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Summary 

This paper describes an investigation of the usefulness of krill chitosan in the production of tablets that meet the standard 
requirements following long-term storage; 49% (A) and 66% (B) deacetylated chitosans were used. Examination of the granulomet- 
ric and flow properties of multi-component mixtures containing B and testing of the direct compressibility of chitosan B and B 
mixtures showed that chitosan fulfills the general requirements for auxiliary substances in the process of direct tableting. When 
used as a filler or binder, chitosan did not affect mass flow; however, on addition in the proportion of 50% of tablet mass, rapid 
tablet disintegration resulted. Following long-term storage, tablets produced with the ~iddition of B may be less resistant 
mechanically (tablet hardness decreases), nevertheless, the tablet disintegration time either remains unaffected or even decreases. 

Introduction 

The suitability of chitosans, which are partially 
deacetylated chitin derivatives, for the formula- 
tion of dosage forms has been described in sev- 
eral previous papers. For example, chitosans dis- 
play a number of properties that are characteris- 
tic of starch (Bruscato and Danti, 1978), micro- 
crystalline cellulose (Sawayanagi et al., 1982a,d) 
and water-soluble polycationic forms (Sawayanagi 
et al., 1982b; Takahashi et al., 1990). Their solu- 
bility in acidic solutions depends on the degree of 
deacetylation. 
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The above-mentioned features are of consider- 
able value and the use of chitosans in the process 
of formulation offers many advantages, as exem- 
plified in the following: powder preparation 
(Sawayanagi et al., 1982e, 1983b; Koh et al., 1986; 
Nozawa et al., 1986), dried gel (Miyazaki et al., 
1981), granules (Hou et al., 1985; Miyazaki et al., 
1988b), tablets via wet granulation (Kawashima et 
al., 1985c; Brine, 1989) and tablets via direct 
compression (Sawayanagi et al., 1982c, 1983a; In- 
ouye et al., 1987; Rui et al., 1988; Acartiirk, 
1989a,b; Brine, 1989). Their application in vari- 
ous granulation and coating technologies led to 
the successful preparation of specific drug deliv- 
ery forms as granules (Kawashima et al., 1985a,b), 
pellets (Bodmeier and Paeratakul, 1989), parti- 
cles (Bodmeier et al., 1989) and spheres (Nishioka 
et al., 1989, 1990), to magnetic spheres (Gallo 



and Hassan, 1988), implants (Machida et al., 
1987), and floating granules and tablets (Inouye 
et aI., 1988, 1989; Miyazaki et al., 1988a). 

Despite the considerable body of published 
data, the question as to whether any drug formu- 
lation which fulfills the standard requirements 
may be produced using chitosan remains to be 
resolved. In particular, the studies referred to 
above do not consider the possible effect of stor- 
age on the properties of the resulting dosage 
forms. Since chitosan is a polymer, it can readily 
interact with remedies, moreover, its properties 
may evolve due to the external conditions. * 

The present investigation represents the con- 
tinuation of a study of the powder properties of 
chitosan and of the usefulness of Polish krill 
chitosan, produced for practical purposes to be 
employed in the process of direct tableting 
(Knapczyk and Kr6wczyfiski, 1988). The possible 
influence of storage on the pharmaceutical prop- 
erties of tablets was also examined. 

Materials and Methods 

Chitosan A (degree of deacetylation, 49%) and 
chitosan B (degree of deacetylation, 66%; medium 
viscosity type) derived from a krill chitin were 
supplied by the Sea Fisheries Institute (Gdynia, 
Poland). The other properties of both polymers 
were in conformity with the commonly accepted 
requirements (Knapczyk et al., 1989). 

Samples with various moisture contents were 
prepared either by drying at 100°C and storage in 
a low humidity atmosphere or by storage for 1 
week in a desiccator at 100% relative humidity 
(RH). The moisture content was determined as 
the weight loss during drying at 105°C. The chi- 
tosan sample, drugs [sodium benzoate (POCh, 
Gliwice), salicylamide and phenformin hydrochlo- 
ride (both from Polfa, Starogard), paracetamol 
(Galena, Wroclaw)] and excipients [(potato starch; 
PZZ, Trzemieszno), lactose monohydrate (special 
for tableting; lot no. 8195, Merck, Darmstadt), 
dibasic calcium phosphate dihydrate (CaHPO 4 • 

* Part of the above problems has been considered in the 
previous paper  (Knapczyk, 1992). 

2H20; POCh, Gliwice), and microcrystalline cel- 
lulose (marketed as Somicel F; Chemitex, So- 
chaczew)] were skin dried at 40°C, reduced to 
powder and sifted through a 0.3 mm mesh. Dif- 
ferent powder mixtures were blended in a KB 
cube mixer (Erweka, Heusenstamm) at 90 rpm 
for 30 min. The flow (denoted as tan a) and 
powder parameters were evaluated according to 
the method of Sucker et al. (1978) using a glass 
funnel, a WE 5 electromagnetic flow volumeter 
(CLAO, Poznafi) and a tamped volumeter (OB- 
RMPF Polfa, Krak6w). 

Samples prepared by spreading drug on the 
surface of chitosan were obtained by dabbing the 
surface of B tablets in a rotating DK/KG pan 
(Erweka, Heusenstamm) with an ethanolic solu- 
tion of phenformin hydrochloride followed by 
drying the product at 40°C. The drug content of a 
single powdered tablet was determined spec- 
trophotometrically by examining an aqueous solu- 
tion of the sample using an SP-500 spectropho- 
tometer (Unicam, Cambridge) operating at a 
wavelength of 234 nm. 

Flat-faced chitosan tablets were prepared by 
direct compression using a single-punch EKO 
Korsch press running at a speed of 30 rpm. An 
appropriate compression control ensured uni- 
formity of tablet hardness in each series to within 
0.5 kg. The entire handling procedure was per- 
formed at room temperature and constant humid- 
ity. The tablets were stored in closed containers. 

Tablet strength was determined after a 30 min 
relaxation time using a Stokes manual hardness 
tester and a Roche friability tester (both from 
OBRMPF Polfa, Krak6w). 

The disintegration time of a single tablet in 
water at 37°C was evaluated according to the 
USP XXI (1985) procedure using a ZT 3 disinte- 
gration test apparatus (Erweka, Heusenstamm) 
equipped with a disc. All other quantitative data 
were determined as the means of 10 individual 
measurements. 

Results and Discussion 

In order to establish the properties of chitosan 
A and B powders, the characteristics of the fol- 



lowing were determined: (i) samples dried at 
100°C and stored under a low-humidity atmo- 
sphere (A ~ and Bt); (ii) samples obtained from 
commercial sources (A 2 and B2); (iii) samples 
stored at 100% RH (A 3 and B 3) (Table 1). 

Both commercially supplied samples of 49 and 
66% deacetylated chitosan differed from each 
other with respect to moisture content: whereas 
their moisture contents were comparable immedi- 
ately after drying (< 1%) the latter form had an 
appreciably greater content of moisture subse- 
quent to storage under conditions of high humid- 
ity. While the humidity of samples did not affect 
their granularity, the Hausner factor calculated 
indicated that the less humid and more exten- 
sively deacetylated samples should exhibit a ten- 
dency to greater flow and regular filling of the 
matrix during tableting. 

The chitosan content of a ternary powder mix- 
ture has no influence on the flow of the mixture 
(Table 2), a result which is consistent with previ- 
ously reported observations on binary mixtures 
(Sawayanagi et al., 1982a,d). 

The difference in flow behaviour between all 
of the mixtures of various compositions never 
exceeded 10 ° (in tan a) in every case examined; 
consequently, this factor has no effect on the 
tableting process. 

The effectiveness of chitosan in direct tablet- 
ing was assessed by examination of the uniformity 
of tablet weight and phenformin content of a 
series of continuously pressed tablets (Table 3). 

TABLE 2 

Flow characteristics of ternary powder mixtures with chitosan 

Mixture Composition (%) 

1 2 3 4 5 6 

Chitosan B 30 60 30 60 30 60 
Potato starch 40 10 . . . .  
Lactose - - 40 10 - - 
CaHPO 4 • 2H 2 ° . . . .  40 10 

+ 30% SB 
Sliding, tan ct o 46 40 33 37 30 36 

+ 30% SA 
Sliding, tan a ° 41 41 40 44 40 42 

+ 30% PA 
Sliding, tan a ° 42 45 44 50 46 43 

SB, sodium benzoate; SA, salicylamide; PA, paracetamol. 

The formulation prepared by spreading of the 
drug on the surface of the excipient generally led 
to greater uniformity in tablet composition. 
Tablets produced from a physical mixture of both 
components also conformed with the standard 
requirements. 

Variation in the hygroscopicity of chitosans A 
and B governs the effectiveness of both forms in 
the process of direct tableting via an effect on the 
granulometric behaviour (Table 4). Whilst tablets 
of sufficient hardness could not be produced us- 
ing samples A and B of high moisture content, 
the tablet disintegration time was only weakly 
dependent upon powder humidity. 

TABLE 1 

Chitosan sample powder characteristics 

Sample Moisture Sliding Bulk Tapped Bulk volume/  
content tan a (°) density density tapped volume 
(%) (g / em 3) (g /cm 3) 

A 1 0.7 41 0.15 0.19 1.24 
A 2 4.0-6.4 39-42 0.11-0.12 0.17-0.18 1.50-1.63 
A 3 14.4 43 0.12 0.19 1.58 

B I 0.4 40 0.39 0.44 1.14 
B E 12.5 - 13.3 38-39 0.29-0.30 0.38-0.42 1.30-1.44 
B 3 19.2 40 0.29 0.41 1.43 

1, samples stored under a low-huminity atmosphere; 2, samples as supplied by the commercial source; 3, samples stored in an 
atmosphere of 100% RH. 
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T A B L E  3 

Tablet weight (X) and phenformin hydrochloride content (Y) uniformity determined for 10 tabh'ts prepared by direct compression O[ 
chitosan B with addition of 7% of drug 

C o m p o s i t i o n  

P o w d e r  m ix tu r e  D r u g  s p r e a d  o n  the  s u r f a c e  

X Y X Y 

F r o m  ( - )  to ( + )  (%):  1 . 8 7 - 2 . 9 0  4 . 8 7 - 4 . 7 2  1 . 7 7 - 0 . 7 9  3 . 6 0 - 1 . 9 5  

X (mg)  299.8 20.93 305.7  21.78 

-t- S E  4.2 0.6 2.4 0.4 

R S D  1.4 2.9 0.8 1.7 

The effect of differences in the primary prop- 
erties of the chitosan samples is more readily 
observed after storage rather than following com- 
pression (Table 4). Tablets derived from chitosan 
A (less extensively deacetylated and acid-insolu- 
ble) exhibit a slight decrease in hardness but no 
change in disintegration rate. In contrast, tablets 
prepared using chitosan B (greater degree of 
deacetylation and acid-soluble) showed an in- 
crease in hardness and considerably prolonged 
disintegration time. 

The addition of 50 or 75% potato starch, lac- 
tose or microcrystalline cellulose to chitosan B 
prevents the decrease in disintegration time of 
tablets during storage (Table 5). However, com- 
parison of the disintegration times indicates that, 
for rapidly disintegrating tablets, the amount of 
lactose added should be limited. After storage for 
1 year, the mechanical properties of tablets com- 

pressed from the above mixtures do not change 
significantly. A greater (> 10%) decrease in 
hardness of microcrystalline cellulose-containing 
tablets may be compensated by using a higher 
pressure during compression (Sawayanagi et al., 
1982a). 

Assessment of the properties of tablets that 
had been stored for 3 years, compressed from 
ternary physical mixtures of the powders con- 
firmed the effectiveness of chitosan B as a filler 
and binder (Table 6). In addition, it was demon- 
strated that when added to a tablet mass in the 
proportion of between 30 and 60%, chitosan B 
acted as a disintegrant. Nevertheless, it cannot be 
considered as a universal excipient. The mechani- 
cal characteristics of six series of tablets contain- 
ing sodium benzoate underwent considerable 
change during the course of storage and none 
fulfilled the standard requirements. An attempt 

T A B L E  4 

Moisture-content-dependent properties of 150 mg chitosan tablets (a) directly after compression and (b) after 50 week storage 

S a m p l e  M o i s t u r e  H a r d n e s s  (kg) D i s i n t e g r a t i o n  t ime  (s) 

c o n t e n t  a b ( % )  a b (%) 

A l 0.7 10.0 - 9 - 
A 2 4.0 10.0 - 7 . 9  15 15 

A 3 14.4 2.1 a - 10 - 

B 1 0.4 10.0 - 43 - 
B 2 13.0 10.0 + 11.5 64 > 3600 

B 3 19.2 6.2 a - 44 - 

1, s a m p l e s  s t o r e d  u n d e r  a l o w - h u m i d i t y  a t m o s p h e r e ;  2, s a m p l e s  f r o m  c o m m e r c i a l  suppl ie r s ;  3, s a m p l e s  s t o r e d  in a n  a t m o s p h e r e  o f  

1 0 0 %  R H .  
a T a b l e t s  o b t a i n e d  by e x t r e m e l y  h igh  c o m p r e s s i o n  force .  



T A B L E  5 

Properties of 150 mg tablets pressed from binary powder mixtures (a) directly after compression, and (b) after 50 weeks storage 

Mix tu re  C o m p o s i t i o n  ( % )  

1 2 3 4 5 6 

C h i t o s a n  B 25 50 25 50 25 50 

P o t a t o  s t a r c h  75 50 . . . .  

L a c t o s e  - 75 50 - - 

Somice l  F - - - 75 50 

H a r d n e s s  (kg) a 9.8 9.9 8.0 * 10.0 9.9 10.0 

b (%)  - 8 , 2  - 5 . 7  - 6 . 2  - 9 . 0  - 2 0 . 0  - 16.0 

Fr iab i l i ty  ( % )  a 0,8 0.3 0.2 0.1 0.1 0.1 

b (%)  - 25,0 + 25.0 0.0 0.0 0.0 0.0 

D e s i n t e g r a t i o n  t ime  (s) a 122 177 29 73 52 49 

b 148 258 67 726 31 37 

a T a b l e t s  o b t a i n e d  by  ex t r eme ly  h igh  c o m p r e s s i o n  force .  

to resolve the well-known problem due to the 
interaction between potato starch and sodium 
benzoate by the partial subslEitution of chitosan 

for starch (compositions 1SB and 2SB) was there- 
fore unsuccessful. 

Tablets prepared via the compression of mix- 

T A B L E  6 

Properties of 1000 mg tablets pressed from ternary powder mixtures (powder compositions listed in Table 2) (a) directly after 
compression and (b) after 150 weeks storage 

C o m p o s i t i o n  

1SB 2SB 3SB 4SB 5SB 6SB 

H a r d n e s s  (kg) a 9.9 10.0 10.0 10.0 10.0 10.0 

b ( % )  - 39.4 - 50.2 - 49.7 - 45.3 - 64.8 - 40.0 

Fr iab i l i ty  (%)  a 2.2 2.7 1.0 2.1 1.9 1.7 

b ( % )  + 72.9 + 129.5 + 367.0 + 252.4 + 371.2  + 199.4 

D i s i n t e g r a t i o n  t ime  (s) a > 3600 26 41 30 30 16 

b 1800 .20 21 27 21 20 

C o m p o s i t i o n  

1SA 2SA 3 S A  4 S A  - 5 s A  6 S A  

H a r d n e s s  (kg) a 9.9 10.1 10.1 10.0 10.0 . . . . . . .  10.~2 

b (%)  + 6 . 1  - 10.9 - 10.9 + 4 . 5  - 3 5 . 0  - 15.4 

Fr iab i l i ty  ( % )  a 3.0 2.3 0.9 1.0 2.4 1.4 

b (%)  - 3 2 . 3  - 14.2 - 1.2 + 2 3 . 1  + 129.9 + 11.4 
D i s i n t e g r a t i o n  t ime (s) a 20 11 15 18 8 8 

b 23 21 23 16 9 9 

C o m p o s i t i o n  

1 P A  2 P A  3 P A  4 P A  5 P A  6 P A  

H a r d n e s s  (kg) a 10.0 10.0 10.0 10.0 10.2 10.0 

b (%)  - 20.0 - 0.5 + 30.0 + 4.8 - 31.4 0.0 
Fr iab i l i ty  ( % )  a 1.5 1.4 0.5 1.2 1.3 1.2 

b ( % )  + 34.4 - 4.2 - 44.7 - 60.5 + 41 .2 ,  - 25,0 
D i s i n t e g r a t i o n  t ime  (s) a 31 18 13 11 8 8 

b 20 23 17 16 10 : 10 



tures  con ta in ing  30% of  a readi ly  t ab le t ing  rem-  
edy (sa l icy lamide  or  p a r a c e t a m o l )  exh ib i ted  no 
d i f fe rence  in p r o p e r t i e s  even af te r  long- te rm stor-  
age. 

The  dec rease  in ha rdness  of  tab le ts  com- 
p re s sed  with the  add i t i on  of  d ibas ic  ca lc ium phos-  
pha t e  d ihydra t e  ( compos i t ions  5SA and  5PA)  may 
well  be r e d u c e d  e i the r  by increas ing  the  con ten t  
of  ch i tosan  or  via the  app l i ca t ion  of  g r ea t e r  pres-  
sure  dur ing  the  process  of  table t ing .  

Conclusion 

Chi tosan ,  o b t a i n e d  f rom krill  chit in,  mee t s  the  
s t a n d a r d  r e q u i r e m e n t s  for  auxi l iary subs tances  
used  in d i rec t  table t ing .  As  a filler,  ch i tosan  has  
no inf luence  on the  flow of  the  tab le t  mass.  W h e n  
p r e s en t  at 50% of  the  a m o u n t  of  t ab le t  mass,  it 
behaves  as a d i s in tegrant .  

The  d e g r e e  of  deace ty l a t i on  d e t e r m i n e s  the  
extent  of  mois tu re  abso rp t ion  of  ch i tosan  be ing  
s to red  at  high R H .  A n  excessively high mois tu re  
con ten t  r ende r s  the  p roduc t i on  of  tab le ts  with 
sa t is factory  mechan ica l  p r o p e r t i e s  impossible .  

Tab le t s  p r e p a r e d  with the  odd i t ion  of  ch i tosan  
may, fol lowing long - t e rm s torage,  show a de-  
c rease  in hardness .  However ,  ~tleir d i s in teg ra t ion  
t ime e i the r  r ema ins  cons tan t  or  is r educed .  

Appendix 

T h e  above  conclus ions  led  to the  d e v e l o p m e n t  
of  a t ab le t  fo rmula t ion  with a high con ten t  of  
active ing red ien t s  and  chi tosan.  T h e  ef fec t iveness  
of  the  fo rmula t ion  as well  ver i f ica t ion  of  the  
t ab le t  qual i ty  will be  p r e s e n t e d  in a subsequen t  

pape r .  
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