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ABSTRACT 

Analytical methods using thin-layer and high pressure 

liquid chromatographic techniques were developed and utilized 

for measuring decreases in bitolterol concentrations as a 

function of time. Pseudo first-order hydrolysis rate constants 

were determined and shown to be strongly dependent upon pH and 

solvent polarity for this catecholamine diester. The activatlon 

energy was calculated as 18 kilocalories per mole for bitolterol 

in aqueous buffer solution both with or without 25% alcohol. 

Large reductions in rate constants as a function of dielectric 

constant were demonstrated and illustrate that solvent polarity 

effects may be important for drug stabilization. 

INTRODUCTION 

B i t o l t e r o l ,  the methane sulfonate s a l t  of the d i -  

p-toluate e s t e r  of N-t-butylarterenol, i s  an ac t ive  

beta-adrenoceptor agonist  which i s  being evaluated 
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7 PORTMANN AND BROWN 

c l i n i c a l l y  i n  ae roso l  and o r a l  formula t ion .  The broncho- 

d i l a t o r  a c t i v i t y  a f t e r  o r a l  a d m i n i s t r a t i o n  i n  t h e  dog 

has  been r e p o r t e d  (1,Z). B i t o l t e r o l  was s e l e c t e d  from 

s e v e r a l  mono and d i e s t e r s  of N- t -buty la r te renol  whose 

s y n t h e s i s  and pharmacological  a c t i v i t y  have r e c e n t l y  

been desc r ibed  ( 2 ) .  E s t e r i f i c a t i o n  of t h e  c a t e c h o l  

groups r e s u l t e d  i n  a g r e a t e r  d u r a t i o n  of b ronchod i l a t ion  

a c t i v i t y ,  r educ t ion  of t achyca rd ia  and g r e a t e r  b i o a v a i l -  

a b i l i t y .  The prolonged b ronchod i l a to r  a c t i v i t y  was due 

t o  a depot  of b i t o l t e r o l  i n  lung  t i s s u e  which hydro lyzes  

t o  N- t -bury lar te renol  a s  r e p o r t e d  by Sharge l  and co- 

workers ( 3 , 4 ) .  

Since  c a t e c h o l  es ters  a r e  r e a d i l y  hydrolyzed a 

cha l l enge  i s  p resen ted  i n  t h e  formula t ion  of aqueous 

s o l u t i o n s  or  suspensions.  It  is known t h a t  c a t e c h o l  

esters or esters of phenol w i th  a PKA of g r e a t e r  than  

8 a r e  hydrolyzed by g e n e r a l  base  c a t a l y s i s  ( 5 , 6 ) .  The 

hydro lys i s  r a t e s  f o r  monoesters of c a t e c h o l  a r e  much 

g r e a t e r  than  t h o s e  f o r  t h e  d i e s t e r s  or f o r  pheno l i c  

esters. For example, t h e  h y d r o l y s i s  r a t e  i n  a l k a l i n e  

s o l u t i o n  f o r  catecholmonoacetate  is  about  126 t i m e s  

g r e a t e r  t h a n  t h a t  for t h e  d i a c e t a ' l e  e s t e r  ( 7 ) .  A l s o  

t h e  r a t e  c o n s t a n t  f o r  c a t e c h o l r n o n o a c e t a t e  h y d r o l y s i s  

i s  a b o u t  700 t imes larger  t h a n  t h a t  o f  t h e  p h e n o l  e s t e r ;  

P h e n y l a c e t a t e .  R e l a t i v e l y  h i g h  h y d r o l y s i s  r a t e s  for 

c y c l i c  s u c c i n o y l c a t e c h o l  were shown compared t o  non- 

c y c l i c  analogs ( 8 ) .  The h y d r o l y s i s  r a t e s  f o r  a c a t e -  
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STABILIZATION OF BITOLTEROL 3 

cholamine diester (bitolterol), a-(tert-butylaminomethy1)- 

3',4'-dihydroxybenzyl alcohol 3',4'-bis-(4-methylbenzoate) 

methanesulfonate salt, in aqueous-organic solvents as 2 

function of pH and dielectric constant are described in 

this study. 

EXPERIMENTAL 

A. Stability vs pH study - Solutions containing 200 mcg/ 
ml of bitolterol were prepared in buffer solutions (0.2 

molar) containing 25% methanol (reagent grade). These 

solutions were filled into 30 ml flint ampules and stored 

in a constant temperature oven (Hotpack Co.) at 80°C. 

At various time intervals ampules were removed, cooled to 

2 5 O C ,  the pH recorded and bitolterol assayed by the 

following thin-layer chromatographic procedure. 

TABLE 1 

B i t o l t e r o l - H y d r o l y s i s  Rate  C o n s t a n t s  and Dielectric 
C o n s t a n t s  For D i f f e r e n t  S o l v e n t s  a t  pH 3.5 

S o l v e n t  ( %  by Volume) 

Water 
25% G l y c e r i n e  
20% Ethanol  
25% Propylene  Glycol  
25% Ethanol  
30% Ethanol  
25% Polye thylene  

Glycol-400 

Dielectric 
75.C 

78.6 
64.9 
66.3 
63.9 
63.4 
61.2 
65.4 

Cons tan t  R a t e  Constan_tl 
9O'C* A t  9O'C (Days 

57.8 1.30 
51.2 0.693 
50.3 0.0951 

0.153 
48.2 0.0493 
46.1 0.0317 

0.0878 

*Values € o r  90°C were o b t a i n e d  from r e f e r e n c e  ( 9 )  by 
c a l c u l a t i o n  from l o g  Dielectr ic  c o n s t a n t  and temp- 
e r a t u r e  l i n e a r  c o r r e l a t i o n s .  
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4 PORTMA" AND BROWN 

? i n t e e n  nl of  1 . 0  h y d r o c h l o r i c  a c i d  was added t o  

5 3  nl o f  t h e  b i z o l t e r o l  s o l u t i o n s  which were t h e n  ex- 

z r a c t e i  xLcn t h r e e  25 LI portlons o f  c h l o r o f o r n .  The 

s h l o r o f o r r .  e x t r a c t s  were poo led  end. e v a p o r a t e d  unde r  a 

s t r e a r  cf  n i t r o g e n .  T?.? b i t o l t e r o l  r e s idue  was d i s s o l v e d  

ir. ae' ,hancl 2nd q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a 1 0  m l  

- ro lume t r i c  f l a s k  ar.d b rough t  t o  volume w i t h  me thano l .  

F i v e  x i c r o l i t e r s  o f  t h e  rnethanol s o l u t i o n  c o n t a i n i n g  

53 mcg of  b i t o l t e r o l  was s p o t t e d  on a TLC p l a t e  h a v i n g  

as ar. a b s o r b e n t ,  s i l i c a  g e l  F-254 (Merck) .  F o r  q u a n t i -  

t a t i o n  a b i t o l t e r o l  s t a n d a r d  i n  r r e thano l  (10 mg/ml) was 

s p o t t e d  i n  amounts r a n g i n g  from 1 0  t o  100% o f  t h e  amount 

s p o t t e d  w i t h  t h e  s t ressed sample.  The p l a t e  was de- 

v e l c p e d  w i t h  t h e  system:chloroform:methanol:isopropyl- 

a n i n e  ( 3 $ : ? : 3 j .  F o r  d e t e c t i o n  t h e  p l a t e  was viewed 

x i t h  a lamp e m i t t i n g  s h o r t  wave leng th  u l t r a v i o l e t  l i g h t .  

2 .  A r r h e n i u s  S t u d i e s  - A b l t o l t e r o l  s o l u t i o n  o f  1 0  

,r.g/nl c o n c e n t r a t i o n  was p r e p a r e d  i n  0 . 0 5  mola r  a c e t a t e  

S u f f e r  o f  pF. 3 .5  and f i l l e d  i n t o  1 0  nl f l i n t  ampules 

:chic:? were t n e n  s t o r e d  i n  c o n s t a n t  t e m p e r a t u r e  ovens 

a t  5 0 ° ,  7'0' and 90°C.  A s o l u t i o n  ( 1 0  ng/ml) was a l s o  

p r e p a r e d  w i t h  0 .05  mola r  z c e t a t e  b u f f e r  ( p E  3 . 5 )  i n  

25% e t h a n o l  ( r e a g e n t  g r a d e )  and  f i l l e d  i n t o  1 0  m l  

ampules .  These ampules were k e p t  a t  50°, 70°, 80" and 

3Q0C i n  c o n s t a n t  t e m p e r a t u r e  ovens.  P e r i o d i c a l l y  t h e  

ampules were removed, c o o l e d  t o  2 5 O C ,  t h e  pH r e c o r d e d  and 

b i t o l t e r o l  a s s a y e d  by t h e  t h i n - l a y e r  c h r o m a t o g r a p h i c  pro-  
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STABILIZATION OF BITOLTEROL 5 

c e d u r e  d e s c r i b e d  i n  S e c t i o n  A ,  t h e  o n l y  e x c e p t i o n  b e i n g  

t h a t  5 mcl o f  t h e  s o l u t i o n s  WBS s p o t t e d  d i r e c t l y  on t h e  

p l a t e .  

C .  H y d r o l y s i s  S tudy  With Aqueous B u f f e r  - Organic  

S o l v e n t  M i x t u r e s  - B i t o l t e r o l  s o l u t i o n s  (10 rng/ml) 

were p r e p a r e d  w i t h  0 .05  molar  a c e t a t e  b u f f e r  (pH 3 . 5 )  con- 

t a i n i n g  by volume 25% polyethylene glycol 400, 25% 

propylene glycol ,  25% glycer in ,  o r  20% and 30% ethanol. 

Ten m l  f l i n t  ampules containing these so lu t ions  were 

kept  a t  90.C i n  an oven. The thin-layer chromatographic 

procedure described i n  Section B w a s  used f o r  t he  measure- 

ment of b i t o l t e r o l .  

D. S t a b i l i t y  Study With Aqueous C i t r i c  Acid - Orqanic 

Solvent Mixtures - B i t o l t e r o l  so lu t ions  (1 mg/ml) con- 

t a i n i n g  s o r b i t o l ,  propylene glycol  and ethanol  i n  var- 

i ous  concentrat ions (Tables 2 and 3 )  with 0.3% c i t r ic  

ac id  w e r e  prepared and sealed i n  10 m l  f l i n t  ampules. 

Pe r iod ica l ly  ampules w e r e  removed from the  9O'C oven 

and assayed by the  following procedure. 

A 1 m l  a l i q u o t  of the b i t o l t e r o l  so lu t ion  was di-  

l u t e d  t o  10 m l  with 0.3% c i t r i c  acid. B i t o l t e r o l  was 

assayed by high pressure l i q u i d  chromatography using a 

Dupont Model 8401 equipped with a Zorbax ODS column. 

Thin-layer chromatography was not  used because of i n t e r -  

'Dupont Co. ; Instrument Products Division; Wilmington, 
Delaware 
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6 PORTMA" AND BROWN 

TABLE 2 

B i t o l t e r o l  Hydrolys is  Rate  Cons tan ts  and D i e l e c t r i c  
Cons tan t s  For S o r b i t o l  S o l u t i o n s  A t  p H  2.6-2.8 

u i e i e c t r  ic 
S o r b i t o l  t Constan t  Rate  Constall1 

Solvent  ( %  w/v i n  wa te r )  (25.C) A t  90.C (Days 

63.4% S o r b i t o l  68.2 0.181 
72.5% S o r b i t o l  65.4 0.174 
81.5% S o r b i t o l  63.4 0.159 
90.6% S o r b i t o l  60.4 0.134 
81.5% Sorbi to l -10% Ethanol  57.1 0.0903 
72.5% Sorbi to l -20% Ethanol  53.7 0.0283 
72.5% Sorbi to l -10% Ethanol  
- 10% Propylene Glycol 53.7 0.0570 

'Ethanol and Propylene Glycol - % v/v i n  water  
C i t r i c  a c i d  ( 3  rng/ml) was added t o  a l l  s o l v e n t s  
S o r b i t o l  s o l u t i o n s  were prepared  by d i l u t i o n  o f  

Sorbo (ICI America) wi th  water  

TABLE 3 

B i t o l t e r o l  Hydrolys is  Rate  Cons tan t s  and Dielectr ic  
Cons tan t s  For D i f f e r e n t  So lven t s  

A t  pH 2.9-3.0 

Dielectric 
Cons tan t  Rate  Constant-l  

Solvent  ( %  v/v i n  Water 1' (25.C) A t  90.C (days  

Water 78.6 0.240 
25% Ethanol  63.4 0.0320 
10% Ethanol-10% Propylene Glycol  64.8 0.0570 

25% Ethanol-25% Propylene Glycol 53.5 0.0133 
20% Ethanol-20% Propylene Glycol 59.6 0.0212 

30% Ethanol-30% Propylene Glycol 47.0 0.0102 

' C i t r i c  a c i d  ( 3  mg/ml) was added t o  a l l  s o l v e n t s .  

p€! was measured a+, 2 5 O C  a f t e r  diluting 1:l with 
distilled water. 
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STABILIZATION OF BITOLTEROL 7 

f e r e n c e  caused by t h e  presence of  t h e  c i t r ic  acid. The 

s o l v e n t  system used was ace ton i t r i l e :S% monosodium c i -  

t r a t e  i n  5% c i t r ic  acid:water  (65:5:30). Good r e s o l -  

u t i o n  was obta ined  us ing  a flow r a t e  of 0.32 ml/min. 

A 5 m c l  a l i q u o t  of t h e  d i l u t e d  s o l u t i o n  was i n j e c t e d  on 

t h e  column and compared t o  a 5 mcl (0.5 mcg of b i t o l t e r o l )  

a l i q u o t  of a 0.1 m g / m l  s tandard  so lu t ion .  Peak h e i g h t s  

of  s t anda rd  and unknown s o l u t i o n s  w e r e  compared f o r  

qu an t i t a t ion. 

E. Determination of  Dielectric Constant  - Measurements 

w e r e  made wi th  a Sargent  Chemical Oscillometer’ a t  25.C. 

The cel l  cons t an t  and t h e  r a t i o  of cons t an t s  w e r e  der ived  

by measurements wi th  l iquids  of  known d i e l e c t r i c  cons tan ts :  

carbon t e t r a c h l o r i d e  and methanol. 

RESULTS AND D I S C U S S I O N  

Psuedo first order  decreases  for percen t  b i t o l t e r o l  

i n  25% methanol a t  d i f f e r e n t  pH’s a r e  presented  i n  

F igure  1. A minimum i n  t h e  pH hydro lys i s  r a t e  cons t an t  

curve is shown about  pH 3 (F igure  2). 

d r o l y s i s  p r o f i l e  of b i t o l t e r o l  t h e  fo l lowing  equat ion 

can be appl ied  where KT is t he  t o t a l  hydro lys i s  r a t e  

Based on t h e  hy- 

KT = KA(H+) 4- % 4- KB (OH-) 

cons tan t  and KA, and Kg a r e  t h e  r a t e  cons t an t s  for 

2E.H. Sargent  and Co., 4647 W. Fos te r  Ave., Chicago, 
I1 1 i n o i  s 
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PORTMA" AND BROWN 8 
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FIGURE 1 

Semilogarithmic Plot of Percent Bitolterol  2 Time 
(Days) A t  80.C For 0 .20  mg/ml Solutions In 25% Methanol 
A t  pH 2.60 (A); p H  3 . 4 5  ( @ I ;  p H  4.60 ( 8 ) ;  pH 1 . 4 5  (ill) 
and p H  5 . 5 0  ( X I .  Least-Squares Regression Lines 
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FIGURE 2 

Semilogarithmic Plot of A (Days-') For Bitolterol 
Hydrolysis ~8 pH. Bitolterol  Solutions ( 0 . 2 0  m g / m l )  
A t  8O'C In  25% Methanol. 
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STABILIZATION OF BITOLTEROL 9 

hydronium ion ,  water  and hydroxyl ion hydro lys i s  r e -  

spec t ive ly .  A good f i t  of experimental  d a t a  is ob- 

t a i n e d  u s i n g  a KA of 9 days-', % of 0.05 days-' and a 

KB of 40 x 10 days-' a s  shown by the c a l c u l a t e d  curve 

shown i n  F igure  2. The s t r o n g  dependency of r e a c t i o n  

r a t e  on t h e  s o l u t i o n  pH i s  eviderit  by t h e  r a p i d  i n c r e a s e s  

7 

i n  hydro lys i s  r a t e  on both  s i d e s  of t h e  minimum. Ap- 

p a r e n t l y  t h e  h y d r o l y t i c  r a t e  f o r  t h e  monoester is  much 

more r a p i d  than  t h a t  f o r  t h e  d i e s t e r  s i n c e  only  t h e  

completely hydrolyzed catecholaminE and no monoester 

was observed du r ing  t h e  cour se  of  t h e  r e a c t i o n  a t  a l l  

p H ' s .  This  is  i n  accord wi th  o t h e r  s t u d i e s  wi th  c a t e c h o l  

mono and d i e s t e r s  ( 7 ) .  

The methanol was added i n  order  t o  o b t a i n  s u f f i c i e n t  

s o l u b i l i t y  a t  a l l  o f  t h e  pH's f o r  a preformula t ion  s tudy  

t o  determine t h e  optimum pH f o r  s t a b i l i t y .  I n  a subse- 

quent  k i n e t i c  s tudy  wi th  b i t o l t e r o l  d i s s o l v e d  i n  an 

aqueous a c e t a t e  b u f f e r  a t  pH 3 . 5  t h e  r a t e  cons t an t  was 

about  8 times l a r g e r  than t h a t  ob ta ined  wi th  t h e  25% 

methanol s o l u t i o n  a t  t h e  same p H  i n d i c a t i n g  a signifi- 

c a n t  s o l v e n t  e f f e c t  on t h e  r e a c t i o n  which is much g r e a t e r  

t han  t h e  i n f l u e n c e  of t h e  s m a l l  d i f f e r e n c e  i n  water  con- 

tent .  

From t h e  Arrhenius  p l o t s  shown i n  F igu re  3 t h e  

a c t i v a t i o n  energy was c a l c u l a t e d  a s  18 k i l o c a l o r i e s  

per mole f o r  b i t o l t e r o l  h y d r o l y s i s  i n  aqueous b u f f e r  bo th  

wi th  and wi thout  25% e thanol .  The p resence  of e thanol  
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P O R T M A "  AND BROWN 

I / T  X lo3 

FIGURE 3 
Arrhenius P l o t s  For B i t o l t e r o l  Hydrolysis In  Buffer 
Solutions Without (0---41 and With 25% Ethanol ( n) 
At pH 3.4-3.5. Least-Squares Regression Lines. 

has a l a r g e  e f f e c t  on the r eac t ion  r a t e  bu t  does not  

cause a de t ec t ab le  change i n  t h e  a c t i v a t i o n  energy. 

Hydrolysis r a t e  constants  obtained with the  25% ethanol  

w e r e  about 26 t i m e s  smaller than those without t he  

alcohol a t  t h e  same pH. The predicted b i t o l t e r o l  ha l f -  

l i f e  a t  room temperature (25.C) i s  8.4 yea r s  i n  25% 

ethanol. so lu t ion  compared to 0.34 years i n  bu f fe r  both 

a t  pH 3.5. 
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STABILIZATION OF BITOLTEROL 11 

Because of t h i s  pronounced e f f e c t  of ethanol on 

hydrolysis  r a t e s  the s t a b i l i t y  of b i t o l t e r o l  was de- 

termined i n  a v a r i e t y  of solvents.  

i n  r eac t ion  r a t e s  were observed f o r  25% so lu t ions  of 

var ious g lyco l s  a s  shown i n  Figure 4. For d ipo la r  

molecule r eac t ions  the  logarithm of t h e  r a t e  constant  

should be negatively proportional t o  the inverse of t he  

solvent  d i e l e c t r i c  constant a s  derived by A m i s  (13). 

This reduction i n  hydrolysis  r a t e  constant  with a de- 

creasing solvent  d i e l e c t r i c  constant  i s  shown i n  Figure 5 

and Table 1. The experimental values f o r  the d i e l e c t r i c  

constants  a t  25.C a r e  s imi l a r  t o  those reported by o the r s  

(9-12). Similar  s lopes are obtained f o r  the r e l a t i o n s h i p  

between t h e  logarithm of the r a t e  constant a t  90'C and 

t h e  r ec ip roca l  of the  dielectric constant  both a t  25'C 

Large d i f f e rences  

1 2 3 4 5 6 7 6 9 1 0  

D A Y S  

FIGURE 4 

Semilogarithmic P lo t  of Percent Unhydrolyzed B i to l t e ro l  - vs Time (Days) A t  9O'C For 10 m q / m l  Solutions I n  25% 
Polyethylene Glycol 400 ( 0 ) ;  25% Propylene Glycol (X )  
and 25% Glycerin (0). Least-Squares Regression Lines. 
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* 0.05 
0.02 

1 . O l J  I I I I I I 1 1 1 I 
1.3 1.6 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 

RECIPROCAL OF DIELECTRIC CONSTANT X I00 

FIGURE 5 

Semilogarithmic P l o t  of Hydrolysis Rate Constant (Days-') 
A t  9O'C % 100/Die lec t r ic  Constant At 25'C ( 0 )  And 90.C 
(0). 
e f f i c i e n t s  Of 0.96 and 0.92-pH 3.5. 

Least-Squares Regression Lines  - Cor re l a t ion  Co- 

and 90'C. This  so lven t  e f f e c t  on r a t e s  is very  l a r g e  

a s  evidenced by t h e  40 f o l d  r a t e  r educ t ion  by t h e  use  

of 30% e thanol .  

Rates  w e r e  a l s o  measured wi th  s o r b i t o l  s o l u t i o n s  

of  b i t o l t e r o l  and a r e  shown i n  Table  2. A l i n e a r  re- 

l a t i o n s h i p  e x i s t s  between t h e  r e c i p r o c a l  of t h e  d i e l e c -  

t r ic  c o n s t a n t  (25.C) and t h e  hydro lys i s  r a t e  cons t an t  

(90.C) f o r  t h e  S o r b i t o l  s o l u t i o n s  i n  water a s  shown i n  

P igu re  6. It i s  appa ren t  t h a t  as t h e  s o r b i t o l  i s  in- 

creased i n  c o n c e n t r a t i o n  t h e  r a t e  c o n s t a n t  d e c r e a s e  is 
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STABILIZATION OF BITOLTEROL 13 

0.3r 

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2:i 2.2 
RECIPROCAL OF DlELECTRiC 

CONSTANT X 100 

FIGURE 6 

Semilogarithmic P lo t  of Hydrolysis Rate Constant (Days-’) 
A t  90.C 2 100/Dielectric Constant A t  25.C For Sorbi tol  
Solutions A t  pH 2.6-2.8 ( - 1  and Ethanol-Propylene 
Glycol Solutions A t  pH 2.9-3.0 (X---X). 

approximately equal t o  the  decrease i n  water content. 

However a d i sp ropor t iona te  decrease i n  r a t e  constant  

occurs  when small amounts of a lcohol  a r e  present .  This 

e f f e c t  is many f o l d  i n  excess of t h a t  due t o  the  small  

decrease i n m t e r  content.  For t h e  ethanol  o r  ethanol- 

propylene g lyco l  so lven t s  t h e  e f f e c t  on r a t e s  i s  very 

pronounced a s  seen  i n  Figure 6 and Table 3. By reducing 

t h e  dielectric cons t an t  from 78.3 t o  47 t h e  r a t e  con- 

stant w a s  decreased 24 t i m e s .  Curvature of t he  l i n e  

occurs below a d i e l e c t r i c  cons t an t  of about 60. This 
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14 PORTMA" AND BROWN 

may be due t o  s e l e c t i v e  so lva t ion  and t h e  d i f f e r e n c e  

between the  observed so lvent  d i e l e c t r i c  cons tan t  and t h e  

microscopic d i e l e c t r i c  constant  around t h e  r e a c t i n g  species  

or t r a n s i t i o n  s t a t e  a s  discussed by A m i s  (13). This de- 

v i a t i o n  is, a s  pred ic ted ,  i n  the  d i r e c t i o n  of t h a t  ob- 

ta ined  with t h e  higher d i e l e c t r i c  constant  solvent ,  

water. 

The r a t e  of a r e a c t i o n  may increase  o r  decrease 

with a change of so lvents  dependent upon t h e  r e a c t i o n  

mechanism. Few s t u d i e s  have appeared on t h e  inf luence 

of solvent  d i e l e c t r i c  cons tan t  on r e a c t i o n  r a t e s  f o r  

drug or drug formulations with pharmaceutically accept- 

able solvents .  The hydro lys is  r a t e s  for chloramphenicol 

(141, pancuronium bromide (15 1 and the  thermal degrada- 

t i o n  of r e s e r p i n e  (16) are acce lera ted  by lowering of 

t h e  so lvent  d i e l e c t r i c  solvent.  P a r t i c i p a t i o n  of t h e  

solvent  i n  s o l v o l y s i s  m u s t  always be considered i n  t h i s  

type of study. Only small  changes i n  r e a c t i o n  r a t e  

cons tan ts  have been observed for t h e s e  compounds with 

r e l a t i v e l y  l a r g e  changes i n  d i e l e c t r i c  cons tan ts  of 

the so lvent  media. The g r e a t  reduct ions i n  hydrolysis  

r a t e s  t h a t  have been demonstrated for b i t o l t e r o l  i l f u s -  

t r a t e  t h a t  d ie lectr ic  constant  effects may be inpor tan t  

f o r  s t a b i l i z a t i o n  of drugs. This s t a b i l i z a t i o n  a l s o  has  

been shown f o r  a c l i n i c a l  aerosol  formulation and an in-  

h a l a t i o n  s o l u t i o n  of b i t o l t e r o l  where t h e  low dielectr ic  
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STABILIZATION OF BITOLTEROL 15 

cons tan t  of t h e  so lven t  has  r e s u l t e d  i n  a very s t a b l e  

product . 

SUMMARY 

S t a b i l i t y - i n d i c a t i n g  a n a l y t i c a l  methods using 

thin- layer  and high p res su re  l i q u i d  chromatographic 

techniques were developed and appl ied t o  b i t o l t e r o l .  

The hydro lys i s  r a t e s  f o r  t h i s  catecholamine d i e s t e r  

w e r e  measured a s  a funct ion of p H  and d i e l e c t r i c  con- 

s t a n t  i n  water and i n  aqueous-organic solvent  mixtures. 

A s t r o n g  r a t e  dependency was shown f o r  each of t hese  

parameters. By appropriate  adjustment of pH and sol- 

ven t  d i e l e c t r i c  constant  t he  r e a c t i o n  r a t e  can be 

g r e a t l y  reduced. A 40 f o l d  reduct ion i n  the  r a t e  con- 

s t a n t  r e s u l t e d  from the  use of 30% ethanol a t  pH 3.5 a s  

compared t o  a buf fe r  so lu t ion  a t  the same pH. 

p o l a r i t y ,  an o f t e n  neglected f a c t o r ,  should be considered 

whenever p o s s i b l e  f o r  the s t a b i l i z a t i o n  of drugs. 

Solvent 
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