CHAPTER 1

INTRODUCTION

Chitin-Chitosan

Chitin-chitosan is natural polysaccharide with structure similar to cellulose.

Chitosan is obtained from deacetylation of chitin, a naturally occurring structural

i is also found in some microorganisms
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Figure 1.1 Chemical structures of cellulose and chitin-chitosan



Acetamide group of chitin can be converted to amino group to give chitosan.
This can be carried out by treating chitin with concentrated alkali solution (Scheme
1). Chitin-chitosan represents long-chain polymers having molecular weight up to
several million Daltons. Chitosan can be produced or fabricated into various forms

such as powder, film and fiber.[2]
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Chitosan is a~hatural organic compound; ible in water and general
organic solvents. Howeyer, chite ssolved @various organic acids, and
can be formed into gel, g?nule fiber and su{z}ce coating.

In natuxﬂ ?%ﬁm%@ﬁﬁgh to lives' cell-wall.

We can found ITéls polymer has many proﬁts for plants, ammals and human.
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b Enhance immunity
3. Disinfect bacteria and mold
Applications of chitin-chitosan span in various industrial fields including:
1) Cosmetics; used in shampoo, hair treatment, lotion, face powder, etc
2) Microbe defending products; 0.02% chitosan was able to inhibit the £-Coli in food,

similar concentration can also inhibit some plant destroyer microbes.

3) Dietic foods; use for decrease cholesterol and weight control.



4) Waste treatment; used as cationic precipitant for waste water. In environment

protection field, chitosan can be applied in waste water disposal, protein recycle and

water purification.

5) Dermatology: used in bandage for burn and scale.

6) Agrilcultural application; used as soil improvement, root activator, strength
booster, pesticides and microbes (bacteria, virus, mold) defender. Chitosan can be

applied in feedstuff additive, seed disposal, soil amelioration and fruit refresh-keeping
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primary and secondary. The primary hydroxyl group is more reactive than the

secondary one. These hydroxyl groups impose hydrophilicity to chitosan chains and
also contribute to the inclusion properties of the polymer.[3] Chitin-chitosan can form
inclusion complex with ion or other metals or molecules. Such characteristic is
appropriate for industrial wastewater treatment. The lone pair electrons on oxygen

atom not only form complex with metal ions such as Ca®*, Ni%*, etc.[4] but also



initiate the microorganism destruction. This latter function of the lonepair electrons
induces antimicrobial property to chitin-chitosan.[5]

Amino group

Chitin-chitosan contains reactive primary amino groups those are more
reactive than hydroxyl groups. Therefore, chitin-chitosan can be chemically modified.
Moreover, the lone pair electron of nitrogen atom can also form bond with ions and

metals, bringing the application for wastewater treatment as ion and/or metal absorber

to chitin-chitosan.[6] Amino group g lymer chain can be easily protonated to

provide positively charged po ion of ionic bond between positively

charged amino group an roorganism cell wall induces

antibacterial activity of

Acetamide grou

The acetamide group fo

of the polymer in most

Glycoside linkage® #» v/
GlycosiEei wél%ﬂ& m\ﬁemiﬁ‘le’g]aﬂﬁy[ﬂ via enzymatic

hydrolysis, i.e., &itosase, chitosanas¢ and lyzozyme. As a result they are responsible
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Chemical Modification of Chitosan

For the chemical modification of chitin-chitosan, it is known that chitosan is
more practical than chitin because of reactive amino groups. Chitosan can act as a
nucleophile to react with other reactive functional groups such as carboxylic acid,
acid chloride, and alkyl halide. Chitosan derivatives can be prepared via etherification
and esterification. It should be noted that the main problem in chitosan reaction is the

dissolvation of the polymer in organic system.



Chemical Modification at Amino Groups

Amino group on chitosan, which is primary amine, can act as a nucleophile

due to an unshared electron pair on the nitrogen atom.

Chemical Modification at Hydroxyl Groups

As mentioned earlier that there are two kinds of hydroxyl groups on pyranose

ring, primary alcohol at C-6 and secondary alcohol at C-3. However, most reactions

have been done on the hydroxyl grou\\t'?)/,since it is more reactive.
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Radiation degradation-of Chitosar is:m due to its effectiveness and

ease to control a proc / A$ é \ .‘Nl efforts for low molecular
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Many researches 3itosan properties such as
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Two steps process has dopted depolymerization for market

trial production scale in Th a@ﬁ s solid powder irradiation at dose of
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by dissolving the irradiated solid powder in water anujsuccesively precipitate the

chitosan by MeQH. Thé' yield is rather stiall about ’36 % ﬁlt it is a kind of by
product from t pueEsJ {Jﬁqﬁj mo‘;nm%lvi lelapp

has been put toq"éood use for salakg(Salacca wallichiana) fruit ceating to eliminate
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reduce water evaporation. Oligochitosan solution has been widely used as plant

ation as fungicide. It

growth promoter[12] in variety of decorative plants, flowering plants, vegetable, and
tissue culture protocorm like body, hydroponics, grape and others. Oligochitosan has
been mixed with shrimp feed to bond the granule, to reduce bacteria attack and to
enhance shrimp growth. Water soluble chitosan may find applications via its
antimicrobial activity such as addition into hydrogel wound dresser etc. Its activity of
anti-tumor may be a great potential to develop the production process of this

functional material to a larger scale.



Sunscreen

The sun is an immense nuclear reactor. As well as producing heat and light, it
also emits other types of electromagnetic radiation. Fortunately, the Earth’s
atmosphere filters out much of the more dangerous solar radiation. We, therefore,
cannot detect much of this radiation without special instruments. Beside visible and

infrared radiation, some harmful ultraviolet radiation, however, can reach the earth’s
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Figure 1.3 Electromagnetic spectrum



The ultraviolet radiation in sunlight and damage[13,14]

Ultraviolet radiation doesn’t get very far into bodies. It mainly affects our skin
and eyes. The most serious effect of sunlight on skin is the generation of cancer.
There are three main types of skin cancer, classified according to the type of skin cell
affected. The majority of skin cancers are not lethal. There are cell types in the skin
that can become cancerous as a result of exposure to ultraviolet radiation: basal cells,
squamous cells and melanocytes. All three occur in the epidermis — the upper layer of
the skin.

Sunlight also causes o m cause painful sunburn, which
usually shows up the day a&ure Su LSeaie0 2gcs skin. Sun-weathered skin

becomes leathery and |

ther blemishes can also form.
These are unsightly bu ide ngerous. The eyes are also

affected by radiation fro - Mii g ow up in the formation of

many factors.

Absorption

Good sunscreéefr chemicals ha ation in the range which

harmful to human. Pragcally a choice is made between ‘one or more sunscreens. As a

result, a certain bandwidth<filter usuall Spo a_combination of UVB and
UVA sunscreen uﬂ g nﬂnm ﬁfﬁlfj band UV filter in the
market.
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Whether a sunscreen is based on oil or aqueous gel, the chosen sunscreen
compound must be compatible with its base. As a result, a compound that can be
miscible with various oils or solvents is easy to use. Water soluble sunscreen is not
popular because of the problem on skin persistence.

Sun Protection Factor (SPF)

SPF is a ratio of the amount of UV radiation that produce erythema in skin

covered by sunscreen to the moment of UVB radiation that produce a similar



erythema in skin uncovered by sunscreen. The SPF value corresponds to the ability of

sunscreen to protect against UV radiation.

Classification of Sunscreen Chemicals[13]

Sunscreen chemicals may be classified according to the type of protections,
either as physical blockers or chemical absorbers.

Physical Blocker

A sunscreen that scatters or,r

leets UV radiation from the skin is called a

physical blocker. Zinc cream, Wg oxide, is this type of blocker but is
also prevents heat loss and

ed in sunscreens due to its
reflective properties. ers ten inly reflect UV radiation;

however, they can al IV “radiatic \ ific wavelengths. The sun

Titanium dioxide (TiO,) : —" ted 4 ce hydroxyl radical under UVA

s P

irradiation and,

Chemical Absoibers

Chemical absorb!’rﬁre or fW §j| ﬁ tion bands are in UV
region and helﬁ ﬁﬂ ﬁ %

UVA abéq(g)lrbers are chemicals'those absorbaadiation in the®320-360 nm region

of the b Yispicpym] Eramald) o] TYA] e inki@deF fenvophencone.

anthranilate, and dibenzoyl methane (see Figure 1.4 for their structures).

UVB absorbers are chemicals those absorb radiation in the 280-320 nm region
of the UV spectrum. Examples of UVB absorbers include p-aminobenzoate (PABA)
derivatives, salicylate, cinnamate and camphor derivatives (see Figure 1.4 for their

structures).
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Figure 1.4 The sunscreen absorbers used in the sunscreen industry
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Mechanism of Sunscreen Action[18]

Sunscreen chemicals are generally aromatic compounds conjugated with a
carbonyl group. An electron releasing group such as amine or methoxy group is
substituted in the ortho or para position of the aromatic ring. They absorb the harmful
short-wave (high energy) UV rays (280-400 nm) and convert the remaining energy
into longer wave (low energy) radiation. The process of sunscreen action is called

“photophysical process” which no change in molecular structure. Mechanism of

sunscreen action (Figure 1.5) involye itation of electron from ground state by

, / ctron from excited state to ground

IR or heat.

absorbing the UV rays. Then ug

Absorbs high
energy UV rays

(280-400 nm) Emits low enegy rays
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Molecule in

Ground state lecule returns

to ground state

Chitosa ‘a g
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As ?an be analyzed fromh the chemigal structure, chitosan exhibits high
crystaiy Bk Gl I lamaitcbf hatodh fbnd Ehk. Combining
with the qhigh molecular weight, chitosan posseéses problems on solubility and
reactivity. The polymer is quite inert and can be dissolved only in acids. However,
chitosan is attractive to propose novel derivatives.

In 1980, Fujii ef al.[19] illustrated that the derivative achieved from the
complete N,O-polyacylation of chitosan with an excess of long-chain acid chloride
can be soluble in some organic solvents such as N,N-dimethylacetamide.

dimethylsulfoxide and pyridine.
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In 1991, Nishimura er al.[20] studied availability of regioselective
chemical modifications in homogeneous solution under mild conditions for efficient
transformations of chitosan into variety of soluble derivatives by using completely N-
protected derivative. Selective and quantitative N-phthaloylation of chitosan
proceeded smoothly by the reaction of chitosan with phthalic anhydride in N.N-
dimethylformamide (DMF) at 130°C. The resulting phthaloylchitosan exhibited much
improved solubility in common organic solvents such as DMF, N.N-

dimethylacetamide, dimethylsulfoxide

c
phthloylchitosan exhibi

water as solvent. was observed. The N-

olvents, although somewhat
lower than that of N-p thaloyl groups.

In 2003, ~al] : , controlled  hydrophobic/

In 2003, Zhang .el_aﬂ{?&] *,{ e new method to introduce O-

succinyl group into ¢hito nder the protection of amir | group. Protection group at
p A

the amino moieties "Was removed la ydrazine hydrate. O-succinyl-

k| |

chitosan showed much-higher solublhty in water. The study of enzymatic degradation

revealed that ﬁ chit bility to lysozyme.
Improving watérT ﬁ ﬁﬁ ﬁmgmﬁv’lﬁ ﬁsuccnnyl group into
through thr hydroxyl functionality matrks the significance of this stady. The change of
a4 B RN TN B o
the formdtion of crystallization. The obtained product can, therefore, be further
chemically modified and may have potential biomedical applications.

In 2005, Lebouc et al.[24] studied two ways of grafting PEG onto
chitosan. According to the way used, characteristics of PEG-g-chitosan were

different. In the first way, primary alcohol on chitosan was first protected before PEG

was introduced. The second way allowed PEG grafting onto original chitosan directly.
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Irradiated Chitosan
For the past few years, several efforts to produce low molecular weight
chitosan and/or oligochitosan have been done, for example, acid or base hydrolysis’,
enzymatic digestion and radiation degradation.
In 1996, Andrady et al.[25] studied UV irradiation on chitosan and found
that acetamide groups were cleaved and changed to amino side groups when using
low energy (A>360 nm), while glucosidic linkages were broken at high energy level

(2>260 nm) to form carbonyl at the chai In addition, the decrease of molecular

The y-ray radiati out in both dry and wet states.
There are many research on chitosan properties such

as the decreasing of mo i ious conditions and the formation of new

In 1988, Ae / [ stu ‘ oy adiation on the wet state of
chitosan, i.e., aqueous solati v. ; ; \ he molecular weight was
found to decrease for 10'ti jith ; B0 | et state whereas irradiation
for dry state showed the deCrease md!;@i __F 3. ’s with the same dose.

In 1992, Ulanz 2Z£e:(§amm : Ghanges of chitosan structure induced

nol/] in oxygen while the
corresponding yielded<rosslinking w 7 hesStudies also classified the
molecular weight decremes and the carbonyl and carboxm groups were formed as the

y-ray dose increased.
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preparation of ol?gochltosan Mv of 45 kDa was found to be 75 kGy, using 10% of 100
o SR R FE G BT BB B o
oligochitdsan with DP>8 was about 30%. Upon using the neutralized ohgochltosan

solution to investigate for young orchid plant growth promotion.

Sunscreen
On certain aspects, sun light can be beneficial (Vitamin D synthesis).
However, it can also have serious damaging on skin such as actinic aging, sunburn,
photoaging, and skin cancers of different types.[29] Thus, it is very important to use

sunscreen agents in order to protect oneself from the effects of UV. Health agencies



13

world-wide also recommend the use of sunscreens as a means of lowering the risk of
developing skin cancer.

Recently, destruction of the ozone layer that acts as a barrier layer
protecting against ultraviolet rays from the sun has been occurring along with the
progression of global scale environmental changes. As a result, the bare skin of
people has become exposed to stronger ultraviolet (UV) rays from the sun. These UV
rays include high amounts of energy and have a variety of harmful effects on the skin.

Thus, many attentions have focused tion of UV ray protection agents.

Sunscreens ha mary means to minimize those

possible damaging effects and phototoxicity on human
skin. Esters of 4-methg e popular UVB screening
compounds used in va creen products. The most
widely used derivative j ethoxycinnamate (OMC)

which possesses a high g ! ion co ient (), approximately 22,000-24,000

the skin layer into blo -"ta circulation. S was drawn from the discovery

that OMC could be rec'ered from milk of human volunte |' BIS.

of OMC sunscn m et %both pig and human.
The correlation of the qualxtatlve data between pig skin and human skin was very

i 0 VA DI A V) o

skin.

Existing problem solving method for transdermal absorption of
sunscreen included encapsulation of sunscreens into various carriers to slow down
their skin penetration rates, making UV filter as a polymer molecules and adjusting
formulation to reduce the penetration rate.

In 2003, Jimenez ef al.[36] reported the evaluation of the in vitro
transdermal permeation and skin accumulation of octyl methoxycinnamate (OMC)

through pig skin. They determined the quantity of OMC in different pig skin layers
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(stratum corneum, viable epidermis, dermis, and receptor fluid). The study showed
that by encapsulating OMC into nanocapsule, skin permeation of OMC could be
decrease.

In 2001, Godwin et al.[37] determined the influence of Transcutol®
CG concentration on the transdermal permeation and skin accumulation of two
ultraviolet (UV) absorbers, 2-hydroxy-4-methoxybenzophenone (oxybenzone) and 2-
octyl-4-methoxycinnamate. The results demonstrated that the inclusion of
Transcutol® CG in sunscreen formulat increased the skin accumulation of the UV
absorbers oxybenzone and ci w& ncomitant increase in transdermal
permeation. \

In 2002,
by UV light exposure

t and prevention of sunburns
L. Prevention of sunburns by

effects in combination or

portant aspect was the

ly the same protection as

In 2003, Pattanaar son et al. : irafted 4-methoxy cinnamic acid on

silicone. The oﬂ u i&ld@ Edlmb r&l QMM to that of OMC but

with much lowe?Jskm permeation angd better photostability propertys

& PEPERAPE R A ferbdstlofitfiad envancea

photo-prdtective properties without the inclusion of additional sunscreen agent. The
invention indicated that carotenoid in the presence of sunscreen agent synergistically
increased the SPF of the composition compared to a composition without carotenoid.
To overcome the transdermal absorption of sunscreen, here it was
hypothesized that covalent links between multiple units of the 4-methoxycinmate
moieties and a chitosan polymer would create low-penetrating biocompatible UV-
screening compounds. Skin penetration of the 4-methoxycinnamate moieties could be

avoided because of the presumably very little diffusion through skin of large polymer
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over a limited period of time. Herein it was described the grafting of 4-
methoxycinnamiate moieties onto chitosan polymers, the study of the photostability

of the grafted products and the investigation on the UV absorption profiles of the

products.

Scope and objective of the present work

As mentioned that problem of skin permeation of sunscreen has been realized

' i one polymer, skin permeation of
) éplan to create UV -absorptive

chitosan derivatives b chromophores such as, 4-

methoxycinnamoyl and groups onto chitosan. We
the obtained UV -absorptive

chitosan will be improyed. Fhe use of chitosa ier backbone will make the

Grafting of such’che hotes cou - do th ough esterification between

imic acid) and phthaloylchitosan.
Both phthaloylchitosan and éra.;’
il 'f J".-‘ j’- ::: {

amic acid were first prepared as
described previously.[42]
Evaluations c oducts
- Chemical |

- Solubility
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