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Abstract: The main pharmacokinetic data of analgesics — biological half-lives, apparent
volumes of distribution, total body clearances — obtained in humans, and their clinical
relevance are summarized. Special emphasis has been given to the analytical methods
used for the quantitative determination of these drugs in biological fluids.
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It is generally accepted that the plasma concentration of analgesics best reflects the
effects of these drugs, i.e. that there exists a minimal effective plasma concentration that
is needed for the analgesic effect. The goal of the clinician is to maintain this
concentration with the smallest possible fluctuation. According to this concept the best
approach to pain relief would be constant rate intravenous (i.v.) infusion. In practice this
treatment can only be carried out in cases of acute pain under the physician’s
surveillance. The problems of intermittent treatment are the following:

analgesics applied orally are subject to ‘first-pass’ metabolism, and hence the
bioavailability is different;

the pain sensation of the patients is different which is manifested in the deviation of the
mean effective plasma concentration (MEC);

protein binding: both plasma and tissue protein binding may be different due to the
pathological state and the interaction with other drugs;

the functional state of the liver and kidneys should also be taken into consideration;

there are analgesic drugs that have active metabolites.
Knowledge of the pharmacokinetic parameters may help the physician in adjusting the
proper dosage regimen in individual patients.

*To whom correspondence should be addressed.
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Morphine-related Narcotics

Morphine
Morphine is widely used for the relief of severe pain. it has been used for more than a
century and is still considered as the reference drug among narcotic analgesics.

Kinetics. Both after parenteral and oral administration the absorption of the drug is
rapid; peak plasma levels occur after about 30 min [1]. The plasma half-life of morphine
has been estimated at 1.9-3.1 h, with essential agreement among different authors. The
apparent volume of distribution was 3.2 + 0.3 1 kg~' and plasma clearance was 14.7 +
0.9 ml min~" kg™" after intravenous administration of the drug [2]. After intramuscular
administration the systemic availability is complete vs intravenously administered
morphine, but following oral administration the absorption is incomplete due to a “first-
pass’ effect. Therefore the plasma levels after this application are only !3-5 of those
after parenteral injection [3]. Morphine distribution is significantly altered by anaes-
thesia and major surgery. For preoperative subjects the distribution volume was 6.3 *
3.6 1 kg~ and the terminal half life was 3.8 = 2.3 h (mean + S.D.). In the postoperative
period the values decreased to 3.7 + 1.4 1 kg™' and 2.2 £ 1.1 h. Plasma clearance
remained constant; preoperative and postoperative values of 20 £ 7.0 and 21 + 6.0 ml
min~' kg~ respectively [4]. Observations have suggested that age is a factor in morphine
analgesia [5] and kinetics. The plasma clearance and apparent volume of distribution was
less in older subjects than in younger ones. and the calculated concentration of morphine
in the peripheral compartment was higher in the elderly tor 1.5 h after dosing [6}. On the
other hand, there did not seem to be any difference between children of different ages in
their sensitivity to morphine [7].

Morphine is eliminated mainly by metabolism; the major metabolites are morphine
glucuronides. About 10% of the dose is excreted as unaltered morphine after parenteral
administration, and 3% after oral administration of the drug [3]. Approximately 35% of
the drug is protein-bound, primarily to the albumin fraction [8].

Routes of administration and dosage. Hypodermically, 10 mg/70 kg of body weight is
generally considered to be an optimal initial dose of morphine. Subsequent doses may be
higher or lower, depending on the analgesic response and the side effects produced. The
average oral dose of morphine is often stated as 8-20 mg. However, controlled studies
have shown that oral administration is only about one-sixth to one-fifteenth as effective
as parenteral administration (depending on whether peak or total analgesia is
measured). Intravenous morphine can be used for preoperative medication, for minor
surgical procedures when general anaesthesia is not indicated, for severe cardiac pain,
for pulmonary edema and for severe biliary and renal colic. The usual i.v. dose is 2.5-15
mg. When postoperative pain was relieved by patient-controlled administration of i.v.
doses of morphine by means of a programmable drug injector, the computer-calculated
mean minimum effective concentration was 16 £ 9 ng ml~'. The mean morphine
consumption was 2.6 + 1.2 mg hr~' which produced a mean plasma concentration of 21
+ 12 ng ml™' [4].

Analytical techniques for the determination of morphine in human plasma include
radioimmunoassay (RIA) [1] and gas-liquid chromatography with an electron capture
detector [7]. These methods have a limit of detection of ca. 1 ng mi™".
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Codeine
Codeine is chemically related to morphine. It is widely used — usually in combination
with other analgetic compounds in the relief of moderate pain.

Kinetics. Following intramuscular administration of 65 mg codeine, peak plasma
concentrations (194-340 ng ml~') were observed between 0.25 and 1 h. After oral
dosing (65 mg codeine in an analgesic mixture which also contained aspirin, phenacetin
and caffeine) peak plasma codeine concentrations (102-140 ng ml~") appeared within
0.75-1 h. Oral bioavailability of codeine was 42-71% (mean 53%). The mean plasma
half-life and volume of distribution of codeine after intramuscular (i.m.) injection were
3.32 hand 5.1 1 kg™, respectively. The mean plasma clearance was 0.73 + 0.05 | kg™
h~! [9]. The hypothesis that codeine may exert its moderate analgesic potency through
partial biotransformation to morphine could not be proved due to a lack of analytical
technique of sufficient sensitivity and specificity. Using RIA, plasma concentrations of
codeine and morphine could be determined following oral administration of codeine.
After administration of codeine phosphate (60 mg) in combination with aspirin (650 mg)
or paracetamol (600 mg) to two separate groups, mean peak codeine plasma
concentrations and elimination half-lives were 159 ng ml~" and 2.9 h, and 138 ng ml~!
and 2.4 h, respectively. Mean maximum concentrations of metabolically produced
morphine were 6.8 ng ml~' and 7.4 ng ml~'. The results support the hypothesis that
metabolically produced morphine may influence or be responsible for the analgesic
efficacy of codeine [10]. Once absorbed, codeine is metabolized by the liver and excreted
chiefly in the urine. Conjugation of codeine has been reported to be a major route for its
metabolism [11].

Routes of administration and dosage. Codeine, in contrast to morphine, is approxi-
mately two-thirds as effective orally as parenterally, both as an analgesic and as a
respiratory depressant. Its greater oral efficacy is due to reduced ‘first-pass’ metabolism
in the liver, presumably due to the presence of a methoxy group in position 3, the
principal site of metabolism of morphine. The usual oral dose is 60 mg every 4-6 h.

Analytical methods for determination of codeine from human plasma include gas-
chromatography—mass spectrometry [12], spectrophotometry on thin-layer chromatog-
raphy plates [13]} and radioimmunoassay [10]. Using RIA as little as 1.5 ng/ml of codeine
can be detected in plasma.

Phenylpiperidine Analgesics

Pethidine
Pethidine is a potent narcotic which is widely used as an analgesic and as a premedicant
prior to anaesthesia.

Kinetics. Pethidine is absorbed by all routes of administration but its oral bioavail-
ability is only about 50% (47-73%) because of its ‘first-pass’ metabolism. Therefore it is
widely used parenterally. Intramuscular administration of 25 mg pethidine to healthy
subjects resulted in complete and rapid absorption of the drug. The elimination half-lives
were between 4.8 and 9.4 h, the plasma clearance was 472-686 ml min~' [14]. The oral
bioavailability of pethidine was 48-56%, the terminal half-life 4.1 * 1.6 h and the
clearance 870 % 400 ml min~"' [15]. Its elimination occurs chiefly in the liver; the major
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metabolites in man are norpethidine, pethidinic and norpethidinic acids and their
conjugates. Norpethidine is about half as active as pethidine in its analgesic effect, and
twice as potent as a convulsive agent; other metabolites are inactive [16, 17]. Renal
excretion of pethidine and norpethidine are pH-dependent, about 15-30% of the dose is
excreted as pethidine and norpethidine [16].

Pethidine can be used in any situation where an opioid analgesic is required. However,
there are a number of clinical conditions in which its reduced spasmogenic effects or its
better oral efficacy make pethidine preferable to morphine. The pattern of overall
incidence of untoward effects that follow the use of pethidine are similar to those
observed after equianalgesic doses of morphine, except that consumption and urinary
retention are less common.

Therapeutic plasma level and dosage. When pethidine was administered by continuous
intravenous infusion (24 mg h™') the mean pethidine plasma concentration associated
with zero pain was 590 ng m!~" in 10 patients [18]. Similar results were found in another
study where surgical patients were allowed to self-administer small intravenous doses of
pethidine to relieve pain after surgery. Injections were given by means of a
programmable drug injector. Pethidine consumption was 26 mg h™! and the mean
measured plasma concentration was 551 + 182 ng ml™'. The computer-calculated
minimum effective plasma concentration averaged 455 + 174 ng ml~' [19]. The analgesic
plasma level of pethidine in women in labour was 200-400 ng m1~' {20]. In summary the
traditionally used intermittent i.m. injection of the drug brings inconsistent pain relief
because of the narrow concentration range between no analgesia and complete
suppression of pain. The administration of pethidine by continuous i.v. infusion (25 mg
h™!) appears to be effective and rational in the treatment of pain.

Pethidine plasma concentrations can be determined by GLC [21]. The detectable
amount of pethidine in 1 ml plasma is about 5 mg at the fifth hour after the
administration.

Fentanyl
Fentanyl is a potent, short-acting narcotic analgesic but prolonged and recurrent
respiratory depression has been reported in man [22].

Kinetics. The popularity of the use of fentanyl is due largely to the rapid onset and
short duration of action, and the potency of the drug which is about 150 times that of
morphine. The elimination half-life of fentanyl after an intravenous dose of 6.4 pg kg '
was 219 + 10 min. The apparent volume of distribution was 3.99 + 0.2 1 kg™' and the
plasma clearance was 956 + 65 ml min~'. Elimination of fentanyl occurred mainly by
biotransformation: less than 8% of the dose was excreted unchanged in the urine [23].
The pharmacokinetic parameters of fentanyl were determined in another study using
RIA for the determinations. After high doses (0.5 or 1 mg m™?) administered
intravenously, the half-life was 346.5 min. After i.v. doses of 0.1 mg m~ 2, the half-life
was 86.6 min. At all doses, plasma levels fell rapidly in the first 5 min to approximately
20% of the peak value. After 2 h serum levels stabilized at low values (1.5 and 8.0 ng
ml™!). Urinary excretion of fentanyl accounted for 15-20% of the administered dose
[24].

Therapeutic uses. Fentanyl is usually used only as an intravenous anesthetic in
combination with droperidol.
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Analytical methods. Fentanyl can be detected in human plasma by RIA [24] which
allows monitoring for at least 6 h; the sensitivity of the method is about 1.2 ng ml~'.
Using tritium-labelled fentanyl [23], 0.3 ng of the drug could be determined in 1 ml
plasma.

Ketobemidone
Ketobemidone is a pethidine-like strong narcotic analgesic.

Kinetics. Although ketobemidone has been extensively used in the treatment of pain
for more than 30 years there have been few studies of its pharmacokinetics. Its
elimination half-life was 2.25 * 0.35 h, its plasma clearance ranged from 0.25 to 0.88 1
h™! kg™! with a mean of 0.55 + 0.21h™"' kg™, and the apparent volume of distribution
was 1.80 £ 0.74 1 kg~'. The oral bioavailability showed marked variation ranging
between 17 and 62% (mean 34 + 16%) [25]. Major surgery affects the pharmacokinetics
of ketobemidone. The preoperative terminal half-life was 3.9 = 1.7 h, and the apparent
volume of distribution was 5.9 + 2.6 1 kg~'. In the postoperative period the distribution
volume decreased to 3.7 + 0.4 1 kg™! and the half-life decreased to 2.1 + 0.4 h. Plasma
clearance did not change significantly, being 18 + 4.3 ml min~' kg™', and 22 + 7.5 ml
min~! kg™! respectively [26]. The rectal bioavailability of ketobemidone was found to be
ca 44%. The elimination half-life increased to 3.27 h after rectal administration of the
drug, indicating a contribution from late absorption [27].

When the effect of ketobemidone in postoperative pain was investigated by patient-
controlled intravenous administration using a programmable drug injector, it was found
that the mean ketobemidone consumption was 2.3 + 0.8 mg h™!, which produced a mean
plasma concentration of 28 + 11 ng ml~!. The computer-calculated mean minimum
effective concentration was 25 + 11 ng ml™' [26]. The analgesic potency of
ketobemidone is claimed to be of the same magnitude as that of morphine. The duration
of its analgesic effect is about 5-7 h.

Ketobemidone can be determined in human plasma by GC-MS [28].

Diphenylheptan Derivatives

Methadone
The primary uses of methadone are relief of pain, treatment of opioid abstinence
syndromes, and treatment of heroin users.

Kinetics. The main pharmacokinetic parameters of methadone are rather variable in
opiate-dependent subjects. The elimination half lives were 8.5-47 h (mean S.D. 28.1 £
10.9). The apparent volumes of distribution varied from 2.1 to 5.6 1 kg™' (mean S.D.
3.92 + 1.09). The body clearances varied between 0.96 and 6.1 ml min~! kg~! with a
mean of 2.08 + 1.71 ml min~' kg™". Five patients had a bioavailability exceeding 90%
and three had lower bioavailabilities of between 41 and 76% [29]. The methadone half-
life in methadone maintenance therapy was 52 * 20 h [29], the plasma clearance was
183.7 £ 23.52 ml min~! [31]. The marked individual variation in methadone
pharmacodynamics and kinetics requires an individually optimized dosage regimen. The
protein binding of methadone is high (ca 90%) and a,;-acid glycoprotein is the main
determinant of the free fraction in plasma [32]. Because of their elevated concentrations
of plasma «, acid glycoprotein, cancer patients had a lower level of free methadone in
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plasma than did members of a control group [33]. Metabolism of methadone occurs
extensively in the liver. The main urinary metabolite is 2-ethylidine-1,5-dimethyl-3,3-
diphenylpyrrolidine [34]. At low urine pH, the renal clearance of the drug markedly
increased; urinary pH is a major factor in the renal excretion of unchanged methadone
[31]. Methadone is often used for the treatment of opiate-dependent subjects in
maintenance therapy. During chronic treatment a dispositional tolerance is developed,
and a self induction of the metabolism of methadone would lead to a faster rate of
elimination and therefore lower steady state plasma levels. Other mechanisms which
must be considered are enhancement of first-pass metabolism and increased extra-
vascular binding of methadone on multiple dosage. The best record of rehabilitation was
obtained in subjects discharged with steady-state plasma concentrations above 200 ng
ml ™! [35].

Therapeutic use and dosage. The pharmacological actions of single doses of methadone
are qualitatively identical to those of morphine. The outstanding properties of
methadone are its effective analgesic activity, its efficacy by the oral route, its extended
duration of action and its tendency to show persistent effects with repeated adminis-
tration. The oral analgesic dose for adults is 5-15 mg depending on the severity of the
pain and the response of the patient. The initial parenteral dose is usually 5-10 mg.

Methadone plasma levels can be determined by GC-MS [30, 36} or GLC methods
[31]. Using a modified GC-MS method [29], 0.05 pwmol 17" of methadone was detected
in human plasma.

Propoxyphene and norpropoxyphene

Propoxyphene is an effective oral analgesic, structurally related to methadone. Of the
four stereoisomers, only the alpha racemate, known as propoxyphene, has analgesic
activity.

Kinetics. After a single 130 mg oral dose, the propoxyphene half-life was 3.3 h, plasma
clearance was 994 ml min~', and the apparent volume of distribution was 178 1. The half-
life of norpropoxyphene in the same study was 6.1 h, the plasma clearance was 454 ml
min~', and the volume of distribution of norpropoxyphene was 319 1 [37]. After single
oral doses of propoxyphene at 65, 130 and 190 mg and after slow intravenous infusion of
65 mg the kinetic parameters were: oral clearance of propoxyphene 1300-3600 ml min~',
systemic clearance 600-1200 ml min~', apparent volume of distribution 700-1800 I.
Propoxyphene half-life was 8-24 h, and norpropoxyphene half-life ranged from 18 to
29 h. The drug was reported to have first-pass elimination; the systemic availability was
reduced [38]. Several changes in propoxyphene and norpropoxyphene kinetic occurred
during repeated dosing with propoxyphene (13 consecutive oral doses of 130 mg).
Propoxyphene plasma clearance decreased to 508 ml min™', half-life increased to 11.8 h
and volume of distribution increased to 235 1. Similar changes in norpropoxyphene
kinetics could be observed. Propoxyphene and norpropoxyphene accumulated during
repeated dosing. When the effects of the first and thirteenth doses (130 mg
propoxyphene) were compared after 8 h, the plasma concentration of propoxyphene had
increased by about 500% and that of norpropoxyphene rose by ca 700% [37]. Studies
have shown that propoxyphene is primarily eliminated by hepatic metabolism. The
major metabolic pathway is demethylation to norpropoxyphene, which is in large part
eliminated by renal excretion. Ring hydroxylation and glucuronide formation are less
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important pathways [39]. Norpropoxyphene is a weakly opiate-active and potentially
toxic substance. Propoxyphene is subject to significant ‘first-pass’ metabolism in the
liver. Variations in ‘first-pass’ elimination as a result of disease, repeated dosing or
concurrent administration of other drugs may result in extensive accumulation of
propoxyphene and norpropoxyphene. In some patients this will result in serious toxicity.
Therefore propoxyphene should be administered cautiously and in reduced doses to
patients with-hepatic dysfunction [40] and to patients with renal insufficiency [41].

Therapeutic uses. The only recognized use of propoxyphene is for the treatment of
mild to moderate pain that is not adequately relieved by aspirin. When appropriate doses
are selected, combinations of aspirin and propoxyphene can be as effective as the
combination of codeine and aspirin.

Propoxyphene and norpropoxyphene can be determined in human plasma by GLC
[42] or GC-MS methods [38, 43]. 8 ng of propoxyphene can be detected in 1 ml plasma
using a modified GLC method [40]. The sensitivity of the GC-~MS method is 8-10 nmol
mi~! and the decrease of the plasma concentration can be followed for 70 h.

Mixed Function Agonist—antagonist Agents

The narcotic agonist—antagonist drugs show overall pharmacokinetic similarity in
having clearance values greater than 1000 ml min ™!, which exceeds the liver blood flow.
Agents such as B-blockers and halothane which lower hepatic blood flow will decrease
the clearance of these drugs. High clearance predictably leads to a substantial first-pass
effect and hence low oral bioavailability. In clinical practice the advantages of mixed
agonist—antagonists are low-dependence liability and a ceiling effect for respiratory
depression particularly.

Pentazocine

Pentazocine is one of the many compounds synthesized as part of a deliberate effort to
develop an effective analgesic with little or no abuse potential. Pentazocine seems to
fulfil these requirements relatively well; only a few cases of abuse have been reported.

Kinetics. The average beta phase half-life is 177 = 34 min after intravenous
administration of 30 mg pentazocine. The total volume of distribution is 5.56 + 1.63 1
kg~', plasma clearance being 1.38 £ 0.32 1 min~". Oral bioavailability was found to be
18.4 + 7.8%. This low bioavailability can be explained by the ‘first-pass’ elimination of
pentazocine following oral administration [44]. The plasma protein binding of the drug is
50-60% in healthy subjects [45].

Pond et al. used doses of 0.4 mg/kg (i.v.) and 0.8 mg/kg (oral). The measured oral
bioavailability was 21 *+ 7%. The biological half-life was 342 + 84 min and the blood
clearance 768 = 130 ml min~'. In patients with alcoholic cirrhosis the clearance was 48%
lower and bioavailability 233% greater than in normal subjects [46].

Pentazocine was found to be extensively metabolized: less than 13% of the dose
appeared in the urine unchanged and 12-30% was excreted as a glucuronide conjugate
[47].

Therapeutic uses. The analgesic effect after 45 mg/70 kg pentazocine administered
intramuscularly is generally maximal between 30 and 60 min and lasts for 2-3 h. After a
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single dose of 20-25 mg/70 kg intravenously, peak analgesia occurred between 15 and 45
min and lasted for about an hour. Oral pentazocine is about one-third to one-fourth as
potent as i.m. pentazocine [48]. The pattern of CNS effects is generally similar to that of
the opioids, including analgesia, sedation and respiratory depression. The cardiovascular
responses to pentazocine differ from those seen with the morphine-like opioids, in that
high doses cause an increase in blood pressure and heart rate.

Dosage. In terms of analgesic effect, a 30-50 mg dose given parenterally is
approximately equivalent to 10 mg of morphine. An oral dose of about 50 mg of
pentazocine results in analgesia equivalent to that produced by 60 mg codeine. Because
abuse patterns appear to be less likely to develop with oral administration, this route
should be used whenever possible. Pentazocine can be measured in human plasma
fluorimetrically [48]. The limit of detection is about 15 ng ml~".

Buprenorphine
Buprenorphine is a synthetic opioid derived from thebaine with mixed agonist—
antagonist properties and a low abuse potential.

Kinetics. The pharmacokinetic parameters after intravenous administration of 0.3 mg
buprenorphine were: elimination-half-life 183.6 £ 37.0 min; plasma clearance 1275
88.9 ml min~'; apparent volume of distribution was 187.8 + 35.3 I. The parameters were
very similar after i.m. administration of 0.3 mg buprenorphine: half-life 138.5 + 41.8
min; plasma clearance 992.7 £ 70.3 ml min~!; volume of distribution 148.1 + 51.3 1.
Comparison in the same patient, awake and anesthetized, showed that the plasma
clearance was significantly lower in the anesthetized state. Buprenorphine is almost
completely metabolized in vivo; the clearance obtained is thus very close to the expected
hepatic blood flow under the anesthetic conditions. The effects of the drug far outlasts
the plasma level and there is no direct relationship between plasma level and
pharmacologic effect [49].

Dosage. Buprenorphine is about 25-50 times more potent than morphine. The usual
dose is 0.3-0.6 mg given every 6—8 h. The analytical method for determination of
buprenorphine is RIA [49]. Using this method, 0.4 ng of the drug can be measured in 1
ml plasma.

Butorphanol

Pharmacokinetic data for butorphanol are limited. No information is available from
long-term studies. A terminal plasma half-life of 158.7 £ 5.5 min has ben reported in a
study [49] which monitored the drug for up to 8 h. The plasma clearance of approx. 2700
ml min~! was calculated for a 70 kg man [51]. This is greater than the normal hepatic
blood flow, and probably reflects a high red blood cell: plasma partition. The same
source quotes an apparent volume of distribution of 350 | for a 70 kg man. The major
route of elimination of butorphanol in man was renal (75%) with biliary elimination
accounting for about 15% of the dose. Butorphanol is bound about 80% to plasma
proteins [52].

Pharmacodynamic considerations. The analgesic effect of i.m. butorphanol was dose-
related over the range 1-4 mg, and the side effects (drowsiness, sleepiness) were also



HUMAN PHARMACOKINETICS OF ANALGESICS 217

shown to be dose-related [53, 54]. The RIA method used in these studies [50] was both
sensitive and specific.

Nalbuphine

After parenteral administration of usual doses this drug is approximately equipotent in
its analgesic activity to morphine. Only very limited data are available on the disposition
of nalbuphine in man. After i.m. administration nalbuphine is rapidly absorbed. Peak
plasma concentrations (mean 48 ng ml~!) are reached within 30 min after a 10 mg i.m.
dose. The terminal half-life is about 5 h in healthy subjects. Both metabolites and
unchanged drug have been identified in the urine, the largest proportion of the dose
being excreted as an inactive glucuronide conjugate [51, 55]. The ratio of equianalgesic
parenteral to oral doses of nalbuphine suggests substantial ‘first-pass’ biotransformation.

Therapeutic use. Nalbuphine has been effectively used in moderate to severe
postoperative pain, as well as in pain of various other aetiologies [55]. The recommended
parenteral doses of nalbuphine are 10 mg per 70 kg body weight, which may be repeated
every 3-6 h as needed. The maximum recommended single dose is 20 mg with the total
daily dose not exceeding 160 mg. Nalbuphine can be determined in human plasma by
HPLC [56].

Ketamine

Ketamine is widely used to induce and maintain anaesthesia in adults and in children.
In lower doses ketamine also has analgesic properties, and it has been used in post-
operative pain relief. Ketamine kinetics appears to follow at least a three-term
exponential decay, corresponding to a three-compartment open model. The main
pharmacokinetic parameters after 2.2 mg kg~' i.v. administration of ketamine are:
elimination half-life 2.25 * 0.45, apparent volume of distribution in the steady state: 1.78
+ 0.74 1 kg~' and plasma clearance 0.848 + 0.316 | min~' [57). The pharmacokinetic
parameters of the drug did not differ significantly after i.v. or i.m. injection. The mean
plasma half-life of the drug following i.v. injection of 25 mg kg~! was 186 min and total
body clearance was 19.1 ml min~' kg™'. Absorption after i.m. administration was rapid
and the bioavailability was 93%. However, only 17% of the oral dose was absorbed. The
low plasma ketamine concentrations after oral dose could have been due to incomplete
absorption or to extensive first-pass metabolism [58]. There is an observation that the
elimination half-life of ketamine is shorter in children [59].

Dosage. 1.v. anaesthetic doses of ketamine were found to be 2.5 mg kg™ ' in patients. It
can also be given intramuscularly (6~10 mg kg~') and this route is used extensively in
children. The analgesic doses were found to be 0.125 or 0.25 mg kg~ ' i.v. There was a
significant correlation between the plasma ketamine concentration and the analgesic
activity of the drug. Pain threshold elevation occurred at plasma ketamine concen-
trations above 160 ng ml~" [58].

Analytical methods for measurement of ketamine in human plasma include GLC [58]
and GC-MS [60].

Peripherally-acting Oral Analgesic Agents

The primary action of these drugs appears to be in inhibiting the cyclo-oxygenase
enzyme system that metabolises arachidonic acid to its endoperoxide intermediates. The
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endoperoxides are biosynthesised to thromboxanes, prostacyclines and prostaglandins.
Various intermediates and end products of the arachidonic acid cascade interrelate with
other local mediators such as bradykinin, histamine and 5-hydroxy-tryptamine to
promote erythema, oedema and pain. Some evidence suggests that these agents may
have secondary effects of cyclo-oxygenase inhibition within the CNS [61, 62].

Propionic Acid Derivatives

Naproxen
Naproxen is a propionic acid derivative with analgesic and anti-inflammatory activity
which has been widely used in the treatment of rheumatic disorders.

Kinetics. Naproxen is completely absorbed after oral administration [63]. The plasma
haif-life of the drug is 12-15h and is not affected by the dose or continuous
administration [64]. Concomitant oral probenecid (4 X 500 mg/day) increases plasma
levels and half-life from 14 to 37 h [65]. Naproxen has an apparent volume of distribution
of 6.3 L and is 90% bound to plasma proteins. Naproxen is largely biotransformed by the
liver; about 10% of the dose is excreted unchanged by the kidney.

Therapeutic uses. Naproxen in single doses of 250-750 mg has been shown to be an
effective analgesic in patients with moderate or severe postoperative pain resulting from
orthopaedic, dental, vascular and other surgical procedures [66], and in cases of sport
injuries, trauma and dysmenorrhoea [67]. The efficacy of naproxen in relieving
postpartum uterine pain was demonstrated in two separate well-designed placebo-
controlled trials [68]. The analgesic effect after 600 mg oral naproxen occurred for from 2
to 8 h.

Dosage. Naproxen has generally been well tolerated during both short- and long-term
studies. Gastrointestinal complaints and central nervous system effects have been the
most commonly reported side-effects, but have been less of a problem than with aspirin
or indomethacin. The usual starting dose and maintenance dose of naproxen is 250 mg
twice daily. Dosage adjustment is not required in cases of renal insufficiency [69].

Analytical methods for the determination of naproxen in human plasma include
fluorimetry [69, 70], GLC [71, 64] and HPLC [72, 76]. The sensitivities of the HPLC
methods were 40 ng ml™' [72] and 2 ng ml~' [76].

Ketoprofen
Ketoprofen is a new nonsteroidal anti-inflammatory drug and is used primarily in the
treatment of rheumatoid diseases.

Kinetics. The pharmacokinetic parameters after single oral, intramuscular and rectal
doses, and after repeated oral doses, were: the elimination half-life ranged from 1.13 to
1.27 h, and the apparent volume of distribution was approximately 10-15% of body
weight. The plasma clearance after oral administration was 1.16 £ 0.09 ml min~' kg™,
after i.m. administration 1.21 + 0.07 ml min~" kg~ ', and after rectal administration 1.42
+ 0.10 ml min ' kg='. A mean of 71-96% of the oral dose and 73-93% of the
intramuscular and rectal dose was estimated to be systemically available. The mean
steady state concentration of ketoprofen in plasma ranged from 0.43 to 5.62 pg ml™',
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the accumulation ratio was 1.08 + 0.08. The projected cumulative excretion of total (free
plus conjugated) ketoprofen via urine exceeded 63-75% of the dose, of which
approximately 90% was ketoprofen glucuronide [73)].

Similar kinetic parameters were observed after 50 mg oral administration of
ketoprofen: the peak plasma concentrations were between 140 and 170 g ml™!,
reached after 45 min. The elimination half-life was 91.5 min, the apparent volume of
distribution 8.06 + 1.49 | and plasma clearance 86.9 + 18.8 ml min~' [74]. Clinical
studies of efficacy in patients with rheumatoid arthritis have demonstrated that
ketoprofen is superior to placebo and approximately equal, at doses of 75-200 mg day !,
to indomethacin (75-150 mg day™') and aspirin (3.6-4.0 g day™') [74]. Ketoprofen
given intramuscularly to patients with chronic arthritis on the day after elective joint
surgery, or during bouts of extreme pain, resulted in satisfactory pain relief forup to 8 h
after administration.

Dosage. The suggested therapeutic dose of oral ketoprofen is 4 X 50 mg day™'.

Analytical methods. Ketoprofen can be determined in plasma either by GLC [73] or
HPLC [75, 77). Using GLC 0.2 pmol 17! ketoprofen can be detected 7 h after
administration. The sensitivities of the HPLC methods are 10 ng ml~! to 1 pg ml™! in
human plasma.

Indoprofen
Indoprofen is an indole propionic acid. It diffuses poorly through the blood—brain
barrier, and thus has weak antipyretic activity.

Kinetics. After oral administration, indoprofen is rapidly absorbed, its elimination
half-life is estimated to be about 2 h. It is approximately 98% protein-bound. Within
24 h, 80% of the administered drug excreted in the urine primarily as the glucuronide
metabolite [78].

Therapeutic uses. Indoprofen has given relief in a variety of painful conditions
including cancer, postpartum, postsurgical and dental surgery [79-82]. In these studies
indoprofen appeared to have an analgesic effect for 6 h. They also supported the
conclusions that indoprofen in a dose of 50-200 mg is an effective analgesic in a variety of
painful conditions. The dose response is evident between 50 and 100 mg. The studies
indicated that 100 mg is the optimal analgesic dosage of indoprofen. Overall indoprofen
appears to be a safe and effective analgesic in the dosage range of 50-200 mg every
4-6 h. Both its peak effect and duration of activity appear significantly better than usual
dosages of aspirin or paracetamol.

Indoprofen can be measured in plasma by GLC [83]; 0.8-1 wg ml~! of the drug can be
measured.

Fenbufen
Fenbufen is a new propionic acid derivate that exhibits anti-inflammatory, analgetic
and antipyretic properties in man.

Kinetics. After a single oral dose of 600 mg fenbufen it appeared in the plasma after a
lag time of 0.45 h; a peak plasma concentration of 5.97 pg ml~' was observed after
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1.19 h. The half-life of plasma disappearance was 10.26 h [84]: a similar value of the
elimination half-life (11.3 h) was observed in another study. The elimination half-life of
the drug was not affected by renal insufficiency {85]. These vaiues suggest that a single
oral dose of fenbufen in man should produce a long-lasting therapeutic effect. Fenbufen
is extensively metabolized in the liver to four major metabolites. Both y-hydroxy-4-
biphenyl butyric acid and 4-biphenylacetic acid have a similar anti-inflammatory activity
to that of fenbufen. The two main inactive metabolites are y-4-dihydroxy(1,1 biphenyl)-
4-butanoic acid, and 4-hydroxy(1,1-biphenyl)-4-acetic acid. The plasma levels of the
active metabolites of fenbufen are relatively high 48 h after administration. This

nhpnnmpnnn would pvn]mn the lone therapneutic ar‘fnnf\z of the drug 801

..................................... B viatiaptuiiL alu v Glug OV

Analytical methods. Using GLC [86], 0.2 ug fenbufen can be measured in 1 ml
plasma. The sensitivity of an HPLC method [87] is 0.5 pg mi~' in plasma.

Salicylic Acid Derivatives

Acetylsalicylic and salicylic acid
The analgesic and anti-inflammatory properties of salicylic acid derivatives result
primarily from the inhibition of cyclo-oxygenase enzymes at the tissue sites. The
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Kinetics. The elimination half-life of aspirin (ASA) after oral administration of 600 mg
was 0.8 £ 0.31 h and the half life of salicylic acid (SA) was 3.62 * 0.96 h [88]. The
pharmacokinetic parameters of SA after oral administration of 1200 mg ASA to patients

with rheumatoid arthritis were: elimination half-life 5.4 = 0.8 h, apparent voiume of
distribution 11.0 + 0.5 1 and plasma clearance 25.8 + 2.0 ml min™' [89)].

Therapeutic uses. In pain situations requiring enhanced analgesia codeine or other
similar centrally acting opioid drugs are combined with aspirin or paracetamol [90].
Other combinations using phenyltoloxamine, promethazine, phenobarbitone or
meprobamate have never been demonstrated to be more effective than the traditionally
used opioid combinations. Meprobamate appeared to have a paradoxical algesic effect

[91]. -

Dosage. The analgesic effect of 600 mg oral aspirin occurs within 1 h and last about
5 h. The analgesic dose is 650—-1300 mg. Taking multiple dosages in excess of 1300 mg
per dose could result in unwanted toxicities. The therapeutic level of aspirin in
rheumatoid arthritis is about 150 wg ml~! which can be reached by administration of
4.8 g daily [89]. Analytical methods for the determination of ASA and SA are HPLC
[92-94], GLC [95] and fluorimetry [96, 97]. The sensitivities of the HPLC methods are
10 pg mi~! [93] and 0.1 pg mi~! [94].

Diflunisal
Diflunisal is a salicylic acid derivative with analgesic and anti-inflammatory activity.

Kinetics. The drug is well absorbed after oral administration. Peak plasma concen-

tratinne are attained \l!lfhlﬂ '7 h ITrInarv recoverv studies 1nr1u‘c|h= that oral hu‘\avqﬂ_
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ability of the drug is complete. The drug is highly bound to plasma proteins in normal
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subjects (>99%) [98]. The elimination of diflunisal depends on conjugation with
glucuronic acid. The terminal half-life in plasma ranges from about 5 h following a single
50 mg dose to 15 h following a single 1 g dose [99]. The half-life is prolonged by renal
insufficiency [98].

Side effects and dosage. The general spectrum of side effects is similar to that of
aspirin, but diflunisal appears to have a more favourable profile. In contrast to aspirin,
diflunisal reversibly inhibits platelet aggregation, and it also appears to be less irritating
to the gastrointestinal tract [100]. The recommended oral dosage of diflunisal is 500 mg
twice a day; thus steady state concentrations are reached in 7-9 days.

Analytical methods based on HPLC [101, 102], with a sensitivity of 5 ug ml~! and 1
pg ml~! respectively, have been described.

Para-aminophenol Derivatives

Phenacetin and paracetamol

Phenacetin and its active metabolite paracetamol have analgesic and antipyretic effects
that do not differ from those of aspirin. However, they have only weak anti-
inflammatory effects.

Kinetics. Oral absorption of phenacetin is markedly influenced by the size of the
particles in the preparation. The peak concentration of phenacetin in plasma usually
occurs in about 1 h, but extensive ‘first-pass’ metabolism of the drug occurs after oral
ingestion of the usual doses. Phenacetin is metabolized primarily by the liver and is
converted to at least a dozen metabolites. In normal individuals 75-80% of the
administered dose of phenacetin is rapidly metabolized to paracetamol. Less than 1% of
phenacetin is excreted in the urine [103]. The mean half-life of phenacetin is 57.3 + 3.6
min, the apparent volume of distribution is 217.4 * 88.8 1 and plasma clearance is 2332.1
+ 858.4 ml min~! [104].

Paracetamol is rapidly and almost completely absorbed from the gastrointestinal tract.
The plasma concentration reaches a peak in 30-60 min. Binding of the drug to plasma
proteins is variable from 20 to 50%. Following therapeutic doses the drug is excreted in
the urine as conjugates: small amounts of hydroxylated and deacetylated metabolites
have also been detected [103].

Paracetamol is rapidly absorbed after oral administration but because of its first pass
metabolism only 60-90% of the oral dose reaches the systemic circulation. Paracetamol
is extensively metabolized, only 2-5% of the dose is excreted unchanged in the urine. Its
elimination half-life is 2.3 h and the total body clearance values are about 5 ml min™!
kg~! [105].

The elimination half-life of paracetamol after single intravenous doses averaged 2.7 h
(range 1.9-4.3) and was not related to age or sex. Volume of distribution was larger in
men than in women (0.99 and 0.86 | kg~') and declined with age. Plasma clearance was
348 ml min~! (between 230 and 502 ml min~') and also declined with age [106]. Similar
values of pharmacokinetic parameters had been reported previously [114].

Therapeutic uses. A significant analgesic effect is only noted after 1.5 h after
intravenous administration of 1000 mg acetaminophen. It may exert its analgesic effect
by prostaglandin synthetase inhibition: the analgesia thus produced may be time
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dependent. Over a 4 h investigation there was no clear relationship between analgesia
and acetaminophen concentrations in either central or peripheral compartments [107].

Dosage. The conventional oral dosage of acetaminophen is 325-650 mg every 4 h for
adults. For young children the single dose is 60-120 mg depending on weight and age:
total daily dosage should not exceed 1.2 g. In therapeutic doses it is a very safe analgesic,
but in overdosage may cause severe hepatic necrosis [108]. The average single dose of
phenacetin for adults is 300 mg. The total daily dose should not exceed 2.4 g.
Paracetamol has somewhat less overall toxicity and is preferred over phenacetin.
Paracetamol can be measured in human plasma by GLC, TLC, HPLC, and colorimetric

and spectrophotometric methods [109— 113].

Antipyrine
Antipyrine is a widely used antipyretic—analgetic pyrazolone derivative.

Kinetics. Antipyrine is well and rapidly absorbed from the gastrointestinal tract. Peak
plasma concentration can be reached within 1-2 h. The apparent volume of distribution
of antipyrine is 55 1 [114]. Since this represents 64% of body weight the data are
consistent with reports that antipyrine distributes in total body water [115]. Antipyrine
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metabolism by the liver. It is excreted in urine entirely as conjugated metabolites [116].

The elimination half-life of the drug is 12.9 h [114], and in another study 12.7 £ 0.8 h

[117]. The apparent volume of distribution was determined as 63 * 4.11, and the

metabolic clearance of the drug is 62.0 £ 4.0 ml min~' [117]. Antipyrine can be
T r 1 Al
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Indomethacin
Indomethacin has prominent antiinflammatory, analgesic and antipyretic properties
similar to salicylates.

Kinetics. The elimination half-life after intravenous single and multiple doses of 25 mg,
25, 50 and 100 mg oral doses, 100 mg rectal and 25 mg three times daily administration of
indomethacin ranged between 2.6 and 11.2 h. The apparent volume of distribution
ranged from 0.34 to 1.57 kg~ and the plasma clearance from 0.044 t0 0.109 1 kg~ ' h™".
The bioavailability was 98% [i20]. The protein binding of indomethacin in human
plasma was calculated to be about 90%. The plasma levels in patients receiving
continuous treatment (3 25 mg doses daily) were between (0.5 and 3.0 pg ml~' during the
4-5 h immediately after the last dose [121]. Indomethacin is extensively metabolized in
the liver. Its main metabolites are O-desmethyl indomethacin, N-deschlorobenzoyl-
indomethacin and O-desmethyl-N-deschlorbenzoyl indomethacin.

After oral administration indomethacin was rapidly and well absorbed. Maximum
nlmma concentration (’) 3 ng ml~ 1\ was reached after 1-2 h. The elimination half-life

was between S and 10 h, plasma clearance ranged from 1 to 2.5 ml min~* kg~ '[122, 123].

Dosage. The effective plasma concentration of indomethacin is 0.5-3.0 pg mi™",
which can be reached with the dosage of 3 X 25 mg daily. Because of the high incidence
and QPVPnf\/ of side effects associated with chronic administration, indomethacin must

not be routmely used as an analgesic or antipyretic. Indomethacin can be measured in
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human plasma by GC-MS [124], fluorimetry [120], HPLC [125-127] and GLC
[128-130]. The GC-MS method has a sensitivity of 10 ng ml™". The sensitivities of the
HPLC methods are 0.1 pg mi™! [126], 1.5 ng ml~! [127] and that of the GLC method is
10 ng ml™! [129].

Zomepirac
Zomepirac sodium is a potent, non-narcotic analgesic.

Kinetics. Zomepirac absorption is rapid, peak plasma concentrations being reached
within 1-2 h. The elimination half-life was 4.3 h, total body clearance was 184 ml min ™"
and the volume of distribution was 25.1 1. Because of the lack of kinetic studies, the
absolute bioavailability of zomepirac cannot be determined. Comparative i.v. and oral
data in rhesus monkeys have shown equivalent bioavailability of zomepirac from the two
routes of administration, indicating complete oral absorption [131]. Ir vitro protein
binding studies have shown that zomepirac is extensively bound (98.5%) to human
plasma proteins.

After a single dose (25 mg) of '*C zomepirac, urinary excretion of total radioactivity
amounted to 95% of the dose in 96 h: Free zomepirac was 21.8% of the excreted
material. Fecal excretion accounted for about 1% of the administered dose [132].
Human plasma samples can be analyzed for zomepirac concentrations by HPLC [133].

References

[1] B. A. Berkowitz, S. H. Ngai, J. C. Yang, J. Hempstead and S. Spector, Clin. Pharmacol. Ther. 17,
629-635 (1975).

{2] D. R. Stanski, D. J. Greenblatt and E. Lorenstein, Clin. Pharmacol. Ther. 24, 52-59 (1978).

[3] S. F. Brunk and T. Delle, Clin. Pharmacol. Ther. 16, 51-57 (1974).

[4] B. Dahlstrom, A. Tamsen, L. Paalcow and P. Hartvig, Clin. Pharmacokinet. 7, 266-279 (1982).

[5] R. F. Kaiko, Clin: Pharmacol. Ther. 28, 823-826 (1980).

{6] J. A. Owen, D. S. Sitar, L. Berger, L. Bownell, P. C. Duke and P. A. Mitenko, Clin. Pharmacol. Ther.
34, 364-368 (1983).

{7] B. Dahlstrém, P. Bolme, H. Feychting, G. Noack and L. Paazlow, Clin. Pharmacol. Ther. 26, 354-365
(1979).

[8] G. B. Olsen, Clin. Pharmacol. Ther. 17, 31-35 (1975).

[9] J. W. A. Findlay, R. F. Butz and R. M. Welch, Clin. Pharmacol. Ther. 22, 439-446 (1977).

[10] J. W. A. Findlay, E. C. Jones, R. F. Butz and R. M. Welch, Clin. Pharmacol. Ther. 24, 60-68 (1978).

[11] T. K. Adler, J. M. Fujimoto, E. L. Way and E. M. Baker, J. Pharmacol. Exp. Ther. 114, 251-262

(1955).

[12}] W. O. R. Ebbinghausen, J. H. Mowat, P. Vestergaard and N. S. Kline, Adv. Biochem. Psycho-

pharmacol. 7, 135-146 (1973).

13] P. Haefelfinger, J. Chromatogr. 124, 351-358 (1976).

14] R. K. Verbeeck and R. A. Brouch, Clin. Pharmacol. Ther. 30, 619628 (1981).

15] L. E. Mather and G. T. Tucker, Clin. Pharmacol. Ther. 19, 535-540 (1976).

16] L. E. Mather and P. J. Meffin, Clin. Pharmacokinet. 3, 352-368 (1978).

17] J. W. Miller and H. H. Anderson. J. Pharmacol. Exp. Ther. 112, 191-196 (1954).

18] D. J. Edwards, K. Stensson, J. P. Visco and D. Lalka, Clin. Pharmacokinet. 7, 421-433 (1982).

19] A. Tamsen, P. Hartvig, C. Fagerland and B. Dahlstrém, Clin. Pharmacokiner. 7, 164—175 (1982).

20] D. L. Morselli and V. Rowei, Eur. J. Clin. Pharmacol. 18, 25-30 (1980).

21] P. Hartvig, K. E. Karlsson and C. Lindberg, Eur. J. Clin. Pharmacol. 11, 65-69 (1977).

22] J. J. Dornes, R. A. Kemp and C. J. Lamberstein, J. Pharmacol. Exp. Ther. 158, 416-420 (1976).

23] D. A. McClain and C. C. Hug, Clin. Pharmacol. Ther. 28, 106—114 (1980).

24] R. Schleiner, E. Benjamini, I. Eisele and G. Henderson, Clin. Pharmacol. Ther. 23, 188-194 (1978).

[25] U. Bondensson, S. Arnér, P. Anderson, L. O. Borens and P. Hartvig, Eur. J. Clin. Pharmacol. 17,

45-50 (1980).
[26] A. Tamsen, U. Bondensson, B. Dahlstrém and P. Hartvig, Clin. Pharmacokinet. 7, 252-265 (1982).




224 P. MISKOLCZI and L. VERECZKEY

[27] P. Andersson, S. Arnér, U. Bondensson, L. O. Boréus and P. Hartvig, Eur. J. Clin. Pharmacol. 19,
217-223 (1981).

[28] U. Bondensson and P. Hartvig, J. Chromatogr. 179, 207-212 (1979).

[29] U. Meresaar, M. Nilsson, J. Holmstrand and E. Anggard, Eur. J. Clin. Pharmacol. 20, 473-478 (1981).

[30] E. Anggard, N. L. Nilsson, J. Holmstrand and L. M. Gunne, Eur. J. Clin. Pharmacol. 16, 53-57 (1979).

[31] G. D. Bellward, P. M. Warren, W. Hovald, J. E. Axelson and F. S. Abboth, Clin. Pharmacol. Ther.

22, 92-99 (1977).

[32] M. K. Romach, K. M. Piafsky, J. G. Abel, V. Khow and E. M. Sellers, Clin. Pharmacol. Ther. 29,

211-217 (1981).

[33] F. P. Abramson, Clin. Pharmacol. Ther. 32, 652-658 (1982).

[34] H. R. Sullivan and S. L. Due, J. Med. Chem. 16, 909-913 (1973).

[35] 1. Holmstrand, E. Ingard and L. M. Gunne, Clin. Pharmacol. Ther. 23, 175-180 (1978).

[36] H. R. Sullivan, F. J. Marshall, R. E. McMahon, E. Anggard, J. Holstrand and L. M. Gunne, Biomed.
Mass. Spectrom. 2, 197-200 (1975).

{37} C. E. Inturrisi, K. A. Colburn, K. Verebely, H. E. Dayton, G. E. Woody and C. P. O’Brian, Clin.
Pharmacol. Ther. 31, 157-167 (1982).

[38] L. F. Gram, J. Schon, W. L. Way, J. Heldberg and L. O. Body, Clin. Pharmacol. Ther. 26, 473-482
(1979).

{39] R. E. McMahon, H. R. Sullivan, S. L. Due and F. J. Marshall, Life Sci. 12, 463473 (1973).

[40] K. M. Giacomoni, J. C. Giacomoni, T. P. Gibson and G. Levy, Clin. Pharmacol. Ther. 28, 417-424
(1980).

[41] T. P. Gibson, K. M. Giacomoni, W. A. Briggs, W. Whiteman and G. Levy, Clin. Pharmacol. Ther. 27,
665-670 (1980).

[42] K. Verebely and C. E. Inturissi, J. Chromatogr. 75, 195-205 (1973).

[43] R. L. Wolen, E. A. Ziege and C. M. Gruber, Clin. Pharmacol. Ther. 17, 15-20 (1975).

(44] M. Ehrnebo, R. O. Boréus and U. Lénroth, Clin. Pharmacol. Ther. 22, 888-892 (1977).

[45] M. Ehrnebo, S. A. Agurell, L. O. Boréus, E. Gordon and U. Lénroth, Clin. Pharmacol. Ther. 16,
424-429 (1974).

[46] S. M. Pond, T. Tong, N. L. Benovitz and P. Jacob, Aust. N.Z. ]. Med. 10, 515-519 (1980).

[47] B. A. Berkowitz and E. L. Way, Clin. Pharmacol. Ther. 10, 681-689 (1969).

[48] B. A. Berkowitz, J. H. Asling, S. M. Schneider and E. L. Way, Clin. Pharmacol. Ther. 10, 320-328
(1963).

[49] R. E. S. Bullingham, H. J. McQuay, A. Moore and M. R. D. Bennett, Clin. Pharmacol. Ther. 28,
667-672 (1980).

[50] K. A. Pittman, R. D. Smyth, M. Losada, I. Zigheilbom, A. L. Maduska and I. Sunshine, Am. J. Obstet.
Gynecol. 138, 797-800 (1980).

51] R. E. S. Bullingham, H. J. McQuay and R. A. Moore, Clin. Pharmacokin. 8, 332-343 (1983).

52] R. D. Smyth, K. A. Pittman and R. C. Gaver, Clin. Pharmacol. Ther. 25, 250 (1979).

53] A. B. Dobkin, S. Eamkaow and F. S. Caruso, Clin. Pharmacol. Ther. 18, 547-553 (1975).

54] M. S. Gilbert, R. S. Forman, D. S. Moylan and F. S. Caruso, J. Int. Med. Res. 4, 255-264 (1976).

55] J. K. Errick and R. C. Heel, Drugs 26, 191-211 (1983).

56] C. L. Lake, C. A. DiFazio, E. N. Duckworth, J. C. Moscicki, J. S. Engle and C. G. Durbin, J.

Chromatogr. 233, 410-416 (1982).

[57] E. F. Domino, S. E. Domino, R. E. Smith, L. E. Domino, J. R. Goulet, K. E. Domino and E. K.

Zsigmond, Clin. Pharmacol. Ther. 36, 645-654 (1984).

58] J. A. Clements, W. S. Nimmo and I. S. Grant, J. Pharm. Sci. 71, 539-549 (1982).

59] J. A. Clements, W. S. Nimmo and L. S. Grant, J. Pharm. Pharmacol. 34/Suppl. 69(P) (1982).

60] S. S. Lan and E. F. Domino, Biomed. Mass. Spectrom. 4, 317-321 (1977).

61] S. H. Ferreira and J. R. Vane, Ann. Pharmacol. 14, 57-73 (1974).

62] T. P. Pruss, J. F. Gardacki, R. J. Taylor and L. D. Muschek, J. Clin. Pharmacol. 20, 216-221 (1980).

63] R. A. Runkel, M. Chaplin, G. Boost, E. Segre and E. Forchelli, J. Pharm. Sci. 61, 703 (1972).

64] R. A. Runkel, E. Forchielli, H. Sevelins, M. Chaplin and E. Segre, Clin. Pharmacol. Ther. 15, 261-267

(1974).

65] R. N. Brogden, R. C. Heel, T. M. Splight and G. S. Avery, Drugs 18, 241-277 (1979).

66] G. Martino, A. Emanuali, V. Mandell and V. Ventafridda, Arzneim. Forsch. 28, 1657 (1978).

67] D. L. Mahler, W. H. Forrest, C. R. Braun, P. F. Shroff, H. E. Gordon, B. W. Braun and K. E. James,

Clin. Pharmacol. Ther. 19, 18-25 (1976).

68] S. S. Bloomfield, T. P. Barden and J. Mitchell, Clin. Pharmacol. Ther. 21, 414-418 (1977).

69] M. Antilla, M. Haotaja and A. Kasanen, Eur. J. Clin. Pharmacol. 18, 263-268 (1980).

70] M. Antilla, J. Pharm. Sci. 66, 433-434 (1977).

71] R. Runkell, M. D. Chaplin, H. Sevelins, E. Ortega and E. Segre, Clin. Pharmacol. Ther. 20, 269-277
(1976).

[72] F. Nielsen-Kudsk, Acta Pharmacol. Toxicol. 47, 267-272 (1980).




HUMAN PHARMACOKINETICS OF ANALGESICS 225

73] T. Ishizaki, T. Sasaki, T. Suganuma, Y. Horai, K. Chiba, M. Watanabe, W. Asuke and H. Hoshi, Eur.
J. Pharmacol. 18, 407-414 (1980).

[74] R. A. Upton, R. L. Williams, T. W. Guentart, J. N. Buskin and S. Riegelman, Eur. J. Clin. Pharmacol.
20, 127-133 (1981).

-, 133 15081

[75] F. A. Wollheim, P. Stenberg, B. Nillson and G. Mellbin, Eur. J. Clin. Pharmacol. 20, 423-425 (1981).

[76] R. A. Upton, J. N. Buskin, T. W. Guentart, R. L. Williams and S. Riegelman, J. Chromatogr. 190,
119-128 (1980).

[77] C. M. Kaye, M. G. Sankey and J. E. Holt, Br. J. Clin. Pharmacol. 11, 395-398 (1981).

[78] V. Tamasai, G. Corri, E. Moro, G. P. Tordini and L. M. Fucella, Eur. J. Clin. Pharmacol. 10, 257-262
(1976).

[79] V. Ventafridda, G. Martino, V. Mandelli and A. Emanueli, Clin. Pharmacol. Ther. 17, 284-288 (1975).

[80] L. M. Fucella, F. Conti, G. Corvi, V. Mandelli, R. Randelli and G. Stefanelli, Clin. Pharmacol. Ther.
17, 277-283 (1975).

81] R. Okun, J. W. Green and R. W. Schaklefond, J. Clin. Pharmacol. 19, 487-492 (1979).

82] S. A. Cooper, Ann. Rev. Pharmacol. Toxicol. 23, 617-647 (1983).

83] G. P. Tosolini, A. Forgione, E. Moro and V. Mandelli, J. Chromatogr. 92, 61-68 (1974).

84] G. Cuirinaud, J. Legheand, G. Llorca, C. Belahia E. Lejenne and J. Sassard, Eur. J. Clin. Pharmacol.
16, 59-61 (1979).

85] H. J. Rogers, J. P. Savitsky, B. Glenn and R. G. Spector, Clin. Pharmacol. Ther. 29, 74-80 (1981).
86] G. Cuisinaud, J. Legheand, C. Belkahia and J. Sassard, J. Chromatogr. 148, 509-513 (1978).
87] J1. S. Fleitman, S. G. Schulman and J. H. Pervin, J. Chromatogr. 228, 372-376 (1982).
88] D. J. Siebert, F. Buchner, D. M. Inhoff, S. Watts, J. V. Lloyd, J. Field and B. W. Gabb, Clin.
Pharmacol. Ther. 33, 364-374 (1983).
89] G. Graham, G. D. Champion, R. O. Day and P. D. Paull, Ciin. Pharmacol. Ther. 22, 410-420 (1977
. A. Cooper and W. T. Beaver, Clin. Pharmacol. Ther. 20 241-250 (1976).
91] T. G. Kantor, E. Laska and A. Streem, J. Clin. Pharmacol. 13, 152-159 (1973).
k=]

T hon ¥ Nnace Y an C Pachoar and T M AmhAff Thae e A~ Y ALK ’)’1’) {1080

=)
(=)
U)

. L. Uiiadim, 1. ROSS-L.EC, r. DOCHNCT and L. M. AMNOIL, 7487, UTUg viOh. &, JU3—5/4 \170Uj.

93] E. Wahlin-Boll, B. Brantmark, A. Hanson, A. Melander and C. Nilsson, Eur. J. Clin. Pharmacol. 20,
375-378 (1981).

94] R. H. Rumble and M. S. Roberts, J. Chromatogr. 225, 252-260 (1981).

95] L. §. Walter, D. F. Biggs and R. T. Coutts, J. Pharm. Sci. 63, 1754—-1758 (1974).

96] J. B. Hill and R. M. Smith, Biochem. Med. 4, 24-35 (1970).

97] M. Rowland and S. Riegelman, J. Pharm. Sci. 56, 717720 (1967).

98] R. K. Verbeeck, J. L. Blackburn and G. R. Loewen, Clin. Pharmacokinet. 8, 237-331 (1983).

99] D. J. Tocco, G. O. Breault, A. G. Zacchei, S. L. Steelman and C. V. Perrier, Drug Metab. Disp. 3,

453-466 (1975).

{100] P. J. DeSchepper, T. B. Tjandramaga, M. DeRoo, L. Verhaert, C. Daurio, S. O. Steeiman and K. F.
Tempero, Clin. Pharmacol. Ther. 23, 669-676 (1978).

[101] J. W. A. VanLoenhant, H. C. J. Ketelaars, F. W. J. Gribnau, C. A. M. Van Ginneken and Y. Tan, J.
Chromatogr. 132, 487-491 (1980).

[102] M. Balali-Mood, I. S. King and L. F. Prescott, J. Chromatogr. 229, 234-240 (1982).

[103] L. S. Goodman and A. Gilman, The Pharmacological Basis of Therapeutics. MacMillan, New York
(1975).

[104] C. A. Shively and E. S. Vesell, Clin. Pharmacol. Ther. 18, 413-424 (1975).

{105} 1. A. H. Forrest, J. A. Clements and L. F. Prescott, Clin. Pharmacokinet. 7, 93-107 (1982).

[106] M. Diwoll, D. R. Abernethy, B. Ameer and D. J. Greenblatt, Clin. Pharmacol. Ther. 31, 151-156
(1982).

{107] R. A. Seymour and M. D. Rawlins, Eur. J. Clin. Pharmacol. 20, 215-218 (1981).

[108} R. Clark, R. P. H. Thompson U. Borirakenangavat, S. Widdop, A. R. Davidson, R. Goulding and R.

P 69 (1973
VVlllldlllb, Lullt(l l UU_U7 \1770).

[109] R. M. Welch and A. H. Conney, Clin. Chem. 11, 1064—1067 (1965).

[110] P. J. Adriaenssens and L. F. Prescott, Br. J. Clin. Pharmacol. 6, 87-88 (1978).

[111] L. T. Wong, G. Solomonraj and B. H. Thomas, J. Pharm. Sci. 65, 1064-1065 (1976).

[112] D. Howie, P. J. Adriaenssens and L. F. Prescott, J. Pharm. Pharmacol. 29, 150-157 (1967).

{113] K. Wiener, Ann. Clin. Biochem. 15, 187-196 (1978).

[114] R. M. Welch, R. L. DeAngelis, M. Wingfield and T. W. Farmer, Clin. Pharmacol. Ther. 18, 249-258
(1975).

[115] R. Soberman, B. B. Brodie, B. B. Levy, J. Axelrod, V. Hollander and J. M. Steele, J. Biol. Chem. 179,
31-42 (1949)

{ii6] B. B. Brodie and j. Axeirod, /. Pharmacol. Exp. Ther. 98, $7-104 (1950).

[117] E. S. Vesell, G. T. Passananti, P. A. Glenwright and B. H. Dvorchik, Clin. Pharmacol. Ther. 18,

259-272 (1975).
{118] L. F. Prescott, K. K. Adj

on-Yamoah and E. Roberts, J. Pharm. Pharmacol. 25, 205-207 (1973).



226 P. MISKOLCZI and L. VERECZKEY

[119] H. S. Fraser, J. C. Mucklow, S. Murray and D. S. Davies, Br. J. Clin. Pharmacol. 3, 321-325 (1976).

[120] G. Alvan, M. Orne, L. Bertilsson, R. Ekstrand and L. Palmér, Clin. Pharmacol. Ther. 18, 364-373
(1975).

[121] E. Hvidberg, H. H. Lansen and J. A. Janssen, Eur. J. Clin. Pharmacol. 4, 119-124 (1972).

[122] L. Hellberg, Clin. Pharmacokinet. 6, 245-258 (1981).

{123} K. C. Kwan. G. O. Breault, E. R. Umberhaner, F. G. McMahon and D. E. Duggan. J. Pharmacokinet.
Biopharmacol. 4, 255-280 (1976).

[124] L. Palmér, L. Bertilsson, G. Alvan, M. Orme, F. Sjdquist and B. Holmstedt, in Prostaglandin Synthetase
Inhibitors. Raven Press, New York (1974).

[125] G. G. Skellern and E. G. Salole, J. Chromarogr. 114, 483-485 (1975).

[126] J. L. Shimek, N. G. S. Rao and J. Khalil, J. Liquid Chromatogr. 4, 1987-2013 (1981).

[127] W. F. Bayne, T. East and D. Ye, J. Pharm. Sci.

[128] L. Melleberg, J. Chromatogr. 117, 167-173 (1976).

[129] M. S. Evans, J. Pharm. Sci. 69, 219-220 (1980).

[130] B. Plazonnet and W. J. A. Van Den Heuvel, J. Chromatogr. 142, 587-596 (1977).

[131] R. K. Nayak, K. T. Ng, S. Gottlieb and J. Plostnieks, Clin. Pharmacol. Ther. 28, 395-401 (1980).

[132] P. J. O'Neill, Unpublished data on file, McNeil Lab., Fort Washington, Penn. 19034.

[133] K. T. Ng and T. Snyderman, J. Chromatogr. 178, 241-247 (1979).

[First received for review 22 October 1984; revised manuscript received 12 March 1985]



