
C h a p t e r  IV
D i s c u s s i o n  and c o n c l u s i o n

The phys ica l  propert ies  of c h i t i n  and chi tosan from 
two d i f f e r e n t  sources were determined to  d i f f e r e n t i a t e  
t h e i r  r e l a t i v e  e f f i c i e n c y  as t a b l e t  d i ร i n t e g r a n t s . These 
physical  proper t i e s  were studied upon pure d i ร integrants  as 
powder or t a b l e t  and in t a b l e t  formulations ,  and they  
were evaluated in comparison to the propert ies  of  various  
commercial d i ร i n t eg r an tร such as corn s tarch,  m ic ro cr y s t a l ­
l in e  c e l l u l o s e ,  sodium starch g l y c o l a t e  and croscarme 1 1 ose  
sodium.

The photomicrographs of  d i ร integrants  by scanning  
e l ec tr o n  microscope provided a be t ter  understanding of  both 
p a r t i c l e  s i z e  and shape. The p a r t i c l e  s i z e  of  sodium starch  
g l y c o l a t e  were larger than that  of corn starch,  at the same 
mag ni f i ca t ion .  The shape of corn starch was polygonal  
while sodium starch g l y co la te  appeared in an o v o i d a l - l i k e  
shape. And corn s tarch p a r t i c l e s  had a smooth surface ,  
whereas p a r t i c l e s  of  sodium starch g l y c o l a t e  had not.
Mi c r ocrys ta  11ine c e l l u l o s e  and croscarme11 ose sodium were 
s im i lar  in uheir s i z e  and shape. Their shape were f ib rou s -  
l i k e .  In the case of c h i t i n  (ช),  c h i t i n  (บ),  chi tosan (ช) 
and ch i tosan  (บ),  t h e i r  shape were s imi lar .  They performed 
a f l a k e - l i k e  and i rregular  shape. However, t h e i r  photomi­
c r o g r a p h s  s h o w e d  d i f f e r e n t  s i z e  a t  t h e  s a me  m a g n i f i c a t i o n .
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Chitin (ช) exhib i ted  the larges t  while others  were s i m i l a r l y  
s m a l i e r .

Sieve an a l y s i s  s tu d i es  showed that  the p a r t i c l e  
s i z e  and s i z e  d i s t r i b u t i o n  of these  d i ร i nt egr ant ร were 
much d i f f e r e n t  from each other.  But the p a r t i c l e  s i z e  data 
from both studied methods were confirmed to  each other  
except for corn s tarch.  Due to  screening' on mechanical  
s i e ve  machine, corn s tarch p a r t i c l e s  were aggregated and 
seemed to  be larger than when determining by scanning  
e l ec tr o n  microscope.  Chit in and chi tosan from d i f f e r e n t  
sources were d i f f e r e n t  in p a r t i c l e  s i z e .

The s w e l l i n g  capaci ty  of various d i ร in te gr an tร in 
deionized water and d i lu ted  hydrochloric  acid were 
observed.  It was indicated a l l  samples were swol len in 
both medium. The  ̂ sw e l l in g  capaci ty was much d i f f e r e n t  in 
each sample. Corn starch was s l i g h t l y  swol len in both 
medium. Swel l ing  of starch grains was claimed to  be 
dependent upon the ra t io  of the amylose and amylopectin  
and t h e i r  molecular s t ruc tur e .  Amylose was inso lub le  in 
water but absorbed a large amount of water and swel led .  It 
might r e s t r i c t  the sw e l l in g  of  the s tarch grains  (3 0 , 9 0 ) .  
Change in pH had no s i g n i f i c a n t  d i f f er en ce  in the sw e l l in g  
of corn s tarch .  As wel l  as corn sta;rch,  m i c r o c r y s t a l l in e  
c e l l u l o s e  was s l i g h t l y  swol len in deionized water and 
di lu ted  hydrochlor ic  acid,  and change in pH had no 
s i g n i f i c a n t  d i f f e r e n c e  in the swe l l ing  capac i ty .  On the
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other hand, the swelling' capaci ty in deionized water and 
in d i lu ted  hydrochloric  acid d i f f ered  in both sodium starch  
g l y c o l a t e  and croscarme11 ose sodium. Sodium starch  
g l y c o l a t e  showed the highest  swe l l ing  capaci ty  in deionized  
water among other d i s i n t e g r a n t s , whereas i t s  sw e l l in g  
capaci ty  was s i g n i f i c a n t y  decreased in a l c i d i c  medium. It 
might be due to  the in t era c t io n  between sodium moie t i e s  
conta ining  in i t s  s tructure  and hydrochloric  acid resu l ted  
in sodium ch lo r i de .  The r e s u l t s  were in agreement to  the  
study of sodium starch g l y co l a t e  which the reduct ion of  
s w e l l in g  capaci ty  at lower pH occured (70) .  This phenomenon 
could a l so  be seen in croscarme11 ose sodium. And i t  was 
not iced that  croscarme11 ose sodium p a r t i a l l y  d i s so lved  in 
deionized water.  It could be indicated that  the s w e l l in g  
capaci ty  of sodium starch g ly co la t e  and croscarme11 ose 
sodium was dependent upon pH. Thus i t  could be concluded 
that  for mater ia l s  posses s in g  an ionizab le  acid group,  
the s w e l l in g  was more pronounced in deionized water than 
in d i lu ted  hydrochloric  accid (86) .

Chit in ( J ) ,  c h i t i n  (บ),  chi tosan (ช) and ch i tosan  
(บ) could swel l  in water.  Since the absence of the hydrogen 
bonding between the shee ts  of sugar r ing of p - c h i t i n  
explained the ease that  c h i t i n  could be swol len in water to  
produce hydration (52) .  The swe l l ing  capaci ty  in d i lu ted  
hydrochloric  acid d i f f e re d  from in deionized water,  Chitosan 
dis so lv ed  in d i lu te d  hydrochloric  acid s o l u t io n ,  and only  
chemical ly  t rea ted  or acid hydrolyzed c h i t i n ,  formed
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v i scous  s o l u t i o n .  Whereas c h i t i n  swel led but was inso lub le  
in d i lu ted  hydrochloric  acid (59) .

The comparison of water uptake of various d i s i n t e -  
grants  indicated sodium starch g l y co la te  was the h ighes t  
water uptake fo l lowed by c h i t i n  and i t s  d er i v a t i v e .  In the  
case of  sodium s tarch g l y c o l a t e ,  Rudnic and coworkers (91) 
observed that  the rate and extent  of  water uptake was 
inve rse ly  proportional  to the degree of carboxymethy1 
s u b s t i t u t i o n  of  the starch compound. They observed that  as 
the molecular s t ructure  of  sodium starch g l y c o l a t e  was 
a l tered  to  improve water uptake, d i s in tegrant  e f f i c i e n c y  
al so  improved. For c h i t i n  and ch i tosan ,  a marked
d i f f e r e n c e  in water uptake was found. There were several  
p o s s i b l e  explanat ions  for the d i f f er en ces  in water uptake 
propert i e s  between c h i t i n  and chi tosan.  These included 
d i f f e r e n c e s  in the c r y s t a l l i n i t y  of  the product (9 2 , 9 3 ) .  
And s ince  prote in  res idues  remained with the c h i t i n  even 
a f t e r  the most d r a s t i c  a l k a l i  treatment,  d i f f e re n ce s  in the  
prote in  content of  the mater ia l ,  e s p e c i a l l y  between c h i t i n  
or ch i tosan  might a l so  a f f e c t  water uptake proper t ie s  (94) .  
It was not iced that  the large s i z e  of p a r t i c l e s  showed 
s u b s t a n t i a l l y  greater  rate and extent  of water uptake 
than did the small p a r t i c l e s .

There was no important d i f f e ren ce  in the rate and 
extent  of  water uptake by corn starch and m ic r o c r y s t a l l in e
c e l l u l o s e .  Water could penetrate into starch t a b l e t  e i th er
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as a r e s u l t  of  pore c a p i l l a r i t y  or fay sorpt ion .  The 
l a t t e r  was o f ten  accompanied by sw e l l ing .  In m ic r o c r y s t a l ­
l in e  c e l l u l o s e  t a b l e t ,  an entrance of water was by the means 
of c a p i l l a r y  pores,  thus helping to break of the hydrogen 
bonding between adjacent bundles of c e l l u l o s e  microcrys ta l s  
(95) .  In the case of croscarme11 ose sodium, i t  could absorb 
water into t a b l e t .  The t o t a l  amount of penetrated water 
was due to  the sw e l l i n g  a b i l i t y  of  i t s  p a r t i c l e s .  The 
rate  of  water penetrat ion was c l e a r l y  slower into croscar -  
mel lose  sodium t a b l e t  than into m ic r o c r y s t a l l in e  t a b l e t .  
This was a t tr ib ute d  to  the g e l l i n g  surrounded the p a r t i c l e  
surfaces  due to  the par t ia l  d i s s o l u t i o n  of t h i s  material  
in water (3 4 , 4 1 ) .

The moisture sorpt ion by various d i ร in te gr an tร as a 
funct ion  of time was observed.  Sodium starch g l y c o l a t e  
exhib i ted  the h ighes t  moisture sorpt ion fol lowed by
croscarme11 ose sodium, and m i cr o cr y s t a l l in e  c e l l u l o s e  
exh ibi ted  the s lowes t  moisture sorpt ion.  The moisture  
sorpt ion  a f fe c t ed  the changing of  phys ical  proper t i e s  of  
t a b l e t s .

Tablet weight increased as d i s i n te gr an t  concentra­
t i o n  increased but d i s in te gr an t  types and concentrat ion  
l e v e l s  did not have any e f f e c t  on weight va r i a t io n  and 
c o e f f i c i e n t  of  v a r i a t io n  of t a b l e t s .  For a l l  formulat ions ,  
c o e f f i c i e n t s  of va r i a t io n  were not much d i f f e r e n t .
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The tablet ,  hardness did not a f f ected  by d i ร i ntegrant  
type.  For some d i ร integTant such as m i cr o cr y s t a l l in e
c e l l u l o s e ,  the hardness of t a b l e t s  was increased with 
increasing' i t s  concentrat ion because m i cr o cr y s t a l l in e
c e l l u l o s e  p a r t i c l e s  had large cohesive force and inner 
f r i c t i o n a l  c o e f f i c i e n t ,  thus m i cr oc ry s ta l l in e  c e l l u l o s e  
may be more adhesive than other d i s in tegrants  (8 4 , 9 6 ) .  
Increasing in d i s in t eg r an t  concentration of c h i t i n  and 
ch i tosan  in the t a b l e t  found that  t a b l e t  hardness was 
s l i g h t l y  decreased poss ib ly  due to the reduction of i n t e r ­
p a r t i c u l a t e  forces  between p a r t i c l e s  of t a b l e t .  The hardness  
of c h i t i n  t a b l e t s  was greater than that  of ch i tosan  
t a b l e t s  at the same concentrat ion and compression l e v e l s .  
These r e s u l t s  might be a t tr ib uta b l e  to the greater
s truc tura l  r i g i d i t y  of c h i t i n  due to i t s  a c e t y 1 amino groups,  
and further  the degree of  polymerizat ion of c h i t i n  might 
decrease during the deace ty lat ion  of c h i t i n  with strong  
a l k a l i  to  prepare chi tosan from c h i t i n  (53) .  Chit in
and ch i tosan  from d i f f e r e n t  sources had a l i t t l e  e f f e c t  
on t a b l e t  hardness.  The t a b l e t  hardness was dependent
upon the compressi ona1 force .  As compressi ona1 forces  
increased,  t a b l e t s  normally become more dense and conse­
quently l e s s  porous,  with pa r t i c 1e - t o - p a r t i c 1e bonds 
becoming s tronger.  This phenomenon was r e f l e c t e d  in an 
increase in t a b l e t  hardness (97) .

The r e s u l t s  of f r i a b i l i t y  for a l l  formulations  
confirmed those  of  hardness.  The concentrat ion of d i s i n t e -  
grants increased,  the f r i a b i l i t y  values  increased p oss ib ly
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due to the reduct ion of in t er p ar t i cu la te  forces  between 
p a r t i c l e s  of  t a b l e t .  However, the f r i a b i l i t y  value of  
croscarme11 ose sodium t a b l e t  remained almost cons tant ,  
althought i t s  concent r at i on increased.  The compr es ร i ona 1 
force was a f fe c t ed  on t a b l e t  f r i a b i l i t y  as wel l  as t a b l e t  
hardness.  The f r i a b i l i t y  was decreased with increasing'  
the compressi ona1 fo rc e .  The reason was the same as in 
t a b l e t  hardness that  was the stronger of  p a r t i c l e - t o -  
p a r t i c l e  bonds in t a b l e t .

Diรi n teg ra t ion  time of  t a b l e t  was a f fe c t e d  by 
d is in te gr an t  concentrat ion .  In general the concentrat ion of  
the d i s in t eg r a n t  increased,  the dis  i n t é g r â t ion time  
decreased,  such as m5crocrys ta  11ine c e l l u l o s e ,  c h i t i n  (J ) ,I
c h i t i n  (บ),  ch i tosan  (ช) and chi tosan (บ) t a b l e t s .  However, 
d i s i n t e g r a t i o n  prolonged with the increase in concentrat ion  
in croscarme11 ose sodium t a b l e t s .  The reason was the  
same as in water uptake that  i t  might a t tr ib u t e  to the  
g e l l i n g  of the p a r t i c l e  surfaces  due to the p ar t ia l  
d i s s o l u t i o n  of t h i s  material  in water.  D i s in teg ra t io n  time  
was dependent upon the compresรi ona1 force .  Since the  
compresรi ona1 force  increased as well  as t a b l e t  hardness  
increased,  the d i ร i n te gr at io n  time was prolonged.  This 
phenomenon could be explained by a progress ive  decrease in 
t a b l e t  poros i ty  (97) .  An increase in the d i s i n t e g r a t i o n  
time with a high compressive force could be a t tr ib ut ed  
to the reduct ion of the speed penetrat ion of l iquid  into  
the t a b l e t  (79) .  These r e s u l t s  were found in a l l  formula-
t  i ons except formulations  containing 5% sodium starch
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g l y c o l a t e  and 2% croscarme11 ose sodium. In these  formula­
t i o n s ,  an increase  in compressiona1 force did not change 
the d i ร in te gr at i on  time.  It was i n t e r e s t i n g  to  see that  
the wel l  known supposi t ion  "harder t a b l e t s  take longer 
to d i s in tegrate"  was not appl icable  to both formulat ions .  
This might a t t r i b u t e  to the high a b i l i t y  of  water uptake 
and high s w e l l i n g  a b i l i t y  of  sodium starch g l y c o l a t e  
p a r t i c l e s .  And in croscarme11 ose sodium t a b l e t s ,  i t  was
p o s s i b l y  due to  the s l i g h t  s o l u b i l i t y  of  t h i s  material  in 
water.  Moreover, d i s i n t e g r a t i o n  type could a f f e c t  the  
d i รin t eg r a t io n  t ime.  For a l l  d i รin tegrantร in t h i s  study,  
sodium starch g l y c o l a t e  and croscarme11 ose sodium appeared 
to  be s u f f i c i e n t  to  disaggregate  t a b l e t s  in very short time 
among o thers .  Both d i s in tegrants  were so ca l l ed  super­
d is  i n t e g r a n t s .

The r e s u l t s  obtained in d i s i n t e g r a t i o n  t e s t s  
completely support observat ions  obtained in t e s t s  of  
water uptake to pure d i s in tegrant  t a b l e t s .  Thus, water 
uptake seemed to  be the step that  l imi t  the rate of  d i s i n t e ­
grat ion for the t a b l e t .  Sodium starch g l y c o l a t e ,  croscar -  
mel lose  sodium, c h i t i n  (J ) ,  c h i t i n  (บ),  chi tosan (บ),  and 
ch i tosan  (บ),  a l l  of  which p a r t i c l e s  had swel led,  seemed to  
be r e l a t i v e l y  more potent in t a b l e t s .  However, the s w e l l i n g  
capaci ty  did not d i r e c t l y  re lated  to the d i s i n t e g r a t i o n  
e f f i c i e n c y .  Chit in and chi tosan at concentrat ion below 3 
percent prolonged the d i s in t e g r a t io n  t ime.  At concentrat ion
above 3 percent , the d is  i n t é g r â t ion time was f a s t e r ,  and
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t a b l e t s  containing' 7 percent of these  d i ร i nt egr ant ร were 
d is in t eg r a t ed  within one minute.

M ic ro cry s ta l l i n e  c e l l u l o s e  s l i g h t l y  swel led in water 
and did not draw water into the t a b l e t s  very a c t i v e l y  thus,  
had prolonged d i รin tegr at ion  time.  This agreed with the  
study of Khan and Rhodes (20) that m i c r o c r y s t a l l in e  c e l l u l o s e  
was a r e l a t i v e l y  i n e f f e c t i v e  d i s in t egrant  in insolub le  
t a b l e t s .  Since m i cr o cr y s t a l l in e  c e l l u l o s e  was an only  
s l i g h t l y  s w e l l i n g  mater ia l .  I ts  d i s i n t e g r a t i o n  ac t ion  was 
re la ted  to an increased entrance of water by the means 
of c a p i l l a r i e s  and the breakage of hydrogen bonds holding  
c e l l u l o s e  toge ther  (95) ,  not a sw e l l in g  mechanism. There 
appeared to  be no part i cu lar  co rr e la t io n  e x i s t i n g  between 
water uptake and d i s in t e g r a t io n  time for corn s tarch.  
Swel l ing  of s tarch grains  was not the main mechanism to  
cause t a b l e t  d i รi n t e g r a t i o n . From the r e s u l t s ,  i t  could
be concluded that  a higher water uptake did not lead to  a 
shorter  d i s i n t e g r a t i o n  time.

Many t h e o r i e s  r e l a t i n g  to the mechanism of ac t ion  
of t a b l e t  d i s i n t e g r a t i o n  had been proposed, but none had 
f u l l y  explained the d i s in t egrant  proper t ie s  of  a l l  the  
agents .  However, no s i n g l e  mechanism of d i s in t e g r a n t  
act ion  was appl i cab le  to a l l  di รin te gr an tร . In some 
ins tances ,  a combination of  mechanisms might be oper at iv e .  
The mechanisms of each d is in tegrant  were summarized in
Tab le 3 5. In t h i s  study,  i t  was found that  the p o s s i b l e
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Table 35 Mechanism of d i ร integrant  act ion

D i ร i nt egTant ร Mechanism of  ac t ion

Corn s tarch

Sodium starch
g l y c o l a t e  -

M ic ro cr y s t a l l in e  
c e l l u l o s e

Croscarme11 ose sodium -  

Ch i t  i ท

Chitosan -

Swe11ing (34)
Porosi ty and c a p i l l a r y  ac t i on  (34) 
Deformation (37)
P a r t i c l e - p a r t i c l e  re pul s ion  (79) 
Water uptake 
Swe11i ng
Porosi ty  and c a p i l l a r y  ac t i on  (41)

Water uptake 
S we l l ing 
Water uptake 
Swe 1 1 insg 
Water uptake
Swe11i ng
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mechan i sms of  d i s i n t e g r a t i o n  of c h i t i n  and chi tosan  
re lated  to  t h e i r  water uptake and swelling' a b i l i t y .  
However, other t h eo r i e s  might ad di t io na l ly  r e la t e  to th e i r  
d is in te gr an t  ac t ion ,  too.

Corresponding to  the r e s u l t s  of d i s s o l u t i o n  of drug,  
sodium starch g l y c o l a t e  t a b l e t s  appeared to be the most 
e f f i c i e n c y .  These t a b l e t s  showed a s l i g h t  i n i t i a l  decrease  
in d i s s o l u t i o n  e f f i c i e n c y  with increasing the compressiona1 
force .  S t a t i s t i c a l  an a l ys i s  at the p = 0.05 l eve l  of  
formulations contain ing  d i f f e r e n t  d i ร integrants  at d i f f e r e n t  
concentrat ions  compressed at forces  of 600 and 900 pounds 
was shown in Table 36. There was no s i g n i f i c a n t  d i f f e re n ce  
in drug d i s s o l u t i o n  between t a b l e t s  containing 5% sodium 
s tarch g l y c o l a t e ,  2% and 5% croscarme11 ose sodium, 7% 
ch i tosan  (J) and chi tosan (บ) at the same compressi ona1 
force (p = 0 . 0 5 ) .  ^aor ๐  ̂ formulations were shown in
Table 37. T__ of  t a b l e t s  containing 5%  sodium starch

B  ๐  r,
g l y c o l a t e  was s ho r te s t  fol lowed by 2%  and 5% croscarme11 ose 
sodium and 7% ch i tosan  (J) and chi tosan (บ),  r e s p e c t i v e l y .  
The d i s s o l u t i o n  e f f i c i e n c y  of t a b l e t s  containing croscar -  
mel lose  sodium remained unchange over the compre s รi ona1 
force ,  and the concentrat ion of i t  had a l i t t l e  e f f e c t  
on d i s s o l u t i o n  e f f i c i e n c y .  The t a b l e t s  containing  c h i t i n  
and ch i tosan  were s l i g h t l y  a f fected  on d i s s o l u t i o n  e f f i c i e n c y  
with increas ing  the compressi ona1 force as well  as croscar -  
mel lose  sodium, but they were tremendously large a f fe c t ed  
with in creas ing  the d i s in te gr an t  concentrat ion.  The corre -
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Table 35 Sta t is t ical  analysis at the P = 0.05 level of formulations containing different
disintegrants at different concentrations compressed at forces of 500 and 900 pounds
before exposure to accelerated condition

Formulations

f o r c e s

tpound)

5X Corn 

s tarch

SX Sodium s ta rc h  2X 

g l y c o l a t e

Cr o scar m el lose  

sodium

5X Croscarmel lose

sodium.

500 5% Cbi t in (J) NS ร ร ร

5X Chitin(U) NS ร ร ร

5% Chi to sanU ) NS ร ร ร

5X Chitosan(i)! NS ร ร ร

7X Ch i t in (J) ร NS ร ร

7X Cbitin(U) NS ร ร ร

11  Cbi tosan(J) ร NS NS NS

ท  Chitosan(U) ร NS NS NS

900 5X Chitin(-J) NS ร ร ร

5X Cbi tin(U) NS ร ร ร

5X Chi tosan(J) NS ร ร ร

5X Cbitosan(O) NS ร ร ร

7X Ch i t in ( J) ร ร ร ร

7X Cbit in(U) NS ร ร ร

11 Chi to sanU ) ร NS NS NS

11  Chitosan(U) ร NS NS / NS

ร = s ig n ifican t
NS = not s i g n i f i c a n t
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Table 37 TB0% of t h e  fo rm u la t io n s  c o n ta in in g  d i f f e r e n t  d i s i n t e g r a n t s
compressed a t  fo rc e s  of 600 and 900 pounds before  and a f t e r
exposure  to  a c c e l e r a t e d  con d i t io n

Tg0  ̂ (minutes)

Formulations Before exposure After exposure

600 lbs. 900 lbs. 600 lbs . 900 lbs.

5% Corn starch 15.01 18.81 > 30 > 30
5% Sodium starch glycolate 9.53 10.68 10.56 10.90
5% Microcrystalline cellulose > 30 > 30 > 30 > 30

10% Microcrystalline cellulose > 30 > 30 > 30 > 30
2% Croscarme1 lose sodium 10.78 11.25 17.25 17.43
5% Croscarmellose sod iura 11.25 12.50 17.84 18.40

1.5% Chitin (J) > 30 > 30 > 30 > 30
3% Chitin (J) > 30 > 30 > 30 > 30
5% Chitin (J) 19.68 20.62 23.71 23.09
7% Chitin (J) 14.25 16.06 19.06 21.25

1.5% Chitin (บ) > 30 > 30 > 30 > 30
3% Chitin (บ) > 30 > 30 > 30 > 30
5% Chitin (บ) 19.31 22.12 23.71 25.25
7% Chitin (บ) 17.78 18.81 17.93 20.56

1.5% Chitosan (J) > 30 > 30 > 30 > 30
3% Chitosan (J) > 30 > 30 > 30 > 30
5% Chitosan (J) 19.34 19.93 20.78 22.15
7% Chitosan (J) 11.71 12.84 13.15 14.00

1.5% Chitosan (บ) > 30 > 30 > 30 > 30
3% Chitosan (บ) > 30 > 30 > 30 > 30
5% Chitosan (บ) 19.65 19.96 22.96 24.37
7% Chitosan (บ) 14.96 14.93 15.37 15.31
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l a t io n  of d i s i n t e g r a t i o n  time and d i s s o l u t i o n  e f f i c i e n c y  
in t h i s  study could not be e s ta b l i sh ed  because some 
formulations showed d i f f e r e n t  d i s in t e g r a t io n  t imes but 
almost equal in d i s s o l u t i o n  e f f i c i e n c y .

The e f f e c t  of  s torage at 75% r e l a t i v e  humidity at 
4 5 ° c  could change the physical  propert ies  of  a l l  t a b l e t  
formulat ions .  The s l i g h t  increase in t a b l e t  weight a f t e r  
f i v e  days exposure could have been due to  a moisture gained 
into t a b l e t s .  Tablet containing  sodium starch g l y c o l a t e  
had a greater  change in t a b l e t  weight because of  i t s  high 
moisture sorpt ion.  Whereas m i cr o cr y s t a l l in e  c e l l u l o s e  
exhibi ted  the lowest moisture sorpt ion,  thus the weight  
of t h i s  t a b l e t  was l e s s  increased than other formulat ions .  
An increased in moisture sorption was observed as the  
increase in amount of microcrysta11ine c e l l u l o s e  in the  
t a b l e t s .  The compressiona1 force was not a f f e c t ed  the  
change in t a b l e t  weight .  The hardness of t a b l e t s  was 
increased for a l l  formulat ions .  This could have been 
p a r t i a l l y  due to the d i s s o l u t i o n  of some of the so lub le  
e x c i p i e n t s  at high humidity and then r e c r y s t a l l i z a t i o n  by 
the par t ia l  l o s s  of  that  water under storage condit ion  
which might improve i n te r p a r t i c u l a t e  bonding in t a b l e t  (98) .  
The t a b l e t  hardness increased as well  as the f r i a b i l i t y  
decreased.  Important parameters which could be a f fe c t ed  
by the exposure re la ted to the hardness increment in 
compressed t a b l e t s  were the d i ร integrat ion time and drug
d i s s o l u t i o n .  The r e s u l t s  suggested that  the d i รi n teg ra t io n
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time of t a b l e t  increased a f te r  storage under acce lerated  
condit ion .  The d i s i n t e g r a t i o n  time of t a b l e t s  containing  
sodium starch g l y c o l a t e  and c r Oscarme11 ose sodium showed a 
l e s s  change than other formulat ions .  The increase in d i s i n ­
te g r a t io n  time of  t a b l e t s  was due to  the reduced d i s i n t e g r a ­
t i o n  ac t ion  of  the d i ร integrants  by moisture which resu l ted  
in a lo s s  of absorption and s w e l l in g  a b i l i t y .  This could 
be substant ia ted  by the decrease in d i ร i n tegrat ion  time of  
dried t a b l e t s  which contained dried di ร i n t e g r a n t s . Moreover,  
aging would a f f e c t  the drug d i s s o l u t i o n .  All formulations  
exhibi ted  poorer d i s s o l u t i o n .  In sodium starch g l y c o l a t e  
and croscarme11 ose sodium formulat ions ,  the d i s s o l u t i o n  in 
30 minutes did not change a f te r  aging Cp = 0 . 0 5 ) .  This
indicated that  aging did not decrease the e f f e c t i v e n e s s  of  
the super -di s i ntegrants  in promoting in v i t r o  d i s s o l u t i o n .  
This could be supported by the study of Gordon and 
Chowhan (99) .  Comparison of  drug d i s s o l u t i o n  among t a b l e t  
formulations conta ining 5% sodium starch g l y c o l a t e ,  2% and 
5%  croscarme11 ose sodium, 7% ch i tosan  (J ) ,  and 7% ch i tosan  
(บ) a f te r  exposure to high humidity and temperature at the  
p = 0.05 l eve l  was shown in Table 38. It was showed no 
s i g n i f i c a n t  d i f f e r e n c e  in formulation between 7% chi tosan  
(ช) and 7% ch i tosan  (บ),  7% chi tosan (ช) and 5% sodium
starch g l y c o l a t e  and 7% ch i tosan  (บ) and 5% sodium starch  
g l y c o l a t e  at both compressi ona1 forces  (p = 0 . 0 5 ) .  There 
was s i g n i f i c a n t  d i f f e r e n c e  in formulations between 7% 
chi tosan (ช) and 2% and 5% croscarme11 ose sodium, and 7%
chi tosan (บ) and 2% and 5% croscarme11 ose sodium at both
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Table 38 Sta t is t ical  analysis at the p - 0.05 level of formulations containing different
disintegrants at different  concentrations compressed at forces of 600 and 900 pounds
after exposure to accelerated condition

Formulations
Compressional Formulations ---------------------------------------------------

f orces 55 Corn 55 Sodium s tarch 25 Croscarmel lose 55 Croscarmel lose

(pound) s tarch g l y c o l a t e sodium sGd ium

600 5% C h i t i n U ) ร 5 ร ร

55 Chit inlU) ร Q ร ร

55 Chi tosan(J) ร ร ร ร

55 Chitosan(U) ร ร ร ร

75 Chi t in (J ) ร ร แร NS

75 Chitin(U) ร ร NS NS

7ft Chi tosan(J) ร NS ร ร

75 Chitosan(U) ร แร 5 ร

900 55 Chi t in (J ) ร ร ร ร

55 Chitin(U) ร ร ร ร

55 Chi tosan(J) ร ร ร ร

55 Chitos3n(U) ร ร ร ร

75 Chi t in (J) ร ร NS แร

75 Chitin(U) ร ร NS แร

75 Chi tosan(J) ร แร ร ร

75 Chitosan(U) 5 NS ร ร

ร = s i g n i f i c a n t

NS = not s i g n i f i c a n t
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5% sodium starch g l y c o l a t e  was the shortest.  fol lowed by 7% 
ch i tosan  (บ),  7% ch i tosan  (บ), 2% and 5% croscarme11 ose
sodium, r e s p e c t i v e l y .  However, aging gr ea t l y  a f fe c t ed  
d i s i n t e g r a t i o n  and d i s s o l u t i o n  at high compressiona1 force  
than at low compressi ona1 force .  Percent labeled amount 
of the t a b l e t s  was not a l tered by aging.

C o n c lu s  i o n

The preceding r e s u l t s  c l e a r l y  revealed that  
pharmaceutical  t a b l e t s ,  containing c h i t i n  and ch i tosan  as 
d i ร integrant  ร made by wet granulat ion method, possessed  
highly b e n e f i c i a l  d i s in t e g r a t io n  prop er t i e s .  Chit in  and 
ch i tosan  performed be t ter  than corn starch as a t a b l e t  
d is in t eg r a n t  at the same concentrat ion . And they exh ibi ted  
superior to m i c r o c r y s t a l l in e  c e l l u l o s e ,  too.  However, they  
were i n f e r i o r  to  those super-diรin te gr an tร such sodium 
s tarch g l y c o l a t e  and croscarme11 ose sodium. Very highly  
advantageous r e s u l t s  were obtained when c h i t i n  and 
ch i tosan  were presented in the t a b l e t  in an amount 
s u f f i c i e n t  to provide about 7 percent by weight ,  that  they  
were comparative to the super-di s integrants  in the e f f i c i e n c y  
of both d i รin te gr at i on  and d i s s o l u t i o n .  B e ne f i c ia l  r e s u l t s  
could be obtained,  however, when the amount of  c h i t i n  and 
ch i tosan  was presented as low as about 5 percent by 
weight .  No advantage was envisioned i f  the amount of c h i t i n  
and ch i tosan  l e s s  than 1.5 percent by weight .

c o m p r e s s  i ๐ ■ ท a 1 f o r c e  ( p  = 0 . 0 5 ) .  T ao% o f  t a b l e t s  c o n t a i n i n g '
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The c r i t e r i a  to e luc idate  the d i s i n t e g r a n t ' ร 
e f f i c i e n c i e s  such as swelling' capaci ty,  water uptake,  d i s i n ­
te g r a t io n  time and d i s s o l u t i o n  propert ies  showed margional  
d i f fe re n ce  between c h i t i n  and chi tosan.  The rate of  water 
penetrat ion into c h i t i n  and chitosan was qui te  s im i l ar .  
This rate  was higher than corn starch and 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  but i t  was slower than sodium starch g l y c o l a t e .  
Total amount of water uptake of c h i t i n  and ch i tosan  were 
markedly greater  a f te r  sodium starch g l y c o l a t e .  The 
d i f fe r e n c e  on the d i รintegrat ing  propert ies  of  c h i t i n  and 
ch i tosan  from d i f f e r e n t  sources were observed.  That might 
due to  the v a r i a t io n  in manufacturi ng procès .  The p o s s i b l e  
mechanisms of d i ร i nbegration in the case of  c h i t i n  and 
ch i tosan  were the a b i l i t y  to  acce lera te  water penetrat ion  
into the t a b l e t s  and swe l l ing  a b i l i t y  of  t h e i r  p a r t i c l e s .

In conc lus ion both c h i t i n  and chi tosan seemed to  
be e f f e c t i v e  d i s integrants  for t a b l e t s  conta ining s l i g h t l y  
so l ub le  drug made by wet granulat ion method. They should 
be used at the concentrat ion of more than 5 percent .  The 
mechanism of d i s i n t e g r a t i o n  of these  two ma ter ia l s  was
found to r e l a t e  to th e i r  water uptake and sw e l l i n g  a b i l i t y .
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