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SUMMARY 

Noscapine e m b o n a t e  (l:l), a new noscapine  pro drug, was  found to 

be  very  slightly soluble in w a t e r  in t h e  approx ima te  pH range  4 to 7. 

Below th i s  range, t h e  sa l t  began to decompose  and r e l ease  noscapine.  

When t h e  e m b o n a t e  was  suspended in w a t e r  wi th  polyvidone at pH 5.0 

to 5.5, suspensions conta in ing  spher ica l  mic ropa r t i c l e s  w e r e  produced. 

Increasing t h e  amoun t  of polyvidone caused  t h e  e m b o n a t e  to dissolve 

comple te ly .  Polyvidone had a marked  effect on t h e  s t ab i l i t y  of t h e  

suspensions. When 0.5% of polyvidone was  used with convent iona l  

f lavouring agen t s ,  t h e  a v e r a g e  pa r t i c l e  s i z e  of t h e  s a l t  was  abou t  

2 to 3 u m .  No apprec iab le  change  in s i z e  was observed  during a 4 

week period. The  pa r t i c l e s  s e t t l e d  slowly and  t h e  sed imen t  was  easy  to 

red isperse  a f t e r  6 months’ s torage .  The  taste of a fo rmula t ion  con ta i -  

ning noscapine  e m b o n a t e  and  flavouring a g e n t s  was  c o m p a r e d  wi th  

t h a t  of t h e  most  popular liquid noscapine hydrochloride p repa ra t ion  in  

Finland. The  formula t ion  developed was  significantly m o r e  a c c e p t a b l e  

than  t h e  r e f e r e n c e  prepara t ion  ( ~ ~ 0 . 0 1 ) .  

INTRODUCTION 

Noscapine  is a na tura l ly  occurr ing  opium alkaloid of t h e  benzyliso- 

quinoline group. Apar t  f rom i t s  an t i tuss ive  e f f e c t ,  noscapine  h a s  no 

1159 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1160 HAIKALA, MARVOLA, AND SOTHMANN 

significant ac t ion  on t h e  CNS in doses within t h e  the rapeu t i c  range. 

I t  is widely used in liquid cough medicines as i t s  water-soluble hydro- 

chloride sa l t ,  which has a b i t te r  taste. Because taste acceptab i l i ty  is 

of primary impor tance  in modern medicine,  such  a formula t ion  may 

discourage t h e  use of this po ten t  drug. 

The  a im of th i s  study was to develop a new suspension formula t ion  

of noscapine containing t h e  drug  as t h e  slightly soluble e m b o n a t e  

( l : l) ,  which does  not have an  unpleasant taste. Polyvidone, a noniono- 

genic macromolecular dispersing and suspending agen t ,  was used to 
produce spherical  rnicroparticles of t h e  drug  and s tab i l ize  t h e  suspension. 

I A pa ten t  for th i s  formulation has been applied for . 

MATERIALS AND METHODS 

The  polyvidone (Fluka AG) had a mean molecular weight of 40 000. 

I t  was used a s  a 20% solution in w a t e r  and was freshly prepared  before  

use. The  noscapine hydrochloride (Ph.Eur.) was dried before  use at 

105OC. The embonic  ac id  (Fluka AC) was pure  g rade  and t h e  potas- 

sium hydroxide (EKA) of r eagen t  grade.  C i t r i c  ac id ,  ammonium chlor ide  

and hydrochloric ac id  were  of Ph.Eur. grade. The sorbitol  solution 

(AKL-PM) was a 70% solution of sorbitol  in water .  The l iquorice solution 

was made  of e x t r a c t u m  glycyrrh izae  (Leiras) (500 parts) ,  w a t e r  (500 
par t s )  and methyl parahydroxybenzoate ( I  part) .  The  an ise  oil was 

of Ph.Nord. grade. The spiri tus menthol (Dispensatorium Fennicum)  
consisted of 2% menthol  in diluted e thanol  (62%) (Oy Alko Ab). 

Decomposition of noscapine e m b o n a t e  as a funct ion  of pH 

Noscapine embona te  was  prepared  by dissolving 1 mol of noscapine 

hydrochloride in d i lu te  hydrochloric ac id  and I mol of embonic  ac id  

in d i lu te  potassium hydroxide solution. A yellow p rec ip i t a t e  was  fo rmed  
by mixing t h e  t w o  solutions at pH 5.5. Afte r  washing t h e  p rec ip i t a t e  

with wa te r  until it was f r e e  f rom chlorides,  i t  was dried at 7OoC. 

Six 200 mg samples  of t h e  dried p rec ip i t a t e  were  t a rns fe r r ed  

to six 200 ml Er lenmayer  flasks. F i f ty  mill i l i tres of w a t e r  w e r e  added  
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I A NEW NOSCAPINE EMBONATE PREPARATION 1161 

to e a c h  and t h e  pH values w e r e  ad jus ted  to 3, 4, 5 ,  6 ,  7 o r  8 with  

0.5 M sodium hydroxide o r  0.5 M hydrochlorid acid. The suspensions 

were  ag i t a t ed  for t h r e e  days  at 2OoC. The  pH of e a c h  was checked  

at  l ea s t  tw ice  a day. Af t e r  sa tura t ion ,  t h e  suspensions w e r e  cen t r i fuged  

I and f i l t e red  until c lear .  Two 1.00 ml samples  were  t aken  f rom e a c h  
I solution and evapora t ed  to dryness on a w a t e r  bath. Twenty  mill i l i tres 

~ of 0.1 M hydrochloric ac id  were  added  to one  of t h e  samples  and 

t h e  s a m e  volume of 0.1 M sodium hydroxide solution to t h e  o ther .  

The samples  w e r e  mixed for  20 minutes  using a magne t i c  s t i r re r .  

Af te r  cen t r i fuga t ion  and f i l t ra t ion ,  t h e  c l e a r  solutions were  d i lu ted  

and the i r  absorbances  measured  spec t rophotometr ica l ly  (Perking-Elmer 

550 UV/Vis spec t ropho tomete r )  at 260 nm (embonic acid,  bas ic  solution) 

and 21 1 nm (noscapine,  ac id ic  solution) using previously p repa red  

s tandard  curves. 

Procedure  for prepara t ion  of t h e  suspensions 

T o  t h e  basic suspension ( see  below) w e r e  added 10 g ( 5  g if an i se  

oil o r  spiri tus menthol  had been  used) of e thanol ,  varying a m o u n t s  

of polyvidone solutions (0 to 20 g) and w a t e r  to m a k e  t o t a l  volumes 

of about  100 ml. The  mixtures  were  homogenized for t w o  minutes.  

Sorbitol  solution and  t h e  o ther  ingredients w e r e  then  added  (ammonium 

chlor ide  (3.4 g) and c i t r i c  ac id  (0 to 80 mg) dissolved in smal l  a m o u n t s  

of water ;  an ise  oil (0 to  240 mg) and sp i r i tus  menthol  (1.5 g) dissolved 

in 5 g of e thanol )  to t h e  mixture  on a magne t i c  s t i r re r .  Finally l iquor ice  
solution was added  and t h e  pH adjus ted  f r o m  5 to 5.5 using I M hydro- 

ch lor ic  ac id  or I M sodium hydroxide solution. The  t o t a l  vo lume was  

ad jus ted  with w a t e r  to 200 ml. 

The  basic suspension was prepared  by dissolving 8.55 g of noscapine  

hydrochloride in w a t e r  to make  a t o t a l  vo lume of 1000 ml. Embonic  

ac id  (7.38 g) was dissolved in about  45 ml  of I M potassium hydroxide 

solution and t h e  t o t a l  volume was  ad jus ted  to 1000 ml wi th  wa te r .  
Thirty mill i l i tres of t h e  t w o  solutions w e r e  mixed using a m a g n e t i c  
s t i r r e r  and t h e  pH was ad jus ted  f rom 5.0 to  5.5 wi th  0.1 M hydrochloric 

ac id  o r  0.1 M sodium hydroxide solution. 

Sedi men ta t ion  volu mes  

Thi r teen  suspensions (suspensions I to 13) w e r e  prepared  using 

t h e  procedure  descr ibed  above. These  suspensions con ta ined  only t h e  
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1162 HAIKALA, MARVOLA, AND SOTHMANK 

basic suspension, 10 g of e thano l  and 0 to 20 g of polyvidone solution, 

Water was used ins tead  of t h e  o t h e r  ingredients.  The  pH of e a c h  sus- 
pension was  ad jus ted  to 5.5. In addition, 5 suspensions w e r e  preparec 

(suspensions 14 to 19) conta in ing  t h e  bas ic  suspension, 10 g of e thano l  

5 g of polyvidone solution and  t h e  flavouring a g e n t s  ( excep t  for  liquorice 

solution) ment ioned  in t h e  sec t ion  "Procedure  for prepara t ion  of thc 

suspensions". One  hundred mill i l i tres of e a c h  prepared  suspension werc 
s to red  fo r  4 weeks  at room t e m p e r a t u r e  in graduaded  cy l inders  

(25 c m  x 2.6 c m )  and  t h e  sed imen ta t ion  volumes w e r e  recorded  using 

t h e  sca les  of t h e  cylinders. 

C a k e  format ion  and  def loccula t ion  

Twenty- three  suspensions conta in ing  t h e  bas ic  suspension, 10 g 

of ethanol,  2.5 to 17.5 g of polyvidone solution, 3.4 g of ammonium 

chloride,  18 g of l iquorice solution, 1.5 g of sp i r i tus  menthol  and varying 

amoun t s  of an ise  oil (0, 30, 60, 120, 240 mg) and c i t r i c  ac id  (0, 40, 

80 rng) w e r e  s to red  in 200 ml bo t t l e s  at room tempera tu re .  Af t e r  
3 and 6 months '  s to rage  c a k e  fo rma t ion  and  def loccula t ion  were  evalu- 

a t e d  visually, shaking t h e  bo t t l e s  by hand and observing t h e  t i m e s  

needed for t h e  sed iment  to  redisperse.  

Dec rease  of noscapine concen t r a t ion  at t h e  s u r f a c e  of a typ ica l  

f loccula ted  for  mulation 

T h r e e  ident ica l  suspensions w e r e  prepared  as descr ibed  in t h e  

sec t ion  "Cake  format ion  and deflocculation".  The amoun t  of polyvidone 
solution was  5 g and t h e  amoun t s  of an ise  oil and  c i t r i c  ac id  w e r e  

60  and 40 mg, respectively.  T h e  pH of t h e  suspensions was  ad jus ted  

to  5.0. The  suspensions were  s to red  for 6 months in 200 ml bo t t l e s  

(150 ml in e a c h  bot t le )  at room tempera tu re .  J u s t  be fo re  investigation, 

t h e  suspensions w e r e  shaken  unt i l  t hey  w e r e  homogeneous and  t h e  bo t t l e s  
w e r e  s tuck  to t h e  working s u r f a c e  to avoid any  movemen t  dur ing  t h e  
exper iment .  Samples  of 1.00 ml  w e r e  t aken  slowly using a Finpipe t te ,  
t h e  top  of t h e  p ipe t t e  being exac t ly  I c m  below t h e  s u r f a c e  of t h e  

suspension. Noscapine was  de t e rmined  by HPLC ( P y e  Unicam 4010/ 

4020/8251) a f t e r  decomposition of t h e  s a l t  at pH I using a modi f ica t ion  

of t h e  genera l  method for  t h e  de t e rmina t ion  of opium alkaloids in 

gum opium . A shor t e r  cyano  co lumn (12.5 x 4 mm)  was  used, wi th  2 
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A NEW NOSCAPINE EMBONATE PREPARATION 1163 

a mobile phase of 1 % ammonium acetate (pH 5.8)-dioxane-acetonitrile 
(78:ll : l l) .  The  co lumn e l u a t e  was  moni tored  by UV at 313  nm. The  

flow r a t e  was I ml/min. The  precision of t h e  ana ly t ica l  method was  

0.6% (RSD), as de te rmined  using a homogenous suspension (n=6). 

Pa r t i c l e  growth  during s to rage  

P a r t i c l e  growth  was s tudied  using an  opt ica l  microscope  (Le i t z  

Wetzlar,  Type 307-1 27.001) and  six ident ica l  suspensions conta in ing  

t h e  s a m e  ingredien ts  as those  mentioned in t h e  sec t ion  "Decrease  

of noscapine concen t r a t ion  at t h e  s u r f a c e  of a typica l  f loccula ted  

formulation",  excep t  for l iquorice solution. Three  of t h e  suspensions 

w e r e  s to red  at 2OoC and t h e  o t h e r  t h r e e  at 10°C. T h e  d i a m e t e r  of 

200 pa r t i c l e s  in e a c h  suspension was measured  at in te rva ls  of one  

week, using a ca l ibra ted  sca l e  incorpora ted  in to  t h e  microscope. Before  

sampling, t h e  suspensions were  shaken  until  they  w e r e  homogenous. 

The  samples  were  t aken  f rom t h e  cen t r a l  region of t h e  200 ml s t o r a g e  

bottles.  The  par t ic les  w e r e  classified by de termining  t h e  numbers  

of par t ic les  in successive s i ze  ranges. The  smal les t  c l a s s  was 4 1.9 

,urn in d i a m e t e r  and t h e  o the r s  were  multiples of this. Magnifications 

of x630 and  x40 w e r e  used. 

T a s t e  accep tab i l i t y  

T h e  acceptab i l i ty  of t h e  taste of t h e  suspension conta in ing  t h e  

ingredien ts  mentioned in t h e  sec t ion  "Decrease  of noscapine  concen-  

t r a t ion  at t h e  su r face  of a typica l  f loccula ted  formulation" was t e s t e d  

with t h e  help of 20 hea l thy  volunteers  (13  f ema le ,  7 male ,  aged  19 

to 59 yea r s  (mean 41 years)). The  taste was  compared  with t h a t  of 

t h e  most  popular liquid noscapine hydrochloride prepara t ion  in Finland. 

The  t w o  prepara t ions ,  which w e r e  similar in appea rance ,  were  coded  

A o r  B and t h e  volunteers  t a s t e d  t h e m  in random order .  The  taste 

was eva lua ted  using a sca l e  f r o m  I to 5 in which 1 was  "very bad" 

and 5 was  "very good". The  s igni f icance  of d i f f e rences  be tween t h e  

prepara t ions  w e r e  t e s t e d  using Wilcoxon's t e s t .  

RESULTS 

Decomposition of noscapine e m b o n a t e  as a func t ion  of pH 

The  observed solubility of noscapine e m b o n a t e  a f t e r  t h r e e  days '  

s a tu ra t ion  was found to b e  very poor in t h e  approx ima te  pH range  
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FIGURE I 
Decomposition of Noscapine Embona te  as a Funct ion  of pH 

4 to 7 (Fig.1). Below th is  range ,  t h e  sa l t  began to  r e l ease  noscapine. 

In basic solutions, t h e  embonic  ac id  dissolved. 

The  analytical  method used is par t ly  based on t h e  d i f f e ren t  deg rees  

of decomposition of t h e  sa l t  in ac id ic  o r  bas ic  media.  
Sedimenta t ion  volumes 

If  polyvidone was not  used (Table 1)  t h e  resu l t  was  an  unstable 

suspension with a d is t inc t  sed iment  and a layer at t h e  t o p  of t h e  

cylinder. When t h e  concen t r a t ion  of polyvidone was in t h e  r ange  of 

0.05 to 1.25, only t r a c e s  of sed imen t  w e r e  observed. Above th i s  range ,  

t h e  volume of sed iment  increased  but,  at a concen t r a t ion  of 1.75 

t h e  embona te  dissolved comple te ly  and a c l e a r  solution was obtained. 
Increasing t h e  amoun t  of polyvidone caused  t h e  sed imen t  to  fo rm 

again. 

The  flavouring agen t s  (suspensions 15 to 19) had no  ev iden t  effect 

on t h e  volume of t h e  sediment.  

C a k e  format ion  and def loccula t ion  

No def loccula t ion  was  observed in suspensions conta in ing  0.25 to 

1.75% of polyvidone and a l l  t h e  flavouring a g e n t s  e x c e p t  an ise  oil. 
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A NEW NOSCAPINE EMBONATE PREPARATION 1165 

TABLE I 
E f f e c t s  of Various Polyvidone Concen t r a t ions  on  Sedimenta t ion  
Volumes of Noscapine Embona te  (2.4 mg/ml) a f t e r  Four  Week's S t o r a g e  
in 100 ml Gradua ted  Cylinders. 

Concent ra t ion  of polyvidone (w/v %) Volume of sed imen t  (ml) 

0 Tracesb  2 b  
0.05 
0.10 Tracesb  

b 0.15 Traces  
0.20 Tracesb  
0.25 Tracesb  

b 0.50 T r a c e s  

b 0.75 T r a c e s  
I .oo Tracesb  
1.25 T r a c e s  
1.50 3 
1.75 0 
2.00 I 

b Milky suspension wi th  sed imenta t ion  volume of less  t h a n  0.1 ml. 

The t i m e  needed to red isperse  t h e  suspensions was only a f ew seconds. 

I f  240 mg of an ise  oil w e r e  used with t h e  o the r  flavouring agen t s ,  

a hard c a k e  formed and, in most  cases ,  10 to 20 seconds'  shaking was  

necessary  to red isperse  t h e  sediment.  C a k e  fo rma t ion  diminished if 

t h e  amoun t  of an ise  oil was dec reased  and  t h e  pH waslowered to 5.0 

to 5.2. 

Dec rease  of noscapine concen t r a t ion  at t h e  s u r f a c e  of a typica l  

f loccula ted  formula t ion  

The ave rage  dec rease  in noscapine concen t r a t ion  observed  a f t e r  

22 days  was  only abou t  13% (Fig. 2). This means  t h a t  s e t t l i ng  of t h e  

noscapine e m b o n a t e  micropar t ic les  occured  slowly, as was  to  b e  e x p e c t e d  

regarding t h e  smal l  pa r t i c l e  size. 
Pa r t i c l e  growth  during s to rage  

Although t h e  pers i s ten t ly  smal l  pa r t i c l e  s i ze  l imi t s  t h e  va lue  of 

t h e  resu l t s  (most of t h e  par t ic les  belonged to t h e  sma l l e s t  c l a s s  both 

before  and a f t e r  s to rage )  s o m e  in te res t ing  observa t ions  were  made. 
Nearly all of t h e  par t ic les  were  spherical .  No par t ic les  bigger 

than  about  10 urn were  present  excep t  fo r  some aggrega te s  in samples  
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FIGURE 2 
Decrease  of Noscapine Concen t r a t ion  at t h e  Sur face  of a Floccula ted  
Sys tem 

0 t aken  a f t e r  4 weeks'  s torage .  The  a v e r a g e  pa r t i c l e  size a t  20 C was 

2.3 urn at t h e  beginning of t h e  test and 2.5 urn a f t e r  s torage .  A t  IOOC, 
no change  in ave rage  size (2.3 u m )  was  observed. 

Tas t e  acceptab i l i ty  

The  ave rage  assessment  of t h e  taste of t h e  formula t ion  developed 

was "good" (Fig. 3) while t h a t  of t h e  r e f e r e n c e  prepara t ion  was  "bad". 

Using Wilcoxon's test, t h e  d i f f e rence  is s ign i f icant  (~40.01).  

DISCUSSION 

The  convenient  means  of suspension prepara t ion  used in th i s  s tudy  

involves prec ip i ta t ion  of noscapine e m b o n a t e  at t h e  beginning of t h e  

process, followed immedia te ly  by t h e  addition of polyvidone and e thano l  

and homogenization of t h e  mixture  to fo rm micropar t ic les  of t h e  drug  

( the  e thanol  is necessary to prevent  foaming). The  o the r  ingredien ts  
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FIGURE 3 
of a T a s t e  Formula t ion  Developed as ComDared wi th  

t h a t  o f  t h e  R e f e r e n c e  Prepara t ion .  The  Dif ferenc'e is  Significant (pq0.01). 

a r e  then  added a s  previously described. The  smal l  amoun t  of potassium 

chloride formed during t h e  neut ra l iza t ion  s t a g e  is not harmful.  

A more  laborious means  of suspension prepara t ion ,  not used in 

this study, includes prepara t ion  of solid noscapine  embona te ,  which 

is t hen  dispersed in polyvidone solution using a process  similar to  t h a t  

described above. This method is, however,  p roblemat ic  because  of t h e  

hygroscopicity of noscapine embonate .  

Decomposition of noscapine e m b o n a t e  in solution, with r e l ease  

of noscapine, begins at about  pH 4. This fact had to be  borne in mind 

when deciding on an  appropr i a t e  pH fo r  t h e  formulations.  Noscapine 

is a l so  re leased  in t h e  body but  t h e  b iopharmaceut ica l  p rope r t i e s  
of t h e  embona te  a r e  somewhat  d i f f e ren t  f r o m  those  of noscapine hydro- 

-, 
chloride' because  of t h e  d i f f e ren t  physicochemical proper t ies  of t h e  

two  compounds. 

Although t h e  solubility of t h e  e m b o n a t e  is very  poor in t h e  pH 

range of 5 to 5.5, which was used in t h e  formula t ions  developed, s o m e  

of t h e  sa l t  never the less  dissolves, which g ives  a slight hint of t h e  b i t t e r  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1168 HAIKALA, MARVOLA, AND SOTHMANN 

taste typical of noscapine hydrochloride preparations.  The  solubility 

c a n  b e  fu r the r  reduced  by incorpora t ion  of an i se  oil. The  amoun t  of 
an ise  oil is, however,  c r i t i ca l ,  because  too la rge  quan t i t i e s  c a n  defloccu- 

l a t e  t h e  system. 

Noscapine e m b o n a t e  suspensions conta in ing  no  suspending or dis- 

pensing agents ,  a r e  physically very  unstable.  Although no  def loccula t ion  
occured  during a s to rage  period of o n e  year in a preliminary study, 

a c c u r a t e  dosage  and quan t i t a t ive  analysis w e r e  impossible because  

of t h e  rapid sed imenta t ion  of t h e  salt .  Polyvidone was  used to s t ab i l i ze  

t h e  sys t em because  th i s  macromolecule  increases  t h e  bioavailabil i ty 
3 of t h e  aqueous e m b o n a t e  suspension . 

The  observed in t e rac t ion  be tween noscpine e m b o n a t e  and t h e  macro-  

molecule remained  about  t h e  s a m e  in t h e  concen t r a t ion  range  0.05 

to 1.25% of polyvidone but  was  markedly a l t e r e d  at higher concen-  

trations.  Comple t e  dissolution occured  at a concen t r a t ion  of I .75%. 

The  in te rac t ion  may be  a consequence  of complex  format ion .  I t  is 

well known t h a t  polyvidone complexes  wi th  a r o m a t i c  compounds  capab le  

of hydrogen bonding. Unfor tuna te ly ,  noscapine embona te ,  when comple-  

te ly  dissolved with t h e  aid of polyvidone, has  a n  upleasant  b i t t e r  taste, 

which l imi t s  its uti l i ty.  

The  stabil izing effect of polyvidone when used at a concen t r a t ion  

of 0.5% is c lear ly  seen  in t h e  pe r s i s t ence  of t h e  smal l  pa r t i c l e  size, 

which did not  increase  markedly during s torage ,  and slow s e t t l e m e n t ,  

with no  d i f f icu l ty  in redispersing t h e  sed iment .  The  high precision of t h e  

ana ly t ica l  method a l so  a r i ses  f rom t h e  homogenei ty  of t h e  sys t em and  

i t s  small  pa r t i c l e  size. 

A noscapine suspension of a c c e p t a b l e  taste was sa t i s f ac to r i ly  
achieved using convent iona l  f lavouring agents .  Only o n e  of t h e  20 volun- 

t e e r s  cons idered  t h e  taste unacceptab le .  T h e  fact t h a t  noscapine  e m b o n a t e  

in formula t ions  wi th  polyvidone a l so  exhib i t s  good bioavailabil i ty indi- 

cates t h a t  a liquid an t i tuss ive  prepara t ion  of th i s  kind is a good a l t e rna -  

t i ve  to conventional noscapine hydrochloride preparations.  

3 .  . 
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