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ABSTRACT 

The solvent  and melt methods were employed t o  

prepare s o l i d  dispers ions w i t h  various water soluble  

c a r r i e r s  and spar ingly soluble  drug, hydrochlorot~i i i~zide.  

The c a r r i e r s  inves t iga ted  included dextrose,  s o r b i t o l ,  

t a r t a r i c  ac id  and urea. Dispersion w i t h  urea was 

superior  t o  o ther  c a r r i e r s  i n  re leas ing  the drug in-to 

solution. Dextrose - melt showed decomposition o f  the 

drug. So ru i to l  drug physical  mixture produced a f a s t e r  

r a t e  of d i sso lu t ion  of' the  drug than the  melt dispersions.  

The eu tec t i c  mixture o f  urea and drug cooled a t  room 

temperature [ 28') proauced a f a s t e r  d i s so lu t ion  r a t e  of 

the drug than the  mixture cooled a t  -Z0,, 
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966 DESHPANDE AND AGRAWAL 

It is well established that dissolution is 

frequently the rate limiting step in the gastro- 

intestinal absorption of a drug from a solid dosage 

form. 

tion is particularly distinct when considering drugs of 

low solubility. 

The relationship between solution rate and absorp- 

Burner and Tolloczke (1) were the earliest workers 

to show that dissolution rate was a function of the 

surface area exposed to the dissolution medium. 

Accordingly, a drug will dissolve more rapidly when its 

specific surface area is increased i.e. decreased 

particle size. 

methods by which drug may be exposed to the gastro- 

intestinal fluid in finely divided form. The most 

common and direct method is the micronization of the 

particles which may be administered as a dosage form. 

This particular approach has got disadvantage of wet- 

tibility which may lead to erratic and incomplete 

absorption. 

drug from solutions from which, upon dilution with 

gastric fluids, the dissolved drug will precipitate in 

the form of fine particles; but this may not solve the 

problem of stability if it is likely to occur. Recently 

more unique ways of increasing the dissolution rate have 

been reported by dispersion techniques and by adsorption 

Leavy (2) has considered a number of 

A second method involves administration of 
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DISSOLUTION RATE OF HYDROCHLOROTHIAZIDE 967 

on various clays. These techniques have been consi.der- 

ably used by various research workers ( 3  - 46). The 

definitions, methods of preparation and pharmaceutical 

applications of these dispersions were thoroughly 

reviewed by Chiou and Riegelman (17). 

In our previous investigation (18) we had taken 

six benzothiadiazine derivatives (one of them was 

hydrochlorothiazide) and polyethylene @,lycol 6000, as 

a carrier for increasing the dissoluticn rate. We 

observed that bendroflumethiazide and methylclothiazide 

showed decomposition by either methods, while chloro- 

thiazide, hydrochlorothiazide, flumethiazide and 

cyclopenthiazide showed excellent increase in dissolu- 

tion rate without any decomposition. Based on these 

facts, we have decided to carry out further investiga- 

tions using one drug and different carriers. Thus the 

present communication examines five water soluble 

carriers, dextrose, PEG 6000,sorbitol, tartaric acid, 

and urea, and compares the dissolution characteristics 
of pure drug vis-a-vis solid dispersions prepared by 

either solvent or melt methods, employing the slightly 

soluble hydrochlorotniazide as the model compound. 

EXPERIPENTAL 

Materials - The following materials used were of highest 
purity and were obtained from standard sources viz. - 
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968 DESHPANDE AND AGRAWAL 

dextrose,  PEG 6000, s o r b i t o l ,  t a r t a r i c  acid,  urea and 

hydrochlorothiazide.+ 

PreDaration of samples - 
and hydrochlorothiazide were made either by so lvent  o r  

m e l t  methods (depending upon the s t a b i l i t y  of the 

hydrochlorothiazide by e i t h e r  of the process) as 

described ear l ier  (16). 

Dispersions w i t h  each c a r r i e r  

The dispersed mixture of t he  drug with t a r t a r i c  

ac id  w a s  prepared by coprec ip i t a t e  method while w i t h  

urea, s o r b i t o l  and PEG 6000, melt method was used. The 

drug dextrose d ispers ion  prepared by e i t h e r  of t he  

method was found t o  be unstable  a f te r  drying. The 

e u t e c t i c  composition of urea and the drug were a l s o  

prepared by melt method but  were cooled a t  two tempera- 

tures - one a t  28' and the o the r  a t  -2'. 

procedure was followed as mentioned ear l ier  (18). 

d e t a i l s  about method, composition, carrier and o ther  

parameters a r e  shown i n  t a b l e  1. The dr ied  mixtures 

w e r e  pulver ized and a f t e r  s ieving,  the f r a c t i o n  which 

passed through s i eve  350 a m  and re ta ined  on s i eve  2 5 0 m  

w a s  further considered for d i s so lu t ion  s tudies .  

The rest of the  

The 

Dissolut ion s tud ie s  - The d i s so lu t ion  r a t e  s tud ie s  were 

carried out  as described e a r l i e r  (18) by using 50 mg. of 

pure hydrochlorothiazide and s o l i d  d ispers ions  contain- 

*Supplied by Ciba-Geigy, Basel, (Switzerland).  
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970 DESHPANDE AND AGRAWAL 

i n g  equivalent  amount of the  pure drug. 

o f  t h e  d i s so lu t ion  media was withdrawn a t  f ixed  time 

i n t e r v a l s  and w a s  replaced by equivalent  amount of same 

media maintained a t  37'. 

w i t h  water, t he  absorbance w a s  recorded a t  3 1 7 m .  

A con t ro l  experiment w a s  a l s o  run using same amount of 

t he  pure drug of same p a r t i c l e  s ize .  

A f ixed  amount 

A f t e r  appropriate  d i l u t i o n  

Following the  same procedures the physical  mixtures 

of drug and c a r r i e r  were subjected t o  d i s so lu t ion  ra te  

s tudies .  

Eutec t ic  mixtures of urea and drug were a l s o  consi- 

dered f o r  d i s so lu t ion  r a t e  s tud ies .  T h i s  experiment w a s  

conducted t o  study t h e  e f f e c t  of cool ing temperature on 

d i s so lu t ion  rate of t h e  e u t e c t i c  mixture. The reported 

da ta  i s  t h e  average of a t  l e a s t  dupl ica te  runs and 

r e s u l t s  were reproducible.  

RESULTS AND DISCUSSION 

So l id  d ispers ion  o f  PEG 6000 and Sorb i to l  - Polyethy- 

lene  glycol  6000, has been extensively used f o r  prepar- 

i n g  s o l i d  d ispers ions  with both l i q u i d  (19) and s o l i d  

drugs (9, 11, 13) and has  been shown t o  increase  t h e  

d i s so lu t ion  rate of poorly soluble  drugs. We have 

e a r l i e r  observed (18) that d ispers ions  prepared by 

co rp rec ip i t a t e  method w i t h  PEG 6000 d id  not  dry com- 

p l e t e l y  even when they  were kept  f o r  almost 6 t o  7 

weeks. The r e l ease  rate of hydrochlorothiazide from 
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DISSOLUTION RATE OF HYDROCHLOROTHIAZIDE 

100 

90. 

- 

971 

TIME ( Minutes I 

F IGURE 1 
D i s s o l u t i o n  p r o f i l e s  o f  hydrochloro th iaz ide ,  hydro- 
c h l o r o t h i a z i d e  - PEG 6000 and hydrochloro th iaz ide  .- 
s o r b i t o l  d i spers ions .  X Pure hydrochloro th iaz ide .  11 
PEG 6000 m e l t .  0 PEG 6000 p h y s i c a l  mixit.ure.0 S o r b i t o l  
p h y s i c a l  mixture. O S o r b i t o l  m e l t .  
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972 DESHPANDE AND AGRAWAL 

melt d ispers ion  i s  shown i n  f i g .  I. Chiou and 

Riegelman (9) found t h a t  i n  the  gr i seofu lv in  PEG 6000 

system, drug r e l ease  w a s  fastest from dispers ion  pre- 

pared by m e l t  method. These f ind ings  a r e  q u i t e  contra- 

d i c to ry  t o  those reported by Mcginity e t .  a1 (20) who 

have shown f a s t e r  d i s so lu t ion  of  sulphabenzamide and 

indomethacin by coprec ip i t a t e  technique. These par- 

t i c u l a r  r epor t s  could not  be compared w i t h  our  f ind ings  

due t o  non drying of t he  coprec ip i t a t e  dispersed 

mixtures. However, t he  slower d i s so lu t ion  r a t e  of PEG 

melt  as compared t o  dispersed mixture prepared by using 

urea as a c a r r i e r  by the  same method, could be due t o  

the  fact  tha t  t h e  drug m i g h t  have embedded i n  the  matrix 

of the glycol  as a r e s u l t  of the melt method, and t h e  

r e l ease  of the  drug could be achieved by two poss ib le  

mechanisms including the  d i f fus ion  of drug from undis- 

solved glycol and the  d i s so lu t ion  rate of PEG 6000 i t s e l f  

(24). 

much slower than urea under experimental condi t ions,  

poss ib ly  this m i g h t  be one of t he  reasons f o r  f a s t e r  

d i s so lu t ion  o f  urea-hydrochlorothiazide dispersed 

mixture. 

I t  i s  proved tha t  the d i s so lu t ion  of PEG 6000, i s  

Mannitol as a dispers ing  agent has been consider- 

ab ly  used i n  increas ing  the  d i s so lu t ion  r a t e  (211, but  

on the o the r  hand s o r b i t o l  has not  been t r i e d  so  often.  

This might be due t o  the  problem of i t s  poor solu- 
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DISSOLUTION RATE OF HYDROCHLOROTHIAZIDE 973 

b i l i t y  i n  common s o l v e n t s  and char r ing  a t  h igh  

temperature.  I n  our f i n d i n g s ,  s o r b i t o l  has shown t o  

form two immissible phases upon s o l i d i f i c a t i o n  from 

t h e  l i q u i d  state.  "he d i s s o l u t i o n  r a t e  of the drug 

from melt was n o t  s i g n i f i c a n t l y  increased ,  which 

might be due t o  the  fac t  t h a t  hydrochlorothiazide was 

n o t  completely d isso lved  i n  s o r b i t o l ;  and due t o  the  

formation of two immissible phases i n s t e a d  of c l e a r  

g l a s s  so lu t ion .  It  i s  i n t e r e s t i n g  t o  note  t h a t  t h e  

phys ica l  mixture of t h e  same composition of sorbi t .01 

and drug have shown f a s t e r  d i sso lu t ion!  ra te  t h a n  t h e  

processed drug f i g .  1. This might be due t o  t h e  

complex formation between drug and s o r b i t o l ,  which. 

has shown poor s o l u b i l i t y .  F u r t h e r  s t u d i e s  are being 

c u r r e n t l y  c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  reason  

behind poor s o l u b i l i t y  of s o r b i t o l  drug d ispersed  

mixture. 

S o l i d  Dispersion wi th  Urea - Urea a s  d i s p e r s i n g  argent 

f o r  i n c r e a s i n g  t h e  d i s s o l u t i o n  ra te  o f  poor ly  s o l u b l e  

drug has  been w e l l  demonstrated (2 ,  5, 8, 23). Fl.g 2 

shows the  great i n c r e a s e  i n  the  dissol .ut ion ra te  of 

hydrochlorothiazide.  A s  a mat te r  of :€act, urea  has 

shown by f a r  the b e s t  r e s u l t  when compared with o t h e r  

carriers. F u r t h e r  i n  o v e r - a l l  opera t ion  of prepar ing  

samples, urea d i d  n o t  pose any problem. On t h i s  

c r i t e r i a  t h e r e f o r e ,  it w a s  decided t o  prepare  e u t e c t i c  
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9 74 DESHPANDE AND AGRAWAL 

TIME 1Minut.r ) 

FIGURE 2 
Dissolution profiles of hydrochlorothiazide, hydro- 
chlorothiazide - urea, and hydrochlorothiazide-tartaric 
acid dispersions. x Pure hydrochlorothiazide. Urea 
melt. OEutectic mixture with urea cooled at room temp. 
0 Eutectic mixture with urea cooled at -2'. 0 Urea 
physical mixture. 0 Tartaric acid co-ppt. A Tartaric 
acid physical mixture. 

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

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DISSOLUTION RATE OF HYDROCHLOROTHIAZIDE 975 

mixture of the drug and study the  e f f e c t  of cooling a t  

two d i f f e r e n t  temperatures. The d i s so lu t ion  s tud ie s  of 

e u t e c t i c  mixture prepared e i t h e r  a t  28' and -2' did not  

show any s i g n i f i c a n t  improvement i n  d i s so lu t ion  of the  

drug over drug urea melt prepared i n i t i a l l y  a t  10~ con- 

centrat ion.  But it w a s  observed tha t  the  method of 

preparat ion of e u t e c t i c  mixtures may have a s i g n i f i c a n t  

e f f e c t  on the  e f f ic iency  o f  t h i s  techniqu f o r  p a r t i c l e  

s i z e  reduction. I n  our f indings ( f i g .  I ) ,  the  eu tec t i c  

mixture cooled a t  room temperature have shown f a s t e r  

d i s so lu t ion  r a t e  than the  same mixture cooled a t  -2'. 

This s ign i f i can t  d i f fe rence  i n  d i s so lu t ion  could be due 

t o  the d i f fe rence  i n  type and shape of c r y s t a l s  formed 

during the  process of cooling. It  i s  a wel l  known 

f a c t  t h a t ,  sudden cooling r e s u l t s  i n  formation o f  

bigger and non uniform c r y s t a l s  as compared t o  s l o w  and 

uniform cooling which r e s u l t s  i n  uniform s i z e  and shape 

o f  c rys t a l s .  I n  our case it might be t r u e  a l s o ,  i n  

addi t ion  t o  t h a t ,  urea might have formed c r y s t a l s  

f a s t e r  than the  drug and t h i s  might have r e su l t ed  i n  

formation of two l aye r s  o f  c r y s t a l s  i.e. one of the  

urea i t s e l f  and o the r  that  of t he  drug. 

t h i s  combination seems t o  have shown poor d i s so lu t ion  

though these facts are not  y e t  proved experimentally, 

So present ly  s tud ie s  a r e  being ca r r i ed  out  on t h e  

nature  o f  the c r y s t a l s  formed by e u t e c t i c  mixture when 

In dissol.ution 
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976 DESHPANDE AND AGRAWAL 

cooled at different temperatures and its effect on the 

over-all dissolution, and also the type of solution it 

has formed if any. 

Solid dispersion with Tartaric Acid - Melt samples of 

the drug and tartaric acid showed degradation of the 

drug. Alternatively coprecipitate method was tried of 

which the results are shown in fig. 2. Chiou and 

Riegelman (9) showed citric acid to be an excellent 

carrier for griseofulvin and also superior to PEG boo0 

with the same drug, however, in this case PEG 6000 has 

shown better dissolution characteristics than tartaric 

acid. 

SUMMARY AMI> CONCLUSION 

A comparison of coprecipitate and melt methods 

and soluble carriers used to prepare solid dispersions 

on the dissolution rate of hydrochlorothiazide showed 

that melt of hydrochlorothiazide and urea were 

superior to all the other dispersions prepared by 

either method. Sorbitol and hydrochlorothiazide 

physical mixture showed better dissolution than the 

processed drug with the same carrier. The eutectlc 

mixture did not show any superior property of dissolu- 

t i o n  in this study. It is significant to note that 

the melt of urea and the drug shows the free flowing 

property of the powder, so this processed drug can be 

further developed for practical applications. 
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