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Pharmacokinetics of oral noscapine
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Summary, The relative bioavailability in 20 healthy volun-
teers of 100 mg, 200 mg and 300 mg tablets of noscapine
and 200 mg as a solution has been assessed in a four-way
cross-over study, with repeated administration of the
200 mg dose to assessintraindividual variability. There was
a disproportionate increase in the AUC of noscapine tab-
lets, as a 3-fold increase in dose produced a 9-fold rise in
AUC.Thisdose-dependencycould mainlty be attributed to
saturable first-pass metabolism of the drug. Administra-
tion of noscapine as a solution resulted in a significantly
higher maximal concentration at an earlier time-point and
a higher AUC than the corresponding dose as tablets. Re-
peated administration of noscapine tablets and solution
yielded higher AUC on the second dosing occasion. No
cause for thiscarry-over effect was found, and the contribu-
tion of remaining noscapine was negligible. The terminal
half-life of noscapine, which was independent of formula-
tion or dose size was 4.5 h. Both inter- and intraindividual
variability in noscapine kinetics were very high, e.g. 73%
and 51% CV of the AUC for the 200 mg tablet.

Key words: Noscapine; pharmacokinetics, bioavailability,
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Noscapine is an isoquinoline alkaloid obtained from
opium, which lacks sedative, euphoric, analgesic or respi-
ratory depressant properties (Martindale 1977). The only
pronounced pharmacological effect of noscapine is cough
suppression, for which it has been used for about 30 years.
The antitussive effect has been documented in animals
(Winter and Flataker 1954, Idanpdin-Heikkild 1967),
healthy volunteers (Bickerman et al. 1957, Empey et al.
1979) and patients with chronic cough (Matthys et al.
1985). A central site of action isindicated fromits effect on
electrically induced cough (Balint and Rabloczky 1968)
and from radioligand binding studies, where noscapine
binds to specific sites (Karlsson et al. 1988, Karlsson and
Neil 1988) and enhances dextromethorphan binding to its
binding sites (Craviso and Mushaccio 1983), possibly by
an allosteric mechanism.

Noscapine is eliminated by metabolism and has a rela-
tively low bioavailability due to a substantial first-pass loss
(Dahlstrom et al. 1982). The consequential high vari-
ability in plasma concentrations may have clinical implica-
tions, although no data are available to describe the con-
centration-response relationship. The present study was

undertaken to assess both the extent of inter- and intra-
subject variability in serum noscapine concentrations, as
well as the influence of formulation and dosage size on the
bioavailability of noscapine.

Subjects and methods

Subjects

Twenty healthy male volunteers, mean age 24 y (range 21 to 34 y),
participated in the study. Their mean weight was 74 kg (range 63 to
88 kg), and no individual deviated more than 10% from normal body
weight. The participants were healthy on clinical examination and
routine blood chemistry tests performed prior to commencing and
after completion of the study. A debrisoquine metabolism test was
performed after selection of the participants, and subjects were
classified as slow or extensive metabolisers (Steiner et al. 1988). No
concomitant medication was allowed for 2 weeks prior to or during
the study. All subjects gave written informed consent to their partici-
pation in the study, which was conducted according to the Declara-
tion of Helsinki. It was approved by the Ethical Committee at
Uppsala University.

Study design

The study was a randomized cross-over study in which the subjects
received tablets containing 100 mg, 200 mg and 300 mg noscapine
base as hydrochloride (50 mg tablet, Noskapin, ACO AB, Sweden)
and 200 mg noscapine base as an aqueous solution (5 mg/ml, ACO
AB, Sweden), on four different occasions a week apart. The four
weeks constituted the four periods of the study. Twelve of the sub-
jects were randomly selected to receive a repeat dose of 200 mg as
tablets and the aqueous solution 1-2 days after the first dose. In
those periods in which two doses administered, only the results of the
first dose were used for comparison with doses in other periods.
After an overnight fast, the subject took the tablet doses together
with 250 ml water at room temperature, or the aqueous solution with
210 ml water, at 08.00 to 09.00 h. Four h later a standardised lunch
was served. An indwelling intravenous catheter was inserted in the
cubital vein for blood sampling. Blood samples (10 ml) were with-
drawn before and at the following times after drug administration:
0.33,0.67,1,1.5,2,3,4,6,9 and 12 h. Thirty min after the collection
the blood was centrifuged at 500 g for 10 min, and the serum was
stored at —20°C until analysed.

Drug analysis

Theserum concentrations of noscapine anditsmetabolites cotarnine,
narcotoline and nor-noscapine (N-desmethyl-noscapine ) were deter-
mined by a coupled columnliquid chromatographic method (Johans-
son et al. 1988). Sample work-up employed protein precipitation for
noscapine levels > 10 ng/ml, and extraction into 1% heptafluorobu-
tanolin methylenchloride for levels < 10 ng/ml. The day-to-day vari-
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Fig.1. Dose-corrected AUC vs dose for noscapine tablets; individ-
ual estimates ( O ), mean value (@)

ability of the analysis was 22%, 9.5% and 5.5% at 2.7, 15 and
250 ng/ml, respectively. The lowest concentration that couldbe deter-
mined was 2.5 and 3 ng/ml for noscapine and nor-noscapine, respec-
tively. Cotarnine and narcotoline could be determined at about simi-
lar concentrations, but they were not detected in the serum samples.

Data analysis

Serum concentration-time profiles for each subject after each treat-
ment were characterized in terms of the peak drug concentration in
serum (Cpa), the time to peak concentration (), the area under
the serum concentration-time curve extrapolated to infinity (AUC)
and the half-life of the terminal decline in the serum concentration
(tin). AUC between time zero and the last time-point was calculated
according to the log-linear trapezoidal rule. The slope of the termi-
nal elimination phase () was calculated by log-linear regression of
three or more measurements, based on the highest coefficient of
correlation (1%), and it was used to calculate the extrapolated fraction
of the total AUC (Gibaldi and Perrier 1982). In 15 data-sets (12 from
the 100 mg dose) in which the last sample(s) contained drug concen-
trations below the determination limit, the extrapolated AUC was
also calculated, assuming the first sample below the determination
limit to be at that limit. This was done to avoid possible underestima-
tion of the extrapolated AUC from such data-sets.

Statistical calculations
The entire data were divided into two parts which were treated sep-

arately: (1) data-sets resulting from all the tablet administrations ex-
cept the repeated 200 mg dose, and (2) data-sets from the adminis-
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tration of 200 mg doses, both as tablets and solution. Three-way
analysis of variance (subject, dose and period) was used in testing the
AUC of noscapine, and the other parameters were tested by two-
way analysis of variance (dose and subject). Hypothesis testing was
performed by Friedman statistics and Wilcoxon’s signed rank test for
tma The three-way analysis of variance was performed with the sta-
tistical package BMDP, and Statview™ was used for the other tests.
Thesignificance level wasset at P < 0.05, pnless otherwise stated. In-
traindividual CV was obtained as V&2/11, where V67 was obtained
n

as Z (di—d2/2n,d being the difference between the first and sec-
i=1

ond observations from the repeated 200 mg dose.

Results
Subjects

All subjects were considered extensive metabolisers of
debrisoquine. No clinically significant change in blood
chemistry was detected in the tests performed after com-
pletion of the study.

Dose Proportionality

Dose proportionality was assessed by giving three differ-
ent doses of tablets of noscapine; 100 mg, 200 mg, and
300 mg. The dose-corrected AUC (AUC/dose) showed a
significant increase with increasing dose (Table 1), and
there was an approximately linear relationship between
dose and AUC/dose, so that a 3-fold increase in dose, from
100 mg to 300 mg, resulted in a 9-fold increase in AUC
(Fig.1). There was a increase over the entire dose range as
indicated by the differences both between the 100 mg and
200 mg doses (P =0.003), and between the 200 mg and
300 mg doses (P =0.01). The mean extrapolated fraction
of AUC was about 10%, with no marked difference be-
tween the dose levels. The choice of method to calculate
the extrapolated AUC for data-sets with the last
sample(s) below determination limit did not result in
changes on the hypothesis testing. There was a 4- and 6-
fold increase in Cuax, accompanied by a slightly longer t .y,
when increasing the dose from 100 mg to 200 and 300 mg,
respectively. The interindividual CVs of the AUCs were
77%, 70% and 58% for the 100 mg, 200 mg and 300 mg
doses, respectively. Corresponding values for Cp.x were
132%,92% and 60%. The effect of period was not signifi-
cant for AUC (P = 0.4). The disposition characteristics of

Table 1. Pharmacokinetic parameters of noscapine and nor-noscapine after 100, 200 and 300 mg noscapine as tablets (r = 19)

Parameter Change with P-values Mean (SD)

increasing dose 100 mg 200 mg 300 mg Unit
AUC/Dose Increase % <0.0001 2.19 (1.69) 3.97 (2.87) 6.57 (3.86) h*pg-17 -mg
Cuax/Dose Increase w0.0027 1.29 (1.7) 1.97 (1.80) 2.88 (1.78) ug I - mg!
s NS 0.88 (0.34) 096 (0.35) 1.09 (0.49) h
AUC(m)/Dose Increase ik (0.001 0.89 (0.63) 1.31 (0.85) 1.57 (0.78) h* pg-1"* -mg
Couax(m)/Dose NS 0.62 (0.50)  0.74 (0.55) 0.67 (0.32) ug-I - mg!
(1) NS 084 (0.32)  0.92 (0.40) 1.13 (0.48) h
AUC(m)/AUC Decrease wx 20,0001 039 (0.09) 030 (0.08) 0.26 (0.12) -
Cas(M)/ Co Decrease sk < (.0001 053 (0.19) 0.0 (0.18) 028 (0.14) -
(10 NS 1.01 (0.15) 0.95 (0.15) 1.03 (0.21) -

NS = Not Significant (P > 0.05)
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Fig.2. Serum concentrations of noscapine (Mean, SEM) after doses
of tablets of 100 mg (A ) 200 mg (O ) and 300 mg( @)

]
12 -1

IU’
E
™
o 8-
2
*.C
- L
o
v
o]
o 4 -
(8]
=2
< -
o

Tablets Solution

Fig.3. Individual AUCs for replicated 200 mg doses. AUC for the
first dose of each formulation are given to the left. All subjects have
different combinations of symbols and lines. Mean (SD) is shown as
a vertical bar

noscapine in the post-absorption phase were similar for
the different sized doses (Fig.2). The terminal half-life of
noscapine, as determined from all data-sets with the last
sample above the determination limit, was 4.5 (2.2) h.

A previously unknown metabolite, nor-noscapine, was
detected in serum from all the subjects. Nor-noscapine
showed its maximal concentration at the same time as nos-
capine, and the ratio between metabolite and noscapine
was approximately constant in the post-absorption phase.
The mean metabolite/noscapine ratio (SD)inallindividual
samplesobtained between2 and 12 hwas0.31 (0.14) (range
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0.07-0.83;n = 360). The variability in AUCand Cyna 0f nor-
noscapine was similar to that of noscapine, whereas their
ratio showed markedly less variation (Table 1).

Tablet vs solution

To assess the influence of formulation, noscapine 200 mg
was given as tablets and as a solution. Noscapine in solu-
tion was significantly more rapidly absorbed, yielding a
higher maximum concentration and a larger AUC than
when given as tablets (Table 2). Further, the variability in
the observed parameters was markedly lower for the solu-
tion, with inter- and intraindividual CV in AUC of 37%
and 16%, compared to 73% and 51% for the tablets.
Corresponding CV values for C,.., were 41% and 32% for
the solution and 79% and 71% for the tablets. The termi-
nal half-life did not differ between the two formulations.

When noscapine 200 mg was repeated one or two days
after the first dose, changes in several parameters were
observed (Table 3). The most pronounced was an increase
in the AUC of the tablets and solution (Fig.3). The in-
crease could not readily be explained by the presence of
residual noscapine, as pre-administration serum concen-
trations were below the determination limit. The con-
tribution of such a low level of noscapine to the concentra-
tion-time profile could not explain the increase found in
the AUC.

Side-effects and drop-out

The spontaneously reported side-effects were headache
(6 occasions), tiredness (2) and nausea/tiredness (1), asre-
ported by 6 of the volunteers. The side effects occured
after the noscapine solution (on 4 occasions), the 100 mg
(2), 200 mg (1) and 300 mg (2) tablet doses. One subject
withdrew from the study after completing Period 2 due to
acute illness not related to the intake of noscapine.

Discussion

The results suggest that the main factor governing the
nonlinearities encountered is the dose-dependent avail-
ability of orally administered noscapine. The reported
plasma clearance of 1.51/min [Dahlstrom et al. 1982]
makes extensive first-pass loss of drug plausible, and sup-
ports the conclusion that the main increase in dose-cor-
rected AUC is likely to result from more drug escaping

Table 2. Difference in pharmacokinetic parameters of noscapine and nor-noscapine after 200 mg noscapine administered as tablets and as so-

lution (r =19)

Parameter Soln vs Tabl P-values Mean (SD) Unit

Tabl Soln
AUC/Dose Higher Rk < 0.0001 4.21 (2.91) 6.64 (2.30) h*ug- 1" -mg™
Cyan/Dose Higher x5 20,0001 2.03 (1.62) 406 (1.66) ug I mg!
timas Lower = <0.01 0.96 (0.40) 0.57 (0.18) h
AUC(m)/Dose Higher e 0.0004 1.23 (0.75) 1.69 (0.57) h* pg- I -mg?
Chax(m)/Dose Higher ik () 0001 0.69 (0.47) 1.07 (0.32) ug-17-mg!
(ML) Lower ** <0.01 0.92 (0.40) 0.56 (0.16) h
AUC(m)/AUC Lower * 0017 0.33 (0.15) 0.27 (0.06) -
Conne()/Cone Lower w*0.0026 0.46 (0.28) 0.29 (0.10) -




278

M. O.Karlsson et al.: Noscapine kinetics

Table 3. Changes in pharmacokinetic parameters of noscapine and nor-noscapine after 200 mg noscapine tablets and solution repeated within

2days (n=11)

Parameter Formulation Change with P-value Mean (SD) Unit
2nd dose 1st dose 2nd dose

AUC/Dose Soln Increase *0.011 5.95 (2.81) 746 (2.02) h*ug-1-!-mg~!
Tabl NS 2.87 (2.32) 4.64 (294)

Crax Soln NS 3.67 (1.83) 447 (1.47) ug-["'-mg~!
Tabl NS 1.17 (1.18) 2.29 (1.36)

trax Soln NS 0.58 (0.16) 0.58 (0.22) h
Tabl NS 0.89 (0.27) 1.0 (0.49)

AUC(m) Soln NS 1.54 (0.56) 1.75 (0.53) h*ug-1-! mg~*
Tabl -NS§ 0.96 (0.70) 1.37 (0.64)

Chnex(m) Soln NS 1.01 (0.31) 1.09 (0.27) ug-1"'-mg™!
Tabl Increase *0.037 0.48 (0.35) 0.8 (04)

tae(02) Soln NS 0.53 (0.18) 0.64 (0.11) h
Tabl NS 0.83 (0.38) 0.88 (0.46)

AUC(m)/AUC Soln NS 0.27 (0.07) 0.24 (0.05) -
Tabl NS 0.38 (0.19) 0.35 (0.13)

Conar(m)/Crpas Soln NS 0.30 (0.08) 0.27 (0.06) -
Tabl NS 0.58 (0.28) 0.46 (0.31)

NS = Not Significant (P > 0.05)

first-pass loss due to saturation of liver/gut wall enzymes
by high portal concentrations during the absorption
phase. The lower variability in AUC and Ci.x found with
higher doses and higher absorption rates may also be ex-
plained in the context of saturable first-pass metabolism,
as the fraction available would be increased.

The disproportionate increase in AUC with the dose
of noscapine invalidates any calculation of bioavailability
based on relative AUCs, and the availability of small
doses will be underestimated if such a procedure were
adopted. For certain special cases methods exist to deter-
mine the fraction of dose available, even if there are non-
linear kinetics [Martis and Levy 1973, Rubin and Tozer
1984]. Unfortunately, these methods are not applicable to
a drug such as noscapine, with multiexponential disposi-
tion and several unknown metabolic pathways. A plau-
sible explanation for the higher bioavailability of nos-
capine administered as a solution than as a tablet is a
higher rate of absorption from the former and saturable
first-pass loss. A possible cause of the increase in AUC
and Cp,y when the 200 mg dose of noscapine was repeated
is the presence of one or several slowly eliminated me-
tabolites, which competes both with noscapine and nor-
noscapine for the same metabolic pathway(s). Another
possible cause of a lower rate of metabolism would be
depletion of co-factors required by the metabolizing
enzymes by the first dose of noscapine.

Intra- and interindividual variability

The differences in AUC within and between subjects can
be ascribed to variability in bioavailability and/or clear-
ance. For a drug with high hepatic clearance and saturable
first-pass metabolism, its bioavailability will be dependent
not only on the intrinsic metabolism and hepatic blood
flow, but also on the rate of absorption. A high absorption
rate will yield high portal drug concentrations, leading to

enzyme saturation and asmalllossin the first pass, whereas
the same dose absorbed over a longer period may suffer
high first-pass loss via the relatively unsaturated hepatic
enzymes. The absorption rate of drugs often varies consid-
erably, both between and within individuals, which offers
one plausible explanation for the large variability of AUC.

Nor-noscapine

The decline of the nor-noscapine concentrations paral-
leled that of noscapine, indicating formation rate limited
elimination of the metabolite. The pharmacological effects
of nor-noscapine donotappeartohave beenstudied,soany
therapeutic significance, of the metabolite cannot be as-
sessed. Noscapine metabolites in blood have not pre-
viously been analysed, and what knowledge there is comes
fromurine data. About ten metabolites identified there ac-
counted for less than 20% of the dose given [Tsunoda and
Yosimura 1979 and 1981]. The relative importance of the
nor-noscapine pathway in the elimination of noscapine
cannot be assessed. The renal excretion of intact noscapine
is negligible [Vedst 1961, Tsunoda and Yosimura 1981].
Nor-noscapine may be renally excreted, although second-
ary metabolism seems more likely, since at least five differ-
ent pathways of noscapine metabolism apply to nor-nos-
capine as well [Tsunoda and Yosimura 1979 and 1981].

The decline in the AUC-ratio (nor-noscapine/nos-
capine) with increasing dose denotes a saturable mecha-
nism of nor-noscapine formation. This was also demon-
strated by the lower Cyu-ratios at higher doses, as well as
the lower C,z-ratios for the solution than for the tablets.
The magnitude of the increase in dose-corrected AUC of
noscapine with dose suggests that major metabolic path-
way(s) must exhibit nonlinearities during the first pass of
the drug. Thus, either nor-noscapine must be a major me-
tabolite of noscapine, or nonlinearities in other metabolic
pathways must be present.
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With nonlinear formation from noscapine and linear
elimination of nor-noscapine, increasing doses of the par-
ent drug should result in decreasing values of Craxmydose
and tmaym)- However, these parameters were constant and
increased with dose, respectively. This is compatible with
saturability both of the formation and elimination of nor-
noscapine. The higher AUC, of nor-noscapine after ad-
ministration of the solution than of the same dose as
tablets further supports saturable elimination of the me-
tabolite.

Terminal half-life of noscapine

The terminal half-life of noscapine was, 4.5h, much
longer than the previously reports of 2.2 h [Dahlstrém et
al. 1982] and 1.7 h [Haikala et al. 1986]. In those studies
serum was collected for 6 h after dosing, which accounts
for the discrepancy between the estimates. However, the
true terminal half-life is probably even longer than 4.5 h,
since the terminal decline deviated from log-linearity in
the present data. The reported plasma clearance of nos-
capine of 1.5 /min [Dahlstrom et al. 1982] is probably
overestimated by at least 10%-15%, due to extrapolation
from a too short a half-life.

Therapeutic implications

The doses used here exceeded the recommended single
dose of 50 mg t.d.s. Dose-dependency of kinetics always
raises questions about the effect of over-dosing. Although
nonlinear systems do not readily lend themselves to extra-
polation, there is some basis for cautious predictions,
under the assumption that the disproportionate increase
in AUC can largely be attributed to an increase in the
bioavailability. Dahlstrom et al. (1982) found that the ab-
solute availability of 150 mg of a similar tablet of nos-
capine was about 30%. As the concentrations resulting
from the intravenous dose in that study were at least 5-fold
higher than those from oral dosing, this bioavailability
may be an underestimate. However, from the suggested
absolute availability of >30%, and the approximately lin-
ear relationship between dose and bioavailability in the
dose range studied, a bioavailability of = 60% can be cal-
culated for the 300 mg dose. At increasing doses above
300 mg, availability must rapidly approach unity or the
rate of increase in bioavailability must decline.

The therapeutic importance of three observations
made here, the disproportionate increase in AUC, the
longer true terminal half-life and the carry-over effect,
could be evaluated in a study involving measurements at
steady state.

No concentration-effect relationship has been estab-
lished for noscapine. In spite of this, it seems plausible that
the large variability in pharmacokinetics observed, would
have therapeutic implications. As the variability even in-
creased at lower doses, therapeutic failure of noscapine
may result from the production of subtherapeutic concen-
trations.

Acknowledgement. M.O.Karlsson was financially supported by
ACO AB, Solna, Sweden.

279

References

Balint G, Rabloczky G (1968) Antitussive effect of autonomic drugs.
Acta Physiol Acad Sci Hung 33:99-109

Bickerman HA, German E, Cohen BM, Itkin SE (1957) The cough
response of healthy human subjects stimulated by citric acid aero-
sol. Part II: Evaluation of antitussive agents. Am J Med Sci 234:
191-206

Craviso GL, Musacchio JM (1983) High-affinity dextromethorphan
binding sites in guinea pig brain. II. Competition experiments.
Mol Pharmacol 23: 629-640

Dahlstrom B, Mellstrand T, Lofdahl C-G, Johansson M (1982) Phar-
macokinetic properties of noscapine. Eur J Clin Pharmacol 22:
535-539

Empey DW, Laitinen LA, Young GA, Bye CE, Hughes DTD (1979)
Comparison of the antitussive effects of codeine phosphate 20 mg,
dextromethorphan 30 mg and noscapine 30 mg using citric acid-
induced cough in normal subjects. Eur J Clin Pharmacol 16: 393~
397

Gibaldi M, Perrier D (1982) Pharmacokinetics, 2nd edn. Dekker,
New York

Haikala V, Sothman A, Marvola M (1986) Comparative Bioavail-
ability and pharmacokinetics of noscapine hydrogen embonate
and noscapine hydrochloride. Eur J Clin Pharmacol 31: 367-369

Iddnpisan-Heikkild JE, Jalonen K, Vartiainen A (1967) Evaluation
of the antitussive effect of noscapine and codeine on citric acid
cough in guinea-pigs. Acta Pharmacol Toxicol 25: 333-338

Johansson M, Tufvesson Alm A, Forsmo-Bruce H, Jacobsson S,
Westerlund D (1988) Determination of noscapine and its metabo-
lites in plasma using coupled column liquid chromatography. J
Chromatogr 459: 301-311

Karlsson MO, Dahlstrom B, Neil A (1988) Characterization of high-
affinity binding sites for the antitussive [*H}noscapine in guinea
pig brain tissue. Eur J Pharmacol 145: 195-203

Karlsson MO, Neil A (1988) Estimation of binding parameters by
kinetic data analysis: differentiation between one and two binding
sites. Eur J Pharmacol 148: 115-121

Martindale, The Extra Pharmacopeia (1977) A Wade (ed) 27th edn.
The Pharmaceutical Press, London, p 1250

Martis L, Levy R (1973) Bioavailability calculations for drugs show-
ing simultaneous first-order and capacity-limited elimination
kinetics. J Pharmacokinet Biopharm 1: 283-294

Matthys H, Erhardt J, Rithle K-H (1985) Objectivierung der Wir-
kung von Antitussiva mittels Tussometrie an Patienten mit chro-
nischem Husten. Schweiz Med Wochenschr 115:307-311

Rubin GM, Tozer TN (1984) Theoretical considerations in the calcu-
lation of bioavailability of drugs exhibiting Michaelis-Menten
elimination kinetics. J Pharmacokinet Biopharm 12: 437-450

Steiner E, Bertilsson L, Sawe J, Bertling I, Sjokvist F (1988) Poly-
morphic debrisoquine hydroxylation in 757 Swedish subjects. Clin
Pharmacol Ther 44: 431-435

Tsunoda N, Yosimura H (1979) Metabolic fate of noscapine. II. Iso-
lation and identification of novel metabolites produced by C-C
bond cleavage. Xenobiotica 9: 181-187

Tsunoda N, Yosimura H (1981) Metabolic fate of noscapine. I11. Fur-
ther studies on identification and determination of the metabo-
lites. Xenobiotica 11: 2332

Vedsd S (1961) Absorption and excretion of noscapine. Acta Phar-
macol Toxicol 18:157-164

Winter CA, Flataker L (1954) Antitussive compounds: testing meth-
ods and results. J Pharmacol 112: 99-108

Dr. M. Karlsson

Department of Biopharmaceutics
and Pharmacokinetics

Box 580, BMC

S-751 23 Uppsala

Sweden



