ion cluster technique was effective not only for the differentiation of the
metabolites from other biological impurities but also for the structural
elucidation. The metabolic transformation of the drug molecule was easily
recognized by the shift of the fragment ions. Labeling the benzene ring
of I with deuterium atoms readily clarified the metabolic transformations
occurring in the benzene ring, since the elimination of each deuterium
atom due to the biotransformation reduced the spacing of the ion clusters
by 1 mass unit.
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Abstract O The effect of salicylamide and acetaminophen on the met-
abolic fate of dextrorphan, the primary metabolite of dextromethorphan,
was studied in vivo in the rat. Plasma dextrorphan levels were measured
at 5-min intervals up to 20 min and at longer intervals up to 2 hr after
dextromethorphan hydrobromide was administered orally either alone
or in combination with salicylamide and acetaminophen. The combina-
tion gave rise to higher plasma dextrorphan levels than did dextro-
methorphan hydrobromide alone at most sampling times. Conjugation
of dextrorphan was inhibited almost quantitatively by salicylamide and
acetaminophen at the 5-min sampling time. Salicylamide alone increased
the plasma dextrorphan levels when it was coadministered with dextro-
methorphan, but the differences were not statistically significant. The
antitussive activity of dextromethorphan hydrobromide in the unanes-
thetized dog was faster in onset, greater in intensity, and longer in du-
ration when it was coadministered with salicylamide and acetaminophen.
It is suggested that salicylamide and acetaminophen may inhibit the
metabolic inactivation of dextrorphan, thereby improving the cough-
inhibiting potential of dextromethorphan hydrobromide.

Keyphrases O Dextromethorphan hydrobromide—metabolism, effect
of salicylamide and acetaminophen, rats [ Metabolism—dextro-
methorphan hydrobromide, effect of salicylamide and acetaminophen,
rats 00 Salicylamide—effect on metabolism of dextromethorphan hy-
drobromide in rats O Acetaminophen-—effect on metabolism of dex-
tromethorphan hydrobromide in rats O Antitussives—dextromethor-
phan hydrobromide, metabolism, effect of salicylamide and acetami-
nophen, rats O Analgesics—acetaminophen and salicylamide, effect on
metabolism of dextromethorphan hydrobromide in rats

Many drugs are eliminated from the body by biotrans-
formation to glucuronide and sulfate conjugates that are
pharmacologically inactive. The enzyme systems respon-
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sible for the formation of such metabolites are saturable
at relatively low drug concentrations (1, 2). Concomitant
administration of drugs that undergo conjugation in vivo
was reported to result in a competitive inhibition of the
respective enzymatic processes (3-5).

The main routes of metabolism of dextromethorphan,
a widely used nonnarcotic antitussive agent, are (- and
N-demethylation followed by subsequent conjugation of
the desmethyl metabolites to glucuronides and sulfates,
with O-demethylation being the predominant pathway
(6-10). The O-demethylation product, dextrorphan (d-
3-hydroxy-N-methylmorphinan), was reported to possess
antitussive activity in the dog (11). Salicylamide, a weak
analgesic and antipyretic agent, is metabolized primarily
to the ether glucuronide and ester sulfate (2). The main
metabolites of the analgesic drug acetaminophen are the
glucuronide and sulfate conjugates (12, 13).

Self-administration of analgesic preparations along with
antitussives is common. This investigation determined,
in experimental animals, if the biotransformation of dex-
tromethorphan is affected by concurrent administration
of salicylamide or a combination of salicylamide and
acetaminophen and if the antitussive activity of dextro-
methorphan is altered by such multidrug therapy.

EXPERIMENTAL

Materials—The drugs and chemicals used were: dextromethorphan
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Table I—Effect of Coadministering Dextromethorphan
Ilydrobromide with Salicylamide on the Plasma Dextrorphan
Levels in Rats

Plasma Dextrorphan Levels, ng/ml¢

Dextromethorphan

Hydrobromide,

Dextromethorphan 10 mg/kg, plus

Minutes Hydrobromide, Salicylamide,

Postdrug 10 mg/kg 15 mg/kg

5 7+ 2(10) 44 £ 17 (9)

10 127 £ 17 (10) 170 £ 15 (10)

15 185 + 22 (12) 214 + 23 (12)

20 245 + 23 (10) 239 £ 21 (11)

30 209 + 15 (10) 218 £ 18 (10)
45 120 + 16 (8) 133 £+ 22 (8)
60 153 + 21 (9) 110 + 16 (10)

2 Mean + SE. Numbers in parentheses refer to number of animals. One deter-
mination was made on each rat.

hydrobromide!; dextrorphan!; ethyl acetate?, spectroquality; and n-
hexane3, analytical reagent grade.

Methods—Determination of Dextrorphan in Plasma—Unconjugated
dextrophan was determined by the procedure of Ramachander et al. (14).
Plasma (3.0 ml) was adjusted to pH 9.5 by the addition of about 0.6 ml
of a saturated solution of sodium carbonate and extracted with 15 ml of
ethyl acetate. The mixture was centrifuged, and a 12-ml aliquot of the
organic layer was shaken with 3.0 ml of 1.0 N HCL

The acid layer was separated, and its fluorescence was measured*. The
fluorescence and excitation wavelengths were 310 and 280 nm, respec-
tively, and the slit dials were set to give a bandpass of 8 nm for excitation
and 5 nm for fluorescence. The concentrations of dextrorphan in the
samples were read from a calibration curve whose validity was determined
by including three or four known concentrations of the drug added to rat
plasma with each series of unknowns.

Varying concentrations of dextrorphan (5-500 ng/ml) were added to
normal rat plasma in the presence of 20 ug of salicylamide or 20 ug of
salicylamide plus 20 ug of acetaminophen. The plasma was then assayed
for free and total dextrorphan. Salicylamide and acetaminophen did not
interfere with the measurement of dextrorphan. Salicylamide, 15 mg/kg,
or salicylamide, 15 mg/kg, plus acetaminophen, 10 mg/kg, was adminis-
tered orally to rats, and blood was obtained at 15 and 30 min. Known
amounts of dextrorphan were added to the separated plasma, which was
analyzed according to the described procedure. The measurement and
recoveries of dextrorphan were unaffected.

determination of Total Dextrorphan (Free and Conjugated) in
Plasma— Plasma samples obtained at 0 and 5 min after dextromethor-
phan hydrobromide (10 mg/kg) administration were analyzed for total
dextrorphan by the method of Ramachander et al. (14). Plasma (3.0 ml)
was adjusted to pH 5.5 with 3.0 N acetic acid and incubated at 37° for
2 hr with 0.16 m! of an enzyme solution® containing 100,000 units of 3-
glucuronidase and 50,000 units of sulfatase/ml. The conjugates of dex-
trorphan appeared to undergo quantitative hydrolysis by 2 hr because
longer periods of incubation did not improve the recoveries of the free
drug. The pH was then adjusted 10 9.5 with a saturated solution of sodium
carbonate, and the mixture was analyzed for dextrorphan.

A calibration curve was constructed by plotting fluorescence intensity
against concentration of dextrorphan added to drug-free plasma. Re-
gression analysis of the least-squares line fitting the data points provided
an equation for the curve as y = 0.2658x + 3.728 with r = 0.9956, where
v represents fluorescence units and x is nanograms of dextrorphan per
milliliter of plasma. Recovery of added amounts of dextrorphan to plasma
was 70%. To determine method precision, eight samples to which dex-
trorphan was added to plasma to yield a concentration of 400 ng/ml and
four samples containing 600 ng/ml were analyzed in duplicate over 6
months. The coefficients of variation at these two concentrations were
8 and 4%, respectively.

The fluorescence spectrum of dextrorphan extracted from plasma was
identical with that of dextrorphan in 1.0 N HCl but not with that of the
unmetabolized drug. Extracts from plasma of rats administered dex-
tromethorphan hydrobromide exhibited fluorescence spectra charac-
teristic of dextrorphan but not of dextromethorphan.

! Hoffmann-La Roche Inc., Nutley, N.J.

2 Matheson, Coleman and Bell, Norwood, Ohio.

% Mallinckrodt Chemical Works, St. Louis, Mo.

4 Perkin-Elmer model MPF-3 fluorescence spectrophotometer.
5 Glusulase, Endo Laboratories, Garden City, N.Y.
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Table II—Effect of Coadministering Dextromethorphan
Hydrobromide with Salicylamide and Acetaminophen on the
Plasma Dextrorphan Levels in Rats

Plasma Dextrorphan Levels, ng/ml®

Dextromethorphan
Hydrobromide,
10 mg/kg,
plus Salicylamide,
Dextromethorphan 15 mg/kg,
Minutes Hydrobromide, plus Acetaminophen,
Postdrug 10 mg/kg 10 mg/kg
0 0 0
5 7+ 30 60 + 10°
10 127 £ 26 227 £ 59
15 180 + 22¢ 314 + 39¢
20 243 £+ 20 240 £+ 35
30 230 + 38 245 + 63
45 135+ 16 174 + 23
60 145 + 34 159 + 23
90 69 % 14 93 + 28
120 48 + 11 74+ 16

@ Mean of 10 rats + SE. ® Significance of the difference between the two treat-
ment groups was <0.05 as determined by the two-tailed ¢ test. ¢ Significance of the
difference between the two treatment groups was <0.01.

Treatment of Animals—Groups of 10 female Sprague~Dawley rats,
160-200 g, were fasted for 18 hr. They then received by stomach tube
aqueous solutions of: (a) dextromethorphan hydrobromide, 10 mg/kg;
(b) a combination of dextromethorphan hydrobromide, 10 mg/kg, and
salicylamide, 15 mg/kg; or (¢) a mixture of dextromethorphan hydro-
bromide, 10 mg/kg, salicylamide, 15 mg/kg, and acetaminophen, 10
mg/kg. Blood samples were withdrawn into heparinized tubes by cardiac
puncture immediately prior to and at 5, 10, 15, 20, 30, 45, 60, 90, and 120
min after drug administration.

Plasma was separated by centrifugation and analyzed for free or total
dextrorphan according to one of the described procedures. For the de-
termination of total dextrorphan, only the samples obtained at 0 and 5
min were used. Ten rats were used per time period for the determination
of either free or total dextrorphan. Plasma from one rat was employed
to obtain one experimental value of either free or total dextrorphan.

Evaluation of Antitussive Activity in Unanesthetized Dogs—The
antitussive activity was determined according to the method of Tedeschi
et al. (15), which involves counting the number of coughs produced by
an electrically induced vibration of a tracheal magnet. Three preparations
were administered to four dogs in a crossover design. The dogs were fasted
for 18 hr and were given by a stomach tube: (a) dextromethorphan hy-
drobromide, 5.0 mg/kg, as a 25-ml aqueous solutinn followed by two
successive washes with 25 ml of water each; (b) dextromethorphan hy-
drobromide-salicylamide-acetaminophen (5:7.5:5), 17.5 mg/kg, as a 35-ml
aqueous solution followed by two successive washings with 20 ml of water
each; (¢) dextromethorphan hydrobromide-salicylamide-acetaminophen
(5:3.25:2.5), 10.75 mg/kg, as a 35-ml aqueous solution followed by two
washings with 20 ml of water each; or (d) salicylamide-acetaminophen
(7.5:5) 12.5 mg/kg, as a 35-ml aqueous solution followed by two washings
with 20 ml of water each. All drugs were originally brought into solution
by gentle warming in a water bath at 40° and then cooled to room tem-
perature as clear solutions.

Control readings were taken for 3 hr before medication and at 5, 10,
15, and 20 min and 1, 2, 3, and 4 hr thereafter. Drug effects were calculated
in terms of percent inhibition of the number of coughs.

RESULTS

Effect of Coadministering Dextromethorphan Hydrobromide
with Salicylamide on Plasma Dextrorphan Levels—Upon oral
administration of dextromethorphan hydrobromide, 10 mg/kg, to female
rats, dextrorphan appeared in plasma at very low levels (7 ng/ml) by 5
min, reached peak levels (245 ng/ml) at 20 min, and declined thereafter.
Coadministration of the same dose of dextromethorphan with sali-
cylamide, 15 mg/kg, resulted in higher average concentrations of dex-
trorphan at 5, 10, 15, 30, and 45 min. The differences, however, were not
statistically significant (p > 0.05). The results are summarized in Table
L

Effect of Coadministering Dextromethorphan Hydrobromide
with Salicylamide and Acetaminophen on Plasma Dextrorphan
Levels—The effects of coadministering dextromethorphan hydrobro-
mide (10 mg/kg) with salicylamide (15 mg/kg) and acetaminophen (10
mg/kg) on the average plasma levels are shown in Table II. When the drug



Table III—Effect of Enzyme Hydrolysis on Plasma Dextrorphan
Levels in Rats 5 min after the Oral Administration of
Dextromethorphan Hydrobromide, Either Alone or in
Combination with Salicylamide

Plasma Dextrorphan Levels,
ng/ml (Mean + SE)¢

Treatment Free Total®
Dextromethorphan 74 3¢ 71 £ 10
hydrobromide, 10 mg/kg
Dextromethorphan 60 + 104 74 + 149

hydrobromide, 10 mg/kg,
plus salicylamide, 15 mg/kg,
and acetaminophen, 10 mg/kg

@ Ten rats were used in each treatment group. ® Free plus conjugated. Determined
after hydrolysis with glucuronidase and arylsulfatase, ¢ Significance of the differ-
ence between the two treatment groups was <0.01 as determined by the two-tailed
t test. ¥ The three treatment groups were not significantly different from each
other.

was administered alone, dextrorphan appeared at very low levels in
plasma by 5 min, reached peak levels (243 ng/ml) at 20 min, and declined
thereafter. In the postabsorption phase of the curve, a plateau was noticed
between 45 and 60 min. With the drug combination, a significantly higher
average dextrorphan concentration (60 ng/ml) was noted at 5 min (p <
0.05). A mean peak concentration of 314 ng/ml was attained earlier and
was significantly higher than the 15-min average concentration of 180
ng/ml obtained after administration of dextromethorphan alone.

Effect of Coadministration of Dextromethorphan Hydrobromide
with Salicylamide and Acetaminophen on Relative Amounts of Free
and Total Dextrorphan in Rat Plasma—Five minutes after the oral
administration of dextromethorphan hydrobromide (10 mg/kg), the mean
plasma dextrorphan level in a group of 10 rats was 7 ng/ml (Table III).
Enzyme hydrolysis of the 5-min plasma samples from 10 similarly treated
rats resulted in an average concentration of 71 ng/ml, which was signifi-
cantly higher than the value of 7 ng/ml from the former group (p <0.01).
Five minutes after the oral administration of dextromethorphan hy-
drobromide (10 mg/kg) with salicylamide (15 mg/kg) and acetaminophen
(10 mg/kg), the mean plasma dextrorphan concentration in a group of
10 rats was 60 ng/ml. Upon enzyme hydrolysis of the plasma samples from
10 similarly treated rats, the average concentration of the metabolite was
74 ng/ml. The latter three groups were not significantly different from
each other.

Effect of Salicylamide and Acetaminophen on Antitussive Ac-
tivity of Dextromethorphan Hydrobromide in Unanesthetized
Dogs—The cough inhibition elicited by a 5.0-mg/kg dose of dextro-
methorphan hydrobromide administered alone or in combination with
salicylamide and acetaminophen in unanesthetized dogs is illustrated
in Fig. 1. When coadministered with salicylamide (3.25 mg/kg) and
acetaminophen (2.50 mg/kg), the antitussive activity of dextromethor-
phan hydrobromide (5.00 mg/kg) at 20 min was significantly higher than
when given alone (p < 0.05). The combination of the same dose of the
latter with salicylamide (7.5 mg/kg) and acetaminophen (5.0 mg/kg) was
even more potent with respect to:

1. Onset of activity. The combination was significantly more active
than dextromethorphan hydrobromide at 5 min (p < 0.02).

2. Intensity of effect. The percent cough inhibition with the combi-
nation at 20 and 60 min was 48.3 and 38.0, respectively; that with the drug
alone was 14.5 and 14.3, respectively. The levels of significance of these
differences were p < 0.05 at 20 min and p < 0.01 at 60 min.

3. Duration of activity. Whereas dextromethorphan hydrobromide
had marginal activity at 4 hr (percent cough inhibition, 1.5), the combi-
nation was significantly more active (percent cough inhibition, 12.5, p
< 0.02).

Salicylamide and acetaminophen (7.5:5), 12.5 mg/kg, had a negligible
antitussive effect. The cough inhibition at any time interval was less than
2%.

DISCUSSION

Kamm et al. (6) observed that the primary metabolic pathway of
dextromethorphan in the rat is O-demethylation, leading to the formation
of dextrorphan. Although 3-hydroxymorphinan was present in the urine
and bile of rats treated with dextromethorphan, there was no evidence
for the presence of 3-methoxymorphinan in these fluids. It was proposed
that the formation of 3-hydroxymorphinan may be explained by very
rapid O-dealkylation of 3-methoxymorphinan to the completely deal-
kylated 3-hydroxymorphinan.
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Figure 1—Effect of salicylamide and acetaminophen on the antitussive
activity of dextromethorphan hydrobromide in the unanesthetized dog.
Key: A, dextromethorphan hydrobromide, 5 mg/kg; B, dextromethor-
phan hydrobromide, 5 mg/kg, plus salicylamide, 3.25 mg/kg, plus
acetaminophen, 2.5 mg/kg, and C, dextromethorphan hydrobromide,
5 mg/kg, plus salicylamide, 7.5 mg/kg, plus acetaminophen, 5 mg/kg.
Each point represents an average of values from four dogs.

Competitive inhibition of glucuronide and sulfate formation by sali-
cylamide and acetaminophen was reported in humans (16). The observed
elevation in the plasma dextrorphan levels in the presence of salicylamide
and acetaminophen may be due to similar phenomena, with the three
drugs acting as competing substrates. This possibility finds rationale in
the observation that all plasma dextrorphan was present in the free form
5 min after the administration of the combination to the rat whereas only
10% was unconjugated after treatment of the animals with dextro-
methorphan alone. Salicylamide alone had some effect in increasing the
plasma dextrorphan levels when coadministered with dextromethorphan
hydrobromide, but the observed differences were not statistically sig-
nificant. The effect was more pronounced when salicylamide and acet-
aminophen were coadministered with dextromethorphan hydrobro-
mide.

Upon oral administration to dogs, dextromethorphan was metabolized
to dextrorphan, 3-methoxymorphinan, and 3-hydroxymorphinan (9).
Of these metabolites, only dextrorphan was reported to possess anti-
tussive activity in the dog (11). The present investigation demonstrates
that salicylamide and acetaminophen potentiate the antitussive activity
of dextromethorphan hydrobromide in the dog. On the basis of findings
in the rat, this potentiation may be a result of an inhibition of the con-
jugation of dextrorphan, the O-demethylated metabolite of dextro-
methorphan, to pharmacologically inactive metabolites. It is possible that
processes other than metabolic intervention are operative in the dog in-
asmuch as the combination had a more prolonged effect in this species
than in the rat. More comprehensive studies appear necessary to delineate
precisely the site of inhibition by salicylamide and acetaminophen in the
metabolic pathway of dextromethorphan.

These findings are of importance in multiple drug therapy and its
clinical implications.
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Abstract O The influence of various test meals and coadministered water
volumes on erythromycin stearate bioavailability from orally dosed
film-coated tablets was studied in healthy human subjects. Serum
erythromycin levels were uniformly reduced by all test meals, with the
reduction in mean peak serum levels varying from 47 to 60%. Serum
erythromycin levels also were reduced significantly in fasted individuals
when the accompanying water volume was reduced from 250 to 20 ml.
The apparent drug absorption rate constant was not influenced by
treatments. This result is probably due to rapid degradation of solubi-
lized, unabsorbed drug in the GI tract. Higher and more uniform serum
erythromycin levels are obtained when erythromycin stearate tablets are
given on an empty stomach together with an adequate water volume.

Keyphrases 0 Erythromycin stearate—bioavailability, effect of food
and fluid volume, humans 0 Bioavailability—erythromycin stearate,
effect of food and fluid volume, humans & Absorption, GI—erythromycin
stearate, effect of food and fluid volume, humans O Antibacterials—
erythromycin stearate, bioavailability, effect of food and fluid volume,
humans

Since the introduction of erythromycin in 1952 (1) and
subsequent observations that the drug may be irregularly
absorbed from the GI tract (2), a large number of deriva-
tives and formulations have been prepared to optimize its
stability and absorption. )

The bicavailability of one such derivative, erythromycin
stearate, has been examined from an oral suspension (3,
4) and film-coated tablets (4-6). One study (4) suggested
that erythromycin stearate in film-coated tablets may be
absorbed into the circulation at a faster rate than eryth-
romycin base from coated tablets. However, the overall
absorption efficiency of antibiotic from the two dosage
forms was similar.

Reports on the influence of food on erythromycin stea-
rate absorption are conflicting. Absorption from the sus-
pension appears not to be influenced by food (3), while
absorption from film-coated tablets is reduced (5, 6).
However, the reported studies have several shortcomings
in that the types and sizes of meals and the time intervals
between eating and dosing were generally not specified.
Furthermore, the volumes of fluid ingested with the drug
were not described. The only mention of fluid volume oc-
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curred in one study (6) where subjects took the drug with
as much fluid as desired.

In view of the marked influence that different meals,
varying time intervals between food and drug ingestion,
and volumes of fluid taken with a drug may have on drug
absorption (7), this study examined erythromycin stearate
bioavailability in human volunteers with these factors
carefully controlled.

EXPERIMENTAL

The overall design was similar to that described previously (8). Subjects
were two female and four male healthy volunteers. The females were 22
and 24 years old and weighed 64 and 50 kg. The males were 22-33 years
old (mean 27) and weighed 66-82 kg (mean 73). All subjects were shown
to be in good physical condition by medical examination.

Protocol—Verbal assurance was obtained from all subjects that they
had taken no known enzyme-inducing agents for 1 month, and no other
drugs for 1 week, preceding the study. Subjects were instructed to take
no drugs other than the required doses of erythromycin stearate during
the study.

Subjects were fasted overnight before each treatment and were per-
mitted to eat no food, apart from test meals, until 4 hr after dosing. On
the morning of a treatment, each subject drank 250 m! of water on arising,
at least 1 hr before dosing. Medication was administered at 8:00 am; blood
samples (~5 ml) were collected from a forearm vein for serum in vacuum
tubes! immediately before and at 0.5, 1, 2, 4, 6, 8, and 12 hr after dosing.
Serum was deep frozen (—18°) until assayed. Assays were routinely
carried out within 1 week of sampling.

Treatments—Erythromycin stearate was administered as single
500-mg doses consisting of two 250-mg film-coated tablets?. High car-
bohydrate, high protein, and high fat meals were prepared and
standardized as described previously (9). The following treatments were
administered:

Treatment 1—Two tablets with 250 ml of water immediately following
a standard high carbohydrate meal.

Treatment 2—Two tablets with 250 ml of water immediately following
a standard high fat meal.

Treatment 3—Two tablets with 250 ml of water immediately following
a standard high protein meal.

Treatment 4—Two tablets with 20 ml of water on a fasted stomach.

Treatment 5—Two tablets with 250 ml of water on a fasted stom-
ach.

! Vacutainers. .
2 Bristamycin, Bristol Laboratories.





