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ABSTRACT 

Solu t ions  o f  po ly th iaz ide  i n  polyethylene g lyco l  
400 were admixed with mic roc rys t a l l i ne  c e l l u l o s e  ( R C - 5 9 1 )  
and s i l i c a .  The r e s u l t i n g  free-flowing powder was incor-  
pora ted  i n t o  t a b l e t  formulat ions by d i r e c t  compression. 

t a b l e t s  were s i g n i f i c a n t l y  more ra.pid than f r o m  commer- 
c i a l l y  a v a i l a b l e  ta .b le t s .  The s t a b i l i t y  o f  t hese  t a b l e t s  
a t  40°C. and high humidity was s tud ied .  The powdered 
s o l u t i o n  formulas were a l s o  compared wi th  a po ly th i az ide  
d i spe r s ion  i n  polyethylene g lyco l  6000 which exh ib i t ed  
an equa l ly  supe r io r  d i s s o l u t i o n  p r o f i l e .  

The d i s s o l u t i o n  r a t e s  o f  po1ythiazi.de f r o m  these  

I N T R O D U C T I O N  

A long s tanding  problem confront ing t h e  pharmaceu- 
t i c a l  i ndus t ry  cont inues t o  be the  poor d i s s o l u t i o n  
r a t e s  o f  poorly so lub le  drugs. 

* To whom i n q u i r i e s  should be  d i r ec t ed .  
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7 70 SHETH AND JAROWSKI 

Dissolution rates have been improved through the use of 
water-soluble salts', pol orphic forms2, molecular 
complexes3, micronization r , eutectics and solid solu- 
tions 5 

The formation of solid dispersions o r  coprecipi- 
tates of hydrophobic drugs with various water-soluble, 
pharmacologically inert carriers can increase their 
L- in vitro dissolution rates significantly6. Among the 
materials which have been tried as carriers, polyethy- 
lene glycol and polyvinylpyrrolidone are the most prom- 
inant. 

Solvent-deposition systems have been described and 
characterized by Monkhouse and Lach7' '. They introduced 
the term "minuscular form" to describe the physical 
state of a drug that had undergone micronixation of a 
molecular nature when it was dispersed on the extensive 
surface of a microparticulate adsorbent. 

Due to their large surface area, high porosity and 
unique adsorption properties, inert silicas such as the 
Syloids ( W . R .  Grace & Co.) have been successfully used 
as dispersion systems to increase the dissolution rate 

Powdered solution technology is a recent develop- 
of sparingly soluble drugs 9 

ment which differs -from solvent-deposition". A powdered 
solution is characterized as a true solution of a spar- 
ingly soluble drug in a high-boiling, water-miscible, 
non-toxic solvent, such as, polyethylene glycol 400. 
The solution is carried on the extensive surface provi- 
ded by an inert carrier such as silica. In such a system 
the drug is in a molecular state of subdivision. By use 
of such systems Liao and Jarowski" were able to bypass 
the dissolution step by the preparation of powdered 
solutions of various corticoids. 

In the present study a powdered solution formula 
of polythiazide was prepared and its dissolution rate 
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DISSOLUTION RATE OF POLYTHIAZIDE TABLETS 7 7 1  

was compared with commercially ava i l ab le  Renese t a b l e t s  
( P f i z e r  & C o . ,  I n c . ) .  I n  add i t ion  t h e  d i s s o l u t i o n  r a t e  
o f  po ly th iaz ide  from a s o l i d  d ispers ion  i n  polyethylene 
g lycol  6000 was a l s o  determined f o r  comparative purposes. 

EXPERIMENTAL 
Mater ia l s  

The following materials were used: po ly th i az ide ,  
USP, micropulverized, Renese Table ts ,  4 mg, amorphous 
s i l i c a  (Sylo id  244-FP), microcrys ta l l ine  c e l l u l o s e  
(Avicel pH 101 and RC 591-FMC Corp.) ,  polyethylene gly- 
c o l s  400 and 6000 and ethanol.  
Eauipment 

The following equipment was used: Thermolyne Maxi 
Mix TM; spectrophotometer, Perkin-Elmer, Hi tachi  200: 
Carver hydraul ic  p re s s :  Acrodisc,  0 .2  micron p o r o s i t y ,  
P f i z e r  hardness t e s t e r :  and the  USP X X I  d i s s o l u t i o n  
tes t  assembly. 
SDeCtrOphOtOmetriC AbsorDtion and Ca l ib ra t ion  Curves 

A s o l u t i o n  of po ly th iaz ide  (60mg/ml) i n  polyethy- 
l e n e  g lycol  400 w a s  prepared. Af te r  f i l t r a t i o n  through 
a 0.45 micron f i l t e r  paper,  a l i q u o t s  were d i l u t e d  with 
g a s t r i c  f l u i d  f o r  t h e  development of absorpt ion spec- 
trum and c a l i b r a t i o n  curves. There w a s  no appreciable  
absorpt ion by the  so lvent  a t  t h e  wavelength o f  maximum 
absorpt ion f o r  po ly th iaz ide  (270 nm) . Cal ib ra t ion  
curves o f  po ly th iaz ide  i n  simulated g a s t r i c  f l u i d  and 
alcohol  obeyed Beer 's  Law. 
Prepara.tion o f  a Powdered Solu t ion  o f  Poly th iaz ide  

An accura te ly  measured volume of  po ly th iaz ide  
so lu t ion  i n  PEG 400 (60  mg/ml) was t r i t u r a t e d  with 
d i f f e r e n t  proport ions of amorphous s i l i ca  (1:2.4, 1:3 
and k 3 . 6 )  using a g l a s s  m o r t a r  and p e s t l e .  The powder 

mass was passed through a 40-mesh screen  t o  prepare 
granules  and t o  ensure homogeneity. To these  screened 
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772 SHETH AND JAROWSKI 

granules  a c a l c u l a t e d  q u a n t i t y  o f  m i c r o c r y s t a l l i n e  
c e l l u l o s e  w a s  added and t h e  mixture w a s  t r i t u r a t e d  f u r -  
t h e r  t o  absorb any remaining excess  p o l y t h i a z i d e  so lu-  
t i o n .  The r e s u l t i n g  free-f lowing powder was aga in  
passed through a 40-mesh sc reen  t o  break up any lumps. 
This  screened material was t e s t e d  f o r  conten t  uniform- 
i t y  us ing  e thanol  as t h e  e x t r a c t i n g  s o l v e n t .  

z ide  i n  PEG 400 w a s  f irst  t r i t u r a t e d  w i t h  mic roc rys t a l -  
l i n e  c e l l u l o s e .  Subsequently t h i s  mud-like mass w a s  
converted i n t o  a f ree- f lowing  powder by t r i t u r a t i o n  
wi th  t h e  s i l i c a .  
Prepara t ion  o f  a S o l i d  Dispersion o f  Po ly th i az ide  

The procedure followed was based on Chiou and 

Riegelman's work". A 5% a c t i v e  l e v e l  was s e l e c t e d  f o r  
t h e  p repa ra t ion  o f  t h e  s o l i d  d i s p e r s i o n  us ing  PEG 6000 
as the  car r ie r .  A n  accura. te ly  weighed q u a n t i t y  o f  
PEG 6000 w a s  p laced  i n  a s u i t a b l e  beaker  and melted by 
d i r e c t  hea t ing  on a convent ional  ho t  p l a t e .  To t h e  melt 
a c a l c u l a t e d  q u a n t i t y  o f  p o l y t h i a z i d e  w a s  added wi th  
cons tan t  s t i r r i n g .  The melted d i spe r s ion  was a l lowed  t o  
s o l i d i f y  and  t h e  s o l i d  mass was pu lve r i zed  i n  a m o r t a r .  
The pulver ized  m a t e r i a l  was passed through a. 40-mesh 
s i e v e ,  admixed w i t h  a b lend  o f  s i l i c a  and microcrys ta l -  
l i n e  c e l l u l o s e  ( l : l ) ,  and then  compressed i n t o  t ab le t s .  
P repa ra t ion  o f  Tablets 

Tablets  were made by compressing t h e  powder b lends  
a t  178 kg/square c m  i n  a Carver p r e s s ,  keeping t h e  com- 
p res s ion  time cons tan t  (15 s e c ) .  Tab le t  hardness  was 
measured wi th  a P f i z e r  hardness  t e s t e r .  
D i s so lu t ion  S tud ie s  

I n  an a l t e r n a t i v e  method, a s o l u t i o n  o f  polythia . -  

D i s so lu t ion  rates were determined by the  USP X X I  

paddle method (Method-2) i n  400 m l  o f  s imula ted  g a s t r i c  
f l u i d  (wi thout  peps in)  which w a s  maintained a t  37 +/- 
0 . 5 O C .  i n  a cons tan t  temperature  b a t h  p r i o r  t o  a .ddi t ion 
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DISSOLUTION RATE OF POLYTHIAZIDE TABLETS 773 

o f  t h e  ta ,b le t .  The d i s so lu t ion  medium w a s  s t i r r e d  a t  a 
speed of 50 rpm. Aliquots  of  t h e  d i s so lu t ion  medium 
were withdrawn p e r i o d i c a l l y  and passed through a 0.22 
micron f i l t e r .  The f i l t r a t e s  were assayed spectrophoto- 
m e t r i c a l l y  a.t 270 nma An equal amount o f  d i s s o l u t i o n  
medium w a s  added t o  t h e  d i s so lu t ion  f l a s k  t o  r ep lace  
the  volume o f  sample withdrawn f o r  assay.  Cumulative 
co r rec t ions  were made f o r  t h e  previously withdrawn a l i -  
quots when c a l c u l a t i n g  the  t o t a l  amount o f  drug t h a t  
had dissolved.  
S t a b i l i t y  S tudies  

The e f f e c t  o f  aging a t  42% and 74.7% r e l a t i v e  
humidity and 40°C. temperature were s tud ied .  The f resh-  
l y  prepared ta .blets  conta.ining the powdered s o l u t i o n  o f  
po ly th iaz ide  and Renese t a b l e t s  were weighed and placed 
i n  30 m l  amber glass b o t t l e s .  The uncapped b o t t l e s  were 
placed i n  des i cca to r s  held a.t constant  humidity. The 
des i cca to r s  were placed i n  a 40°C. oven. The absorpt ion 
of  moisture was v e r i f i e d  p e r i o d i c a l l y  by weighing the  
t a b l e t s .  Tablet  hardness and d i s so lu t ion  p r o f i l e s  were 
a l s o  determined p e r i o d i c a l l y .  

RESULTS A N D  DISCUSSION 

The s o l u b i l i t y  o f  po ly th iaz ide  i n  simulated 
g a s t r i c  f l u i d  was  found t o  be 20 mg/100 m l  a t  3 7 O C .  A s  
a. consequence s ink  condi t ions would not  be surpassed i f  

4 mg o f  drug were t o  be placed i n t o  400 m l  o f  s imulated 
g a s t r i c  f l u i d .  The UXP X X I  d i s s o l u t i o n  procedure f o r  
po ly th iaz ide  ta .blets  was  modified t o  enable d i r e c t  
spectrophotometric ana.1ysi.s. Withdrawn samples were 

analyzed wi th in  30 minutes. A concentrat ion of 60 mg/ml 
o f  polythiazi.de i n  PEG 400 was s e l e c t e d  f o r  the  produc- 
t i o n  of t h e  tablets.  Higher concentrat ions would have 
favored p r e c i p i t a t i o n  o f  po ly th iaz ide  due t o  l o c a l i z e d  
d i l u t i o n  with simulated g a s t r i c  j u i ce .  
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FIGURE 1. 
Dissolut ion rate of  polythiaei.de tablets i n  s imulated 
g a s t r i c  f l u i d  (without pepsin)  containing d i f f e r e n t  
ratios o f  po ly th iae ide  s o l u t i o n  i n  PEG-400ramorphous 
s i l i ca :  microcrys ta l l ine  c e l l u l o s e  (RC-591) Paddle 
speed was 50 rpm. Key:~l r3 :3 ;01:2 .4 . :3 ,6r  and a 
1:3.6:2,4.  

An ear l ie r  s tudy had shown t h a t  t h e  higher  t he  
proport ion o f  amorphous s i l i c a  t o  drug s o l u t i o n  t h e  
s lower  t h e  r e l e a s e  r a t e .  With d i f f e r e n t  propor t ions  o f  
amorphous s i l ica  and microcrys ta l l ine  cellulose (RC-591) 
no such c o r r e l a t i o n  was observed. The most r ap id  
release o f  po ly th iaz ide  was exhib i ted  by t a b l e t s  i n  
which the  drug solutionrsilicaimicrocrystEd.line ce l lu -  
l o s e  was i n  the  r a t i o  of 1:3:3 (Figure 1 ) .  Almost 90% 
o f  the  poly th iae ide  had dissolved wi th in  5 minutes. 
Tablets i n  which t h e  ratios were l r2 .4 :3 .6  o r  1 :3 .612 .4  
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DISSOLUTION RATE OF POLYTHIAZIDE TABLETS 775 
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FIGURE 2. 
Dissolut ion r a t e  o f  po ly th iaz ide  t a b l e t s  i n  g a s t r i c  
f l u i d ,  simulated.  Key:O, PEG-6000 tab1ets :V , PEG-6000 
granules:  0 , a l t e r n a t e  procedure tablets conta in in  
Avicel RC-591 :la, r egu la r  procedure t a b l e t s  (RC-5917: 
A, Renese tab1ets ;oregular  procedure t a b l e t s  (pH-101) 

f o r  t h e  same components exhib i ted  slower r e l e a s e  r a t e s .  
Thus, only 70% of the polythia.zide had d isso lved  wi th in  
5 minutes. 

The r e l e a s e  of po ly th iaz ide  from tablets  contain- 
ing  the  pH 101 grade of mic roc rys t a l l i ne  c e l l u l o s e  w a s  
very slow. After 5 minutes approximately 10% o f  the 
drug had d isso lved  i n  t h e  medium (Figure 2) .  Afte r  60 
minutes only 50% had dissolved.  Commercially ava i l ab le  
Renese tablets  met t h e  USP XXI requirement f o r  disso-  
l u t i o n  ra te .  The o f f i c i a l  compendium s t a t e s  t h a t  a t  
l e a s t  50% of the  l abe led  amount o f  po ly th iaz ide  must be 
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776 SHETH AND JAROWSKI 

i n  s o l u t i o n  wi th in  90 minutes i n  1% hydrochlor ic  a c i d .  
Only 20 minutes was requ i r ed  f o r  t h e  l o t  t e s t e d  t o  
meet t h i s  requirement .  However a f t e r  60 minutes l e s s  
t h a n  80% had d isso lved .  

A s  an t ic ipa . ted  t h e  t a b l e t s  con ta in ing  powdered 
s o l u t i o n s  o r  PEG-6000 s o l i d  d i s p e r s i o n s  o f  p o l y t h i a z i d e  
exh ib i t ed  much faster rates o f  d i s s o l u t i o n .  For  
example, t a b l e t s  conta in ing  a powdered s o l u t i o n  o f  drug 
which were prepared by t h e  a l t e r n a t e  procedure were 
completely d i s so lved  wi th in  10 minutes .  A s i m i l a r  
r a p i d  ra te  o f  d i s s o l u t i o n  w a s  observed f o r  t he  t a b l e t s  
conta in ing  the  s o l i d  d i s p e r s i o n  o f  drug i n  PEG-6000. 
Based on t h e  i n  v i t r o  d i s s o l u t i o n  r a t e s  t he  l a t t e r  
t a b l e t s  would be expected t o  be more e f f i c i e n t l y  
absorb e d a f t e r  o r  a1 a.dmini s t ra t  ion .  

Tablets which had been s t o r e d  a t  4Q°C. under con- 
t r o l l e d  humidity cond i t ions  inc reased  i n  weight. Such 
a. r e s u l t  was a n t i c i p a t e d  s i n c e  t h e  t ab l e t  e x c i p i e n t s  
i n  t h e  formula t ions  a r e  hydroscopic .  However a e s p i t e  
t h e  mois ture  pickup an i n s i g n i f i c a n t  change i n  t a b l e t  
hardness was observed. 

PEG-400 were t o  be used such moisture  pickup might 
lead t o  drug p r e c i p i t a , t i o n  w i t h i n  t he  s i l i c a  p o r e s .  
Such p r e c i p i t a t i o n  could r e s u l t  i n  en t rapped  drug par- 
t i c l e s  and a r e t a r d a t i o n  o f  t h e  d i s s o l u t i o n  rate. 

If more concent ra ted  s o l u t i o n s  o f  p o l y t h i a z i d e  i n  

However w i t h  t h e  60 rhg/ml concen t r a t ion  o f  po1ythiazi.de 
i n  PEG-400 no diminut ions i n  d i s s o l u t i o n  ra . tes  were 
observed f o r  t a b l e t s  exposed t o  42% o r  74.7% r e l a t i v e  
humidity a f t e r  6 and 12 weeks. 

CONCLUSIONS 

1 I ,The dfSSolut ion ra te  o f  s p a r i n g l y  so lub ' lb ,  hy&or 
phobic d q g s  can be markedly improved by the" i nco r -  
p o r a t i o n  of powdered s o l u t i o n s  i n t o  tab l6 ts .  
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DISSOLUTION RATE OF POLYTHIAZIDE TABLETS 777 

2. Besides t h e  propor t ion  o f  drug so1ut ion:s i l ica :mi-  
c r o c r y s t a l l i n e  c e l l u l o s e  (RC-591), o t h e r  f a c t o r s  
such a s  mixing time and o rde r  o f  exc ip i en t  a d d i t i o n ,  
a f f e c t  t h e  r e l e a s e  r a t e .  

3. Table t s  exposed 4 O o C .  and high r e l a t i v e  humidity 

showed no s i g n i f i c a n t  change i n  phys i ca l  p r o p e r t i e s  
and d i s s o l u t i o n  ra . tes .  

y i e lded  t a b l e t s  with drug r e l e a s e  r a t e s  equal  t o  
those f o r  t he  powdered s o l u t i o n  f o r m .  

4. A s o l i d  d i spe r s ion  o f  po ly th i az ide  i n  PEG-6000 
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