Chapter |

General Background

1. Introduction | ‘\\V//

Chitin is the seconm plentl polymer. Currently, chitin and
chitosan are manufactu Ilywle from the outer shell of
Crustaceans. (shrimp-4h 7/ w{the nts of shellfish waste now

unts gf’&nln ‘and chitosan are now

possible )

As characteristi ‘?ndustrial material, chitin and
chitosan are:

1 such as the shells of crab, shrimp

blodegraJabIe and do not pollute naturé‘envnronment

e
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cally functional
8. changeable in the molecular conformation
9. able to manufacture into gels, beads, fibers, colloids, films, etc.

10. have amino and hydroxyl groups chemically modifiable

Many of these attributes, make them attractive biopolymer for

biomedical applications. Chitin and especially chitosan are being evaluated in a



number of pharmaceutical applications. They can be used as vehicle in
sustained release preparations, as disintegrant in fast release tablets, as

liposome stabilizer, and others.

Chitin and chitosan have been demonstrated to be used as disintegrants
both in direct compression technique (Bruscato, et al., 1978; Sawayanagi,
Numbu, and Nagai, 1982; Adusumill [9!\ Bolton, 1990) and in wet granulation
technique (Bruscato, et al;,_1978; and P '_‘J__'__homto, 1992). "The application

of chitin and chitosan as

Parichat Chomto (1932.)./

- = -
rants in paracetamol tablet” was studied by
results showed that chitosan had disintegrating

rebVer chitin or chitosan from different sources

J

ht dmntegratmg properties. This discrepancy
m{ r ufacturing processes of chitin, and the

J}*«f

deacetylation variables du g ‘S}Jmosaﬁ J0produc:tmn In deacetylation process,
there are many factors - ag_;h_centrag&of alkali used, reaction time and
temperature, and atmosphetic condition ~ affecting characteristics of chitosan
products such as degise 5

some of these variab‘T'ﬁs were studied and the pr6-'perties of chitosan producis

property better than
(Thailand and Japan

molecutar weight.  In this study,

were evaluated.

Key to aﬁy Mfui manufaetunng pro&ess is quahty control. This
study may, sugg_est_ !he requuements for, dmosan produd for using as a

dlsmtegranf



2. Objectives of the Study

The aims of this study are:

a. to investigate the characteristics of chitosan products, producing by
different conditions, such as degree of deacetylation, molecular weight, viscosity
others.

' the characteristics of chitosan

in acid solution, rate of water uptakq
b. to evaluate t | @n
studied in a. and its tablet-d ating &
c. tofind o e_tendency fo racteristics of chitosan for
B
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using as a tablet-disinteqgyz
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3. Literature Review

The name "chitin® comes from the Greek word "chiton" , meaning a
coat of mail. Chitin was apparently first used by Odier in 1823. The late 1930s
and early 1940s saw considerable interest in chitin and its derivatives but
production costs and shortage of waste raw material probably caused loss of this

early interest. Substantially mog*kf? gaw material supply and improved

technology again arousecL,lnterest 1970s, and commercial and

experimental quanﬂhe?ﬁe

Sources of Chitin

-

known. Chitin is synthesi
diatoms, chrysoflagellates nq@tuoq.gec‘ lly ciliates. Chitin is a cell-wall
constituent of most fungi, meids and yemhitin is also present in cuticular or

. |
exoskeletal structures-of-Most-iRVerRenr: 3(“{_‘"2— hinoderms. The amount of

chitin with respect tfj total dry weight is |gﬁft in Crustaceans, mainly

Decapods. Crab and shrimp shells contain approximately 15-20 and 15-30%

chitin on a drﬂ%&a@ ﬂ%@ WIg@ﬂtﬁn may explain the use

of Crustacean shells as main source of chitin by most chemical industries.
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Table1 Characteristic composition of chitinaceous wastes.

Origin of waste Dry-wej&ht composition (%)

Inorganic Protein/Fats Chitin
Shellfish 25 - 50 25 - 50 14-35

Krill 240104, 61 7
Clams/Oysters |~ 85-90 'V,/M ligible 3-6
Squid | negighte | 76-95 1-2
{~neal 25.- 50 10-25

60.-.80 0-8

Production of Chitin ang

Chitin and chitosan’répared from creb and shrimp shells are now
commercial products_in many countries stich as United State, Maxico, Norway,

- £
and Japan. The * species of various cou different.

in Japan whére chitosan was produced inghstn'ally for the first time in
the world in 1974, ,chitin and.chitosan,have been produced by 15 companies in
1986. A main .Solrce” of ‘chitin'is front crab shells. | Commercial chitin and
chitosan vary in, guality <with- each cof these companies. ~They supply these
products in the forms of flakes, powders, beads, fibers, sheets, and films. The
total capacity of an essential annual production of chitin by these Japanese

companies is about 2,000 tons. (In 1986, they produced 1,270 tons of chitin.)

Protan, with corporate headquarters in Drammen, Norway, produces
and markets fine chemicals from natural resources including chitosan processed

from both crab and shrimp shells. A series of the purified chitosans is now being




marketed under the name of Protasan. They have several characteristic

fundamental properties such as thickening, gelling, flocculating, and film forming.

In USA, chitin is made from both crab and shrimp shells by many

companies such as Jan Dekker International and Index Chemical Co.

Molecular Structure of Chitin an

Similar to oellulose.'g_ﬁﬁn is lii ed molecules of -(1—4) linked
glycans. The repeating

Acetyl-D-glucosamine

similar to that of cellu

= ‘ “~w
chitosan will depend on the processing condition and more grades within the
range 10,000 fi ,000,000=Daltons will besavailable. When chitin is completely

deacetylated, ulﬁ "gnm E‘J‘Mrﬁlﬂﬂm of chitin and chitosan
W’m Maiunmingnasy



Fﬁure 2 ¢ D-Glucosaminegsepeating unit.
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Chitin Manufacturing Procedure

Several procedures have been developed through the years to prepare
chitin and the manufacture of chitin has been the subject of a number of patent
specification and papers in the technical press. Some methods have been
review in "Chitin" by Muzzarelli (1977).

The key steps in the extl‘u“;y itin from the shells are the removal

of proteins and minerals Mas-Calcia ate and Calcium phosphate by
2 .

treatment with alkali and acid:~ F'rst‘ prowms-a:g_removed from ground shell by

treatment with Sodlurn/ inerals are axtracted with Hydrochloric acid.

After rinsing, the chiti

shown below.

— %tem:ze with NaOH

J l‘d

) &2 43 "'“‘dem%ae with HCI

ll-

C

Sorﬁ cfrﬁng mﬂﬁ mlﬂ c&(-eatments in  chitin

manufacturing process have also been reported such asin the following.

| e ewwwwm&w m rocovery
chitin .

e The purification of chitin (from King crab shells) has been

accomplished by decalcifying with Ethylene diamine and digesting with proteolytic

enzymes (to remove protein), Dodecyl benzenesulfonate and Dimethyl

formamide.



e Pink coloration in chitin has been removed by mild oxidation with
Sodium metabisulfite or Hydrogen peroxide or Sulfuric acid in contact for 6 hours

at room temperature, or 0.02% Potassium permanganate at 60°C.

Deacetylation of Chitin

Amide linkages are more diffﬁ:)l to cleave under basic conditions than
ester groups. Under vigorggs basic coﬁ' 0 ﬂ,__rcetamido groups adjacent to cis
related hydroxyl groups may.ung

are much more resi

9 —"

ergc'KN-deacetylagon, but trans related analogs
Chitin is coriveriéd,6,chjtosandby deacetylation with concentrated alkali
at high temperature. Variz n tﬁe [gagent used and its concentration, as well
as time and temperaturé o treatmeﬁf, determme the quality and performance
of the product. The manu cture_.of ci'@§an ls documented in many literature,

and some other methods have‘beén exteﬁsivély rewewed by Muzzarelli (1977).

e

=1 — \J _:! [

The vanabbs in deacetylated conditions oi’ chltm and their influences
on the charactensﬂés of chitosan produm Jstudled and could be

summarized as followsg -

1. Reagent | (type, ¢oncentration, and chitin-réagent ratio)

Strong alkali used in deacetylatlen of chltln is Sodlum or Potassium
hydroxude, but Soduum hydroxidedisimore widely used. The Sodium hydroxide
concentration was varied from 35 - 50 %. In the process using Potassium
hydroxide, the concentration was sometimes equal to 55%(w/w). The chitin-
reagent ratio was extremely varied. Lusena & Rose (1953) treated one part of
chitin with 100 parts of 55% Potassium hydroxide whereas Bough, et al. (1978)
reacted one part of chitin with 5 parts of 50% Sodium hydroxide.
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Lusena & Rose found that decreasing the alkali concentration
increased the time required to obtain soluble chitosans and products were less
viscous. Increasing the alkali concentration to saturation had little effect on

deacetylation and viscosity.
2. Size of chitin particles

Lusena & Rose (1953) Ko@uded that the size of chitin particle

within the range 20-40, 40-60; and 60-8C m‘e"sE:had no effect on deacetylation
'_,__._r o —

and viscosity. } / :
Bough, / : dled about the effects of particle size of

the starting materials oa'th pQ§Itl_Qp and viscosity of chitosan preparations.
By this study, these bat

hnmp h?;lls having maximum particle size of 1, 2,

* “The r"ééuhs indicated that grinding to 1 mm
r)q%‘j";g‘hﬂy iﬁi;; molecular-weight when identical
manufacturing conditions weie. employ@., . In preparing chitosan solution,
insoluble parhclesw:’efound in the solutio ' é&hnosan product. It was

postulated that shn'—n';fp hulls ground to a 64 mm particle size could be

and 6.4 mm was prod
produced a higher-viscosi

deproteinated and demmerallzed as well as those wuth small particle sizes, but in
deacetylation, fhis] sa#npie' only ‘the/ buter! layers of [the particles could be
converted to soluble chitosan. The inner portions remained upreacted, insoluble
and tended te pree:pita!e Thus, a large| particle| size reqwres longer swelling
time and results in a slower deacetylation rate. However, the over particle size

reduction causes degradation of molecular chain.
3. Reaction temperature

The reaction temperature used in almost studied was so high,

usually at 100 -120°C, sometimes at 140 -150°C, and in some cases up to 170 -
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180°C. However, the lower temperature, 50-60°C, was used in some

deacetylation experiments.

Lusena and Rose (1953) stated that increasing temperature
increased percentage deacetylation and reduced molecular size. The alkali
treatment should be carried out at low temperature as possible to avoid

degradation of the molecular chain. "////

4. Reaction mng_ 4 —

The reaﬁpn'ﬁ/ : |

chitosan product requi

‘used depend on the degree of deacetylation of
pend on alkali concentration and reaction
dlhonjo% NaOH at 145 -150°C, chitosan is
. (Bou% et al, 1978) By using the same
thé:jtimé;’j;i*e*q‘uired fo obtain 80% deacetylation
q,a‘fﬁéoué%ﬁ?&) In Iater case, using more than

temperature. Under
obtained within 5 -15 mi
concentration but at 10

chitosan is about 5 hours.

S hours did not deacetylate si Hgm‘ﬁcantly* ‘and only degrades the molecular chain,
because mcreasmg_&me reducedmolecular éame attempts, the alkali

treatment and washi/ in water two or more ‘ﬁmes are prepared to obtain
chitosan products which are 90-95% deacetylated, (Mlma, et al.,1983) without
serious degradétiofi of the molecuiar chain. *
8. Exclusion of air

"Excltsion of aif was investigated as a variable in thé manufacturing
of chitosans. Deacetylation in an atmosphere of nitrogen yielded chitosans of
higher viscosity and molecular weight distribution than deacetyiation in air.
(Lusena and Rose, 1953) Because oxygen is catalyst in hydrolysis-degradation
of molecular chain. In the study of Domard and Rinaudo (1983), thiophenol was

used to trap oxygen thus preventing degradation.
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Characteristics of Chitin

Chitin, a stable, leathery solid, is grayish-white in color. It is thermal

stable to about 260°C, where it decomposes.

1. Chitin polymorphism

Chitin occurs in thrqe’ lymorphic forms that differ in the
arrangement of the molecular chains w@ crystal cell. o-chitin is highly

compacted, most cwstanomﬁic form-where the chains are arranged in

an anti-parallel fashion;

chitin is the form where

is the| form when the chains are parallel; and -

 are-up" to every one "down".

4 2 SJ;

The most'a palym; phlc form is a-chitin that is formed in
the arthropod cuticles i rtaln, ﬁ-chltm exists in a crystalline hydrate

})‘*r—f

s blhty s‘mceljaler can penetrate between the chain

- =

Blackwell, Minke, and Gafdhéi (1978) ldetermlned the structures

hitin By i stafed that the presence and

absence of intershee(j}ntermolecular) hydrogen bonc-img in a-chitin and B-chitin
accounts for the mablhty efa-chmn to swoll in water and the ease of p-chitin to

swell in water to prbduee hylirates d 'C ]

7| Solgbility?) < - 31981 N 11 A

Chltm is msoluble in orgamc so|vent and wull resnst bemg dissolved
by acids and bases. Chitin dissolves in concentrated mineral acid, Formic acid

(anhydrous) , Hexafluoroisopropanol, Hexafluoroacetone, and 1,2-Chloroalcohol.
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Characteristics of Chitosan

The main characteristics of a chitosan sample are the degree of
deacetylation and its molecular weight. The others interested properties such as
solubility, viscosity, rheology, and polyelectrolyte complex formation, are also

described here.

1. The degree ctilbiaet af,sg:

Chitosan _is 2 polysanchand‘efbtamed by partial or complete
deacetylation of chltln,"a—#-r ltular structure and properties are largely
affected by the degr Acotylati
determined exactly the degr deecetwaﬂon The mole fraction of deacetylated
degceﬁlaﬂon will usually range from 70-90%.

A simple and reliable m for. the delen'mnatlon of this parameter has been
sought over many decades So:ﬂé methé&_ cambe briefly mentioned here:

v".‘
*
-’..-..5‘

ion.  For t}\is reason, it is needed to

uhits defined as the d

_. -

1.1 Colloidal gt__rg_tlon .@um residue analysis)
3 | £

. §repared by addition an

excess of ooncentratsd Hydrochloric acid.  After .fhat titration of ammonium
cation is performed by using negatlve collold solutlon Potassium salt of Polyvinyl
sulfate (Terayama,|1952), or by using Sodlum hydroxnde or Silver nitrate. (Hayes,
1978) The end point is detected by‘pnd;catorsgf

" 12 Infrared spectrometry

The ratio of the absorbance of the 1655 cm~1 band to that of
the CH stretching band at 2867 cm-1 is used to estimate CONH content of
chitosan with excellent accuracy by Miya, et al.. (1980) This method will be

limited to the samples deacetylated by > 90% per glucosamine residue.
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1.3 Gas chromatography

This method proposed by Muzzarelli, et al. (1980) is based
on the measurement of the retention time of methanol in a chitin/chitosan column

that is proportional to the degree of acetylation.
1.4 Thermal analysis

The determmauor! /yf&a percentage of acetyl groups is

performed by using the_rr_rﬂawmegc a@wﬁh the empirical calibration
technique. This methed"Was proposed by Alonee; Peniche-Covas, and Nieto

compared satisfactory with the one that
makes use of IR spectro { was more rapid and simple than the chemical
methods.

- “2:.
1.5 Firs vative ulttiv'lclet spectrophotometry
.u‘J' : A jf‘

The degree of acem of chitosan can be determined in
‘acetic acid solution (~ 0.01 M) eontamirm;mgram dry chitosan per liter by first
derivative uItraviole{-' cclrophciometiy at 188 om ,,,_ S

precise and faster thaﬂ‘the infrared method. (Muzzarplh 1985)

5 method is simple, more

16 H-NMR spectroscopy

J ’Th"fs ié novel mefhod to determine the degree of
deacetylatlonpmpeqed by Hmt, Qda{n and Nakamfaﬁ%ﬂm i
1 47 Elemental analysis
This method determines carbon/nitrogen ratio.
1.8 Mass spectrometry

Mass spectra provide information on degradation

temperature and polymer identification and, with further work, will permit the
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determination of the degree of acetylation in a polymer and possibly the -NH5 /
-NHCOCH3 ratio. (Hayes, 1978)

2. Molecular weight

The chitosan product consists of a mixture of different polymer
sizes. (The average molecular wei%lz of chitosan typically ranges from about
50,000 to 4 million.) The range c>f\H
distribution is influenced 'by-iﬂnable_; s@e temperature, concentration,

/ dispersity of the molecular weight

and atmospheric co ' mp| ed h%eaceNlaﬂon reaction. The
molecular weight of “a P as been consndered to be one of the most
important characteri funﬁmnally of the polymer Thus the methods
—
for determination ‘ ,ular- ‘Wweight ‘of chitosan samples have been
developed, but the a i lagf-,yep of chitosan is certainly the most
difficult parameter to o ' @clsgﬁa 1‘
R
Some molecular vgelght mination methods of chitosan were

D < -
summarized and coﬁwpared by Rmaudo mal _(1 989). The list of these

methods is given héré 7

1. Mea§u£gment of the lnmnsm vnscosnty (Muzzarelli, 1977)

ﬂ Ne&b%%ﬁl%ﬁ (Wnélﬂrﬂlﬁuaudo 1983)

Gel permeation.chromatography (Mima, et:al., 1983)

9 Wﬂ FHigh perfotmanceliuid chromtégraphy L etal. 1976)

Static light scattering measurement (Domard and Rinaudo,
1983)

6. Laser light scattering measurement (Muzzarelli, Lough and
Emanuelli, 1987)

018974
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3. Solubility

The term "chitosan" may be consider as referring to a family of
polymers derived from chitin that has been deacetylated to provide sufficient free
amino groups to render the polymer soluble in certain aqueous acid system. The
exact degree of deacetylation required to render a polymer soluble is not readily
determined, and it undoubtediy vaﬁed‘ w such factors as polymer molecular

S

weight, temperature, andmoentratnon anfnature of the acid species. In
general, solubilization hagms': at.a ut 60%, ;szjally about 75% deacetylation
depending on the mol( ight of chitosan formed. Chitosan samples 75%

or more deacetylati

homogeneous and vi jorts. 1’ 4
.f f .
For practi rposes, ,ggmpsan is insoluble in sulfuric acid and
phosphoric acid, while a rtam solMy exnsts for other mineral acids like
hydrochloric acid, nitric acnd' md per@ffc acid. Compared with the more

common organic acps the solubsllty " morganquacids seems more limited
concerning the coneéntratlon ratio chitosan / acid. Il’ie solubility of chitosan in

some organic acid ls«Jp to 50% such as acetic acid; lactic acid, formic acid, and
propionic acid-; {The ;standard, solvent commonly .used for solution property

measurement is acetic acid.)
4, 'Viscosity
The viscosity of chitosan is related to the average molecular
weight affected by many factors in deacetylation process. Not only the molecular

weight but the viscosity of chitosan solution is a function of its concentration, and

the particular acid and its concentration used as a solvent as well.
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Filar and Wirich (1978) defined the molecular weight ranges of
chitosan in terms of solution viscosity. These viscosity types were selected as

representative of readily be produced on a commercial scale from shrimp shell.

The viscosity ranges are:
High : > 1000 cps., 1% polymer in 1% acetic acid
Medium : 100 -250 g‘d / polymer in 1% acetic acid
Low: 25-70¢ps., mer in 2% acetic acid
g

| ular welg}':t“énd the linear unbranched
DS:? n‘-_{s an excellent viscosifier in an acid

s'a pse de stic \material showing decreasing
d

ik A

#l ol

' w3
6. Polyelectrolyte eﬁmpleié%;a n (lonotropic gellation)
=
Reactmg chﬁ%@p With-a contfolled amount of a multivalent anion

will result in a cros?- kKing between the --r..--r--'-‘lr;s, 8s. The network formed
s

has the ability to keepfjrge amounts of water, cz ‘ done in holding as much as

95% or more. This gross-llnklng cagl_})e done in acid, neutral, or basic

environments, ﬁ%% WBeWWI%J 3@@ gelling "counterions”

are available of which some are listed in the following.

o V) Bkt b Chutitone £ A%

 Pyrophosphate

» Tripolyphosphate

» Tetrapolyphosphate
» Octapolyphosphate

o Hexametaphosphate
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« (Fe(CN)g) ¥ (Fe(CN)g)-3

2. High molecular weight counterions
» Alginate
» Kappa carrageenan

» Poly-1-hydroxy-1-sulfonate-propene-2

le-cetylstearvisulphate

Some specifidati shitin.and chitosan were raised by Muzzareli

AULINENINEINg
PR TUAMINYAE



Table2 Some specifications for chitin and chitosan.
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Specification Description
Moisture From 2 to 10% under laboratory
conditions.
Nitrogen Usually from 6 to 7.0% in chitin. From
7.0 to 8.4% in chitosans.
Degree of deacetylation

\/ /)Jsually ~10% in chitin, 60% in chitosan

// ;/'fwbetween 90-100% in fully

' dﬁ':e'(ylated chitosans.

Ush;l(ﬁoyver than 1.0%.

From 200 to 3000 cps., degraded
chitosans have lower viscosities.

% 4| Native chitins > 1x108 , commercial

chitins and chitosans 1-5x10° ,

Titrations // TR
I

I bolalpRisit is rarely indicated.

b With Potassium polyvinlysulfonate and
:"J_b_y alkalimetry ; moisture content and
' "-*‘ﬂ!of t"ne waters from which chitosans

-

4 ;\,Mgg isolated should be taken into

(A aocount. £)
Dissociation constait; Ky ' iﬁﬁidnd70 most often 6.3
X-rays diffraction dat:,l ’ Typlcal peaks at 8° 58' -10° 26' and

| 19°58 - 20°00

Carotenoids (5| - chiting and chitesans may contain
{ caratenoids: othérwise, it should be
i indicated whether thby have been
| 'extmﬁed on bleached
Amino acids Glycine, serine and aspartic acid may

be present.

Transition metals

With the exception of ion, normally
below a total of 5.0 ng/g; typically, for
crab chitosans: V 0.12, Cr 0.04, Mn
0.09, Ni 1.3, Cu 1.03, Ag 0.02, Cd
0.22, Hg 0.025, Pb 0.15 ug/g
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Chemical Modification of Chitin and Chitosan

A large number of chitin and chitosan derivatives have been proposed
and studied. The modifications include many reactions and some reactions

described by Muzzarelli (1977). The derivatives of chitin and chitosan are given

here:
1. Akali chitin \,.\V// |
2. Salt form.a‘;ﬁhltoaan{é,
3. Polyeleciioiyte Gomplex .
4. 7NN
5. deﬁvatlve
6. 2
7. \
8.
9. N-Anyliderie omwkyn@e' ative (Schiffs base)
10. NAE?'I derivative” grE i !
1. f | 2
12.

13. 0-Carb6 r O-Hydroxy:alkyl denvatlve

Pbldfled & 1 IWEINT
ﬁ attempts to fﬁd paracgzla o,;muﬁﬂd:li@ and chitosan have

been made for many years. Thus their physical properties and potential uses
are now published in a large amount of literature. Some applications of these
derivatives were summarized by Hirano. (1989) Although a lot of derivatives
were prepared but only a few of them could be used in pharmaceutical and

cosmetic industries.



Derivatives of Chitin and Chitosan Used for Pharmaceutlcal and Cosmetic

Applications

Some of chitin and chitosan derivatives are potentially, but not
practically, used in pharmaceutical and cosmetic industries. The list of them are

given here:

1. O-Carboxy or O-Hydru@lwl derivatives (except Carboxy-

methyl chitin) : water-somedanvatues use.as.emulsmers moisture retainers,
—

e as_emulsifiers

3. N-Acyl Cx usé as erodiné materials for slow-release
drug delivery system % SN A
Y f.l

4. Sugar deri es:; useaé vnscosvty builders

a, ‘__:%," u f a matrix for controlled release

; j’derivatives were patented
(mentioned by Lang:and Clausen,1989) but it ha(-f no evidence to indicate the

practical uses of them Seme of denvatwes are glven here

1. Glyccl chltosan sulfate It is'used for stabnllzmg cosmetic and
pharmaeeutmi emulsions.. (Patented by Shisgido, in a. dapqnase Patent, JP59/
139310 A2, 1984) ' ’

2. Glycol chitin ether, Carboxymethyl chitin ether, and/or Chitin
sulfate: It is used in cosmetic preparations, e.g. skin lotions. (Patented by
Ichiman in JP59/ 106409 A2, 1984)

3. Anionic chitosan derivatives prepared by the treatment of chitosan
with unsaturated anhydrides, e.g., Maleic acid anhydride and subsequent
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treatment of the product with primary or secondary amines. These products are
used in cosmetic preparations. They are used for preventing the hair from
looking oily. (Recent patent applications by Grollier, et al. in DE 3713099, 1987
and DE 3044738, 1980)

The derivatives that have been put into the practical applications are

given here: f//
Carboxymethyl chitin’ (CMM} is essentially similar to that of
hyaluronic acid prod ur sﬁ: CM-chmn was patented as "CHITIN

LIQUID" by ichiman F
of skin care products i

) and this is now utilized as an ingredient

smeuc companies.

chﬂosin (Evalsan) is a product of Jan Dekker
hble su stantive humectant. It is an amphoteric
biopolymer, with a prevailing naiizmc cl‘\allr:‘mter and a molecular weight of about
600,000 Daltons. One out(ofr-_ﬂaese nétieaﬂng units of this polymer carries a

2 i -S0iu f s and can be used as film-

CarbOXYbUM COI"ISf ' o eA. ROV
forming polymer, staBl}lzer for liposomes, viseos:fymg agent with the ability to

W

chelate metal ions. It has been highly recommended for use in skin-conditioning
milks, creams@and gels, aftershaves, and oral | hygiene products. In various
appllcatlons it has been at levels of 2 D -5% by-weight.

3. Quatemised hydroxypropyl- chitosan (Lexquat CH) is a
product of Inclex, which is soluble in water, ethanol, isopropanol, propylene glyco!
and water/ethanol 1:1 mixtures. It is stable and functional over a pH range from
2 to 12 and is completely compatible with all ionic classes of surfactants. It has
been shown to exhibit complete salt tolerance. But it can not be used to thicken
systems by salt addition. It is use as an ingredient in shampoo and bath

preparation.



23

lication of Chitin, Chitosan and Derivatives.

Commercial uses and potential applications of chitin, chitosan and their
derivatives are in many fields as follows.
« Biotechnology uses
o Medical uses

» personal care

L gl et
The appli , Chitosan and t oir derivatives to personal
AW\\\ s

- .
* L & ' "
T
3 RS, ¥ -
g - 1 ’
- ET
= o
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Table3 Main applications for chitin, chitosan and their derivatives.

Application Function
1. Immobilize enzyme / Gel immobilization matrix, increase stability,
living cells compatible with phosphates
2. Personal care products
hair care substantive to hair and skin
skin care fo;m’ofém tective coating, moisture
—_— retentio&_.
viscosifier :__.._.- b Idviscosﬂiﬂjimphoteric/nonionic
‘A shampoo
cosmetics / ( 'so};srty building, coating, moisture retention,
-ngzn?-g_llgrgemc -
3. Medical -—
lower cholesterol ‘ alnttakol‘gstenc
wound care s ;cce‘f@gwgund healing
eye bandages | formis tough protective, coating,
| biodegradation
drug delivery ; ;:??biogr%_non-tom
contact lens \\;}\ ssli 0 give pbrous, “grindable” lens
Y aterial, non-: ‘
dental _j bioadhesive 4]
absorbable surtafrgs - blo@g@dable acoelerate wound healin ling
orthogﬂq | © ;mmmqem neering material
a. Biotechnology LAERAL
Ef‘cgmfg,‘lexes with protems

| mathx( s

enmpsulated cells

replace polvlysine in lgln bead proc%s

filtration

membrane can be cast, film

recover valuable protein

complexes with protein, flocculate

chromatography

support enzymes/cell stabilizers
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Pharmaceutical Applications

Although a large number of chitin and chitosan derivatives have been
produced, only chitin and chitosan have been studies for using as excipient in

pharmaceutical preparations.

Some of pharmaceutical dosage forms with chltosan were prepared
and investigated in clinical use by Kné@k t al. (1989). These dosage forms
are nystatine lozenge, clotnmazole a:pd nyﬂafue vaginal tablet, clotrimazole and

nystatine dry powde;‘fi??t rations (New commercial form). All forms have
been approved by patiéntss” </

The studies Atial-application™.of chitin and chitosan for
’*b;jéﬂ;bméntioned as follows:

pharmaceutical preparation

1. Application of c}}mn ar}d chitosan to conventicnal tablets.

11 In dlrect'eom;:res;l”o“;?ﬁchnique

_—.ag " --J _;H_‘---

_ Bruscato, ét. al. (1978) M the highly beneficial
disintegration properfles of chitin in directly eompreggd tablets containing about
2-20% by weight of cil\mn Therefore the appllcatidh of chitin as a disintegrant
was patented iniUnited state (US! Patem 4,086,335):

Afler that, Sawayanagl Numbu, and Nagai (1982) studied
the fluidiy and compressibility of opmbmed powdlers of lactoseé or potato starch or
mannitol with chitin and chitosan, and disintegration properties of tablets made
from these powders. Moreover, the lubricity also studied by measuring the
ejection force. It was found that the fluidity of combined powders with chitin and
chitosan was greater than that of the powder with crystalline cellulose, the tablets

obtained had good hardness and passed disintegration test of JP X. Thus chitin
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and chitosan may be suitable for using as a diluent with friction-lowering

properties in direct compression process.

In addition, Nigalaye, Adusumilli and Bolton (1990), found
that tablets prepared with a chitosan concentration of less than 33% were fast

releasing. Chitosan used in a concentration of about 10% acted as a disintegrant.

1.2 Inwet granulatibn’ 9é ique
7

Wet granulation Jtab%mulation was also studied by

Bruscato, et al. (1978):

its &exhibited the same disintegration property

as in directly compressed iablets. /= .
Th / on ui*i:’hitin and chitosan as disintegrants in

Paracetamol tablet was stu by_}"’ark.lf"at Chomto (1992). The paracetamol
Y -'fJ_
tablets containing chitin and chitosan as disintegrants were granulated with PVP
A8 L]

¥

K30 binding solution. The isipléﬁ-fatﬂm}éﬁk;‘!{e of these tablets were longer than
i rdi i

those of sodium starch glycolate and eﬁécannellose sodium but shorter than

e —

those of corn starcl{érd microcrystalline cellulose at _q\y same concentration and
compressional forc&.jjm addition, it was found that thé'l/ablets containing chitosan

had shorter disintegration time than those of chitin.

2. Enhancemeént of dissolution 'of poorly seluble drugs
Q¢ 2:4 ~Chitin and:chitosan:

Séwayanagi, Nambu, and Nagai (1982, 1983) studied the
dissolution behaviors of poorly soluble drugs -- griseofulvin, phenytoin,
phenobarbital, prednisolone, flufenamic acid and indomethacin - from ground
mixtures with chitin and chitosan. It was found that the dissolution rate of drugs
from ground mixtures were greater than that from physical mixtures and the

ground mixtures with chitosan showed the great dissolution compared with those
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ground mixtures with chitosan showed the great dissolution compared with those
with chitin and crystalline cellulose. In addition, the X-ray diffraction patterns and
differential scanning calorimeter indicated a lowering of the degree of crystallinity
of the ground mixtures. These results indicate that chitin and chitosan are useful

for an enhancement of dissolution properties of poorly soluble drugs.
2.2 Low-molecular 'c‘hk?an (LM chitosan)

The “hydiolysis Broduclff— chitosan calls low molecular

chitosan that is extremely's6lbiein water. (more-than 50%(w/v))

Shigaiéhi - (1959 studied the dissolution behaviors of
§ phenytom diazepam, betamethasone,
from l&\eaded mixtures with LM chitosan in

acid, basic and n
prednisolone, and dig
comparison with that of
any drug with LM chitosan as db%erve&} drug crystals were changed. It was

:'-..‘-'

found that the contact angle ﬁneadﬁ‘ mixtures was reduced in comparison
2 Lyl e

with that of the correbpondmg drug powder and phys[cal mixtures. Thereby, the
enhanced dlssolutlél{_rate of kneaded mixtures ma_yﬂe due to improvement of

rugs« alone; in aqueous solution, no interaction of

wettability and to cha‘i’iges of the crystallinity, mlcroCrystal size and shape.

3. 'Applications of cliitln and chitosan to oral controlled release

preparatlons

Chitin and especially chitosan can be used effectively in oral
sustained release dosage forms. Although many of the studies have developed
novel applications for chitin and chitosan in theory, few have been practically
feasible from an industrial standpoint. Reports that have been published about

these applications are briefly mentioned here:
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3.1 Controlled release gel system

Miyazaki, Ishi and Nadai (1981) proposed the use of chitin
and chitosan as drug carriers. Dried gel of chitin and chitosan containing
indomethacin or papaverine hydrochloride was prepared. Sustained release of
drugs from the dried was obtained, and in the case of chitosan gel, drug were
released at a constant rate. (zero-ord\er)’///

3.2 Contnlled releasb matrbrsystems

irect compression technique

tlons»pf direct compression matrix tablets of
both water soluble an _uBle §uqs were prepared by using chitosan as
a vehicle. In the ca _{ salubléj,?rggs, propanolol hydrochloride tablets
amby; anJMagai 1982) and chlorpheniramine

)
maleate tablets (prepared by Bune, 198%3&ere prepared, and zero-order and
pseudo-zero-order drug release were oMa‘fﬁea respect}vely.

—J’ ‘In another case of _pJorly soluble drug, a
hydrocolloidal matrix syétem containing theophyliine 2nd chitosan was prepared
and evaluated by Nigalayé; Adusumil and Boltom:(1990): It was found that
chitosan when 'used albne':in a tablet formulation, did not impart sustained
release Pproperties ~at qlow conc;mtlawn (10%) Wher? it? was used in
concentration of 50% of tablet welght a non-erosion type matrix system was
formed. In order to produce a 24-hours sustained release tablets, the
combination with both carbomer-934P and citric acid was needed.
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3.2.2 In wet granulation technique

In the case of matrix tablets produced by wet
granulation, only water soluble drug was performed. Aspirin was a model drug in
this case. Prolonged release tablets of aspirin with chitosan were first prepared
by Kawashima, et al. (1985) that the graﬁules were dried in a fluidized bed dryer.
After that, Brine (1989) prepared in the ?i ilar fashion but dried in vacuum oven.
Wet granulation formulatlon for aspirin’ me and optimized in the later
obtained.™ .

icél ‘Eagglomerates' (beads) of water-insoluble
polye Sr:bolyte complex formation properties of
1 ln lbupmf,en indomethacin, sulfadiazine were
prepared by dispersing ea dmg in éduhon of chitosan and dropping these
dispersions to solutions of the @ntmeéFﬂmthphﬁe or Calcium chloride.
The droplets mshntfmeously formed ge1led spherg by ionotropic gellation.
These spherical beajs had narrow size distribution, ,gJod flow property and low
friability. In addition, Jhey showed pH-dependent ‘swelling, disintegration and
dissolution behayior.  (Bo@imeier and Paératabul, 1989; and Bodmeier, Oh, and
Parmar, 1989) |

‘ Not onl'y sphetical " agglomerales- | but granules
(cylmdncal in shape) having swelling floating propeities also prepared by cross-
linking procedure. Hou, et al. (1985) prepared indomethacin granules by this
technique and studied release rate in beagle dogs. (Miyazagi, Hou, et al., 1988)
The results indicated that the chitosan granules were superior to conventional

capsules.
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This technique was documented in United State
Patent as a method to prepare prolong release of macromolecules such as

peptide hormones e.g., growth hormone by Cardinal and Curatolo, (1 990)

Cross-linked chitosan microspheres is novel
Preparation for using as a matrix for the controlled release system developed by
Thanoo, Sunny and Jayakrishnan (19?1} Microspheres were prepared by the
glutaraldehyde cross-linking of an aqu )c acid dispersion of chitosan in
paraffin oil using d|06tylsulfosuoc|nalb as the -stablllzmg agent. Drug-loaded

mlcrospheres were aI l:&'a similar fashlon by incorporating drugs
(theophyllme aspirin, ) into the chitosan soiution. Drug

, can be manipulated to obtain a

nearly zero-order release from the matnx

33 Cé_ ntroll _.iliase preparations

Th; preparation of theophyllme" granules coated with a
polyelectrolyte complex.of S6dium tripolyphosphate and-chitosan was developed
by Kawashima, et ‘al. (1985)" 'Initially granules containing theophylline and
Sodium tr_ipolyphosphate were: prepared.; nAfter that) grantleS\were coated with
the film of Sodium tripolyphosphate and chitosan. During the coating process, it
was assumed that Sodium tripolyphosphate in the granules dissolved and moved
to the outer surface. On the surface, the Sodium tripolyphosphate reacted with
chitosan in the coating solution, resulting in the formation of an insoluble
polyelectrolyte complex film. The drug release pattern of the coated granules

follows zero-order kinetics.
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3.4 Film preparation

Film dosage forms for oral administration have many
advantages over conventional formulation as follows: (1) good drug stability
(2) less scattering of drug powder (3) simple preparation method. Thus film
preparation using chitosan as a film-forming polymer was first studied by Kanke,
etal. (1989) In this study, three type§ ?f chitosan films containing prednisolone
were prepared and drug release from tbe%s studied in vitro. Three types of

- i

films are given here: 9 -

2 ;ﬂ?da'yerkt’ype (ML) prepared by evaporating the

ftom a drug/Chitosan mixture

la_yef_'fype (DL) prepared by sﬁckiﬁg together
ims, o& of whic!i contained a drug.

Im- Js‘DLﬂlm*Mm one of the ML film N-acetylated
Aceﬁc anh e and stuck onto the other ML film.

Release of the drug from N-Ac ﬁﬁ was Wnd to follow zero-order kinetics.
£

200Ut-fm-dosag ﬂorm was carried out by
Miyazaki, Yanmaguchr' and Takada (1990) By u§ing diazepam as a model
drugs, a film oomposed of a 1:0.5 drug-chitosan mlxture was obtained and might
be an effective dosage form that'is equivalent fo the commercial tablet dosage

forms. (Release characteristics were evaluated both in vitro and in vivo.)

3.5 Buoyant sustained release dosage form

Sustained release intragastric “floating" dosage forms based
on chitosan were developed by Machida, et al. (1989) Both chitosan granules,
prepared by deacidification and had internal cavities, and laminated preparation

prepared by laminating chitosan granules between chitosan membrane without
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drug, were buoyant and provided sustained release of drug (prednisolone). The
release properties were controlled by changing the composition of granules
and/or the properties of chitosan membrane. In addition, in an absorption study
using beagle dogs, sustained drug absorption from these preparations was
obtained.

4. Use of chitosan as a b&&»eslve polymer

An mcorporauon of bi _9adheswe:p_olymers in the formulation has
homocahze the dosage forms at a specific

the formulation. Some bioadhesive

been considered as au

site and to prolong a

polymers now used s pre pyl cellulose and carboxyvinyl polymers

—

(polyacrylic acid derivati RhOUQ['s have strong adhesive forces to mucous
membrane, it has

affected bioadhesive force

i terpg'lymgf,ppomplex formations, These complexes
thefiabletaé‘d_drug' release from the tablet,

¥ ir i

Takayama, et al 11990):‘|mestlgated bioadhesive propertles of
chitosan and Sodlumlhyaluronate in order to ﬁndmﬁi)table polymers by using a

lyophilized porcine &nms as a model of mueous J:nembrane The results
suggested that the 1Jablets containing both chltosan and Sodium hyaluronate
have strong adhesive! TOrces and the' reieass rate’ of brilliant blue (as a model of
water soluble drug) from chltosan-Sodlum hyaluronate tablets was greatly
affected. by the ehange of the po]_ymer mixing ratio. As this restilfs, chitosan can
be used ‘as bioadhesive polymer if it is combined with Sodium hyaluronate in

proper ratio.

Muccadhesive properties of chitosan were also studied (Lehr, et
al., 1992) by measuring the force of detachment for swollen polymer films from

pig intestinal mucosa in a saline medium. Surprisingly, hydroxypropyl- and
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carboxymethyl-cellulose showed almost no mucoadhesion, whereas the cationic
polymer, chitosan, was fairly mucoadhesive in comparison to polycarbophil as a

reference substance.

5. Use of chitosan as a liposome stabilizer

Chitosan and some der?v tives such as N-Carboxy chitin can be

applied to a suspension of liposomes_% a coating of the phospholipid
membrane, so that acts..ﬁg_a uyoppteciéﬁaﬁ prolongs the shelf-life of the

liposome preparation. 7 K -

. ; a protective substance or shield

_oﬁni@ properties in the low pH range, and
A

antacid and anti-ulcer actiyiti thaf méﬁy@vent or weaken drug irritation to the

stomach  Knapezyk, ef alf (1989} propesed that chitosan exhibit biomedical

properties of drug, gastmprofééﬁ;é eﬁ%ﬁepending on the dose. The study

indicated that chitosgn proteEte& the g"é‘st?u; mucosa against acute damage
N :r 4
induced by absolute'éthanol. = A

—r

AnothefJappIimtion of chitosan is to shield or protect sensitive
drugs from the(tedctivating, enzyines/arid pH iR #ie) sforfach. In this case, film
coating techniques ére used. |

. \Use'of chitin &s emuision 'stabiizers
Magdassi and Neiroukh (1990) studied the use of solid chitin
particles for the stabilization of mineral oil (paraffin oil) in water emulsions. It was
found that stable emulsions were obtained at a concentration of 2.5%(wiw) chitin,

when the water phase contained no surfactant. In the presence of 0.005%(w/w)

Tween 80, stable emulsions were obtained at 0.5%(w/w) chitin. From zeta
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potential measurement, it was concluded that the stabilization of the emulsion did

not result from changes in the electrical properties of emulsion droplets.

8. Enhancement of target-organ-drug concentration

Magnetic microspheres containing chemotherapeutic agents have
shown the ability to enhance greatly target-organ-drug concentration compared to
conventional mode of drug Thus, Hassan, Parish and Gallo
(1992) prepared ma
anticancer drug, oxant

linking/solvent evaporat

emulsion/polymer cross-
tion procedure, optimal
formulation - being of a 1] i _\entrapment and low surface
associated drug — cofiid e/t '# ined. 7 P\invivo investigations will be
performed in the future | e

AuEINENINYINg
AMIAN TN INYAE



	Chapter I General Background

