CHAPTER II

RELEVANT THEORY
2.1 SKkin
2.1.1 Skin biOlO "“""‘-:‘"';\1 ct @
Skin covers thevexternal"surfaCe o . It is the largest organ of human

body, about one-sixth of jeta] 7:‘. eight. It eonsists of two main layers which are

epidermis and dermis / 1 ,&\\g\

pidérmis is located adjacent to the
o’ L N
basement membran€ thg ses thesdermo-epidermal junction. The layer below

tructure are shown in Figure
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Figure 2.1: Layers & structures of the skin [4].



2.1.1.1 Epidermis

The epidermis, approximate 1 mm in thickness, is the upper layer of the
skin providing the body with its first line of defence. It consists of five morphological
layers, as following: Basal cell layer, the germinal layer; Spinous or Prickle cell
layer, named for the prickly appearance of cells at high magnification; Granular

ranules that contribute to the process of

in extremely thick skin such as in
orny layer or Stratum corneum,

- - - J -
comprising flattened deells 1cw be removed and replaced with

the below younger cells.

layer, consisting of intracellular

keratinization; Stratum luci

fingertips, palms, and s

cell maturation gradient along

which cells move i : a o yte in the basal cell layer are

continuously dividi n u . moving along the layers toward
the outside, and finall rdb the a . w g cells below them. A process of

cell movement with a jpe 5. 50" ddys is established along the maturation

gradient. Stabilization of the epidermis 5 affc d d by a meshwork of filaments inside
the cytoplasm that serves to 2 b ng cells to each other. The result is a
== "" =

mechanically stable stands the constant abrasion,

desiccation and the variety of biological grchemical assaults which the
body is continuousl@xpo - on, sta@al mechanical stabilization is
supplied to the epldenius by the underly thick dermis, which is below the basal
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supply nutrientg to support the actlve growth of new keratmocyte cells.
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ermis

The dermis is the inner layer of skin and consists of two layers, papillary
and reticular layers. The papillary layer is the top layer of the dermis that attached to
the epidermis. It comprises relatively thin loosely packed collagen fibers and sensory
nerves that end at the epidermis. The main bulk of the dermis is the reticular layer. It
comprises highly interacting collagen fibers that are thicker and more closely packed

than those in the papillary layer. The collagen and elastin fibers provide strength and



flexibility to the skin. The dermis is the living layer that acts as a substrate and a
support network for the epidermis. It is differentiated into various components such as
sebaceous glands, sweat glands, nerves and hair follicles. Here are some details of
these components that enhance the function of skin.

Blood vessels supply nutrients to the dividing cells in the basal layer and
remove any waste products. They also help maintaining body temperature by carrying
more blood when the body needs y

t from its surface. They narrow and carry
) nt of heat lost at its surface.

Specialized pervesinithe Qrm@at cold, pain, pressure and touch
and relay this informati®

Hair folitéles afe €mbgc the . and occur all over the body,
except on the solesgpalms 3 ps -Each hair. folli as a layer of cells at its base
that continuously diyies#pus! ; . :. okl “- clls upwards inside the follicle. These
cells become keratinizg 1a |

A sebaceous jgla ns inite' ach hair follicle and produces sebum, a
lubricant for the hair andfSkin4tHat h - g water, damaging chemicals and
microorganisms. |

Sweat glandssocCut on all/skifn™ Vhen.the body needs to lose heat,

these glands prodi 'Y cat which 1S 2 mixt = J' ts and some waste material
] y
such as urea. Sweﬂ o 1T via the sweat duct, and the

evaporation of water rom the skin has a coolmg effect on the body.

ff;e?‘ ﬂm fnng repair after a severe
injury, man‘)ﬂ uﬂ not ‘gn ial to the ‘ﬁct cti%mng of skin. Fibroblast,
whic ia ﬁf’ d maintenance
of thﬁ lﬁu{j aﬁﬁimnﬁﬁﬁmwi bmed with non-

ﬁbrous substances such as glycosaminoglycans (GAGs) to form an extracellular

matrix (ECM). The ECM supports the basement membrane, ensuring the integrity of
the dermo-epidermal junction. Also, organized tissue renewal depends on the ECM.
For collagen, its turnover is normally low but it occurs at a higher rate during damage
repair. Furthermore, the vascular network, which is difficult to replace, is quite critical
to skin regeneration. Without an adequate blood supply, repair is inhibited, and if

revascularization cannot be achieved, the result of healing is scar tissue.



2.1.1.3 Subcutaneous fat

The innermost layer of the skin is the layer of subcutaneous fat, and its
thickness varies in different regions of the body. The fat stored in this layer represents

an energy source for the body and helps to insulate the body against changes in the
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outside temperature.

2.1.2 Function of s

The epld

physical barrier aga

ainst dehydration and acts as a
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also protects against diverse

insults, including the§€ ofneth ~ ,-‘ ms emical, and ultraviolet origin.

2.1.2.2 Fugétiof of deriinis

Agaliay
The dermis 8tpj nsg FMis N

tough base that can repeat€dlgiabs OFD- ial ‘mechanical forces of various types,

) vital ways. First, it provides a

including shear, tensile, an 1d-Compre r'é es. Second, it incorporates a rich

vascular system 1_: Ais required for the metabolic supr art of the avascular epidermis.
The blood supply el ,
papillary layer. In 1! tion, the dermis is the largest
contains receptors for l‘Glﬂh ressure, paifid and temper: It also thermoregulates
the body by %&J ’J‘ ﬁ ﬁﬁ%ﬂﬁ ﬁlﬁoss is facilitated by the
evaporation otqgweat from the skinysurface and by an increase in_blood flow through

* RRARIAITHIN ’J ngnae

2.1.3 Regeneration of skin

Y/ R
able to the epidermis at the

nsory organ in the body and

Epidermis, the regenerative tissue, is spontaneously synthesized by
keratinocytes. In contrast, the dermis does not spontaneously regenerate. This can be
observed in the response to a severe injury, such as full-thickness wound. The
resulting wound closes spontaneously by contraction of edges and synthesis of

epithelialized scar. The epidermis of scar is thinner and there are few undulations in



basement membrane. In the subepidermal region of scar, collagen fibers with their
axes oriented in a relatively random array, are absent. The connective tissue layer of
scar or dermal scar is largely avascular, rarely has nerve endings, and the collagen
fibers are packed tightly with their axes oriented largely in the plane of the epidermis.
The characteristics of non-preferable scar tissue can be concluded as follows.

a) Fully crosslinked, having only 70% of the tensile strength of the tissue it

replaces. E ; ! ’ ,/
b) It is not fully gc ' @ntiated.

c) Scar tissue is ly i fi BTG
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2.2.1.1 First-dggreeb

Jl_;é:

affect the epidermis as shown i &
B Lt

do not require mecLl’iﬁal attention.

Figure 2.2: First-degree burn [6].



2.2.1.2 Second-degree burns, the results of direct contact with flames,

cause damage to both the epidermis and the dermis that can be dangerous to health as

shown in Figure 2.3.

as fat, muscle, andd" Innective tissues as SW
| —

Figure 2.4: Third-degree burn [6].
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2.2.2 Mechanism of spontaneous wound healing

Natural wound healing typically consists of three phases:
- Inflammation and debridement,
- Repair or fibroplasia,
- Maturation or tissue remodeling.

From Figure 2.5, there is considerable overlap among these phases.

Dhaw* "f' Wound Healing
Hemostasis & - .
L i ition

| .,I
|
l
4

_,....-J,..-"’_;;,f' “L N

Inﬂammatlon and debrufément N {

jbj(iy enters healing process.
y contacting v&ikh collagen outside the blood

_*y a wound is sus
Platelets in the bloé& are activate
vessels, which causes themn to adhere to éach other ‘_tjl::ﬁll d coagulates). They also

release chenﬁtjpuﬂlan o t \4 UEJ

and platelet aggregatlon to enlarge clot and plug the wound. White blood cells are

oo e g oD ol e | b Y] T} o, so capitrcs

surrouriding the wound become engorged. This engorgement has the effect of

ns to stem blood flow

increasing the permeability of the capillary walls. Lytic enzymes remove dead tissue
to speed the healing process. The length of the inflammation and debridement phase is
prolonged by infection, lack of blood supply to the wound site, and the obstruction by

necrotic tissue. Inflammation and debridement phases are shown in Figure 2.6.
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tissue debris T agide

Fig e < i I'matin and debridement [7].
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Repair 1

The repair _ twelve hours of the wound
occurrence. This i ' gfagulation, fibrif ,- n.and epithelialisation. Granulation
involves the formatioft offfa ab}%r; I'?4 as \ ffold for new cells to attach to.
Depending upon the sey€rif o?t und, fibrification may be required. Fibroblasts,

A

which produce fibrous tis e, emer .th_t;'.. A sité during fibrification. Fibrous tissue
acts as a barrier agamst inf Em d for wound contraction, during which
intact tissue around th g thelsides of the wound together.

*“", tion. Once a scaffold is in
: lgratiolflmd multiplication of cells to

Revascularizationsg
place, epithelialisatig can take pla
form new tissue. The gresence of infectign, too much granulation, and insufficient

blood suppl)ﬂ' u Etha w %} ﬂcﬁeﬁ&qsﬂgm or fibroplasias phase

is shown in Fi%l]re 2.7.

quaﬂﬂimw

Figure 2.7: Phase II — Repair or fibroplasia [7].



12

Maturation or tissue remodeling

Depending upon the severity of the wound, maturation takes between 14
days and 12 months to complete. The fibroblast concentration at the wound site is
reduced, and fibroclasps enter the site. Fibroclasps produce lytic enzymes that remove
the irregularly arranged collagen laid down during the initial phases. The wound site
is then strengthened through regene ation of the ECM. This is achieved by the laying

down and crosslinking of correc b ollagen fibers by fibroblasts. Scarring

occurs when the damage is.ex “Ih8lan" adequate support system cannot be
.‘ . - -
regenerated. The blood e ced. Scars typically exhibit an
inverted triangular cross- > encroaches from each side above
the necrotic dermis, leaya s1ble at the surface. Maturation

or tissue remodelin

Collagen fibers

A ot %ﬁlﬂ%ll?‘l@ el | gmoceting (7.
q RIAINTNU IR AN Y
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The mechanism of wound healing is illustrated in Figure 2.9.

Skinsuface  Red blood cell

re 2.9: Mechanism of wound healing [8].
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2.2. 3 e irreversibility of wound

BB Ehbd AR A s et

scarless healing. The transition in wound healing from fetal to adult is apparently
characterized by at least three major changes: increasing in the expression of the
fibroblast phenotype associated with contraction of granulation tissue, decreasing
levels of hyaluronic acid synthesis, as well as increasing importance of closure by
contraction rather than by regeneration with increasing development. These changings
bring adults to response to chronic and acute injuries by repairing the injured

anatomical site. Therefore, adults always face the problems of scar formation and loss
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of tissue function more than infants do. The problems can be solved by changing
healing process from repair to regeneration.

Skin repair is an adaptation to the loss of normal tissue mass and leads to
restoration of the interrupted continuity by synthesis of scar tissue without restoration
of normal tissue. In contrast, skin regeneration restores the interrupted continuity by

synthesis of the missing tissue mass at the original anatomical site. Therefore, skin

regeneration is distinct from s endpoint of a healing process following
injury. Regeneration resta e and the function of the tissue while
repair does not. Ski ] a)@e unaided by the spontaneous

regeneration or it m ; W, eli\; induced regeneration template
such as skin substi

gical structure and function of

Induced re ofy
nonregenerative tiss : \h\ ggeneration may be induced in an
adult by the use of ¢ or s "’\o" Some additives such as cells and
cytokines can be inco & ~ aceelerate the regenerative process.

Various types of induced eration tcmplates Will be described in the next section.

2.3 Skin subst

2.3.1 Histofs il

The technique #feskin harvestinggand transplantation was initially described

appmmategmgo’m SR SINEID T st in wich s

grafting was $ed to reconstruct poses that we ere amputated ag @ means of judicial
PG ARIF IR U RYAREY oo miciotue
nineteehth century, including Reverdin's use of the pinch graft in 1869; Ollier's and
Thiersch's uses of the split-thickness graft in 1872 and 1886, respectively; and Wolfe's
and Krause's use of the full-thickness graft in 1875 and 1893, respectively. Today,

skin grafting is commonly used in dermatologic surgery.
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2.3.2 Types of skin graft [10]

Five approaches have been used to solve the problem of nonregenerative

tissue.

2.3.2.1 Autografting

A mass of similar or identical tissue from the patient is surgically removed

and used to treat the area of loss. oach can be considered to be spectacularly

successful until one considezs the long t incurred by the patient. An example
ograft &eas of full-thickness skin loss.

Although the patient i autoprafi fully with excellent recovery of

praftsemains scarred. The autograft is

not available in cases , 1tlg Over e than 30% of body surface area.

The donor is 4y ically harvested from a cadaver. Allograft is
harvested within a day aft ..:,-:,.,— dis _ ed at liquid nitrogen temperature.
While allograft skin will ultlm t cquireexcision and autologous regrafting, it may
adhere well to the-woun : : befoge- clinically obvious rejection
occurs. Neverthel \;_{-——r 1 for burn coverage are good,
problems with availability, lse% transmission and questions
about the detrimental e{fects of the cryopreservatlon process have limited its use.

AHEANBNINGINT

enografting

g] Wéﬁfﬁf@ﬂ @ﬂﬂgtﬂ%q&% %qlnﬂlsacéf E}st often porcine

or bovifie. It has also been tested extensively over the years in order to be used instead
of autograft and allograft. Results are similar to those with allograft that there are the

ultimate rejection and the requirement for removal within a few days to a few weeks.

2.3.2.4 Grafting of cultured cells

Cultured cells graft is based on efforts to synthesize tissues in vitro using

autologous cells from the patient. This approach has yield so far a cultured epidermis,
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a tissue which regenerates spontaneously, about 2-3 weeks after the time when the
patient was injured. /n vitro synthesis of dermis, a tissue which does not regenerate,

has not been accomplished so far.

2.3.2.5 Synthetic skin substitutes

This approach is based on the discovery an analog of ECM that induces

ess skin wounds in adult mammals.

Both synthetic and natura to produce the ECM scaffolds or
—

synthetic skin substit -

2.3.3 Reasonsf/ £ \\m ,\‘

The increasin “burme patic 5 Who have insufficient sources of
autologous skin for grafti wings /a high, cost ‘for ospitalizations. The annual
0,000, the prevalence of venous
5-20% of people with diabetes
eventually suffer a chromic foeiw« ditect cost for recovery from acute

injuries range from US$36,0 gi_‘g 1700 atient or over $5 billion per year [11].

In addition.~there are many disadvantages o “some traditional treatments,

A

allograft, and xe V_a : them a viral infection.
Furthermore, they ar ery expensive and time-cons [g g. Therefore, the synthesis of

skin substitute from fattsal and synthdtié materials, ﬁ %)vel method, has been

developed in%u&l %Mr a tw EI /]
ARAAERAINGIN 6 8

2.3.4.1 Skin substitutes for wound cover

Biobrane is a bilaminate membrane consisting of nylon mesh fabric
attached to a thin layer of silicone. The nylon mesh is coated with peptides derived
from porcine type I collagen. in order to enhance cell attachment and growth, while
the silicone serves as a semi-permeable membrane. Biobrane is recommended for use

on superficial partial-thickness burns within the first 6 hours of injury, as it is best
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reserved for clean wounds, also, it has been used as temporary cover for freshly
excised full-thickness wounds. Healing process is expected within 10-14 days.
Transcyte is a fibriblast-seeded Biobrane so its healing properties can be
improved. Because nylon is not biodegradable, this material can not act as a dermal
substitute. The role for Trancyte is currently evolving to target partial-thickness burns.

It adheres rapidly to a wound surface and stimulates epithelialisation. The results of

healing indicate that wounds treated cyte heal with less scarring.
Dermagraft is_a%eryoprese dermal structure, manufactured by
cultivating fibroblasts on'a der SCg ﬁoblasts become confluent within

the polymer mesh, se 0 g h fac l matrix proteins. Dermagraft
\ f fibrovascular tissue from the wound

facilitates healing by At the \\
helinlidh &/ A

healing of chronic lesi@h rafhg  fors ‘h,-: wounds.

marketed for stimulating the

skin from which the epidermis has
been removed and the cellular r:.;=.= 0 , L the dermis have been extracted prior to

cryopreservation im 0 void a spec aune” response. Its role is as a

£ 00d take rates and to reduce

0

Integra is cErrently the most \&}iely accepted synthetic skin substitute to

be developeﬂ)%ﬂ ﬁarﬂﬂaﬁm % E}ﬂ»ﬂ dﬁgnauy by Yannas et al

[13]. Integra §4s shown in Flgure 2.10, has a bilaminar structure con51st1ng of

). W NPT M 12
silicon ol apphcatlon to a

freshly excised wound, the collagen layer is biointegrated with the wound to form a

subsequent scarring ﬁfu -

vascular neodermis, a process that takes approximately 3-6 weeks. Once this stage has
been reached, the silicone layer can be removed and an ultra-thin split-skin graft is
then applied. The disadvantage to the use of this product is that it is relatively

expensive when compared with cadaveric allograft skin. The advantages are that it
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provides improved elasticity and cosmesis, as well as, a fast healing with less

scarring. Also, it reduces the risks of cross infection.

in dermis, which is mainly u aposed 6f type | collagen and glycosaminoglycans

(GAGs). The firstsskinffegeneration” tem: alled INTEGRA by Yannas, as

previously mentio Tg«_‘-— X |
The synthetiﬂca fold gned 10 approximate the supporting layer of
protein and carbohydra&e normally secrete&’by dermal cells. Unexpectedly, Burke and

Yannas fomﬂrwqeoﬁ.ﬂ%§w ﬁ’%ﬁﬂo a wound site, dermal

cells around the wound site mlgrate into to the artificial matrix and attach to the

o B T S T e e
hum:ﬂo | ic wt e'de s grow into the

wound to vascularize the new tissue. After the dermal layer has had a chance to repair
itself, the outer membrane can be removed and replaced with very thin epidermal
transplant that providing a natural moisture seal.

To have a collagen matrix that will attract dermal cells to colonize it, the
matrix must have a specific surface which involves the density of attachment sites for

cells. The rate at which the matrix degrades is also very important. The matrix must
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persist while the inflammation rages on, but ultimately it must be degraded so that it
can be replaced by authentic human collagen.

For a severe burn, the protein matrix itself is severely damaged, and the
original cells in the wound have died. The burn site itself is temporarily occupied with
immune system cells, like macrophages and lymphocytes, which keep infection from

spreading. There are no appropriate cells left to replace the matrix correctly, and there

1s no matrix left to organize the niregeneration template solves the problem
by providing a synthetic m — ) hich new tissue can arrange itself.
Integra claims to have = : %s even in older patients, whose

skin is already thm ow conducting clinical trials to

expand its use to co g caused by previous wounds

‘}\\\\\:““
or burns. This is a la

2.4.2 Charactegistiés of extra \ iscaffold [15]

Growing cells i as been of great interest. In this

approach, scaffold plays @ ;ig It guides cells to grow, synthesizes
extracellular matrix and other-bigiogi '::.' lecules, and facilitates the formation of

et

e B

functional tissues. [
Ideally a %‘il 0. Characteristics to bring about

the desired biologic @ponse m
a) Three-dimensional and highly pgreus with an interconnected pore

neﬂ o bfchliys$d %\% @%ﬂ;ﬂ ofputrients and metabolic

wastél
CLENARIE RN
§ resorption rate to mﬂswe growth in vitro anﬁ? in vivo
¢) Suitable surface chemistry for cell attachment, proliferation and
differentiation
d) Mechanical properties to match those of tissues at the site of implantation

e) Easily processed to form a variety of shapes and sizes



20

2.4.2.1 Pore size and curvature

Scaffold pores can be divided into two categories based on size as micro
(diameter < 100pm) and macro (diameter > 100um). For colonization of macropores
to occur, the minimum pore size in which bone will form is claimed to be
approximately 100pm [17]. Some works have created scaffolds with pore sizes of

between 150-300pum and 500-710p promote bone formation [18]. The pore size

type. For example scaffolds with pore

cce esl for regeneration of skin in burn
grw response when pore sizes of

employed may also be depen
sizes less than 150pm ha
patients. Osteoblasts a

200-400ufn are e.mploy % ! 1\\\

may provide optimum

e curvature of the pore which
| the cells mechanoreceptors and
allow them to migrate ingé th

The intezd€tiof of the tissue ‘with the ‘seaffold and transplanted cells
can be controlled by b : ffold and the internal structure. The
number of inflammato#y zyme activity around implanted
polymeric scaffold has beg Jfound o de on'the geometry of the scaffold. The

scaffold geometry that con ' 7 jure has reported to have the greatest

response [10]. . -
The pote’
transplanted cells wig the ho

-
"interaction of the scaffold and
NOTC struc@e is characterized in terms of

the size, size distributign,.and continuity gf; the individual pores within the scaffold.

e G A4V PRI Tz
N ¢ o o/

q Type - Pre dlameter Penetrable molecules
Microporous d <2 nm small molecules
Mesoporous 2nm <d <50 nm small proteins
Macroporous d > 50nm large proteins and cells

If the pores are large enough (d>10'nm), cells are capable of migrating

through the pores of the scaffold. The proper design of a scaffold can allow desirable
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signals to be passed to transplanted cells. Fibrovascular tissue can invade a scaffold if
the pores are larger than approximately 10 pm, and the rate of invasion increases with
the pore size and the total porosity of a scaffold.

It is important to realize that many materials do not have a unimodal pore
size distribution or a continuous pore structure, and the ability of molecules or cells to

be transported through such a scaffold will often be limited by such bottle necks in the

pore structure. In addition, the \ W of a scaffold may change over time in a
biological environment. ‘/‘/’

—

and microporosity

oI {
’ |

A scaffold ¢ . \ ous networked structure allowing

L)
i\.
®

: aintenance of penetrating cells
from surrounding ti evelopment W tissue in vivo. The more the

it i ur. Chang et al.[17] proposed
that the degree of inter o greate uence on osteoconduction rather
than the actual pore size. fntgreom sctiy a pliysical characteristic that aids in the
delivery of nutrients and re 2l ofme ic waste products. When the pore size
used is too small, _g_,u : ion ¢ enting further cell penetration
[19]. It is essential:

gtable PO

degree of interconnectivity in
e, morder to mi@nize diffusion limitations and

conjunction with a

pore occlusion. The ingqeporation of miggoporosity within the scaffold material may

fave addmoﬂ u E’g’a vw E&% suwrﬂ'}ﬂ %d cellular response.
q W“’fﬂ’*&ﬂ‘jm HENY1UA Y

The scaffold with the following physical attributes makes it ideal for use as
a matrix for soft tissue repair:

a) Flexibility

b) Tensile strength

¢) Suture Retention

d) Excellent handling properties



22

2.4.2.4 Biological Attributes

In addition to favorable physical properties, the acellular matrix provides a
biochemical and extracellular environment that contains the following biological
characteristics:

a) Minimal antigenicity

b) Allows revascularization

The three 7 Yhie \ 3 been successfully used in
a) Natdra! : as)| ¢ \\ gelatin, glycosaminoglycan,
b) Syntheti€ polymers-bas o 0 pols laetic acid (PLA), polyglycolic acid
) Ceramlcs such-3 ‘7:"'.. xyapatite(HA) an B-tricalcium phosphate (j3-

Synthe . { l-"‘ o various structures and can

be produced cheap and reproducibly. Moreover, ¥#'is possible to tightly control

various pro lﬁ m bicity, and degradation
rate. Naturalﬁ ﬁ i@ﬁlﬁ ﬂn?ﬁﬁ or human tissue. They
are typically expenswe and suffef from large batch-to-batch vagiations. Furthermore
e WARIAT R B DIE R rties and cn
difficult to isolate and process. Although they have some limitations, there are some
important advantages of using natural materials, for example, they do have specific
biological activity and generally do not elicit unfavorable host tissue response. Some
synthetic polymers, in contrast, can elicit a long-term inflammatory response from the
host tissue. Ceramics have also been widely used, due to their high biocompatibility
and resemblance to the natural inorganic component of bone and teeth [17]. Ceramics

are inherently brittle so that their applicability in soft tissue engineering is limited.
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Beside of the materials, fabrication techniques are also another factor that presents
many challenges in obtaining specific physical and biological properties of the
scaffolds. Many choices of fabrication techniques lead to get the desired scaffold

properties.

2.4.4 Scaffold fabrication techniques

Several techniques have beeér to fabricate scaffolds. These include

solvent casting and particalate leachi ing, fiber meshes/fiber bonding,

in Table 2.2.

Table 2.2: Conv s for tissue engineering[16]

Process

Solvent casting ited munbmne thickness
and particula

Ieaching

ited interconnectivity

Residual porogens

Poor control over internal
architecture

Fibre boi _-_;' L -'—A__ - ge of polymers

—_— R b otvents
mechanical strength
I over internal

pore sizes
required for
polymer
Macro shapg'control =, Residual porogeng, #

ammmzmzmmmm

porosity and pore size

Polymer/ceramic  Independent control of Problems with residual solvent
fibre composite orosity and i .
f;a m po pacosity PR Residual porogens

Superior compressive strength
High-pressure No organic solvents Nonporous external surface
processing,

Closcd-pore structure

Freeze drying Highly porous structures Limited to small pore sizes
High pore interconnectivity

Hydrocarbon No thickness limitation Residual solvents

templating :
SRS Independent control of Residual porogens

porosity and pore size
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2.4.4.1 Freeze drying technique

Freeze drying or lyophilization is an ideal method of preserving products,
and active ingredients such as proteins, enzymes, microorganisms, chemical and
natural products. Freeze drying is the only way that water can be successfully
removed from an organic substance or material without damaging the cell structure

and losing of volatile components.

The first ste

3Dl duct is to convert the product
into a frozen state. It igq - o process, the solvent or water
1s crystallized. The f I a separation of the solutes and
the solvent. Since the generally greater than that of the
solutes, the formation a region between the crystals
known as the interstiti e freezing process is to cause a
separation of the solute

The second step igSeislimatiol e frozen, the product is placed under

vacuum and gradually heated g the product. This process, called

sublimation, transfertas the ice directly into water vap por, without first passing through
the liquid state. )ﬁ; - 7 2

is quite slow, we ca E“ ncrease the sublimation rate by-decreasing the pressure above
the ice surface., This is*aé@omplish y ing the frozen material into a chamber
and removmﬂ tgrﬁ Ejmgﬂm‘izven off by the product
in the subhmatlon phase condensegas ice on a gellection trap, known as a condenser,

withifgghé J98cubtmindnbar oF 63 b dohiifer. 1t (36l zeh fbdadt should contain

3% or 18ss of its original moisture content and should be properly sealed

ed at atmospheric pressures

The result of these two steps is the porous scaffold. Pore size, porosity, and
interconnected pore of this scaffold depend directly on concentration of solution, and
freezing rate.

The key components of a lyophilizer and each component's function are
along with the five significant stages of processing. Figure 2.11 summarizes the

procedures of lyophilization. Examples of lyophilizers are shown in Figure 2.12.
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Figure 2.12: Examples of lyophilizers [22]
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2.4.4.2 Crosslinking methods [23]

To enhance mechanical properties and decrease biodegradation rate, the
scaffolds have to be crosslinked. Crosslinking can be done by various methods such
as chemical treatment, dehydrothermal treatment, ultraviolet irradiation, and electron
beam irradiation. The crosslinking density of scaffolds can be controlled by the time

of treatment and UV irrédiation orb

'7 dose of electron beam irradiation.

—
d, glutaraldehyde is the most
ation of collagenous materials.

e involves the reaction of free

ing
\"\H’
amino groups of lysiué ? \ \\ polypeptide chains with the

formaldehyde and 1-eth gg ¢ ~4,':

found as the crosslinking' agétits=The d ntage of chemical crosslinking is that

t glutaraldehyde can crosslink
o over, other chemicals such as

no op )carbodumlde (EDC) are mostly

some chemical agents, which ,_,{«,e, an be left over in the scaffold and can

O-Patient when using the scaffoldstastiic skin substitutes.

.y;. Y

s

cause the irritation:

b) Dehytm)thermal crosslinking m

Tﬁ ﬂfﬂ 631 ?1 El?lﬂﬁl w E pﬂ‘tﬁi? dehydrothermal(DHT)

treatment in ayvacuum oven, as show in Figure 2.13, at temperature above 100°C.

T

crosslinking can occur only if the amino and carboxyl groups are close to each other.
Thus, it is believed that dehydrothermal treatment allows scaffolds to crosslink to a

less extent than chemical treatment.
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al treatment [24]

changes dependmﬁon UV ime. W irradiation time is short, UV

arly. However, it is possible
that irradiation for| onmhe chain scission of gelatin

molecules. A balance gf the crosslmklng and chain scission will result in unchanged

de““““’ﬁ“lﬂﬁ’)“flﬂﬂ‘iﬂﬁ’]ﬂ‘ﬁ
9 W*Tﬁtﬁ'ﬁ?ﬂfﬁ'ﬁ’l’l ERGE

Electron beam irradiation also produces radicals. The number of crosslmks
is not large and the water content does not decrease very much. This is because the

chain scission by the over dose of electron beam also occurs.

Comparing four crosslinking methods, chemical treatment is the best for
gelatin crosslinking. Unfortunately. many chemicals like glutaraldehyde and

formaldehyde are toxic to cells and sometimes change the color of scaffolds. Thus,
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dehydrothermal treatment is chosen in this study, and the crosslinking density can be

improved by increasing treatment time. With dehydrothermal treatment, there is no

cells toxicity problem.

2.5 Biomaterials

2.5.1 Gelatin

2.5.1.1 Histo M '
Gelatin for hundreds year. The earliest
commercial manufacg ‘.“ he mid 17th century. Not long
after (around 1700) i e Napoleonic era, claims were
made on the food val ed\to its manufacture in France in

the late 18th century. enca in 1808. Today, gelatin is

made worldwide, and

2.5.1.2 The natur !‘:’u Tt
ﬂ. 1 J“ .-._-ll

Gelati O lein “which d gcur in nature. It is derived from

collagen, a main doigponentfou ‘_""—‘_'-" in and bone of human and

)
animals such as fi§hi, be yelatifi can be obtained by partial

i
hydrolysis of collage with subsequent purification, concentration, and in
;l g

operations. G@' Wl ;aypept V] j w Ell] n ‘j

ide, i.e. a series of amino acids joined together by

"‘“’p‘Wﬁﬁ\‘l‘ﬂ%ﬁﬁﬂmqwmg

o ”_.c“— C——N—

° cn, u CH, i‘
mn_ca_ . lﬂ
T' [
CHy (o o]

-

| o

AR

Figure 2.14: Molecular structure of gelatin [26]
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2.5.1.3 Types of gelatin

Gelatin can be divided into 2 types depending on the production process.

a) Type A gelatin is produced from an acid process. This process is
mainly applied to porcine skin, in which the collagen molecule is young. The

are in the range of 6-9. High gel strength

isoelectric points (pI) of type A g 2

ine process. It is mainly applied
en molecule is more densely
e around 5.

ional information of both gelatin

. d type B gelatin [27]

AN Y T
ype B
p 50-75
Isoelectric p 47-54
Gel strength (bloom) 50 -300 50 — 300

o Q-

RSN
320 = 0 5-2.0

Q ﬁlﬁﬂlﬂ imfﬂmli’l ']me &lﬂpﬁ; Eelatm [27]

Type A Type B
Moisture (%) 10.5+/-1.5 10.5+/- 1.5
Fat (%) 0 0
Carbohydrates (%) 0 0
Ash (%) 0.5+/-04 1.5+4/-0.5
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Type A Type B
Sodium (ppm) 500 +/- 200 3600 +/- 1400
Phosphorous (ppm) ‘ 1+/-0.8 -
Iron (ppm) 4+4/-2 15 +/-10
Lead (ppm) 0.002 +/- 0.002 0.005 +/- 0.002
Zinc (ppm) \ /- 0.5 5+4/-3
Calcium (ppai) | 7464 A 900 +/- 100
Potassiu 330 +/- 50

2.5.1.4 Propé
Gelatin 1s t 1s colorless or slightly yellow,

transparent and bri glycerol, and acetic acid, and

N\

perature. The viscosity of the gel

insoluble in organic orbs 5-10 times its weight of
water to form a gel in
increases under stress (thj pt clation are thermally reversible. Gelatin
has a unique protem struct -; 'W.' a wide range of functional properties.
These proteins car for jgf.

Gelatir, 45
depending on the nage 0
is neutral is known as thedsoelectric poingy(p

17 obifeliclp HW@W & de i3t which the protein will

not migrate ififan electric field. T}us is due to the fact that at that pH the molecule

W RE N L L 1)l

have am 1soelectric point anyw depending upon the

35 neither acidic nor alkali,

SUTU J

i at w@h charge of gelatin in solution

source and method of production.
The properties of gelatin from various sources can be different, for
example, fish gelatin is distinguished from bovine or porcine gelatin by its low

melting point, low gelation temperature. and high solution viscosity.
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2.5.1.5 Amino acid composition

Gelatin is a heterogeneous mixture of water-soluble proteins of high
molecular weight. On a dry weight basis, gelatin consists of 98 to 99% of protein. The
molecular weight of these large protein structures typically ranges between 20,000
and 250,000, with some aggregates weighing in the millions. Coils of amino acids are

joined together by peptide bonds. A sult, gelatin contains relatively high levels of

amino acids.

Tabl 0a ition in gelatin

. %

iffe 8.9%

] 7.8%

erjc. 6.0%

lutaimi 10.0%

& 21.4%

i 0.8%

doxyls 1.0%

9%

1.5%

¢ Leucine 3.3%
A B AT eI

U Metpionine 0.7%
QRN IWUATI NI

9 Proline 12.4%

Serine 3.6%

Theronine 2.1%

Tyrosine 0.5%

Valine 2.2%

Total 100%
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Amino acid sequence of gelatin is shown in Figure 2.15. The predominant

amino acid sequence is Glycine-Proline-Hydroxyproline(Gly-Pro-Hyp).

Fig

2.5.1.6 Chafacgristids/and applications of gelatin

Gelatin combines ali WIng characteristics in a single product:
a) Exempla afer binding’ s

C) Viscy 0¢ ﬁ

d) Ge]atlork

F‘Eﬁﬂ‘ﬁ"i"l’ﬁl%ﬁw BIN3

nding properties

AT INYAY

1) Protein supplement

These characteristics enable gelatin to be used in a wide range of
applications and products found both in industries and in homes. In food industry,
gelatin is used in many products such as gummy bears, jellies, ice cream and
yoghurts. Without gelatin, the pharmaceutical and vitamin industries would be unable

to produce the modern day capsules which allow for the measured dosage and
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controlled release of medicines, drugs and vitamins. Furthermore, gelatin continues to
find new uses. Not only application in photographic film and paper but also
application in global electronic communications. The applications of gelatin are

shown in Figure 2.16.

F.lgyrgfg.lﬁ -/Appligations of gelatin [29]

, gelatin has be n?ﬁing natural choice in tissue
. Gelatin has many characterlst which are suitable for used

a th ki jﬁiﬁyﬂm EJ NINYINT

iodegradable

9 RiaeRea N INYINY

d) Does not express antigenicity

Furthe

engineering applicat

e) Cheap and easy to obtain solution

f) Poor mechanical properties

2.5.2 Collagen [30]

Collagen is the most abundant protein in mammals, 25% of our total protein

mass. It is found in skin, bone, teeth, tendons, cartilage, blood vessels, and connective
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tissue. It is the major provider of strength and responsible for elasticity to tissues. In
addition, it is the main component of ligaments and tendons. Collagen has an unusual
amino acid composition, containing about one-third glycine and one-third proline and
4-hydroxyproline. The arrangement of the amino acids in the polypeptide chain gives
collagen its strong secondary structure that is three left-handed polypeptide helices
twisted together to form a triple helix structure called tropocollagen as shown in
Figure 2.17.

2.5.2.1 Types of collages (32
yp e

et T

Collagen can be found inm parts throughout the body, and it is

g #W? g y
classified in diffe el '
V.

llagen molecu

)

a) Type 1

iy

ik m le i f soluble precursor, type
I procollageﬁ’ ﬁ:ﬁﬁﬁd ﬂll n ih?ljextracellular spaces of
connective tiss?xles. Type I collagerfitself is virtually insoluble inftissue fluids, and the
moleaewgia\alﬂ ﬁ%ﬂﬂ%@mtﬂ;}.ahy This chemical
crosslirﬂdng is another important phase of collagen maturation.

The procollagen consists of three pro-o-chains. Each pro-a-chains may be
considered in terms of three domains. The first domain is an amino-terminal
propeptide of 139 amino acids, most of which are in a non-triplet sequence, but there
is a short triplet sequence near the joint with the second domain. The second domain
is the a-chains, and the third domain is a carboxy-terminal propeptide of 246 residues

consisting of a non-triplet sequence.
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The structure of the procollagen molecule shows the triple-helical central
collagenous domain and the amino- and carboxyl-terminal propeptides. Both the N-
and C-terminal regions are cleaved to form the collagen molecule. Each collagen
molecule consists of three distinct long polypeptide chains, containing about 1056
amino acids called alpha(a) chains. Each of these o-chains is twisted into a left-
handed helix with about three ammo a01ds per turn. The three helical a-chains are

then coiled around each other, ihic ded super-triple helix to form a rigid

structure like that of a rope. The sec redommant part of these chains is
characteristic and consistse glycine-X-Y where X and Y
represent amino acids othg G ﬂen proline and the Y residue is
~ \ lagen there are 338 glycine-X-Y
triplets repeated in“Seq ' Al ) - no acids flank the long triplets
- :s. There is both an amino-
ptide.
Type I collage ‘ ¢ er. Two of the a-chains are
- eomposition can therefore be written
e is a homotrimer with three identical

as (al)y(a2). For type II col 2 J;w

a-chains, each si || lar

The t y"» ] Sf“ are wrapped round each

other to form a lo@ rigid triple-helical molecule ﬁ7 nm in length. The short

telopeptlde sequences 4t thie ends of the oehains re ﬁ It is the repeating Gly-
o s £100 Bl SV id LA 9

structure. Glycme is the smallest afnino acid andyits replacemenitby any other larger

iR ARARAR T AR TL)- 10 e e s

The thrée chains can no longer be tightly wound round each other because they are

form the triple-helical

not in the normal triple helix structure. This structure of collagen also depends
critically on the presence of high amounts of proline and hydroxyproline in the a-
chains. Both amino acids differ from the other a-amino acids of proteins because they
are amino acids with a rigid cyclical structure, this rigid structure limiting rotation of
the polypeptide chain back bone. Their presence is essential for the stability of the

triple helix. Thus in type I collagen, about 100 of the X residues are proline and 100
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f

of the Y residues are hydroxyproline. Type I collagen o-chains that lack

hydroxyproline can form a triple helix at low temperature, but the triple helix falls

apart at body temperature.

b) Other collagen molecules

All molecules classiﬁe 3

a_collagen contain a structural triple-helical
region similar to that which Jfor \if / inant portion of the type I collagen
molecule. However, the -;LH_;. the1 omposition and in the length or
number of helical regio es |, ITland IiFeollagen are closely related molecules in

lical domain: of about 300 nm in length. These
ﬂ /4 \\ N .

nstitute the bulk of connective

which there is a long
three molecules can
tissue collagen. For ot ! fhaom \ N h
helical segments. This rénd Iﬁo .T\\\ \
to-end rather than bydategal 3 g;; Atione rming " -

al domain is separated by non-
exible. They aggregate by end-

tion,- nesh-like arrays.

Types of agen and: tiei Jmos )\ d location in the body were
presented in Table 2.6 e

LB
pes of o'on in the body

Ly
3 h

Ty | C ff ion
1. Type I c’ylagen Skln tendons and t ¢ organic part of bone
. I = > igularcartilage
3. agén w llagen™of gral L:a%aon tissue
y e [V cgllage 4 ﬁﬂ%ﬂ—g i .
_q.ye collagen osti 'laliéieH
6. Type VI collagen most interstitial tissue,
7. Type VII collagen epithelia
8. Type VIII collagen some endothelial cells
9. Type IX collagen cartilage
10. Type X collagen hypertrophic and mineralizing cartilage
11. Type XI collagen cartilage
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Amino acid compositions of type I collagen from various animal sources

are shown in Table 2.7. It is noted that there is a slight difference in amino acid

composition of type I collagen obtained from various sources.

Table 2.7: Amino acid compositi

species [33]

W I collagen from various animal

Amino acid Sl
Bj ! in Pig skin | Shark skin

Alanine [ a3 34.6 29.3
Arginine . 12.0 12.5
Asperic acid » : 2.0 1.4
Glutamic acid | “4 il 9.9 13.4
Glycine 9 & .6 52.0 44.1
Histidine 38201 WA 89.0 396.8 402.7
Hydoxylysine |. 12787 = 146 3 153.5 155.0
Hydroxyproline 3.1 43
Isoleucine & ] 20.6 18.3
Leucine 80 12.1 11.9 10.2 20.1
Lycine X 74 27.8 43.8
Methioninél) | = 37.3 e ;43 r - 28 343
P , . f]_g_%a} ] ra: 2.3
Proline I 1133 3k 131.|7i 142 | 13§! 118
Serine 9.1 10.1 11.1 12.8 12.1
Theronine 493 55.2 54.1 63.6 al.l
Tyrosine 23.8 26.1 252 26.9 26.5
Valine 136.6 29.1 117.5 125.4 97.8
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2.5.3 Chondroitin sulfate [34, 35]

Chondroitin sulfate (CS) belongs to a family of heteropolysaccharides called
glycosaminoglycans or GAGs. GAGs were formerly known as mucopolysaccharides.
GAGs in the form of proteoglycans comprise the ground substance in the extracellular
matrix of connective tissue. CS is made up of linear repeating units containing D-

galactosamine and D-glucuronic acidy The molecular weight of CS ranges from 5,000

:R=H, R*=S0H

cture of CS [36]

CS, whichli3/ n t.kornea, skin and the arterial
wall, is sometimesﬂeferre 0 as ‘chondroitin 4 rl Ifate. The amino group of
galactosamines in the dasic unit of chondroitin 4-sulfate is acetylated, yielding N-

acetyl-galactﬂ:uegu% i%q %if%]gﬁuﬂsgt%ﬂ t‘@ 4-position in N-acetyl-

galactosaminc¥hs demonstrated in Figure 2.19. a  w
ARINNITUUNINEIAY

COOH
NHAc

OH

Figure 2.19: Structure of chondroitin 4-sulfate [37]
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Chondroitin 6-sulfate, primarily found in fish and shark cartilage, is also made -
up of linear repeating units of D-galactosamine and D-glucuronic acid. The amino
group of D-galactosamine is acetylated to give N-acetyl-galactosamine, and, in the
case of chondroitin sulfate C, the sulfate group is esterified to the 6-position in N-

acetyl-galactosamine, as demonstrated in Figure 2.20.

tin 6-sulfate [37]
CS and hyalurg fucture and function of articular
cartilage. CS and hyalugdnig v' _ al'eomponents of aggrecan found in
articular cartilage. Aggrgcan “eénfers articular cartilage shock-absorbing
properties. It does this byﬂI age with a swelling pressure that is
restrained by the tensile fofée of ‘coll: this halance confers upon articular
cartilage the defot i;#ﬁ‘_; aluronic acid, which is also
found in synovial ﬂﬂ ha

One of the
was that of en/CS scaffold. CS was
included in Mﬁlﬁmmﬂmmm 13&3 scaffolds, to increase
its elasti ;Tﬁ tl& enzyme. Similar
scaffg (ﬁﬂiﬁ aﬁaﬁ ﬁjﬁﬂ tion mﬁjd hnas by Matsuda

et al [39] [40]. They reported that the addition of CS reinforced the mechanical

joint.

ear 1est wound dressmg based on ﬂ principles of wound healing

properties of collagen but decreased cell proliferation.
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2.6 In vitro cell culture

2.6.1 Nature of cells [41]

Two types of cell culture should be distinguished:

2.6.1.1 Primary cultures, which are obtained directly from an animal, can

keep the differentiated state for ort period, days to weeks. Functionally

differentiated primary cell ¢ 2d life span, and although maintenance

of the differentiated pro ' y additives to the culture medium,
components of the ex , ma rent forms of co-culture, cell
specific functions wil M .

unlimited proliferati . 1STOTIgIN; ryos, tumors or transformed

cells. Examples of ce OF9 Hluse ski last, HeLa, 3T3, MDCK etc.

I : diffe both with different limitations,
depending on the cell typ Studie; lications provide protocols for the
isolation of different cell type onditions, and for the evaluation of the

was derived from mﬁx artaneous areola; and'a@ose tissue of a male C3H/An
mouse. Figure 2.18 shogv%929 cells afterafgur days incubation at 37°C.

AUSINENINENNT
ARIAN

Figure 2.21: 1929 cells after four days incubation at 37°C [42].



41

2.6.2 Cell culture techniques [43]
2.6.2.1 Work area and equipments
a) Laminar flow hoods

There are two types of laminar flow hoods; vertical and horizontal. The

vertical hood, also known as a biology safety cabinet, is best for working with

est protection for your cultures. Both

NN
passes through a HEPA (high

1t.are
types of hoods hav la e

b

efficiency particle) ' €S P rom the air. In a vertical hood, the

X

d on for a few min to sterilize the

filtered air blows 1y \ binetytbut in a horizontal hood, the
120 \ hion. The hoods are equipped

ne=top o
- VIR,
filtered air blows out drift’ %
i B

surfaces of the hood. =
i ""r ., -0

b) CO; Incubatofs- oXe

it

The ,;»— i :J CO; because the medium

used is buffered witllsodiv oTiiC a@l and the pH must be strictly

maintained. Culture ﬂgsks should have ‘l.(}osened caps to allow for sufficient gas
=y

exchange. Tﬂ l‘ﬂl&?’?%ﬂ 1‘]‘“5‘%2] {o‘l ﬂﬁce]ls growing fn tissue

culture dishes 80 a pan of water is kept filled at all times.

ARARSATUUNINYAE

Inverted phase contrast microscopes are used for visualizing the cells.

d) Vessels

Anchorage dependent cells require a nontoxic, biologically inert, and
optically transparent surface that will allow cells to attach and allow movement for
growth. The most convenient vessels are specially treated polystyrene plastic that are

supplied sterile and are disposable. These include petri dishes, multi-well plates, roller
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bottles, and screwcap flasks. Suspension cells are shaken, stirred, or grown in vessels

identical to those used for anchorage-dependent cells.

2.6.2.2 Preservation and storage

Liquid N is used to preserve tissue culture cells, either in the liqilid phase

(-196°C) or in the vapor phase (-1 )- Freezing can be lethal to cells due to the

effects of damage by ice cryst: j’ gg in the concentration of electrolytes,

the effects of freezing, several
a.oryopt tCC%WhICh lowers the freezing point,
37ad¢ zing medium is 90% serum, 10%
DMSO. In addition, it js®best c hda \\:E\\g‘::"m 0 replace the medium 24 hours

before freezing. Also, th AT 5 ed from room temperature to -80°C to

_~:..

is 1-3°C per min. Sogde 1ab ave fancy 0 bers to regulate the freezing at

. The optimal rate of cooling

nitrogen. Cells are stored at liquid

; ystals is retarded below -130°C. To
when.the the cells are warmed very quickly by
B,

L=

maximize recovery of the cells
A

placing the tube difec naiper into a 37°C water bath

with moderate shald y L1 is melted, the cells are

immediately diluted go prewa

Zﬂ%@ wﬂmwmm

Cultures should be exarfiined daily, observing t ﬁhology, the color of

te b ] T G Elde NRTINEN

a) Growth pattern

Cells will initially go through a quiescent or lag phase that depends on the
cell type, the seeding density, the media components, and previous handling. The cells
will then go into exponential growth where they have the highest metabolic activity.

The cells will then enter into stationary phase where the number of cells is constant;
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this is the characteristic of a confluent population, where all growth surfaces are

covered.

b) Harvesting
Cells are harvested when the cells have reached a population density
which suppresses growth. Ideally, cells are harvested when they are in a semi-

confluent state. Cells that are no passaged and are allowed to grow to a confluent

When the cg €0t e, semi nfluent,proteolytic enzymes is used to
remove the cells fre > growing sy SC \ ey can be diluted. Trypsin,
collagenase, or pronasé] us h EDTA, causes cells to detach
from the growth surface. and reliable but can damage the cell
surface by digesting exposed ins. The proteolysis reaction can be

quickly terminated

.,___._4.-.-..-.-..-f--,-:----:--;--—.—--, ----- M Sontaining serum
\ I
h)

c) Medlagd gro equire m

c.1) Physiglggical parametersg,

ﬂ%&#@ ViEkikgBida] 9

pH 7.2-7.5 and osrgolahty of me&um must be tamed
AR ﬂﬁﬂ‘i“ll'iﬂﬂﬂﬁﬂﬁ t
isible light can have an adverse effect on cells. Light induced
production of toxic compounds can occur in some media, therefore
cells should be cultured in the dark and exposed to room light as little
as possible.
c.2) Medium requirements
- Bulk ions: Na, K, Ca, Mg, Cl, P, Bicarb or CO,

- Trace elements: iron, zinc, selenium
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- Sugars: glucose is the most common

- Amino acids: 13 essential amino acids

- Vitamins: B, etc.

- Serum: contains a large number of growth promoting activities. It has
undefined effects on the interaction between cells and substrate, and

contains peptide hormones or hormone-like growth factors that

l' & ired for cell growth, antibiotics are

terlal and fungal contaminants.

. fcells, can: Sually using an inverted phase
* B e s e e, by t spension cells are typically

rounded and somewhat'symn %\‘ \ ill form projections when they
ridce S Viabit ) \ ssessed using the vital dye, trypan

blue, which is excluded iveXells bui ulates in dead cells. Cell numbers are

determined using a hemocytofhete:
LRI

\';I .................... l:r'

During ngntaimn , thcse cellsaould be monitored daily for
morphology and growthi gharacteristics, fedrevery 2 to 3 days, and subcultured when

necssary. 5o} S B IRAESIT TGRSt vt b done

the subculture Hilutions should be goted As soon as the amountsqj cells are adequate,

seveﬂ‘wfrmawed 1WW% !w E.ld'}:ﬂoﬁ vial from each

freezing should eeks after freezing to check for viability. These

frozen stocks will be proved to be vital if any of the cell cultures become

contaminated.

Procedures

1) Media preparation
2) Growth and morphology
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Cells have to be visually inspected frequently. Frequent feeding is
important for maintaining the pH balance of the medium and for eliminating waste
products. Cells do not typically like to be too confluent so they should be subcultured
when they are in a semi-confluent state.

3) Cell feeding

Feeding and subculturing suspension cultures are done simultaneously.

About every 2-3 days, the cell into fresh media. The dilution depends

on the density of the cell ivide. Typically 1:4 to 1:20 dilutions

-are appropriate for mo
4) Subcul

When a alls'T \ n they have to be subcultured

' \ ollows.

wash cells in a balanced salt

I rémove the wash solution.

- Add enoug PSICEDT ¢'solut] n\ 0 cover the bottom of the culture

vessel and thg 55 the eXbess.

- Place culture in th -e-»,'-‘-'-i—.'.-‘ bator for 2 min.

. TR .
- Monito undér mic are_beginning to detach when

they ayipear rounded.
- As soB; : S10 'nﬁediately add culture medium

contalmn%.serum Wash cel once with serum containing medium and

“ﬁ%ﬁ"‘ﬂ"ﬁﬁm WBIN3

5) Bhawing frozen cel

Q w,Tca g ﬁjm mmfgjaﬂma Hn a 37°C water

- As soon as the ice crystals melt, pipette gently into a culture flask

containing prewarmed growth medium.

6) Freezing cells
- Harvest cells as usual and wash once with complete medium.
- Resuspend cells in complete medium and determine cell

count/viability.
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- Centrifuge and resuspend in ice-cold freezing medium: 90% calf
serum/10% DMSO, at 106 - 107 cells/ml. Keep cells on ice.

- Transfer 1 ml aliquots to freezer vials on ice.

- Place in a container that is at room temperature and that has sufficient
isopropanol.

- Place the container in the -70°C freezer ovemight. Cells should be

Hemoc ¢ st term ial cell counts and viable cell

numbers.

263MTTcel prg

MTT [3-(4,5-diffie ﬁ_ﬂ% :

first described by Mosmé Lr.g.p 8

yltetrazolium bromide] assay,

ed¥on the ability of a mitochondrial

dehydrogenase enzyme from .'-—'.- cave the tetrazolium rings of the pale
ydarog y W’W g p

Ko

e

yellow MTT and form ltich is largely impermeable to

i)

ealthy cells. Solubilization
sults in thﬂberatlon of the crystals which

cell membranes, thus
of the cells by the afﬂtion ofad

are solubilized. The number of surviving gells is directly proportional to the level of

o ALY SRS T BV Rt o » o

colorimetric a$say. The results can.be read on a ﬁactrophotomet

RIRININANINYIAY

1) Make a solution of 5 mg/ml MTT dissolved in DMEM without phenol

red.

2) After S hours of the cell incubation, remove media and then wash
with PBS.
3) Add MTT solution from step one to each well containing cells.

4) Incubate the plate in a CO, incubator at 37°C for 30 min.
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5) Remove MTT solution.

6) Add DMSO to each well and pipette up and down to dissolve crystals.

7) Transfer to the cuvettes and measure the absorbance at 570nm.
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