
insignificant. Oberst reported that about one-half
the dose of heroin in morphine addicts could
be accounted for in the urine as morphine and
its conjugate. Of the excreted morphine, 5.8%
was in the free form and 43.5% in the bound
form, the ratio of bound to free being 7.5:1. In a
follow-up study, Oberst (1943) found almost identical
results. In addicts receiving 108 mg of heroin
hydrochloride daily to sustain physical dependence
to 200 mg of morphine sulfate, he found that he
could account for 57.3% of the heroin dosage as
extractable morphine, of which 6.4% was in the
free form and 50.9% in the bound form. Since this
ratio was not significantly different from that pre-
viously established in the same subjects with mor-
phine, and since the percentage recovery of morphine
from the individuals both in the free and in thebound
form was also no greater than with heroin, he con-
cluded that all of the heroin was completely hydro-
lysed to morphine in the body. MAM is not ex-
creted in any appreciable amount in the urine. A
recent study on the rat, using paper chromatography
and the methyl orange procedure, indicates that very
low concentrations ofMAM are present in the urine
after heroin administration (Way, Young, Johnson
& Kemp, unpublished data).

DIHYDRO-DERIVATIVES

Wright (1942) investigated the hydrolysis of two
closely related pairs of heroin congeners-namely,
3,6-diacetyldihydromorphine and 6-acetyldihydro-
morphine. The latter compound, which is more
stable chemically than MAM, was also more
resistant to enzymatic degradation in that it was not
hydrolysed to any measurable degree by rat kidney,
serum or brain. The 3,6-diacetyldihydromorphine,
in the presence of the same tissues, caused liberation
of CO2 in an amount equivalent to the removal of a
single acetyl group. He concluded that this study
supported the finding in his previous study with
heroin that the 3-acetyl group is more labile enzyma-
tically to hydrolysis than the 6-acetyl group.

Oberst (1941) studied the urinary excretion of
several 7,8-dihydromorphine derivatives in experi-
ments in which the derivatives were substituted for
morphine in morphine addicts. No studies were
done with dihydromorphine or dihydromorphinone,
but the relative amounts of free and bound alkaloid
after administration of dihydroheterocodeine (8%
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of the dose as free; 38% of the dose as bound) were
in the same range as those found for morphine and
for codeine in these subjects. However, when
dihydrocodeine, dihydroisocodeine, or dihydro-
codeine methyl ether were administered there was
less excreted as bound alkaloid (7-18%) and more
in the free form (13-22% of the dose) (Oberst,
1941). In the dog, after subcutaneous injection of
20 mg/kg desomorphine, 5% of the dose was
excreted as free alkaloid and 36% as bound alkaloid
(Woods, 1954).

NALORPHINE

Nalorphine (N-allylnormorphine), the potent
antagonist of morphine with a weak morphine-
like action in a previously unmedicated animal
(Hart, 1943; Hart & McCawley, 1944; Unna, 1943;
Lasagna, 1954; Woods, 1956), is a semi-synthetic
derivative of morphine in which the -CH3 of the
piperidine N has been replaced by -CH3-CH=CH2
(McCawley, 1942; Weijlard & Erickson, 1942).
Although somewhat less basic than morphine, the
compound is none the less a strong base with a
pka of 7.88 (Farmilo, Oestreicher & Levi, 1954).
Relatively few studies have been devoted to the
physiological disposition of this agent, but such
studies as have been carried out indicate that the
compound is more quickly disposed of than mor-
phine. This is consistent with the observations of
the rapid onset and short duration of action of
nalorphine as compared with morphine.

Methods of estimation
Since many of the chemical and physical pro-

perties, such as ultraviolet spectrum (Seagers, Neuss
& Mader, 1952) and reactivity of the phenol group,
are similar to those of morphine, several of the
methods used for determining the latter can be
applied to the estimation of nalorphine provided
that, when necessary, an adequate separation of
the compounds is obtained. Fortunately there is
sufficient difference between their relative partition
ratios to achieve this easily by suitable buffer washes
or by chromatography (Woods & Muehlenbeck,
1957). The reduction of silicomolybdic acid to
"molybdenum blue" by the phenol group has served
as the basis for colorimetric measurement (Seibert
& Huggins, 1953). In other studies nalorphine has
been converted to the 2,4-dinitrobenzoyl ester and
determined photometrically following reaction with
methyl orange (Woods & Muehlenbeck, 1957;
Woods, Cochin, Fornefeld & Seevers, 1954).

Recently, tracer techniques have been used in
conjunction with tritium-labelled nalorphine
(Woods & Hug, 1959).

Absorption
Nalorphine is easily and promptly absorbed after

subcutaneous injection; evidence from comparative
studies indicates that it is absorbed more rapidly
than morphine.

In man the "euphoria" due to a single dose of
morphine, heroin or methadone rapidly disappeared
in former addicts receiving a subcutaneous injection
of 5-15 mg of nalorphine (Wikler, Fraser & Isbell,
1953). Wikler and his colleagues have found that as
addiction to morphine progressed, the "abstinence
syndrome" was precipitated as early as 10-15
minutes, and in one case within a shorter period,
after subcutaneous injection of nalorphine.

In the dog the concentration of alkaloids (free
and bound) found in the plasma within 20 minutes
after subcutaneous injection of 30 mg/kg nalorphine
amounts to 11-12 jug/ml, a level which is higher than
the 6-7 jug/ml found at the same period after sub-
cutaneous injection of 30 mg/kg morphine (Woods
& Muehlenbeck, 1957; Cochin, Haggart, Woods
& Seevers, 1954). The maximum plasma level of
free nalorphine is approximately 5 ,tg/ml at 20-60
minutes after a subcutaneous dose of 30 mg/kg;
the maximum plasma level of bound nalorphine is
approximately 20 ,ug/ml at 60 minutes after injection.
Thus, the peak levels are somewhat lower for the
free alkaloid and appreciably higher for the bound
alkaloid than those seen after injection of a similar
dose of morphine (Woods & Muehlenbeck, 1957).
After subcutaneous injection of 2.0 mg/kg nalor-
phine in the dog, a maximum plasma level of 0.4
jig/ml was observed for free nalorphine at 15-30
minutes after injection and of I jug/ml for conjugated
nalorphine at about 60 minutes after injection of the
drug (Woods & Hug, 1959).

In three rats, the amounts absorbed, as calculated
from the disappearance from the injection site
of a dose of 150 mg/kg nalorphine, within 4 hours
after subcutaneous injection were 99.7%, 99.8 %,
and 95.8 %, as compared with 84%, 83%, and 85%
in three rats that received an equivalent dose of
morphine subcutaneously (Woods & Muehlenbeck,
1957).
In the mouse, subcutaneous injection of lethal

doses of nalorphine (LD50 = 670 mg/kg) caused
death within 15-90 minutes, whereas following
corresponding doses of morphine (LD50 = 660
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mg/kg) the onset of death was delayed approxi-
mately threefold (Unna, 1943).

Distribution

In the dog after a subcutaneous dose of 30 mg/kg,
nalorphine penetrates into brain tissue fairly rapidly
and at 90 minutes after injection attains a con-
centration of 14 ,tg/g, which is threefold to four-
fold greater than that observed for morphine. The
rate of egress of nalorphine from the brain is also
much more rapid than that of morphine. Nalor-
phine appears to have little effect on the gross con-
centration of morphine in the brain when the drugs
are given together (Woods, 1957). Other tissue
concentrations of free and conjugated nalorphine
after a subcutaneous dose of 30 mg/kg are, in most
instances, significantly lower than the corresponding
concentrations of free and bound drug after injection
of a comparable dose of morphine. This difference
is especially marked at 90 minutes after injection,
when the highest levels of free nalorphine are found
in the spleen (20 ug/g), kidney (18 tig/g), pancreas
(16 ,ug/g) and skeletal muscle (12 ,ug/g). Small
amounts of free nalorphine (5-10 ,ug/g) are found
in the liver, gall-bladder bile, jejunum, colon, lung
and cardiac muscle. Ccnjugated nalorphine is either
absent or present in low concentrations in these
tissues, except the kidney (34 ,ug/g), jejunum (25 ,ug/g)
and gall-bladder bile (450 ,ug/ml). Although the
plasma levels of conjugated nalorphine are higher
and remain high for a longer period of time than
those of bound morphine, they are not sufficiently
high to account for the low tissue levels. The latter
appear to be the consequence of a more rapid excre-

tion of nalorphine and its metabolites. The only
organs in which nalorphine or metabolite concentra-
tions increase with time are the gall-bladder and the
gastro-intestinal tract (Woods& Muehlenbeck, 1957).
A similar phenomenon of low tissue levels is

observed in the rat after a subcutaneous dose of
150 mg/kg nalorphine, where tissue concentrations
of free and bound drug at 90 minutes and 4 hours
after injection are lower than those observed after
morphine at the same dosage level (Woods &
Muehlenbeck, 1957).

Metabolism

So far, the only metabolic pathway in vivo that
has been established with any degree of certainty
is that of conjugation, although the metabolite has
not yet been isolated and characterized. Nalorphine

is conjugated in vivo in the dog and in the rat (Woods
& Muehlenbeck, 1957). A large fraction of the dose
appears as a metabolite (or metabolites) of unknown
structure in dog urine (Woods & Hug, 1959). Nalor-
phine is also conjugated in vitro in the presence of
rat liver slices and the rate of disappearance of the
phenol group is approximately the same as that
observed with morphine as substrate (Seibert &
Huggins, 1953). Nalorphine is dealkylated to
normorphine by rat liver microsomes in the pre-
sence of reduced triphosphopyridine nucleotide
(TPNH) and oxygen at a rate taster than the de-
alkylation of morphine to normorphine (Axelrod
& Cochin, 1957). The simultaneous presence of
morphine and nalorphine in this in vitro prepara-
tion results in a non-competitive inhibition of
demethylation of morphine, as measured by the
formation of formaldehyde (Axelrod & Cochin,
1957; Elison, 1961). Nalorphine appears to be a
better inhibitor of 0-demethylation than N-de-
methylation of codeine (Axelrod & Cochin, 1957).
With rat liver slices, nalorphine does not inhibit
demethylation of morphine, as indicated by the
formation of 14C02 from morphine-N-'4CH3 (March
& Elliott, 1954). Schrappe (1959) believes that
N-dealkylation of nalorphine is implicated in the
low-grade physical dependence developed after
chronic administration of the compound.

Excretion

Nalorphine and its metabolites are excreted
rapidly and primarily in the urine. In the dog, after
subcutaneous injection of 2 mg/kg tritiated-nalor-
phine, only about half of the 3H excreted in 24 hours
can be identified as free or bound drug. About
5-6% of the dose is found in a 24-hour urine speci-
men as free nalorphine, and 27-40% as conjugated
nalorphine. The remaining radioactivity in urine
has not been identified (Woods & Hug, 1959). In the
dog, after subcutaneous injection of 30 mg/kg
nalorphine, urinary excretion of the free form is
completed within 4 hours after injection and amounts
to 14% of the dose. Urinary excretion of conjuga-
ted nalorphine represents 42-56% of the dose and is
characterized by a more protracted excretion than
is found for the free alkaloid. Although urinary
excretion of the bound form is virtually completed
in 24 hours, about one-third of the total amount
of bound nalorphine excreted in the 24-hour period
is excreted between the 7th and 24th hours after
injection. Since the low tissue concentrations rule
out the possibility that conjugated nalorphine is
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sequestered by the tissues, the delayed excretion
probably represents reabsorption from the gut.
Practically all of the alkaloid content of gall-bladder

bile is conjugated nalorphine and represents between
1.5% and 6% of the dose 4 hours after injection
(Woods & Muehlenbeck, 1957).
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