Chapter IV
Discussion and Conclusions

In this study, chitin wgﬁ k’e ated to produce chitosans having
different degree of deaceM_atton P emical and tablet-disintegrating

 m—

roperties of chitin an ns' werE'dm!rrmned in order to compare their
prope! w&a — pa

relative efficiency as eqra

Chitin, a ind maten Jusgd in this experiment had been pulverized

kwas deacetylated.  Therefore, the
rou is ni?ant one of the deacetylation factors
was controlled. Another acetg&atl J‘{?cto:\oohtrolled in this study was alkali

i:i:j@ me@re

concentration dunnlg deacetylation,, the longer ti tr?_e of reaction required so
reduced moleculé]‘" :

concentration to satyation had little effec
and viscosity of chitosam,product. (Lusena and Rose, 1953)  Consequently,

concentratlor@ u/gﬁummm&ﬂ\ms xperiment.

lﬁ w Wﬁ action time and
tempeaure and atmosphere condition (under en atmosphere).

Initially, method A was performed by using reaction temperature 110° C under air

and sized through 60
particle size distributic

reagent. It was reporte that a decrease in the alkali

tha \_Jan increase in the alkali

on egtadatlon of molecular chains

atmosphere.  Chitosan products having different degree of deacetylation were
- obtained by varying reaction time. It was observed that reaction time longer than
seven hours did not increase degree of deacetylation of chitosan product

significantly. However, following the removal of the impurity by washing after
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reaction time at seven hours, the degree of deacetylation could be increased
when the reaction time was prolonged.. By method A, degree of deacetylation of
chitosans ranged from approximately 67-80 %.

By method B, the reaction occurred under nitrogen atmosphere.
Degree of deacetylation of chitosans ranged from 67-75 %. In this case,
chitosan having 80% deacetylatlon\\ﬂ?)ot produced because the deacetylation
process required washlng step tha ffect the amount of chemical
constituents in the c@ products. TG‘H\'Ioud this error in deacetylation

procedure, the chit%as'/

i was produged up to approximately 75%

deacetylation.

-

By meth B, it was observed that the rate of

tmosphérf was faster than under air atmosphere.
or pmduciqg_‘chltasah having 67-68% deacetylation
were 3 and 2.5 hours for airand" mtroggjﬁmosphere respectively, and at 71-

72% were 3.5 and .’:; hours:“To produd&"‘TS%-deafetylatlon chitosan, the time

deacetylation under ni

The reaction time req

required in both me ; . This indicated that, only

the initial rate was diffi jrent. .

Altmugpt ] OCEUITEC H ogen atmosphere (method B)
that was clafmfp& ‘o prdwde tﬁ’e c"nt%séns “of rllgher "molecular weight, the

ns o .. :eg?t rpdms?m: ‘Ly»hgbeﬁ molecular weight
than chl', sans produced under air a{mosphere (me&hod AY It might be due to
the high reaction temperature.  Both method A and method B were carried out
at 110°C leading to higher degradation of molecular chains. To reduce
degradation, method C was performed at room temperature to produced high

molecular weight chitosan.
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Degree of deacetylation of each chitosan product was determined by
colloidal titration. Infrared spectrometry was rapid method to observe the residual
CONH groups in chitosan products. Chitosans from the same source having the
same degree 'o4f deacetylation have identical infrared spectra.  Thus, infrared
spectrometry could be used to confirm the values attained from titration method.
It was seen that deacetylation valueﬁf 7om titration related with the IR spectra.
The lower the 1650 cm -1 peak the | /jmount of carbonyl groups and the
higher the degree of deacetytatron This observation was exceptional for chitosan
produced by method :?ﬁl he IR spectrum of CTS60N was similar to of
CTS3.5A and CTS3 : “of deacetylation approximately 71-72%.
Surprisingly that, per ge deac@llahon of CTS60N determined by colloidal

réaps this because CTS60N had very high
molecular weight and long hémé pac1§éd“densety leading to the hinderance of

titration was very low

the hydrochloric acid to ap;wrth pnn@ry;pmhe groups of chitosan during the
formation of chitosan hyd;ogmonde.. J._TQ prove thrs hypothesis, chitosan
hydrochloride soluhan ‘

ten minutes before{jltosan hydrochlonde precip|ta7te was obtained. This step
caused fragmentation of molecular chains. Therefore, hydrochloric acid easily
reacted with primary anirie i glucesamins units.| 'Dégree of deacetylation of
CTS60N obtained by this method wasrhighe_r to 74.13%. _ It was higher than
expected, ¥1-72% \The excessive of 2% deacetylation may be due to the side
reaction occurred while chitosan hydrochloride was formed in vigorous condition.
(in strong acid and high temperature while it was refluxed) The possible reaction
that yielded functional groups using Sodium hydroxide during titration could be
performed in both two types of repeating units. The reaction included ester
formation and protonation of side chains, CHoOH; and hydrolysis of amide bonds

in N-Acetyl-D-glucosamine repeating units leading to increase deacetylated units.
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It was indicated that colloidal titration method proposed by Hayes
(1978) could not use to determine the degree of deacetylation of very high
molecular weight chitosans. In this study, the degree of deacetylation was
expressed according to the method described by Hayes. However, IR spectrum
of each chitosan was mainly used to classify chitosan products which had similar
degree of deacetylation. The snmnlar spectra obtained were of CTS3A and
CTS2.5N (67-68%); CTS3.5A, CT é’&d CTS60N (71-72%) CTS7A and
CTS7N (75-76%). “—

With the ait to
products, mass spect di

determination were peffo T h:e‘;comparison of molecular weight by only

)
jnpare the molecular weight of chitosan

antial thermal analysis (DTA), and viscosity

viscosity determinationwas | agraencén‘f with the results of the previous studies.

i

(Bough, Salter, Wu, an kms 197&)} 'Solutlon viscosity is a basic method to

measure the size or ext snomn spaeg%f Polymer molecules. Because of the
simplicity of the method and fthe vn@saty—molecular weight relationship, the
viscosity determination is oﬂen used as a valuable, tool to characterized the
molecular weight éfﬁ‘?{je polymers. ( Flory, 1953) :;‘J

The viscosity of the solution of chitosa; produced by method A was
reduced wheh the ‘reaction | time used 1in ﬁdeaoetylatibn process increased.
Chitosans produced under thel condition in. method B exhibited the similar
viscosity. | Ahis ré‘su!fi was in agreement with the ss'tu!'dy' by Wu and Bough (1978)
that increasing time reduced molecular size. In addition, it was observed that the
viscosity of chitosan solution produced by method A and method B at the same
degree of deacetylation had no significant difference. The possible explanation
was that at high deacetylation temperature (110° C), the amount of oxygen

dissolving in Sodium hydroxide solution was almost zero. Therefore, purging
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the reaction with nitrogen or not, the hydrolysis-degradation of molecular chains
was still occurred. This degradation resulted from high reaction temperature, not

from oxygen-catalyzed hydrolysis.

However, it was noticed that, at the same degree of deacetylation level,
chitosans produced by method B (CTS2.5N and CTS3N) had higher viscosity
than of by method A, (CTS3A and QTE!G@/ On the other hand, the viscosity of
CTS7A was a slightly hlgher than of C )nd showed no difference. These
results indicated that reactm ttme tehded to-play an important role on viscosity
and molecular weightﬂ,ahﬂ/ ;Jgacs At the same degree of deacetylation

level, the chitosan cetylatlon usmg longer time had lower

ol ¥
i

viscosity.

— il

ha.(rlnéhlgher molecular weight, method C was
.U‘ b -l-

rature. %usmg Sedium hydroxide as the reactor,

.JJ-J

To produce
performed at the room

the temperature of suspe |oumas abeuf:BOB C. Atlow temperature, the reaction

time required was_prolonged- sind ddaéelybhon should be carried out under

2
nitrogen atmosphere te-ave ;..;_..;,...H,._r,..,_...-__,_: As it was expected,

ot A
chitosan obtained, 9’ S60N, had the highest vu$cosdy when compared with
CTS3.5A and CTSSN the. chltosans at about 71-72 % deacetylatlon This meant

that CTS60N had $the hlghest molecular weight.

The molecular-welght comparison ifiterpreting from the electron impact
spectra (EIS) was related” with the 'viscosity 'values 'of 'chitosan solutions.
However, there was an exception for CTS73A that showed higher molecular
weight than of CTS7A according to EIS obtained. This was contrary to the
results from viscosity determination, the molecular weight of CTS73A was less

than of CTS7A. Another exception was also observed for CTS3N and CTS60N.
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The molecular weight of CTS3N was higher than of CTS60N when using EIS,

while the opposite result was shown from viscosity determination.

Another attempt was made to clarify the molecular weight of chitosans
prepared from different deacetylation processes by using differential thermal
analysis. It is expected that high molecular weight polymer may have DTA peak

|
at high temperature. From thé« LJ //’/ould not be observed any relation

between DTA peak temp@gre aﬂwd gﬂﬁw time used or other associated

i to&use DTA as-@amethod to compare molecular

parameters. Thus, i

o,

weight of chitosans. -

Under el 3@&'&r‘a\phs, chitin and chitosan products

v 4 "

% It}inj@idﬂ at chitin was deacetylated without
i \

idd |
-Chitosans! obtai ed1 had similar particle shape as

possessed irregular s

changing of particle ‘'sh

-

| plai g \
diﬁ_ibutid%chi
SSalins -

difference. From these obsefﬁﬁ?;ns, itcould be indicated that both particle size

=S A

'. - . - .
and shape were fot the factors affecting tmaq@grences of disintegrating
properties might be-dbserved further. X

starting chitin. Particle si and chitosans also seemed no

il 1)
True density A of chitin and g._r}itosans was about 0.33-0.34 g/cm3.
'~ :

It was very reﬂn%‘l‘y %Iﬁ%%%@ﬂlﬂﬁer disintegrants. The
low density value of chitin and chitosans was undesired-property as it may cause
segregallodurng s proces. . A4 rsub, Both Bl dnd itosan shouid
not be aﬂplied in direct compression technique. In wet granulation, segregation
may be occurred while granule was mixed with extra-granular disintegrant
(chitin/chitosan), if granule density was considerably higher than the density of
disintegrant. However, irregular shape of chitin and chitosan may reduce this
effect.
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Hydration capacity was one of mechanisms of disintegrants studied in
this experiment. The result indicated that degree of deacetylation of chitosans
was not a factor affecting hydration capacity value. It was noticed that within
method A or method B, hydration capacities of chitosans having difference in
degree of deacetylation had no difference. A factor that may influence this
parameter was molecular weight., | It indicated that CTS60N that showed
the highest molecular weighl among ch@(_;at 71-72% deacetylation level had
the highest hydrahonﬁrggty < As-it*was mentioned that, degree of

deacetylation was n?// affecting hydratlon capacnty so that all chitosans
f

la n could be compared. If higher molecular

having different degr
weight chitosan res N/ hi her hydratlon capacity, The chitosans having
f CTSG&N should have higher hydration capacity
he hydragéh capacities obtained from CTS3A and

FYP ¥ b

molecular Wt more than of CTS60N) were lower

—

molecular weight morg'tha
than of CTS60N too.
CTS2.5N (chitosans havi
than of CTS60N. Thus molgg:ular we@.gt _chitosan seemed not to be a factor

influencing their hy;r“'___ ity é j

In conan_ératlon of deacetylation iactors (reaction time and
temperature, and atmosphe_rlc cpndltlon:) that affecting hydration capacity, it was
probable to indcéte that ‘ré;dicgm\ terrnpara%uraj 'wéi a faclor influencing hydration
capacity. Both reactlon tlme and exclusmn of air were not influenced factors
because c‘hitosans prepared by méthod A and method B usmg various reaction
times under air and nitrogen atmosphere seemed having no different hydration
capacity. CTS60ON produced by method C at low temperature had higher
hydration capacity than chitosans deacetylated at 110° C. However,
temperature should be studied further as a variable factor and larger sample size

should be produced to obtain more reliable conclusion.
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The swelling volume of chitin and chitosan obtained from this
experiment was similar to their hydration capacity. This meant that chitin and
chitosan can hold certain amount of water and swelled. Weight of water holding
in the space of polymer molecules directly related to the swelling volume.
Swelling capacity was a proper parameter employed to compare the ability of the
polymer particles to swell when por cted with the medium, as the initial
volumes of all polymers were different. f ,Jound that the swelling capacities

of all polymers were almost. 9qual,-gexceﬁf:30:_CTSSON that had substantially

X _— . : e - 5
higher than of the others. 1 |§le explanation was the same as in the case
of hydration capacity. 7/ 3 |

The result ojirat teE t@ak_e was clearly observed that the method

of deacetylation influe into the polymers. The profiles of water

decrease in the followin or;jer: chmrr@hltokans produced by method A >
chitosans produced by methpg,a > chutg}aﬂs.produced by method C. However,

in another view as-i|% i _gj method A and B did not
have significantly dlffﬂrence in rate of water uptakle and the volume of water
uptake reached saturation within two minutes, whereas chitosan from methods C
(CTSB60N) had fhe slowgst!/rate | of wate'i‘ uptake |andl the highest saturation-

volume of water' upiake at the thll‘tleth mmutes.

From hydrat‘im capacity swelling capacity; and ;ate of water uptake
data of all chitosan products, it was indicated that degree of deacetylation, and
molecular weight were not factors influenced these properties that might be use to
describe the mechanisms of disintegration. Reaction temperature, a

deacetylation variable, was only possible factor affecting these properties.



94

With the attempt to distinguish the crystal structure of the polymers, x-
ray diffraction was performed. There are three main crystal structures among
chitins, a- , B-, and y- chitins. Two of the crystal structure, a- , and p- chitins are
already well known. (Minke, and Blackwell, 1989; Gardner and Blackwell, 1975)
The x-ray diffraction patterns reported by Takai, Shimizu, and Hayashi (1989)

are shown in Figure 33. r nce could be observed in the spectra of
% nd p-chitin (derived from squid,

hlgwer @f the first peak and the shift of

a-chitin (derived from crab

Loligo pen). These in

this peak to the left of B-chiti

CuK

ity

Rélative Inte

20 (deg)

Figure 33  X-ray diffractograms of chitins from crab shell and tendon
and Loligo pen.
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The results obtained from this experiment had provided evidences to
indicated that chitin and especially CTS60N had the same molecular
conformation as p-chitin. Firstly, it was found from the x-ray diffractograms. As
discussed above that there was two characteristics in the x-ray diffractogram of
p-form: the higher of the first peak and the shift of this peak to the left. These was
also observed in diffractograms of'lcfﬁ?n and CTS60N. This conclusion was
related to the results obtalned from hy@apacity determination. Secondly,
in B-chitin, the sheets a ‘@_arran d ina paranel manner and inter-molecular

hydrogen bonding wa?/b(pe/ This results inthe ease with which B-chitin can
c

“ inicé, and Gardner; 1978) Thus, the hydration
chxhn.and CTS60N was significantly higher than

be swollen in water.
capacity and swellin

of the other chitosans.
‘4 -'—..‘, u:; r‘

ell was prqgosed that it is commonly found mainly in
a-form. However, chitin usé& % this e_igﬁment may be a mixture of o~ and B-

Chitin from ¢

form and the amouni of B-fdfﬁr’”\iiés more than usuall%found. It might be caused
i i the case of CTS60N, the
first peak height was:équal to the second peak. It flgas indicted that there was a

-

by the difference iff wroduction procedure of chiti

large amount of B-form liked structure inGTSE0N molecules.

Al chitosans, except CTS60N, had holecular ‘arrangement as a-form
more thanof.chitin:  This caused the creduction of their ability tojabsorb water or
swell in water. ‘The observation may be explained that the partial deacetylation,
especially at high temperature, of p-chitin may result in the conversion to a-chitin.

This behavior was found in the report by Kandaswamy (1978) as well.

The inter-molecular hydrogen bonding in the chitin from crab shell was

shown in IR spectrum stated by Takai, Shimizu and Hayashi (1989) and depicted
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in Figure 34. It was indicated that chitin used in this experiment had not only p-
form but also had a-form liked structure.

4000 30%“ 2000 ﬁoo 1200 800

AULINYRINRBINT
‘;!I Figure 341 %Wﬁf}?ﬁ%%ﬁﬂm exhibited

inter-molecular hydrogen bonding.
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Moreover, by using base-line technique, the peak height ratio of the first
to the second peak of chitosans produced under nitrogen atmosphere seemed to
increase when the reaction time increased. The peak-height ratio of all polymers
are given in Table 16. From this result, it was indicated that atmospheric

condition during deacetylation may affect the arrangement of chitosan molecules.

In addition, if chitosan was i ) under nitrogen atmosphere, the
Wi ;
opportunity that B-form of oduct 1 was increase when the reaction

time increased.

Table 16 Peak-hei

To evaluate disintegrating properties of various polymers, paracetamol
tablets were prepared. Pressure-hardness profiles of paracetamol tablets

containing chitin/chitosans at any level of disintegrant seemed having no
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difference. This meant that chitin and all chitosans used in this experiment
affected no difference in hardness of paracetamol tablets. However, paracetamol
tablets obtained from different batches had a little variation in hardness. As a
result, to compare disintegration time of tablets cohtaining various disintegrants
at the same pressure and hardness, the data were presented as three-axis
\l/

When disintegration time wagfe!}mined in deionized water, it was

found that dlsmtegraﬁnn—%lme of paraeetamol tablets containing various

-.-I"""'-.f
sar:i Thls was found at 3, 5 and 10 %

disintegrants was nea
found for tablets containing 3% CTS60N

graphs.

disintegrant level.

that had significantly ln_teg_ré:tlon time than the others at the same

amount of disintegrant At "1b,i(F' re 29). " In this case, it may be resulted

from fragmentation of nchanrf.ét ‘high compressnon pressure. (5000 Ib.)

e ‘_‘ﬁ occuéfaq‘,only in this case may be the absence

!

of inter-molecular hydrogen "ﬁondlr;g—ol_ CTS60N causing the ease of

".-‘.f

fragmentation. Hoviever it was dlfﬁcult to ex_plam_véry this did not exhibited at 5
— p ! J
and 10 % drsmtegréf{t level. -

|
T

The result that disintegration time of paracetamol tablets containing

various disintq@%‘éflts wés dodiﬁéremcg gou’ld éXpl#lh #s f;)llow All disintegrants
had sumllar hydl’atlon capacnty swelling capacny and rate pf waf(_er uptake, except
CTseow { {ad&ﬁah these, berémerers el 4vamatéed u:s?mg water as in
dlsmtegratlon test. In the case of CTSBON, it had higher hydration and swelling

capacity but had slowest rate of water uptake than other chitosans.

Chitosan had the properties to dissolve and form gel in some acid.
Hence, disintegration test of paracetamol tablets was performed in 0.1 N. HCI.

Although disintegration time of tablets containing various disintegrants in water
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was not significantly different, disintegration time in acid may be prolonged. The

result obtained may be a useful application to sustained- release preparation.

Although the disintegration test in 0.1 N. HCl was not the official
method, it should be suitable method to evaluate disintegration time of tablets
containing chitin or chitosan. Because in general, the gastric contents are

usually quite acid pH ~ 1. (Thompsq:n,’ 1/983)

Disintegration test of paracetatol & Clablets in 0.1 N. HCI was carried out
only in the case of 5% ﬁﬁiegrant"'evel Iﬁ i"esult was clearly observed that

degree of deacetylatpnfﬁ( ‘

Disintegration time of

§a was a disintegration-time affecting factor.
: alh g chitin in water and in 0.1 N. HCI were not
different. In contrasidisin ratton_hmes of tablets containing all chitosans in
er -+ Tég hlgher the degree of deacetylation the

Mpreo r, it was found that disintegration time of

‘LJ er.

that"had 75%@ more deacetylation, was more than

longer the disintegratiol
tablets containing chito
30 minutes. Thus, degre&nj«deacetylgh@-nf chitosan for using as vehicle in

sustained-release

Y :
It could be:[joticed that the disintegration in 0.1 N. HCI of paracetamol

tablets contammg chltm and chltosan was’ dlfferent The tablets containing chitin
disintegrated lmfb small ﬂakes After the dismtsgraﬁon test had been completed,
the dlsmtegratmg medlum remamed Clear. =On, the other ‘hand, the tablets
contalmng chltosan dlSlntegrated by erosion of the tablets leading to the turbidity
of the disintegrating medium. As these observations, it was indicated that the
solubility of drug from the tablets containing chitosans seemed to be better than
from tablets containing chitin. From these results, chitosans with low degree of
deacetylation (CTS3A and CTS2.5N 67-68%, CTS3.5A and CTS3N 71-72%)
should be better disintegrants in acid medium. Although low degree of
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deacetylation chitosan slightly retarded the disintegration time, the dissolution of
drug might be better. However, chitosans at about 75-80% could not be used
as a disintegrant. Because they caused gel-formation leading to sustained-
release of drug from the tablets. The rate of gel formation may depend on the
degree of deacetylation of chitosan. However, chitosan of very high degree of
deacetylation having very low momlar weight might have reversed effect on

rate of drug release. lItis possmle that there is the optimum degree of

deacetylation and molecurarwelght tpr be sustained-released vehicle.
Chitosan havi ¢/ deaoetylatlgn about 90% or more was not

do- e productlon of this chitosan require more

market, the price of t her! *qns;rjf rﬁntXarP so low.  However, highly
deacetylated chitosan m ”;é%ood nt if disintegration time in 0.1 N.

er. It was proposed by Machida,

contamlng 60% deacetylatlon chitosan. Thus the enhancement of dissolution of

"ea*'ﬁ%%‘?’?%ﬁ%ﬂ%ﬁﬁ
ccosigf 1 N T UM INEIAY

The results emphasized that some deacetylation variables influenced
the characteristics of chitosan products. Reaction temperature was an important
variable affecting the molecular weight of chitosan obtained. An increase in the
reaction temperature decreased molecular size. To produce high molecular

weight chitosan, the reaction should be carried out at low temperature under
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nitrogen atmosphere. In addition, deacetylation under air or niifdééh ;tmosphere
at high reaction temperature produced chitosan having no significant difference in
molecular weight. The degree of deacetylation of chitosan products increased
when the reaction time increased. At the same time, the molecular weight

decreased.

Viscosity determination an easy and reliable method used to

compare the molecular weight of c%his experiment. By this method,
the comparison obtained Was in agreemght—with the results of the previous
= N --h-""--.

| Perkins, 1978)

-

studies. (Bough, Salter,

The degr
method described by

on value was expressed according to the

8,): Ep;v_eyer, infrared spectrometry was used to

-

o

confirm and classify th 3 having similar degree of deacetylation.

i

;= et A
bordd )< Mk \
JLI;J;p@f_\‘é‘thalt islated to disintegrating properties
: v e W
of all chitosans obtained fromt/mathod @B had no significant difference. Only

——

chitosan from method C (CTSCéﬁ)’ had *ﬁbﬁrues Stiperior to the others. These
A s f
included the highelt iri-hydration-and-sweilin g capac T;f CTS60N. Although the

The physi

|||_— »
=~ 4

*

hydration and swellin@capacity of CTS60N was hig]\er , its rate of water uptake

was slower than chitosans,from methodeA and B. However, disintegration time
in water of pﬁ&%l%bﬂi&m;wgqmi disintegrant level of
U
various chitosans were not significant different. E]lt)j , Eligher hydration
u

L GRRGR I LN ]

A and B. But these superior properties of chitin did not showed the better

n from method

disintegrating behavior.

The x-ray diffractograms clearly revealed that there was different in
molecular arrangement of chitosan molecules. Deacetylation at high temperature

may result in the conversion of B-form to o-from leading to the lower of hydration
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capacity and swelling volume of chitosans from method A and B than of chitin.
At low reaction temperature, the molecular rearrangement occurred resulting in
the increasing of p-form. As this result, CTS60N had the highest hydration and
swelling capacity. In the case of CTS60N, it was possible to indicate that the
inter-molecular hydrogen bonding decreased while the intra-molecular hydrogen
bonding considerably increased. An ;'ncrease in intermolecular hydrogen bonding
resulted in the difficulty of primary 2 ;K/ ps in CTS60N to react completely
with hydrochloric acid dﬁ_ihe q;terrma{nn__;of degree of deacetylation by
colloidal titration, andﬁlﬁ” lnggest 'rat?mater uptake of CTS60N was

observed. -

-

Atmospheric i t‘end_uj tq be a factor affecting the properties of

/ ubn,@ﬁ"ﬂek air or nitrogen atmosphere may
Iy TRy | 1 \

""l‘ér.-’aghnge ent of chitosan obtained. There

4 _,_—‘Ewstly ﬁ-;%‘}diff rence in rate of water uptake of

chitosan products.
influence the difference i

were two reasons to sup

chitosans from method A and;Ez@ulq_,?%rved. Secondly, the increasing of

e et

y ./ .
reaction time increased the peak-height J:ailo_nﬂﬁtéj to the second peak of x-
e )

ray diffractograms"‘*‘{h the case of ch

‘d?’acetylated under nitrogen
|

atmosphere. -

¢ L)
Theﬁi%&ﬁnﬂ@%@%ﬂﬁ}ﬁ}@mtaimng chitosan in
0.1 N. HCI wasqllonger than in water. In contrast, in the case. of chitin there was
o difisenée. | 6\ Thel Hisinisgtatdn! fmé dndieased ien e degree of
deacetylgtion of chitosan increased. At 75% or more deacetylation level,
disintégration time was more than 30 minutes. The difference in disintegration
time may be due to the difference in rate of gel-formation of chitosans having

difference in degree of deacetylation.
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The suitable chitosans in this experiment for using as disintegrants
were CTS3A, CTS3.5A, CTS2.5N, and CTS3N. In the case of CTSE0N, the
high expense of production caused no practical use as a disintegrant.  The
prolong of disintegration time in the case of 75% or more degree of deacetylation
chitosan was a useful information for development of chitosan as a vehicle in
sustained-release dosage-forms.| | qh)c ns produced by deacetylation under
various conditions would have dﬁee@ohysicochemical properties. The

forrtg;fprodudion of chitosans. The
to be strict?x controlled to obtain the same

suitable condition oo@sea

conditions of deaoeM ne:

quality of chitosan Vi

ng. the properiies as required for various

——
%

applications.

¥,

2 mformétlon obtained under these investigations,

J."-:,_* '

|eswérer49‘pmmendéd

On the ba
many aspects of further st

1. Chitin should~b&dea@fé‘ed at various temperature under air

_-.H "" ‘H ....__

and nitrogen atmgsphere in order to study fhelr physicochemical and

disintegrating prop‘e!tn;s : ;.J

2. An exémlnatlon of assessment of X-ray diffraction to evaluate the
possible relation, betwesn -reagtion tempgratures and..molecular arrangement
should be camed out” Moreover, aging and the rate of transformation of p-form
to a-formshould-he investigated: .

3. The various chitosan products should be lnvestlgated in order to
find out the optimum degree of deacetylation for using as a vehicle in sustained-
release preparation.

4. It is essential to study the effects of chitosan on the released-
behavior of both acid and basic drugs, and soluble and insoluble drugs from

pharmaceutical preparations.
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