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ABSTRACT 

The hydrochloride, a c e t a t e ,  t a r t r a t e ,  s u l f a t e ,  

p-hydroxy- benzoate, cbonate, napsylate,  3 -hydrox~ 
naphthoate and methacryl i c  ac id-methacrylate 

copolymer s a l t s  of 9-[2-(indol-3-yl)ethyl~-l-oxa-~- 
0 x 0 - 4 ,  9-diazaspiroC5,51 undecane ( I )  were prepared. 

I n  v i t r o  d i s so lu t ion  r a t e s  fo r  t h e  pure s a l t s  and the  
capsule formulation were determined using r o t a t i n g  

d i s k  method and USP method 2, respec t ive ly ,  i n  0 . 1  1J 
HCL, water and 0.05 PI phosphate buf fer  pl1 7.5 .  The 

i n t r i n s i c  d i s so lu t ion  r a t e s  i n  a l l  media showed 
dramatic d i f f e rences  among various s a l t s  

corresponding t o  the d i f f e rences  i n  t h e i r  

s o l u b i l i t i e s  i n  water. The i n  v i t r o  d i s s o l u t i o n  
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772 BENJAMIN AND L I N  

rates from capsules in neutral media showed marked 

differences among salts, however, there were no 

significant differences in dissolution rates from 

capsules when 0.1 M E1CL was used as the medium. The 

data indicated that the ebonate, 3-hydroxy naphthoate 

and napsylate salts when formulated in an enteric 

coated dosage form would provide a slow release of I. 

INTRODUCTION 

The first step in the absorption process of an 

orally administered solid form of the drug is its 

dissolution in the gastrointestinal (G.I.) tract 

fluid. The drug in solution then passes through the 

lipoidal gut wall into the general circulation. 

Generally this transport is by a passive diffusion, 

hence, the unionized form of the drug is absorbed 

more readily than the ionized form. A basic drug 

such as a strong amine would undergo a rapid 

dissolution in acidic pII of the stomach. 

Solid drug Dissolution Drug in Absorption Drug in 
in G.I. solution general 
tract G.I. circu- 
fluid tract lation 

Scheme I 
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SALTS OF AN ANTIHYPERTENSIVE AGENT 7 73 

However, being ionized it is not absorbed from the 

stomach until it reaches the neutral or alkaline part 

of the intestine where significant amount of the 

unionized form is present. T h e  rate limiting step in 

the overall absorption process (Scheme I) is 

diffusion through the gut wall. If the dissolution 

rate of the drug can be slowed down then the overall 

absorption process could become dissolution rate 

limited, Thus the intensity and duration of action 

could be controlled by the dissolution rate. 

There are numerous ways to modify a drug 

substance achieve slow release characteristics and 

this topic has been previously reviewed (1). TJe 

chose to utilize the slow release characteristics of 

slightly soluble salts of the drug substance. This 

approach has been used successfully for methadone (2) 

and amitriptyline ( 3 ) .  

Another advantage of using dissolution rate 

limited delivery is the probability of lower toxicity 

or G.I. tract adverse side effects ( 4 ) .  In an 

absorption controlled process, as in the case of 

rapidly dissolving compounds, the local concentration 

of the drug is high which can cause local G.I. tract 

side effects. This has been demonstrated for 

benzphetamine and etryptamine ( 5 )  and clorprenaline 

( 6 ) .  
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7 74 BENJAMIN AND L I N  

This report describes the preparation and in - 
vitro evaluation of salts of a new potent 

antihypertensive agent 9-[2-(indol-3-yl)ethyl]-l-oxa- 

3-oxo-4,3-diazaspiro [ 5 , 5 1  undecane (I). 

MATERIAL AND METHODS 

Materials: Compound I was obtained from the -- 
Institute of Organic Chemistry, Syntex Research. The 

excipients used were corn starch USP, spray dried 

lactose USP, magnesium stearate USP, microcrystalline 

cellulose USP and polyvinylpyrolidinc USP. All other 

chemicals were reagent grade and were USed as such- 

Preparation of the Salts: The salts were 

prepared by reacting either I hydrochloride and the 

sodiun salt of the acid (Method A) or I free base and 

the acid (method B) following general methods 

described below: 

Method A - I hydrochloride (3 .5  g ,  0.01 M )  was 

dissolved in water (120 mL) with stirring. The 

appropriate acid (0 .005-0 .01  M) was suspended in 

water ( 5 0  mL) and neutralized with 10 mL of 1.0 :J 

sodium hydroxide solution to obtain a clear 

solution. This solution was added slowly to a 

stirred solution of I hydrochloride. The resulting 
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SALTS OF AN ANTIHYPERTENSIVE AGENT 7 75 

p r e c i p i t a t e  o r  pas t e  (pas t e  s o l i d i f i e d  on s tanding)  

was separated by f i l t r a t i o n  and dr ied  i n  a vacuum 

oven over D r i e r i t e Q  a t  2 5 ° C  overnight.  After  

i n i t t a l  drying the  temperature was slowly increased 

t o  35-40°C fo r  fu r the r  removal of water. Additional 

p u r i f i c a t i o n  was done by c r y s t a l l i z a t i o n  o r  

t r i t u r a t i o n  using organic so lvents  a s  indicated.  

Method R - I hydrochloride ( 3 . 5  g ,  0 . 0 1  M )  was 

dissolved i n  water ( 1 2 0  mL). The so lu t ion  was made 

bas ic  with 1 .0  PJ sodium hydroxide so lu t ion .  The f r e e  

base of I separated out  a s  a paste .  The mixture was 

cooled and the supernatant decanted o f f .  The residue 

was dissolved i n  methylene ch lor ide  ( f o r  ace t a t e ,  

p-hydroxybenzoate and napsyla te ) ,  methanol ( f o r  

s u l f a t e  and t a r t a r a t e )  or  isopropanol ( f o r  polymer 

s a l t s ) .  An equimolar so lu t ion  of the  acid i n  

appropriate  solvent was added t o  the above so lu t ion  

with s t i r r i n g .  The r e s u l t i n g  p r e c i p i t a t e  o r  pas t e  

was processed a s  i n  Method A .  

S o l u b i l i t y  Measurements - ~ x c e s s  s a l t  was 

suspended i n  1 mL water contained i n  1 mL g l a s s  

v i a l s .  The v i a l s  were stoppered using rubber 

s toppers  and sealed with aluminum s e a l s .  The v i a l s  

were ro ta ted  i n  a water bath maintained a t  2 5 ° C  - + 0.5 

C f o r  89 hours. A t  the  end of the equilibrium time 
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776 BENJAMIN AND L I N  

the suspension was filtered using syringe filter 

(polyvinyl chloride, 2 p). An aliquot (0.5 mL) of 

the filtrate was diluted with the mobile phase and 

injected onto the EIPLC for quantitation. 

Intrinsic Dissolution Rate Determination - The 
intrinsic dissolution rates were determined using 

rotating disk method described by Wood et.al. (7). 

The disks were prepared by transfering 100 mg of the 

compound into the die-hole and compressing at a 

pressure of 2000 psi. 

cm. The die and disk assembly was mounted onto the 

dissolution apparatus (Model 72 R: Hanson Research 

Corp., Northridge, CAI. The dissolution media was 

300 mL of 0.1 N HC1, 0.05 M phosphate buffer ( p H  7.5) 

or water contained in a 1 L round-bottom, plastic 

flask (Elanco, Indianapolis, Ind. ) and maintained at 

37OC. The rotation speed was 200 rpm. A continuous 

recording of the absorbance changes at 279 nm was 

obtained by circulating the dissolution media through 

1 mm flow cells of an automatic sample 

changer/spectrophotometer (Model 25: Beckman 

Instruments, Fullerton, CA) using a peristaltic pump 

(Model 1210: EIarvarii Apparatus, n ill is, ~ 4 ~ 1 .  

The disk had a diameter of 0.8 

Dissolution Rate Determination - Dissolution 
rates from capsules were determined employing USP 
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SALTS OF AN ANTIHYPERTENSIVE AGENT 777 

Method 2.  Hanson d i s so lu t ion  apparatus described 

above was used. The capsules were placed i n t o  the  

wire holders  and dropped i n t o  each d i s s o l u t i o n  

f l a sk .  The d i s so lu t ion  media was 600 m1, of deacratcd 

0 .1  N H C 1 ,  0.05 PI phosphate buf fer  pEI 7 .5  o r  water 

maintained a t  37°C. The paddle speed was adjusted a t  

50  rpm. The absorbance changes were measured a t  279 

nm using the  automatic s e t  up described above. 

Preparat ion of the  Capsules - Small l o t s  of 

powder mix were prepared by i n i t i a l l y  mixing the  s a l t  

with spray dr ied  l ac tose  by  geometric d i l u t i o n  on a 

sheet  of g l a s s ine  paper. This premix was transferecl 

t o  a g l a s s  b o t t l e  and mixed with the  corn s t a r c h  and 

f i n a l l y  with magnesium s t e a r a t e .  The powder mixture 

was t e s t ed  f o r  homogeneity by assaying 5 samples fo r  

I.  Each capsule was ind iv idua l ly  hand f i l l e d  with 

the  powder. 

Analyt ical  Methods - Samples f o r  s o l u b i l i t y  

measurements, and €o r  the determination of f r e e  base 

contents  of s a l t s  were assayed by reverse-phase high 

performance l i qu id  chromatography Using an 

oc ty l s i l ane  column (Ultrasphere,  4 .6  x 250 mn, 5p: 

Beckman, USA) and a mobile phase of methanol - 0.025 

M sodium a c e t a t e  buf fer  pN 4 .9  ( 3 0 : 7 0 ) .  

Preparat ion of the  Granules - Small l o t  of 

granules containing pamoate s a l t  were prepared by 
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778 BENJAMIN AND L I N  

i n i t i a l l y  mixing the  pamoate s a l t  with 

microcrys ta l l ine  c e l l u l o s e  by geometric d i l u t i o n  on  a 

g l a s s ine  paper. The powder m i x  was t r ans fe r r ed  t o  a 

s t a i n l e s s  s t e e l  beaker and mixed with 

polyvinylpyrolidine so lu t ion .  The wet granules  were 

then passed through 16 mesh s ieve and dr ied  a t  4 5 ° C  

oven f o r  3 hours. The dry  granules  were passed 

through 20 mesh round hole  screen and the  granules  

s i z e  between 20-35 mesh and smaller than 35 mesh were 

co l l ec  tcd separately.  

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

Physical Proper t ies  of t he  S a l t s  - Compound I i s  

an amine with pka of 8 . 5 .  The I hydrochloride has  a 

s o l u b i l i t y  of 3 1 . 7  mg/mL i n  water ind ica t ing  very 

rapid d i s so lu t ion  i n  (3.1. t r a c t  f l u i d .  I t  had shown 

some l o c a l  G . I .  t r a c t  s i d e  e f f e c t s  during e a r l y  

pharmacology s tudies .  Thus, i t  appeared a good 

candidate fo r  t h i s  approach. 

The s t ruc tu res  of var ious s a l t s  prepared, t h e i r  

p u r i t i e s  and some physical  p rope r t i e s  a re  shown i n  

Table I .  The s o l u b i l i t i e s  of t he  s a l t s  i n  water a r e  

l i s t e d  i n  Table 11. The s o l u b i l i t i e s  of ebonate, 

3-hydroxy-2-naphthoater napsylate,  s a l t s  with 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SALTS OF AN ANTIHYPERTENSIVE AGENT 779  

TABLE 1 
Physical Properties o f  the Salts o f  I ,  

GKjJTp 
kH Q n X  

Hel t ing  P u r i f i c a t i o n  
s a l t s  S t r u c t u r e  o f  X (9) Poin t  ( " C )  Solvent 

? 
Aceta te  CH3 C -  0 -  

CL- Hydrochloride 

QU Od 
T a r t r a t e  HOOC-CH - Ol -COO- 

S u l f a t e  HS3.- 

Eudrasit-L 

ac id  Methyl e s t e r )  

(Po lynetliacryl ic 
a c i d  - f l e thac ty l i c  c=o $=O 

373.4 

349 -8 

463.4 

409 -3 

450.3 

--- 

Free Base -- - 313.3 

Napsylate Sol- 520.5 

OH 

1014.3 
w 
eH Ebonate CHI  

COOH 

3-Hydroxy-2- axcoo- 500.5 
Naph thoa te  OH 

81-90 E thy lace ta t e  

250-260 Methanol 

150-153 Ethanol 

24 5-24 7 Methanol 

160 A c e t o n i t r i l e  

lsopropanol 

97-99 Me thano 1 -Water 

138-145 I sopr opano 1 

185-190 lsopropanol 

153- 162 E thy lace ta t e  
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SALTS OF AN ANTIHYPERTENSIVE AGENT 78 1 

polymeric material and the free base are very small 

indicating that these salts may have potential to 

provide a slow release of I. 

Dissolution Rates - The results of intrinsic 

dissolution rates of the salts in 0.1 N HC1, 0.05 M 

phosphate pI1 7.5  buffer and water (Table 11, Figures 

1-3) indicated that ebonate, napsylate, 

3-hydroxy-2-naphthoate and the polymer salts show the 

desired low intinsic dissolution rates. Inspite of 

higher solubility in water, the intrinsic dissolution 

rate of I hydrochloride salt in 0.1 PJ I IC1  was lower 

than that for the free base. Similar results have 

been seen previously with other amines and are 

attributed to conmon ion effect of the chloride (8). 

The dissolution rate profiles from the capsules 

filled with powder mixture of the salt and excipients 

showed interesting results. illthough the intrinsic 

dissolution rate for the free base in 0.1 1J H C 1  was 

7 5  and 115 times greater than that of the ebonate and 

the napsylate salt, the difference in the dissolution 

rates from the capsules was very small (Figure 4). 

This is due to the larger surface area of the powder 

salts in the capsule formulation as compared to the 

compressed disk. In addition, the salts are 

converted into the rapidly dissolving hydrochloride 
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782 BENJAMIN AND LIN 

0 10 2 0  3 0  4 0  5 0  6 0  7 0  

T I M E  ( M I N U T E S )  

FIGURE 1. 

I n t r i n s i c  D i s s o l u t i o n  of S a l t s  o f  I i n  0 .1  TJ I1C1 
S o l u t i o n  

(0) Acetate ,  (0) H y d r o c h l o r i d e ,  ( 0 )  Tar t r a t e ,  (a) 
S u l f a t e ,  ( V )  F r e e  Base, (e) Nydroxybenzoate ,  (0) 
Eudrag i t -L ,  (A) E u d r a g i t - S ,  ( A )  N a p s y l a t e ,  
( 0 )  E b o n a t e ,  (0) 3-Mydroxy-2-PJaphthoate 
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SALTS OF AN ANTIHYPERTENSIVE AGENT 783 

0 10 2 0  3 0  4 0  5 0  0 0  7 0  

TIME ( M I N U T E S )  

PICURE 2. 

I n t r i n s i c  Dissolution of S a l t s  of I i n  0.05 M 
(pII 7.5) Phosphate B u f f e r  

(0) Acetate,  (0) Hydrochloride, ( 0 )  Tar t r a t e ,  
(a) S u l f a t e ,  (V) Free Rase, (+) Hydroxybenzoate, 
(0) Eudragit-L, (A) Cudragit-S, ( A )  IJapsylate, 
( 0 )  E bona t e , ( 0 )  3-EIyilr oxy-2-Naphthoa t e  
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FIGURE 3. 

Intrinsic Dissolution of Salts of I in Water 

(0) Acetate, (0) Hydrochloride, (0) Tartrate, 
(4)  Sulfate, (e) Hydroxybenzoate, 
(0 )  3-Hydroxy-2-Naphthoate 

salt by reaction with the dissolution media in the 

diffusion layer (9,lO). 

During the preformulation investigations of drug 

substances intrinsic dissolution rates are generally 

used as one of the criteria for salt selection. In 
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* 
a 
W 
> 
0 
u 
w 
a 
I- z 
w 
u 
w 
a 
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1 0 0  

8 0  

6 0  

4 0  

2 0  

0 
0 2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 4 0  

T IME ( M I N U T E S )  

F I G U R E  4 .  

Dissolution of S a l t s  of I from Capsule Formulation i n  
0 . 1  rJ I I C l  Solution 

(0) Hydrochloritle, ( V )  Free Rase, ( A )  Napsylate, 
( 0 )  Ebona t e . 

view of the above discussion and a previous repor t  

( 8 )  i t  seems t h a t  i n t r i n s i c  d i s so lu t ion  r a t e s  tend t o  

exaggerate the  r e a l  d i f fe rences  i n  the  d i s so lu t ion  

r a t e s  which would be obtained from capsule 

formulations used i n  phase I c l i n i c a l  s tud ie s  or  

t a b l e t s  t h a t  would d i s i n t e g r a t e  i n t o  granules before 

d isso lu t ion .  Therefore the  i n t r i n s i c  d i s so lu t ion  

r a t e s  da t a  should be evaluated very ca re fu l ly .  
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0 2 0  4 0  6 0  8 0  100 

TIME ( M I N U T E S )  

F I G U R E  5 .  

Dissolution of Salts of I from Capsule Formulation in 
0.05 PI (pH 7 . 5 )  Phosphate Buffer 

(0) Hydrochloride, (v)  Free Rase, (A) Napsylate, 
( 0  3 -Ilydroxy- 2-Maphthoa te , ( ) E bona te . 

The dissolution rates from capsules in 0.05 M 

phosphate buffer pH 7 . 5  are shown in Figure 5 .  

hydrochloride salt exhibited the fastest dissolution 

(complete dissolution in 20 min.) followed by the 

free base (complete dissolution in 60 min.1 The 

napsy la t e and 3 -hydroxy- 2- naph thoa t e under went an 

initial rapid dissolution (60-809, dissolved) followed 

by a slow phase. The dissolution rate for ebonate 

The 

salt was especially suitable for providing slow 
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100 

* 0 0  K 
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0 
0 6 0  
W 
K 

4 0  
W 
0 
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w 2 0  
n 

0 
o 2 0  4 0  6 0  0 0  100 1 2 0  1 4 0  1 6 0  i a o  2 0 0  2 2 0  2 4 0  

TIME ( M I N U T E S )  

FIGURE 6. 

Dissolution of Ebonate Salt of I from Capsule 
Formulation in 0.05 M (pII 7.5) Phosphate Buffer 

( 0 )  Capsule Containing 20-35 Mesh Granules of Ebonatc 
Salt of I. (0) Capsule Containing < 35 Mesh 
Granules of Ebonate Salt of I. (A) Capsule 
Containing Powder Mix of Ebonate Salt of I with Spray 
Dried Lactose. 

release of I. During the dissolution of 

3-hydroxy-2-naphthoate and ebonate salt capsules, as 

the  excipients went into solution, formation of drug 

aggregates and mass at the bottom of the dissolution 

flask was not iced, which slowed down the subsequent 

dissolution. 

This problem was solved by replacing spray dried 

lactose with an insoluble excipient, microcrystalline 

cellulose and wet granulation of the powder mixture. 
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The granulat ion yielded a more cons i s t en t  and smooth 

d i s so lu t ion  p r o f i l e  (F ig .  6 ) .  The d i s s o l u t i n  of the  

powder mixture i s  a l s o  included i n  t he  f igu re  f o r  

comparison. The granulat ion made with 

microcrystal l ine c e l l u l o s e  exhibi ted a f a s t e r  

d i s so lu t ion  than the  powder m i x  containing spray 

dr ied  lac tose .  The d i s so lu t ion  r a t e  varied with the 

s i z e  of the granules.  This demonstrates t h a t  the  

d i s so lu t ion  r a t e s  of t he  s a l t s  can be fu r the r  

manipulated using formulation techniques. 

CONCLUSION s 

This study has  demonstrated t h a t  a v a r i e t y  O f  

r e l ease  r a t e s  can be obtained by using the 

appropriate  s a l t  of I .  Since the  d i f f e rence  between 

d i s so lu t ion  r a t e s  a re  l a rge r  i n  p€I 7 . 5  phosphate 

buffer  than i n  0 . 1  N H C 1  so lu t ion ,  the formulation 

f o r  o r a l  dosage form should be protected from the  

ac id i c  pI I  of stomach. This can be accomplished by 

using an e n t e r i c  coated dosage form designed t o  

re lease  the s a l t  i n  the neu t r a l  o r  a l k a l i n e  pII of the 

small i n t e s t i n e  t o  provide the  desired r e l ease  

proper t ies  fo r  prolonged act ion.  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SALTS OF AN ANTIHYPERTENSIVE AGENT 7 89 

ACKNOWLE: DGEMENT 

Authors thank Dr. J. Kent for the helpful 

discussions presented at the Pharmaceutical Analysis 

and Control Section, Western Regional Meeting, of 

APhA Academy of Pharmaceutical Sciences, San Mateo, 

CA, March 1984. 

MFERENCES 

1. W.A. Ritschel., Drug Design, - IV:37 (1973). 

2. P 7 . H .  Choulis, L. Abellana-intaphan and P.K. 

Narang, Pharmazie., 33: 5 (1978) 

3 .  P.I. Fekete, C. Orban and I. Elekes, J. Pharm. - 
Pharmacol., - 34: 12 (1982). 

4. S. M. Rerge, L. D. Bighley and D.C. Monkhouse, J. 

Pharm. Sci., - 66, l(1977)- 

5. W. Yorozowich, T. Chulski, W.E. Hamlin, P.M. 

Jones, J.I. Northam, A. Purmalis and J-G- lva!3ner, 

J. Pharm. Sci., 51: 993 (1962). - -  - 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



790 BENJAMIN AND L I N  

6 .  X .  Gu,  W. Q i a n ,  Y.  Wanq, C .  T e n q ,  G .  X i n g  a n d  C .  

Min,  A c t a .  Pharm. S i n i c a . ,  17 :  467 ( 1 9 8 2 ) .  - 

7 .  

8. 

9 .  

J . 1 1 .  Wood, J . E .  S y a r t o  a n d  €1.  L e t t e r m a n ,  J. 

Pharm. S c i . ,  54: 1 0 6 8  ( 1 9 6 5 ) .  

S.-L. L i n ,  L. Lachman,  C . J .  Swartz and  C.F. 

I I u e b n e r ,  - J.  Pharm. S c i . ,  61: 1418 ( 1 9 7 2 ) .  

W.I. H i g u c h i ,  E.L. P a r r o t t ,  D.E.  Wurster a n d  T .  

H i q u c h i ,  J .  Am. Pharm. ASSOC., Sci. E d . ,  47: 376  

( 1 9 5 8 ) .  

-- -- 

10 .  W.E. H a m l i n  a n d  W.I. H i g u c h i ,  J .  Pharm. S c i . ,  55: - 

205 ( 1 9 6 6 ) .  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


