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2 Introduction

In the 19th century, one of the most important problems in analysis was the
problem of classification of ordinary differential equations. One type of classification problem
is the equivalence problem. T'wo differential equations are equivalent if there is an invertible
transformation which transforms one equation into another. The linearization problem is a
particular case of the equivalence problem, where one of the equations is a linear equation.

For the linearization problem one studies the classes of equations equivalent to

linear equations.

2.1 Second-order equations

The first linearization problem for ordinary differential equations was solved by S.
Lie [1]. He found the general form of all ordinary differential equations of second order that
can be reduced to a linear equation by changing the independent and dependent variables.
He showed that any linearizable second-order equation should be at most cubic in the first-
order derivative and provided a linearization test in terms of its coefficients. The linearization
criterion is written through relative invariants of the equivalence group. A.M. Tresse [2]
and R. Liouville [3] treated the equivalence problem for second-order ordinary differential
equations in terms of relative invariants of the equivalence group of point transformations. In
[4], an infinitesimal technique for obtaining relative invariants was applied to the linearization
problem.

Since the method used in the research is similar to the Lie method, let us consider
it in details.

The Laguerre canonical form of a second-order linear ordinary differential equa-

tion with the independent variable ¢ and the dependent variable u is

yw” =10. (1)



In [13, 14], N.H. Ibragimov and S.V. Meleshko solved the problem of linearization
of third-order ordinary differential equation

y" = F(z,9,9,Yy"), (6)

by means of point transformations (2).
Any linear third-order equations with the independent variable ¢ and the depen-
dent variable u can be written in the Laguerre canonical form

u" +a(t)u=0. (7)

They found all candidates for linearization, i.e. the general form of third-order
equation (6) that can be obtained from linear equation (7) by any point transformations (2).

The first candidate for linearization is
ym+ (Aly’+Au)y”+Bgy’3+Bzy’2 + Bly’ +BO - 0, (8)

where A; = A; (z,y) and B; = B; (z,y) are arbitrary functions of z,y.

The second candidate for linearization is

1
Tm+ _3.'!2_'_0 12 C 1+C "
V' o+ (G + G+ Goly
+Dsy”® + Dy + D3y’ + Doy + D1y’ + Do) = 0, (9)
where r =r (z,y) = ;L;, C; = C; (z,y) and D; = D; (z,y) are arbitrary functions of z,y.

They provided the linearization test for each candidate and described the procedure for ob-

taining the linearizing point transformations as well as the linearized equation.

In [15], the linearization of third-order equations by means of non-local transfor-
mations (namely, so-called generalized Sundman transformations) was investigated.

2.3 Fourth-order equations

In 2005, R. Dridi and S. Neut [16] used Cartan’s method to study the equivalence
problem of fourth-order ordinary differential equation with the flat model under contact
transformations. As a result, they obtain that the following propositions are equivalent :

(i) The equation y™ = f(z,y,9/,y",y") is equivalent to the equation u¥) = 0 under a

contact transformation.

(ii) The equation ¥y = f (z,v,7',9”,y") admits a contact symmetry group of 8 parameters.
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(iii) f satisfies

forr =0, frep + 6fqrr =0,
—dfofr + 61D fr — ff = 8= 4D32ufr +8D,f; =0
—1440f, D2 f, — 1600, + 832f,D, f, — 144f2 + 1512D, f, f> — 808f,f? + 480D3 f,
—1600f, f, — 189f% + 2000D, f, f. — 864 (D, f,)* — 1120D2 f, + 1600D,.f, = 0

where pP= y"’ qg= y”’ o= ym.

In the thesis research we will study the linearization problem for a fourth-order
ordinary differential equation

Yy = F(z,9,¢,¢",¢"). (10)

Notice that the Laguerre form of a linear fourth-order equation is

u +a(t)u' + B (t)u=0. (11)

3 Research objectives

This thesis is devoted to studing the linearization problem of fourth-order ordi-
nary differential equation (10). The objective of the research is to find the necessary and
sufficient conditions for a fourth-order ordinary differential equation to be linearizable by a

point transformation.

4 Terminology

1. An overdetermind system is a system with the number of equations larger than
the number of unknown functions.

2. A symmetry group of a differential equation is a group of transformations con-

verting each solution of the equation into another solution of the same equation.
3. An admitted group is a symmetry group admitted by the given differential equation.
4. Compatibility of system means existence of a solution.

5. Equivalence problem

The problem of finding all equations, which are equivalent to a given equa-
tion is called an equivalence problem. If the given equation is a linear equation, then
the equivalence problem is called a linearization problem.



6. Laguerre canonical form
Theorem : Any linear k — th—order ordinary differential equation

¥ +ay®™ Y + ey +agy®V + ot ay ay =,
can be reduced to the equation of the form
u® 4+ byu® 4 b+ byu = 0. (12)

The equation (12) is called the Laguerre canonical form.

5 Scope and limitations of the study

The proposed research will deal with fourth-order ordinary differential equations.

Linearization will be considered with respect to point transformations.

6 Research procedure
The research procedure to be used in this thesis is the following:

1. To find necessary conditions for linearization by using a change of the dependent and

independent variables.

2. To find sufficient conditions for linearization by using the compatibility theory.

7 Expected results

The expected outcome of this research project are criteria for the fourth-order
ordinary differential equation to be linearizable by a point transformation.
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2 Introduction

Many important physical processes in nature are governed by partial differ-
ential equations (PDEs). For this reason, it is important to understand the physical
behavior of the model represented by the PDEs. In addition, the knowledge of the
mathematical character, properties, and solutions of the governing equations are re-
quired. Therefore, there is interest in finding exact solutions of PDEs. In general, it
is not easy to obtain exact solutions of PDEs. One of the methods for constructing
exact solutions is group analysis [1].

Many applications of group analysis to partial differential equations are col-
lected in [2]. Group analysis, besides constructing exact solutions, provides a regular
procedure for mathematical modeling by classifying differential equations with re-
spect to arbitrary elements. An application of group analysis implies several steps.
The first step is a group classification with respect to arbitrary elements. Equiva-
lence and admitted Lie groups are found at this step. The next step is to construct
an optimal system of subalgebras of admitted Lie algebras for finding exact solutions.

In this research we focus on the application of group analysis to the one-
dimensional equations of fluids, where the internal energy is a function of the density

and the density gradient £(p, |Vp|) .



3 Fluids with internal energy &(p, |Vp|)

In the one-dimensional equations of fluids, the density p and the velocity u
satisfy the mass conservation equation [3]

dp 0
% a(ﬂu) =0, (1)
and the equation of conservation of momentum
0 0 2
— i = 2
57 (Pu) + - (pu” +11) =0, (2)

where P P 9
[I=P+prp}, P= 925) —p%(p/\m), A= 253 a=p,
t is time, p, is the gradient of p with respect to the space variable z, P is the pressure
and £(p, ) is the internal energy.
Models where the internal energy depends on the gradient of the density were
also considered in [4,5]. Chan and Hilliard [4] studied

e=F(p,T)+ %};T)(Vp)?

where T' is the temperature. Partz [5] proposed
C o2

where S is the entropy and C' is constant.

Notice that if ¢ depends only on p, these equations are similar to the isen-
tropic gas dynamics equations. A Complete study of group properties of the one-
dimensional isentropic gas dynamics equations was done in [6](see also [7]).

Recently, group analysis was applied to a similar class of models with ¢ =
£(p, p), where p is the material derivative of the density. Bagderina and Chupakhin
(8] focused on the group classification of the Green-Naghdi model. The Green-
Naghdi model describes a motion of dispersive shallow water [9,11]

oh .
= + div(hu) = 0,

5 3)
i+ gVh+ —V(h*h) = 0,
3h
where h is the water depth, u is the horizontal velocity, g is gravity, r is the ratio of
the vertical length scale to the horizontal length scale, and dot means the material
derivative. Replacing h by p, equations (3) take the form

ap . .
5 + div(pu) = 0,

2
uw+gVp+ ;—hV(pQﬁ) = 0.
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The last equation of (4) can also be rewritten as
pu+ VP =0,

where .
Iva ., T\ 2.
P=(= — =10,
(30" + (5078
Hence, for the Green-Naghdi model

_gp _1? 2

E —_— — —

2 6

Another model where ¢ depends on p and p is the Iordanski-Kogarko-Wijn-
gaarden model [10,11]. This model describes a bubbly fluid with incompressible
liquid phase and small volume concentration of gas bubbles. This model can be

written in the form 5
—éetl + div(pyu) = 0,
9p2
ot
ON

1
uw+-Vp=0,

P
3
2
Here p; = ayp10, p2 = apao, p1o is constant and is the physical density of the liquid,

+ div(pau) = 0,

i : 1
RR+ =R*= —(p, — p).
P10

poo is the physical density of the gas, a; and ay are the volume fractions, o +ay = 1,
N is the bubble number density, R is the bubble radius, p = p; + p2. The volume
fraction of the gas phase ay is defined by the formula a; = %’n’RaN. The gas pressure

de ;

dﬁ’ where €50(p20) is the internal energy
P20

of the gas phase. It is assumed that the mass conservations ¢; = p;/p, (i = 1,2), and

p2 is a given by a function of pyg: py = p3y

the number of bubbles per unit mass n = N/p are constant. Hence, one obtains

3 1 c 1 & =
e ((-2), pma(i-a),
4mn \p  pio P Pro

and in this model
€= 02520(,020) i QﬁpluR:iRz.

The group classification of the one-dimensional equations with the internal
energy depending on p and p was recently considered in [12].

The thesis research is focused on application of group analysis to the one-
dimensional equations of a fluid with € = e(p, |[Vp|).



4 Method for Solving

In this section the group analysis method for constructing invariant solutions
of partial differential equations is discussed. An introduction to this method can be
found in various textbooks, e.g. L. V. Ovsyannikov (1982), P. Olver (1986), N. H.
Ibragimov (1999).

4.1 Lie group

Let V be an open subset in Z = R"(z) x R™(u), A a symmetric interval
in R', z = (z1,23,..x,) € R"(z) the independent variables, u = (u!,u?,...,u™) €
R™(u) the dependent variables and the parameter a € A. Transformations of the

independent variable z and the dependent variable u are represented as follows

T = f'(z,u;a), i=1,2,..,n),

e , (©
@ = glauia), (= 1,2,..,Mm).

Definition 4.1. A set of transformations (6) is a local one-parameter Lie group if
it has the following properties:

1) p(2,0) =2z forall z€ V.

2) p(p(z,a),b) = p(z,a+b) for all a,b,a+be Az V.

3) Ifa € A and p(z,a) =z for all z € V, then a = 0.

Let us expand the functions f*(z,u,a) and ¢’(x,u,a) into Taylor series with
respect to the parameter a in a neighborhood of a = 0. Then, invoking the initial

condition 1), one obtains

T, =z + a{@(x: U.), (Z s ]"J 2’ ...,?’l),

D | (7)
@ =o' +al(z,u), (j=1,2,...,m),
where
i o afi(x:usa) j _ 8gj($,u,&)
6 (:L‘,’U) = T a=0! C (3:1“) == da o L (8)

The transformations z; + a&'(z,u) and v’ + a{?(z, u) are called infinitesimal trans-
formations of the Lie group of transformations (6) and

. 0 ; o
X = E‘(m,u)a + Cj(x,u)@

is called an infinitesimal generator of the Lie group (6).

(9)

Theorem 4.1. (Lie) Let functions fi(z,u,a), i = 1,...,n and ¢’(z,u,a), j =
1,...,m satisfy the group properties and have the ezpansion

T; = f"‘(:.c,u,a) ~T;+ Gﬁ*(xgu),
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@ = ¢g'(z,u,a) = v + a’(z,u).

Then the functions f' and ¢’ satisfy the Cauchy problem

dfﬁ:‘ $fa
d_ — E (QS',U)
a
i (10)
du’ -
= ¢’(z,a)
with the initial data
Zi lam0= Ti, W |amo= 0. (11)

Equations (10) are called Lie equations. When applying the group of trans-
formations (6) to differential equations one need to know the transformations of the
derivatives. For the sake of simplicity, we explain the basic idea by the case where
n=1 and m = 1.

Let up(x) be a given function. The transformed function u,(z) can be ob-
tained in the following way. As a first step, we have to solve the equation

z = f(z,uo(z);a)

with respect to x. Since the Jacobian is nonzero,

0z [Sf afdug]

hachc] =
oz |,._,

ou dx

by the inverse function theorem one can express x as a function of Z and a in some

neighborhood of a = 0,
z =0(%,a). (12)

Note that there is the identity
T = f(0(Z,a),u(0(Z,a));a). (13)
The transformed function u,(z) is
ua(Z) = 9(0(Z, a), uo(6(7,a)); a). (14)

Differentiating the last expression with respect to a, one gets

du.(Z) 0908 Oy Oug 00 89 6‘9 /
e | Bp T By o a— (15)

The derivative 30/07 is obtained by differentiating (13) with respect to Z

0f 00  Of Oug 90 [Bf of ,

1=%% ou 0z 8% 8$+8u()]6_ 16)



Because 0f /0x + ug(x)0f /0u # 0 in some neighborhood of a = 0, one has

a0 af of
i 1/ [EE + auﬂ(m)]

and

- 89(352:05 a) + ag(xé:ju;a)u;,(m)] / [3f($é;£0; a) n 3f($é;¢03 a) u{)(m)

= h(z, uo(x), uh(z); @)

Transformation (6) together with
ﬁ"..T: = h(xluvuz‘;a) (17)

is called the prolongation of (6). As before, the function h can be written by Taylor

expansion with respect to the parameter a in some neighborhood of the point a = 0 :

ot

pr ~ Uy + al™ (z,u, u,), (18)
where Oh )
- _ T, U, Uy, G _
C gt Uy ) = —_—— o hl,_o =

Using the definition of the function h, equation (15) can be rewritten

of . of] 8y . 8y
ﬂa*xa] Bz THE

Differentiating this equation with respect to the group parameter a and substituting

a = 0, one finds

7 f g~ f O f [ &g 0%g
[m(3+mm)”%mm+%mw .~ |320a T " Buda) _,

or
0% f o0 f
¢l v ) = [32:30: “* Buda ] = Mo [6 da " “’*auaa} L
() (B
ox *\ oz " " u
= x( —uy D, (gm
where of 5 oh
B o Tk u_ _g Uz __ ook
g - da a=0 C da a:l:l1 C da a=0
%, d d
Da_‘ - a +u“~;é§ +Umxa_u$ + ... .
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The first prolongation of the generator (9) is given by

iy 9
)1{' =X+ (:B,u,,z.',jr)au ;

T

Similar, one obtains the infinitesimal transformation of the second derivative
ﬂ:.."":c = Uy + acuzz(ms U, Ug, uxz)i
where
Cun = Dx(cu:) - uxxDm(Ex)

The second prolongation of generator (9) is
0
- Upa ey
}2( )1('+C (a:,u,ur,um)aum .
In case n,m > 2 one proceeds similarly.
Let 2 = (21,...,2,) be the independent variables and u = (u',...,u™) the
dependent variables. We will use the notion w1y = {u!}, ) = {ul},... for partial

derivatives of first, second, etc. order:
‘U,;? = Dt’(uj): U'Es = D,(‘bﬂg),

where

0 ; 0 j 0 ;0
D; = B%, +uigs + ui”auﬂ + u“’“c’iuik + (19)

Let a generator of a Lie group be

. 0 . 0
X= g“(m,u)% +T)J(2:,u)% ;

The generator of the prolonged Lie group is
; 0

= ‘? —_—
)1{ X+ ¢ (:t:,z.',,u(l))awT

where
¢ =Di(n') - iDi(§’), Gs=1,..,m j=1,.,m.
The generator of the second prolongation is

0
o’

ipig

X=X+ 7 i (T, 0,1 (1), w())

where
{4 = Dip(¢]) —udy Dy (€°), iryizy8=1,.,m; j=1,.,m

i1z 81
The generator of [-th prolongation is
0
ou’

i1

)g( = !_3{1 -+ fl‘_,ii(:c,u,um, - u(;))
where

Do =Dyl )W D; (€%, 41, iys=1,.ym; 5 =1,..,m.  (20)

i1y Si1eipoy



4.2 Admitted Lie group

Let 8 = (51, B2, ..., Bn) be a multi-index, || = i+ P2+ + 3, and p = (p’;;),
where pf = B'ﬁ[uk/ﬁx?‘ﬁxgz -+ 0xP. A system of I-th order differential equation is
considered as a manifold in J', where J' = {z,u,p/|3| < }. Let this manifold be
assigned by the equations

Falg up) =0, a =121
We can consider this system in vector form,
F(z,u,p) =0,
where F' = (Fy, Fy,--- , F;). The system and the manifold
(S) = {(x,u,p) € J'/Fo(z,u,p) =0, a =1,2,...,t}

are denoted by (5). A Lie group of transformations (6) which transforms a solution
ug(z) of (S) into a solution u,(x) of the same system of equations is called an
admitted Lie group of transformations. Hence one has

F&(Erﬁ1ﬁ(l)vﬂ(2): :ﬁ'(!)) — 0: a=1, 2! g b

Differentiating these equations with respect to the parameter a, and substituting
a = 0, one finds

oF, 0z; OF,0u OF, 3u 0F, 3”‘11«2 4y
e T e B e =0
Or; da  Ow Oa 31,;;’ Oa 8u;'j'm”_“ da »
or
1 fiaF“ + ¢ oF, i 3 OF, & OF, Lssd or, 0
" O o’ “8 "’ ””8 fm ia- " u fm iy
where
, 0% . oW Oy, 3 ol
= 2 I= - g . o
E o - 1 C aa ’ Cn a !Czlwt; 8&
e a=0 a=0
Note that the coefficients ¢/ ; are given by (20) . The last equation can be expressed
as an action of the prolonged infinitesimal generator
Xl =0, a=12,..,t, (21)
b lr=0)
where
: : 0 5} J
=£1_+Cj'_-' %1 +C1,1, +1,': a3
31.1. 3153 8 _‘,l 1 2(9 _i-‘lm 12 !0 _:1“2 "

Theorem 4.2. A local Lie group of tmnsformatwns (6) is admitted by the system
(S) (or the system (S) admits the local Lie group of transformations (6)) if it satisfies

(21).

Equations (21) are called the determining equations.
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4.3 Equivalence Lie group of transformations

A non-degenerate change of the dependent variables u, the independent vari-
ables x and arbitrary elements ¢ which transfers any system of differential equations
of a given class

Folzup¢)=0, (0=1,2 1) (22)
into a system of equations of the same class, but with different arbitrary elements ¢,
is called an equivalence transformation. Let equivalence transformations compose a
Lie group

= fi(m,u,:;‘); ﬂ,), ﬂJ = gj(x,u,gf);a,), &k — hk(m,u,qﬁ;a), (23)
B=12.nm=LLmb=1:2 ..

Generators of this Lie group have the form

r O
t_ R ¢
= “Jauj ¢
where of
P= (7,0
f=g@ud) =3 .
0
¢ =@, u,¢) = ai
qb" == ¢k ahk
¢ ¢¥ (z,u,0) = Bl

Transformation of the arbitrary elements is obtained in the following way. Let
¢o(x,u) be given. By virtue of the inverse function theorem one can solve the
equations

T = f(z,u,do(z,u);a),d = g(z,u, po(z,u);a)
with respect to  and w:

z = f(z,Ga), u=g(Z,Ta).

The transformed arbitrary elements are

¢a(2, @) = h(f(2,;a),5(z, 5 a), do(f(Z, U a), §(Z, U a)); ).

Transformation of a function ug(z) is given in a different way. If ug(x) is a solution
of system (22) with ¢g(z,u), by the equation

T = f(m,UQ(.T),¢n($,ﬂ0($));a),
one finds x = f(Z;a), and the transformed function is
ua(Z) = g(F(2,a), uo(f(z,a)), 9o(f(Z,a), uo(f (%, a))); a). (24)

9



Differentiating (24) with respect to Z, we get the transformation of derivatives p, =
q(x,u,p,@,...;a). By the assumption that u,(Z) is a solution of the same system of
equations with transformed arbitrary elements ¢,(Z, @), the equations

Fo(Z,ua(Z), 0a(Z), $a(Z,ua(Z))) =0, (a=1,2,..1)

are satisfied for an arbitrary . Because of a one-to-one correspondence between z

and T one has

Fo(f(2(x),a),g(2(x),a), q(z(z),a), h(2(z))) =0, (a=1,2,..t)

where 2(z) = (z,uo(z), d(z,up(2))), 2,(z) = (z,uo(z), p(z, uo(x)), po(), ...). Differ-
entiating these equations with respect to the group parameter a, one obtains the

determining equations

XeFo(w,u,p,9)| =0, (@=1,2,..4)

The prolonged operator for the equivalence Lie group
X = X®+6"0,, + %0, + 0, + (25)

where
¢*r = DS —u, DSE®, D§=0x+ux0,+(duur+9x)0s

¢ = D5c? — . D5E* — duD5s¥, D5 = O + 9205

The sign |(s) means that the equations XeF,(z,u,p,¢) = 0 are considered on any
solution ug(z) of equations (22).

4.4 Lie algebra

Let us consider two generators
0 .
Xi' =<f(2)8—za‘, 1= 1,2

Definition 4.2. The generator

0
X3 = Cﬁx(z)g

with the coefficients
G = Xu(¢3) — Xa2(¢T)

18 called a commutator of the generators X, and Xs.

10



Definition 4.3. Let L be a vector space. Assume that there is a function [.,.] :
L x L — L , satisfying the following properties:
1. (bilinearity): for any X;,X5,X3 € L and a,b € R,

[aX) + bX>, X3] = a[ Xy, X3] + b[Xa, X3,

[Xl, GXQ + ng] = G.[X]_, X2] e b[Xl,Xg].
2. (skew-symmetric): for any X1,Xs € L,

[X1, Xz = —[Xs, X4].
3.(the Jacobi identity): for any X1, Xy, X3 € L,
([X1, Xo], X3] + [[X2, X3, Xa] + [[X3, X1], Xa] = 0.
Then L is called a Lie algebra.

Definition 4.4. A vector space S C L is called a subalgebra of the Lie algebra L if
[X-I,Xgl €S fO?" aniy XI,XQ € S.

Definition 4.5. (Automorphism). Let L,L be Lie algebras and X;,X, € L. A
linear one-to-one map f of L onto L is called an isomorphism if it satisfies the
condition

f([X11X2]L) = [f(Xl)af(XZ)]Z:

where the indices L and L denote the commutators in the corresponding algebras.
An isomorphism of L onto itself is called an automorphism of the Lie algebra L.

In applications of group analysis to partial differential equation one studies
the Lie algebra L™ of admitted generators. Let L™ be an r-dimensional Lie algebra
with basis X, X»,..., X, : i.e., any vector X € L" can be decomposed uniquely
as X = ), _,xxX, where z; are the coordinates of the vector X in the basis
X Xy Xy Thot [ X5 X = ) 1y cijk; i,7 =1,2,...,r with real constants cffj
The numbers cfj are called the structure constants of the Lie algebra L for the basis
X1, Xa, ..., X,. Let(z,(t), ..., Z,(t)) be a solution of the system of linear equations

r

=Y "chBs (=12 7)
B=1

dz,

dt
satisfying the initial conditions at a = 0:

The solution of this Cauchy problem induces an automorphism A;, (i = 1,2,...,7) of
the Lie algebra L". One of the main aims of group analysis is finding exact solutions.
All solutions can be divided into equivalence classes of solutions as follows.

11



Definition 4.6. Two solutions uy and uy are equivalent with respect to the admitted
Lie group G if solutions are transformable into another by a transformation belonging

to the group G.

The problem of classification of exact solutions is equivalent to the classifi-
cation of subalgebras of the admitted Lie algebra L. In order to give a method
for classification of subalgebras, we need to give some definitions. The criterion
for two Lie algebras to be isomorphic can be stated in terms of their structural
constants. If the Lie algebras L and L are isomorphic, then there exist bases in
them in which their structural constants are correspondingly equal. The set of all
subalgebras of the Lie algebra L™ is divided into equivalence classes with respect to
these automorphisms A;. A list of representatives, where each element of this list is
one representative from every class is called an optimal system of subalgebras. After
constructing the optimal system, one can start seeking invariant solutions.

4.5 Invariant solutions

One of the main goals of application of group analysis to differential equation
is the construction of representations of solutions. Solutions whose representation-
s are obtained with the help of the admitted group are called invariant. These
solutions can be constructed by the following way.

Assume that G is a group admitted by the system (S). Let L be the Lie
algebra which corresponds to G, and L" C L a r subalgebra. The algorithm of
finding invariant solutions with respect to the subalgebra L" consists of the following.

Let L" be a Lie algebra with the basis

; 0 ; 0
Xk =£k(x‘U)8_ﬁ+Ci(m‘u)w, (k= 1,2‘...'.'“).
Find the general solution of the system of linear homogeneous equations

aJ
—.'=0, k=1,2,...,?‘,
50 ( )
where J = J(x,u). The set of functionally independent solutions of these equations
is called an universal invariant of the Lie algebra L". The universal invariant J

o7
€ka—xi + ¢

consists of s = m + n — r, functionally independent invariants

J = ( Jl(,r, u), Jg(:z:, u), ey Jm+"_r"(:r, u) ) ,
where r, is the total rank of the matrix composed by the coefficients of the generators
Xi, (k=1,2,...,7).

B, Y LT L
Choosing m invariants such that the rank of the Jacobi matrix ( )

3T T )
is equal to m, one composes the relations

Ji = @i (‘)rm+l, Jm+2, M,Jm+n—1'.) . (@ = ]_,2‘___,1%)_ (26)

12



Equations (26) form the representation of the invariant solution with respect to the
algebra L". The representation of an invariant solution is obtained by solving the
invariants J!, J2, ..., J™ with respect to the dependent variables u!, ..., u™:

’U.i = qbi(:n, L,pf:'1+1}u“nn+2’'”,ur1r1'1+71—1'...)’ (1 =1 ’m)

The last set of relations is called the representation of the solution invariant with

respect to L.

5 Research objectives

The research is devoted to application of group analysis to a class of one
dimensional equations of fluids where the internal energy depends on the density
and the gradient of the density. The objectives of research are as follows.

1. To find an equivalence Lie group of (1),(2).

2. To find an admitted Lie group of (1),(2).

3. To classify all subalgebras of the admitted Lie group of (1),(2).

4. To study invariant solutions of (1),(2).

6 Scope and limitations of the study

The proposed research will deal with the one-dimensional equations of fluids

where the internal energy depends on the density and the gradient of the density.

7 Research procedure

The research procedure to be used in this thesis consists of a number of steps
which can be briefly described as follows.
1. Construct determining equations of the equivalence Lie group for system
(1),(2) and solve them.
. Construct determining equations of the admitted Lie group for system (1),

]

(2) and solve them.
. Classify the internal energy with respect to admitted Lie group.
. Construct optimal systems of admitted subalgebras.
. To find invariant solutions of (1),(2).

=

o

8 Expected results

The expected outcome of this research project is the classification of one

dimensional equations of fluids where the internal energy depends on the density
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and the gradient of the density.
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2 Introduction

The fluid flow past various axisymmetric bodies have received attention from many
researchers due to their simple geometrical shape and wide variety of practical applications.
Some examples include the flows behind a circular disk (Calvert1967; Fuchs et al. 1979), a
sphere (Sakamoto and Haniu 1990), a holed disk (Takamoto 1987), and a torus( Majumdar
and O’Neill 1977 ).

In order to study the fluid flow past a torus, the low-Reynolds-number flow or the
Stoke flow have been used by many researchers such as Ghosh(1927), Pell and Payne(1960),
Majumdar and O’Neill(1977), Jonhson and Wu (1979), Chwang and Hwang (1990), etc.
According the article of Majumdar and O’Neill (1977), the Stokes flow about a torus of
anchor ring type has been studied for the two axisymmetric flows which occur when either
the torus rotates about its axis of symmetry in an unbounded quiescent fluid or when the
torus is at rest in a uniform stream directed along its axis of symmetry. The first attempt at
solving for the torus in a uniform stream was made by Ghosh (1927). However, his solution
erroneously assumes that the stream function vanished on the body as well as along the
axis of symmetry, with the consequent implication that there is no flux of fluid through the
central hole of the torus. This type of solution is unacceptable physically since it leads to a
discontinuity in pressure over the plane of symmetry of the hole. Pell and Payne (1960) made
a detailed study of the problem and correctly treated the value taken by the stream function
vanishes on the body as one of the unknowns of the problem. Their analysis leads to an exact
solution for the stream function, but it is of great algebraic complexity and no calculations of
the drag force acting on the body were given.

Majumdar and O’Neill (1977) presented an alternative solution of this problem. The



form of their solution is such that the velocity and pressure fields are calculated directly, the
advantage of this approach being that it provides the solution in a particularly simple form
compared with that given by Pell and Payne, and permits the force acting on the torus to be
determined in a simple and straightforward way.

The case of axisymmetrical rotation problem was solved by Jonhson and Wu (1979), who
obtained the solution of five fundamental torus motion: a translation along and a translation
perpendicular to the generating or longitudinal axis, a rotation about an axis perpendicular to
the longitudinal axis and intersecting the torus centre-line, a rotation about the longitudinal
axis, and torus expanding radially. They also obtained the solution of a second order accurate
expression for the drag force. However, the rotation about a curved line, such as a circle,
was not considered until Chwang and Hwang (1990) studied the Stokes flow around a rotating
torus that can be analyzed the locomotion of bacteria, which propel their cells by rotating
their along curved filaments call flagella. They obtained the analytical solution of velocity
field and found that the total force and the total torque acting in the flied are zero.

In the present study, we are going investigate the viscous incompressible fluid flow past
a torus with rotating boundary in a uniform stream directed along its axis of symmetry for
moderate Reynolds numbers. We will also study the influence of the rate of rotation of torus
surface on the flow structure and the forces acting on the torus. The numerical algorithms
by using finite difference method will be developed for solving the Navier-Stokes equations in

the terms of primitive variables.

3 Mathematical formulation of problem

3.1 Statement of the problem

=

gﬂﬁ 1: The sketch of geometry of the torus.



A rigid open torus,with meridional cross-sectional diameter D, hole radius b, and sur-
face Sy is placed axisymmetrically in a uniform stream which flows with constant velocity
U, and pressure P,.. The sketch of geometry is illustrated in Figure 1. We consider a torus
body, represented by a compact set B C R*, moving in a fluid £ which occupies the region
D =R?\ B exterior to the body.

The fluid £ is viscous incompressible with constant density p and viscosity j.. Accord-

ingly, the equations which govern the flow are
' 1 —— o » :
p E-!*(u-V)' =-Vp+upAi in Dx|[0,T], (1)

divi=0 ‘in Dx|[0,T] (2)
where the quantities #(z,t) and p(z,t) represent the velocity and the pressure associated to

each particle of £. The boundary conditions are no-slip on the torus surface

=+

U= T, on S

where ., is the velocity of torus surface. Upstream and downstream boundary conditions at

infinity are
@ = (ug,uy,u;) = (0,0,Us) at 2+ +22—> 0

where u,, 1, and u. are components of the velocity vector in z, y and z directions, respec-
tively(see Figurel.). We shall assume that the boundary of torus rotates about its central
axis at angular velocity w (see figure 2). Equations (1) and (2) above are referred to as the

Navier-Stokes equations.

JUT 2: The sketch of geometry of the problem.

The force acting on a torus is



where S is the surface of torus and 7 is the outward normal unit vector on the boundary. A

stress tensor T' can be defined by
T=pl+u [va % (va’)T]

where Vi is a gradient tensor.

3.2 Governing equation

The studies of the fluid flow past a torus based on a toriodal coordinates system. The

toriodal coordinates system (£,7,¢) are defined by the following equations

. csin§cos¢
v coshn — cosé
csiné sin ¢
d coshn — cos&
csin¢
z ——

coshn — cos €
where € € [0,27), n € (—00,00) and ¢ € [0,27), ¢ is a characteristic length in the toriodal
coordinates system which is positive.

Under the axisymmetic flow conditions(all variables depend only on &,7), the non-

dimensional Navier-Stokes equations in the toroidal coordinate system (&, 7, ¢) are

O(ue)  O(uy) 20 2h,
o - o s ugsing + (cothn = Yty = 0, (3)
dug 1 g Oue Liige o _ _ _lop
Ty + W ( figemt O€ + gyt B ) + c (unam{ uw,,smhr;) = "hE

1 [ 1 0211{ 8211.5 1 3 6‘ au,

S 2sinhn— — 2si d
TRe |12 (852 & an2) ch (“"‘”5 g Tosming, — g )]

1 cothn 1 | Qug 1 2 9 1 '

— | [ —t e % — — .= + — (coshncosé — 1 .
+Re ( 2 o @mhn) o + ( hcoshn 2 (sm & + sinh®n) + 2 (coshncosé )) UE:|
+i- Lnf((l—l— inhn) (1 — coshneos€) + sinh®n) | u 4)

Re |\ ¢?sinh?n se R e "

[ , 1P
) + e (uésmhn - ugunsm{) = _Ha_n

Bu,j 1 ( ()u;, 815,,

Bt h\ ‘o
1 [1 8%, 82 Uy 1 Oug 6u£
= = ol 4 2 1 9si
+Re | h? (8{2 i on? ch smf — 28 o€ i 3?;
+% ((‘o;:m - sz;?n) 8(;?—? - mue - c% (sinfsmhn + sinh®n — %croshn) 'u,.,,}
+L ; (Sinz{mﬂnhzn + sinh®n (coshncosé — 1) — (coshmncosé — 1)2) U | » (5)
Re | c?sinh®n




where u¢ and w, are the velocity components in § and 7 directions, respectively, and h =
¢/(coshn—cos€). In the above equations, the velocities are non-dimensionalized with the free
stream velocity U, and the pressure by pU?2 .The non-dimensional parameter which appear in

the above equations are the Reynolds number

Re — DUOO,

v

where D is a diameter of a torus and v = p/u is the coefficient of the kinematic viscosity.
The nondimensional boundary condition employed for investigation are

e On the torus surfaces, the no-slip boundary condition will be used

Dw

ma Uy = O\ 6 € [01 Qﬁ): n= :l:nﬂ- (6)

ILE =
e At infinity, the constant streamwise velocity and pressure will be used,

P
pU

g 1
oo

@ = (Ug, Uy, u;) = (0,0,1), g 22+ % + 22 - x. (7)

4 Research methodology

The governing equations solved in this research include the equations of continuity and
momentums (3)-(5) subject to the boundary conditions (6)-(7). The fluid flow equations (3) -
(5) will be solved by using the finite difference method based on the projection method [5,8,9].
In this method, an intermediate velocity field, which does not satisfy the incompressibility
constraint, is first computed at each time step. Then, the pressure is used to project the
intermediate velocity into the space of discretely incompressible functions. The velocity
variable is updated by the resulting Poisson equation for the pressure solved with Dirichlet,
Neumann or Robin boundary conditions. For the sake of simplicity, the explicit scheme of
the second order accurate in time will be used.

We will verify numerical algorithm by comparing our numerical results with available

data from laboratory physical models which are known exact or approximate solutions.

5 Scope and limitations of the study
1. Axisymmetric(z-axis) and steady flows are considered.
2. The fluid is considered viscous incompressible.

3. Using the finite different method based on primitive variables to solve the Navier-Stokes

equation in term of the toroidal coordinate system.



6 Research objectives

The main goals of this research are to study the behavior fluid flow past a torus of
circular cross-section with rotating boundary, construct a numerical model and develop a
computer program to predict the behavior of the fluid flow. The objective of research are the

following

1. Propose a mathematical formulation to describe the problem of the viscous incompress-

ible fluid flows past a torus with rotating boundary.

2. Derive a finite difference scheme for solving the governing equations of the problem in

primitive variables.

3. To verify numerical algorithms of the solution of the problem by comparing with data

from laboratory physical models which are known, and exact or approximate solutions.

4. To study influence of the rate of rotation of torus surface on structure of fluid flow and

hydrodynamic parameters.

7 Expected results

Expected results of the thesis project include the followings

1. We will obtain the schemes, numerical models and computer programs based on the
primitive variable method for solving the problem of the viscous incompressible fluid

flows past a torus with rotating its boundary.

2. Validation of numerical algorithms of the problem will be done by comparing with data

from laboratory physical models which are known, and exact or approximate solutions.

3. Influence of the rate of rotation of torus surface on the flow structure and forces acting

on torus will be analyzed.

4. Longer term results of this study will be used by researchers doing numerical simulation

of viscous incompressible fluid flows past a torus.
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2. Introduction
Diabetes mellitus is one of the most common chronic disease threaten the

health and health economics in every country of the world. The prevalence of diabetes
in the world’s population will rise from 151 million in the year 2000, to 221 million by
the year 2010 and to 300 million by 2025 (Zimmet, 2003). In Thailand, the estimated
prevalence of diabetes in Thai adults was 9.6% (2.4 million people) (Aekplakorn,
2003).

Type 1 diabetes is an autoimmune destruction of the pancreatic B cells and
affects children and young adults. Type 1 diabetes known as insulin-dependent
diabetes mellitus (IDDM) that is this type can be treated by exogenous insulin
treatment. Whereas the most common form of diabetes is type 2 diabetes. In type 2
diabetes, the body does not produce enough insulin or the cells do not use insulin
properly. This type of diabetes is called non-insulin-dependent diabetes mellitus
(NIDDM), obesity related diabetes or adult-onset diabetes. It can prevent or delay the
onset of this type by management of diet, exercise and weight reduction (Kahn, 2005).

When the disease progresses, type 2 diabetic patients finally require insulin to



maintain blood glucose level (Bethel, 2005). The clinician will include the insulin
therapy in treatment strategy for improving symptoms, enhancing quality of life and
provide a sense of well-being (White, 2003). Although diabetic patients have benefited
from insulin therapy, the intensive treatment can cause hypoglycemia (Bernroider,
2007).

At present, islet cell transplantation is the most potential source for diabetes
treatment. Transplantation of islet cells has demonstrated normoglycemia in the
absence of exogenous insulin therapy. Nevertheless, the limitation of islet cell
replacement are the following factors: non-functioning of isolated islets, the small
number of transplanted islets, the immunogenecity of isolated islets, transplantation to
inappropriate sites, recurrence of auto-immunity in the transplanted islets and rejection
and immunosuppression (Gunasekaran, 2003). Therefore, the scientists take an interest
in human embryonic stem cells (hESCs). hESCs are more interesting because they
have the differentiation potential to become several tissues in the body, while adult
stem cells have limited differentiation capacity. The strategies for differentiation of
hESCs into insulin-producing cells have been demonstrated by many research groups
(Assady, 2001; Segev, 2004 and Baharvand, 2006). The insulin-producing cells are
expressed the markers that are associated with pancreatic B cell differentiation
pathway. These cells can also produce and secrete insulin in response to glucose
concentration. However, the differentiation of insulin-producing cells protocols use of
insulin containing medium. Therefore, insulin may be absorbed from the culture
medium into the cells (Rajagopal, 2003). Moreover, these methods maintain
undifferentiated hESCs on mitotically inactivated mouse embryonic fibroblasts (MEF)
feeder layers which can provide the animal pathogen contamination to hESCs (Mallon,
2006). In addition, those studies did not test the function of insulin-producing cells in
animal model. Therefore, in vivo characterization of the cells remains to be solved.

This study aims to produce the insulin-producing cells from undifferentiated
hESCs and to evaluate the capability of insulin-producing cells to produce insulin in
response to blood glucose when transplanted into the diabetic monkey model. The
transplantation protocol is designed to prevent graft rejection and to investigate
whether diabetic monkey model can be used as an animal model for studying the

possible treatment for this disease. A further advantage of monkey model is that it has



an evolution more closely to human. In addition, it would be provide the outcome in
physiological changing and side effects developing treatment. The achievement of
these goals must have the capacity to address an advancement and safety therapeutic

strategy before attempting to treat patients with diabetes.

3. Literature review
3.1 Diabetes mellitus
3.1.1 Epidemiology
The prevalence of diabetes in the world’s population will rise from 151 million
in the year 2000, to 221 million by the year 2010 and to 300 million by 2025 (Zimmet,
2003) (Fig. 1). The expected population growth between 2000 and 2003 will be
focused in developing countries (Wild, 2004). There will be a 170% increase, from 84
to 228 million and the majority of people with diabetes are in the age range of 45-64
years, in the developing countries (King, 1998). In contrast, the majority of people
with diabetes in developed countries are >64 years of age (Wild, 2004).The global
diabetes prevalence is similar in men and women but it is slightly higher in men <60
years of age and in women at older ages (Wild, 2004). However, the fact that there are
more women than men with diabetes in many countries is remarkable. For the

developed countries, a probably explanation is the greater long life of women.
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Fig. 1 Prevalence of diabetes in the world’s population (Zimmet, 2003).

The International Collaborative Study of Cardiovascular Disease in Asia
(InterASIA) has demonstrated that diabetes and impaired fasting glucose are common
in Thai adults. These conditions are associated with adverse levels of cardiovascular
risk factors. The estimated national prevalence of diabetes in Thai adults was 9.6%
(2.4 million people), which included 4.8% of previously diagnosed and 4.8% of newly
diagnosed subjects. The prevalence of impaired fasting glucose was 5.4% (1.3 million
people). The prevalence of diabetes and impaired fasting glucose in Thailand are rise
to Western levels appears to be ascribing to changes in demographic factors including
the greater age of the population, the increased proportion living in an urban area and
increasing levels of obesity (Aekplakorn, 2003).

3.1.2 The classification of diabetes

Diabetes mellitus (DM) is a disease in which the body does not produce or
properly use insulin. Insulin is a hormone produced by the pancreas, a large gland
behind the stomach. Insulin is needed to convert sugar, starches, and other food into
energy. Glucose is the main source of fuel for the body, it passes into the bloodstream

which is used by cells for growth and energy. This energy is needed for daily



functioning. The patients with diabetes have abnormally high levels of glucose in the
bloodstream which is lost through the kidneys. Thus, the body loses its main source of
fuel (Kahn, 2005 and Diabetes Overview, http://diabetes.niddk.nih.gov/dm/pubs/over-

view/index.htm, 2007).
The types of diabetes are classified in term of their specific etiology or

pathogenesis.

Type 1 diabetes was previously called insulin-dependent diabetes mellitus
(IDDM) or juvenile-onset diabetes. Type 1 diabetes is an autoimmune disease which
the immune system attacks and destroys the insulin-producing B cells in the pancreas.
Thus, the body’s produces little or no insulin. It develops most often in children and
young adults but can appear at any age. People with type 1 diabetes require daily
insulin treatment to survive. Risk factors for type 1 diabetes may include autoimmune,
genetic, and environmental factors. There are currently no known methods of
preventing type 1 diabetes (Kahn, 2005 and Diabetes Overview, http://diabetes.niddk.
nih.gov/dm/pubs/overview/index.htm, 2007).

Type 2 diabetes was previously called non-insulin-dependent diabetes mellitus
(NIDDM), obesity related diabetes or adult-onset diabetes. About 90 to 95 percent of
people with diabetes have type 2. It usually begins as insulin resistance, a disorder in
which the cells do not use insulin properly. This type of diabetes is associated with
older age, obesity, family history of diabetes, previous history of gestational diabetes,
impaired glucose metabolism, physical inactivity, and race/ethnicity. African
Americans, Hispanic/Latino Americans, American Indians, and some Asian
Americans and Native Hawaiians or Other Pacific Islanders are at particularly high
risk for type 2 diabetes. Type 2 diabetes is increasingly being diagnosed in children
and adolescents. Studies show that people at high risk for type 2 diabetes can prevent
or delay the onset of the disease by maintaining a healthy diet and regular exercise
(Kahn, 2005 and Diabetes Overviw, http://diabetes.niddk.nih.gov/dm/pubs/overview/

index.htm, 2007).

Gestational diabetes mellitus (GDM) is a form of glucose intolerance that is
diagnosed in some women during pregnancy. It is also more common among obese
women and women with a family history of diabetes. Although this form of diabetes

usually disappears after the birth of the baby, women who have had gestational



diabetes have a 20 to 50 percent chance of developing type 2 diabetes within 5 to 10
years. About 7.05% of pregnant women in Thailand develop gestational diabetes.
Gestational diabetes is caused by the hormones of pregnancy or a shortage of insulin.
The maternal risk factors for GDM include increasing age, racial origin, family history
of diabetes mellitus and pre-pregnancy body mass. Older mothers and overweight
women are more likely to get gestational diabetes. Diabetes during pregnancy has
serious adverse consequences for both mothers and their children (Kahn, 2005 and
Diabetes Overview, http://diabetes.niddk.nih.gov/dm/pubs/overview/index.htm, 2007).

Pre-gestational diabetes mellitus (PDM) is diagnosed prior to pregnancy. PDM
can be either type 1 or type 2 diabetes. Mothers with PDM and their children face
accelerated diabetes complications, such as hypertension and retinopathy, increased
risk for many adverse outcomes including birth defects, perinatal mortality (Pregnancy
in Preexisting Diabetes, http://diabetes.niddk.nih.gov/dm/pubs/america/pdf/chapter36.
pdf, 2007).

Other specific types of diabetes and maturity-onset diabetes of the young
(MODY) is identified in a relatively specific way or have other distinctive,
distinguishing features of the underlying defect or disease process. Major causes of
this type which include genetic defects of B-cell function associated with specific
monogenic defects. Most of these are characterized by a dominant pattern of
inheritance and the onset of hyperglycemia at an early age. They are characterized by
impaired insulin secretion with minimal or no defects in insulin action. They are
inherited in an autosomal dominant pattern but are heterogeneous. A number of
specific genetic defects have been identified, including variations in hepatic nuclear
factor 40 (HNFa) (MODY1), glucokinase (MODY2), HNFla (MODY3), insulin-
promoting factor 1 (IPF1) (MODY4), and HNF3B (MODY5). Some forms of diabetes
are associated with rare autosomal dominantly inherited genetic defects of insulin or
insulin action. Structurally abnormal insulins, from specific mutations in the insulin
gene, with resultant impaired receptor binding, have been identified in a few families
(Kahn, 2005).

Pre-diabetes is a condition that occur before people develop type 2 diabetes,
of which blood glucose are higher than normal but not yet high enough to be

diagnosed as diabetes. A combination of obesity, inactivity and genetics is responsible.



Most people with pre-diabetes aren’t aware they have it, and insurers may not cover
testing for or treatment of the condition. Recent research has shown that some long-
term damage to the body, especially the heart and circulatory system, may already be
occurring during pre-diabetes. People with pre-diabetes can prevent the development
of type 2 diabetes by making changes in their diet and increasing their level of
physical activity (Diabetes Overview, http://diabetes.niddk.nih.gov/dm/pubs/overview/
index.htm, 2007).

Type 1 and type 2 diabetes have different causes (Kahn, 2005). In type 1
diabetes, inherited risk factors from parents must stimulate the disease. Something in
environment must trigger diabetes; type 1 diabetes develops more often in winter than
summer. Moreover, other viruses have mild effect on triggers type 1 diabetes. In
people who are breastfed and in those who first eat solid food at later ages, type 1
diabetes is less common. The development of type 1 diabetes seems to take many
years; researchers found that most of those who later got diabetes had autoantibody in
their blood for years before the development of diabetes. Type 2 diabetes has a
stronger genetic basis than type 1, and depends on more environmental factors. The
ethnic groups with the highest risk are African Americans, Mexican Americans, and
Pima Indians. Type 2 diabetes is common in people who eat too much fat, eat too little
carbohydrate and fiber, and get too little exercise. Obesity is a strong risk factor type 2
diabetes, people who have been obese for a long time have high risk to develop type 2
diabetes.

The recommendations for the classification and diagnosis of diabetes mellitus
use the terms "type 1" and "type 2" instead of "IDDM" and "NIDDM" to designate the
two major types of diabetes mellitus. The simplification of the diagnostic criteria for
diabetes mellitus is a level of 126 mg/dL (7 mmol/L) or higher by performing the
Fasting Plasma Glucose (FPG) Test. (Kahn, 2005 and Diagnosis of Diabetes,
http://www.diabetes.niddk.nih.gov/dm/pubs/diagnosis/index.htm,2007). These provide
an easier and more reliable means of diagnosing persons at risk of complications from
hyperglycemia. Earlier detection of diabetes mellitus may lead to tighter control of
blood glucose levels and a reduction in the severity of complications associated with

this disease.



3.1.3 Complications of diabetes

Diabetes could cause problems in so many parts of the body; nerve damage
(neuropathy), damage to large blood vessels (called macrovascular disease), damage to
small blood vessels such as capillaries (called microvascular disease). Diabetic
neuropathies lead to numbness and sometimes pain and weakness in the hands, arms,
feet and legs. Neuropathy can also cause problems in digestive system, heart, and sex
organs. Neuropathies are more common in people who have had diabetes for at least
25 years, are overweight, have poor blood glucose control, and have high blood
pressure. The most common type is peripheral neuropathy, which affects the arms and
legs. This type of nerve damage causes numbness in the feet. This increases the chance
of foot injuries, which, if left untreated, can lead to amputation.

In macrovascular disease, high blood glucose causes hardening of the arteries
(arteriosclerosis), which can lead to a heart attack, stroke or poor circulation in the
feet. Heart disease is the leading cause of diabetes-related death. Adults with diabetes
have heart disease death rates about 2 to 4 times higher than adults without diabetes.
The risk of stroke is also 2 to 4 times greater for people with diabetes. Moreover, in
microvascular disease that is high blood glucose also thickens capillary walls, makes
blood stickier and can cause small blood vessels to leak. Together, these effects reduce
blood circulation to the skin, arms, legs, and feet. They can also change the circulation
to the eyes and kidneys. Reduced capillary blood flow may cause some brown patches
on the legs (Kahn, 2005 and Complication of  Diabetes,
http://www.diabetes.niddk.nih.gov/complications/index.htm, 2007)

Nephropathy (kidney disease) is a common and important accompaniment of
diabetes and one that in young diabetics takes precedence over heart disease as a cause
of illness and death. There is a wide variation in the type and degree of renal damage.
It occurs in long standing diabetes. A serious complication known as retinopathy (eye
disease) and lead to loss of vision. It usually takes between 10-13 years for diabetic
retinopathy to develop and it is present in some degree in most diabetics who have had
the disease for 20 years. Diabetes is the leading cause of blindness in adults 20 to 74
years old and is estimated to affect 12,000 to 24,000 new cases each year (Kahn, 2005
and Complication of Diabetes, http://www.diabetes.niddk.nih.gov/complications/index

.htm, 2007).



The problem of hypoglycemia due to insulin or oral hypoglycemic drugs is
much more common in type | than in type 2. Another acute complication which is
more likely to occur in type 1 diabetes is ketoacidosis, a condition caused by a lack of
insulin leading to a build-up of ketoacids. This condition can directly cause an acute
life-threatening event,-a diabetic coma (Kahn, 2005 and Complication of Diabetes,
http://www.diabetes.niddk.nih.gov/complications/index.htm, 2007).

3.1.4 Diabetes treatment

The major goal in diabetes treatments is controlling elevated blood sugars
(glucose) without causing abnormally low levels of blood sugar. Type 1 diabetes
treatments include insulin, exercise, a diabetes diet and oral medications are useless in
this type. Type 2 diabetes treatments include weight reduction, a diabetes diet and
exercise. When these treatments fail to control the elevated blood sugars, oral
medications are used. If oral medications are still insufficient, insulin medications are
consider (Kahn, 2005 and Diabetes Overview, http://diabetes.niddk.nih.gov/dm/pubs/
overview/index.htm, 2007).

Nowadays, there are nine different classes of drugs, sometimes being used in
combination to control diabetes without insulin injections. Furthermore, treatment
with combination of these drugs is not successful in the majority of type 2 diabetics in
their entire lives and they do not work at all for type 1 diabetes (Kahn, 2005 and
Treatments of Diabetes, http://www.diabetes.niddk.nih.gov/treatments/index.htm,
2007)

For everyone with type 1 diabetes and some people with type 2 diabetes,
insulin is required for survival in which their pancreas is unable to produce. People
inject themselves with insulin by using a syringe or an insulin pen injector. However,
their tissue will bruise and damage. Furthermore, others may use an insulin pump,
which is provides a continuous supply of insulin and eliminating the need for daily
shots. The benefit of the insulin pump is that the user no longer has to inject insulin
continuously; patients can alter their diet at any time, and accommodate the alteration
by taking additional units of insulin. An inhaled insulin delivery system provides
rapid-acting insulin as a dry powder that is inhaled through the mouth into the lungs.
The insulin then passes into the bloodstream. The United States Food and Drug
Administration (FDA) approved inhaled insulin on January 27, 2006, for adults with
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type 1 or type 2 diabetes. The most widely used form of insulin is synthetic human
insulin, which is chemically identical to human insulin but manufactured in a
laboratory. Unfortunately, insulin has increase risk of thrombosis, increase plaque
formation, stimulates connective tissue synthesis, elevates blood pressure and
increases heart disease risk (Kahn 2005 and Treatments of Diabetes,
http://www .diabetes.niddk.nih.gov/treatments/index.htm, 2007).

In recent years, researchers have focused increasing attention on
transplantation for people with type 1 diabetes. Pancreas transplants have been
performed since the late 1960s. After a successful pancreas transplant, many people
with diabetes no longer need to use insulin. The pancreas contains about 1 million islet
cells, 75 to 80 percent of which produce insulin. The beta cells that produce insulin
reside in the islets, transplanting these cells may offer a less invasive, less expensive
and less risky option than a pancreas transplant for people with diabetes. The liver, not
the pancreas, is the site of the transplant because it's easier to access the large portal
vein in the liver than it is to access a vein in the pancreas. The cells that grow in the
liver secrete insulin much like cells in the pancreas do. Unfortunately, transplants
aren't always successful. The body may reject the new organ days or even years after
the transplant, which means that patients need to take immunosuppressive drugs the
rest of life. These drugs are costly and can have serious side effects, including a high
risk of infection and organ injury. The side effects can be more dangerous than
diabetes. Type | diabetic patients are not considered for transplantation unless their
diabetes can not be controlled or are serious complications develop (Kahn 2005 and
Treatments of Diabetes, http://www.diabetes.niddk.nih.gov/treatments/index.htm,
2007).

The requirements for an effectively unlimited supply for pancreatic B-cell
replacement has led to explore the way to generate insulin producing cells to use in
this treatment. Recently, scientists developed cell-based therapy for altemative
treatment to conventional donor dependent transplantation. Stem cells are self-
renewing cells and are able to differentiate in vivo to produce the desired kind of cell.
Laboratories all over the world have been exploring the possibility of using stem cells
to restore damaged or lost tissue (Beattie, 2004 and Stojkovic, 2004).
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3.2 Stem cells
3.2.1 Classification of stem cells

Stem cells are often classified with regard to their origin, present both in the
embryo and in the adult. Depend on the stem cells originate, they have different
properties. According to the classification scheme, there are two kinds of stem cells;
embryonic stem cells and adult stem cells (Stojkovic, 2004 and Kiatpongsan, 2006).

Embryonic stem cells (ESCs) are derived from embryos that develop from
eggs, have been fertilized in vitro (in an in vitro fertilization [IVF] clinic) and then
donated for research purposes with informed consent of the donors. Once removed the
inner cell mass (ICM), which is part of the early (4-5 days old) embryo called the
blastocyst, the cells can be cultured into embryonic stem cells. ESCs have the intrinsic
ability to become mesoderm, ectoderm, or endoderm, thus giving rise to every
differentiated cell in the body. In addition, it is also immortal by self renewal
capability. Consequently, ESCs are more promising as a therapeutic tool because it has
less limitation on differentiation potential.

Adult stem cells originate from mature adults; the numbers of cell types which
they can differentiate are limited. Unlike embryonic stem cells, which are defined by
their origin (the inner cell mass of the blastocyst), the origin of adult stem cells in
mature tissues is unknown. An adult stem cell is an undifferentiated cell found among
differentiated cells in a tissue or organ, can renew itself, and can differentiate to yield
the major specialized cell types of the tissue or organ. The primary roles of adult stem
cells in a living organism are to maintain and repair the tissue in which they are found.
It is generally believed that adult stem cell therapies will complement but not replace
embryonic stem cell therapies. Certain kinds of adult stem cells seem to have the
ability to differentiate into a number of different cell types, given the right conditions.
If the differentiation of adult stem cells can be controlled in the laboratory, these cells
may become the basis of therapies for many serious common diseases.

Moreover, stem cells can be classified by a hierarchal system (Kiatpongsan,
2006).

1. Totipotent stem cell is the first stage stem cell that can be found in zygote. It

can develop into both embryonic and extraembryonic tissues.
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2. Pluripotent stem cell is the later stage of totipotent stem cell. This cell type
can develop into all kinds of cells of an embryo (except the extraembryonic tissues).
Pluripotent stem cell can be found in an embryo, fetus and developing organism.

3. Multipotent stem cell is a stem cell in any specific tissues, organs or
systems. This stem cell has more limited differentiation potential. For instance,
hematopoietic stem cell has an ability to develop into only cells in the hematological
system.

3.2.2 Derivation and culture of hESCs

The human embryonic stem cells (hESCs) are derived from the inner cell mass
of blastocyst-stage embryos that are isolated by mechanically or immunosurgery
methods. They can be maintained in an undifferentiated or pluripotency state in vitro
for prolonged periods of time. The potential of hESCs to differentiate into representing
ectoderm, mesoderm and endoderm derivatives has generated the possible use of
hESCs in therapeutic applications (Trounson, 2006). The derivation process involves
culturing of the inner cell mass (ICM) of blastocyst stage, induce to proliferate and
differentiate into desired cell types (Stojkovic, 2004) (Fig. 2). The first successful
derivations of hESCs performed in the Thomson laboratory at the University of
Wisconsin (Madison, W1, USA) were isolated from the ICM of human blastocyst and
placed on mitotically inactivated murine feeder cells (Thomson, 1998).

Continuous culture of isolated ICM cells and hESCs in an undifferentiated
state still requires the presence of feeder ‘layers. Some previous reports have
demonstrated that the growth of undifferentiated hESCs can be maintained on mouse
embryonic fibroblast (MEF) feeders and on laminin- or Matrigel-coated-plastic
surface with MEF conditioned medium. The xenosupport systems possibly transfer of
harmful animal pathogens to any human transplant recipients in clinical use of existing
human cells (Mallon, 2006). Furthermore, human feeder layers are used for hESCs
culture including human adult marrow cells, human fetal muscle (FM), human adult
skin (AS), commercial human fetal skin (FS; D551/CCL-10, American Type Culture
Collection [ATCC]), human adult uterine endometrial cells (hUECs), human adult
breast parenchymal cells (hBPCs) and embryonic fibroblasts (hEFs), which are
capable to support undifferentiated stage and proliferation state of hESCs (Cheng,
2003; Richards, 2003 and Lee, 2004). Conditioned medium from hESC-derived

13



fibroblasts (hESC-dFs) efficiently supports growth of hESCs in feeder-free culture
systems (Stojkovic, 2005). However, these culture conditions still have the ingredients
from animal such as fetal bovine serum (FBS) and bovine albumin that contain in
culture medium. For the clinical potential in cell replacement therapy, differentiated
cells from hESCs will be cultured in xeno-free systems (Mallon, 2006).
3.2.3 Characterization of hESCs

The resulting of hESC lines are also formed flat and compact colonies with
distinct cell borders which have a high ratio of nucleus to cytoplasm and prominent
nucleoli. The hESCs exhibit high levels of telomerase activity and show normal
karyotype (number and type of component chromosomes) after prolonged culture with
multiple passages. They are survived and proliferated in vitro indefinitely under well-
defined tissue culture conditions. Most of the cells can be subcultured after freezing,
thawing, and replating. The cells can be differentiated into a variety of cell types both
in vitro and in vivo conditions. The hESC lines are expressed the stage-specific
antigens (SSEA-3 and SSEA-4), the glycoproteins tumor recognition antigen (TRA-1-
60, TRA-1-81 and TRA-2-54), germ cell tumor marker (GCTM-2), trophoblast giant
(TG343 and 30), cluster of differentiation (CD9 and 133), Octamer-4 (Oct4), Nanog,
SRY-box containing gene 2 (Sox-2), teratocarcinoma-derived growth factor 1 (Tdgfl),
left-right determination factor 2 (LeftyA), RNA exonuclease 1 (Rex-1), Stellar, Dazl,
Nanos 1, pumilio gene (Pum 1 and 2), growth differentiation factor-3 (Gdf3), thymus
cell antigen 1 (Thy-1) and alkaline phosphatase (Stojkovic, 2004 and Raikwar, 2006).
Markers that are common to characterize hESCs are the following: SSEA-3, SSEA-4,
TRA-1-60, TRA-1-81, Oct4 and alkaline phosphatase. Nevertheless, there are
differences between hESCs in their pluripotency or the genetic profile under the same
conditions, their potential for large-scale culture and growth under feeder-free
protocols, or their ability to form teratoma after injection into severe combined
immunodeficiency (SCID) mice. Moreover, their capacity to differentiate into
different cell types under in vitro conditions is variable (Stojkovic, 2004 and Raikwar,
2006). It is important to note that the difference in various hESC lines might inform

the scientists to choose the appropriate hESC line for their reseach.

14



Human iV F blastocys?

Isolated HOM attocked

on MEF

Pranasy hES cell coleny
on feeder cells

Undifferentiated hES ceils Differentiaied 7ES celis

on feeder celis

Fig. 2 Derivation of hESCs. (a) Day 8 (IVF = day 0) hatching blastocyst derived after
in vitro fertilisation. Alternatively, blastocysts could be received after intracytoplasmic
sperm injection or nuclear transfer procedure. Note the presence of well-formed ICM
(asterisk). (b) ICM isolated by immunosurgery and attached to the mouse feeder cells
(MEF). Mechanical isolation of ICM is another possibility in order to remove
trophectoderm cells. (¢) Thirteen-day-old primary hES cell colony grown on MEF.
Alternatively, feeder cells could also be of human origin. Note the presence of cells
with typical hES-cell like morphology (white arrow). (d) Undifferentiated hES-NCL1
colony grown on human feeder. (¢) Spontaneous differentiation of hES-NCL1 cells
with neuronal-precursors morphology. Induced differentiation of pluripotent hES cells
could be achieved after addition of specific factor(s). Scale bars: 200mm (a, ¢, d, €)
and 100mm (b) (Stojkovic, 2004).



3.2.4 Differentiation of hESCs into insulin-producing cells

For diabetes therapies, type | diabetes is mostly studied. Many scientists have
focused on the objective of inducing islet neogenesis from stem cells in vitro. The cell
replacement for islet destruction states would be available in unlimited supply.
Consequently, embryonic stem cells are possibly induced to differentiate efficiently
into insulin-producing cells and release insulin appropriately in response to glucose
(Beattie, 2004 and Jones, 2004).

Many scientists have established techniques to induce hESCs differerentiation
into insulin-producing cells. For instance, Assady et al. have used of hESCs in both
adherent and suspension culture conditions, and observed spontaneous in vitro
differentiation that included the generation of cells with characteristics of insulin-
producing P cells. The H9 line of hESCs was used. These cells grow as homogeneous
and undifferentiated colonies when they are propagated on a feeder layer of MEFs.
Accordingly, spontaneous in vitro differentiation of hESCs was investigated after
removal of cells from the MEF feeder layer using two different model systems. Cells
grown under adherent conditions in tissue culture plates, in the absence of MEFs,
displayed a pleiotropic pattern with numerous morphologies. In contrast, in vitro
differentiation in suspension culture resulted in a more consistent pattern, with the
formation of discrete embryoid bodies (EBs). Organization of EBs started as early as
day 3 after removal from MEFs and transfer to suspension culture. With progressive
days in suspension culture, more complex structures became evident, such as
epithelial- or epithelial-like cells lining hollow structure or cysts. Until day 19 after
EBs development, occasional cells expressing insulin were evident as early as 14 days
of differentiation, with a progressive increase in number through day 19. By
immunohistochemistry analysis which is using anti-insulin antibody, EBs was stained
positively for insulin (60-70%), and 1-3% of cells were positively stained at maximum
density. Insulin release was measured by enzyme immunoassay in undifferentiated
hESCs, differentiated hESCs, and MEF cells. Insulin release was significantly greater
from 20- to 22-day of EBs (60-70 EBs per dish), as compared with undifferentiated
hESCs. The expressions of other P-cell-related genes using RT-PCR analysis of
undifferentiated and differentiated hESCs were examined. Insulin mRNA, islet
glucokinase (GK) and glucose transporter-2 (GLUT2) genes were identified in
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differentiated but not in undifferentiated hESCs. The glucose transporter-1 (GLUTI)
isotype, a constitutive glucose transporter, was widely expressed in all forms of
hESCs. Expression of three transcription factors was examined. Expression of Oct4
mRNA, a marker of the pluripotent state was detected in undifferentiated hESCs but
decreased progressively during the subsequent differentiation. The differentiated
hESCs expressed insulin promoter factor-1/pancreatic and duodenal homeobox factor-
1 (IPF1/PDX1) and neurogenin 3 (Ngn3) transcription factors. They have been shown
to contribute to the regulation of pancreatic and endocrine cell differentiation (Assady,
2001).

Segev et al. presented a method for forming immature islet-like clusters of
insulin-producing cells derived from hESCs. EBs were first cultured and plated in
insulin-transferin-selenium-fibronectin (ITSF) medium, followed by medium
supplemented with N2, B27, and basic fibroblast growth factor (bFGF). One of the
first stages contains ITSF that enriches the nestin-positive cells. Both bFGF and
keratinocyte growth factor were found to enhance the formation of islet-like clusters
from ES cells. Next, the glucose concentration in the medium was lowered, bFGF was
withdrawn, and nicotinamide was added. Nicotinamide is a poly-synthetase (ADP-
ribose) inhibitor known to differentiate and increase B cell mass in cultured human
fetal pancreatic cells. This stage induces differentiation into insulin-secreting cells.
Dissociating the cells and growing them in suspension resulted in the formation of
clusters which exhibited higher insulin secretion and had longer durability than cells
grown as monolayers. In addition, transcript for insulin was shown both by RT-PCR
and in situ hybridization, along with transcripts for proinsulin and processing
enzymes, prohormone convertase (PC1/3 and PC2), indicating that stage 6 cells
acquired the ability to synthesize and process proinsulin to mature insulin. Transcripts
for the two components of the K arp channel (SURI and KIR6.2), GLUT2 and GK,
which participate in signal-secretion coupling in pancreatic p cells, were also detected.
In addition, transcription factors such as NK homeodomain family (Nkx6.1), islet 1
(Is11), paired box (Pax) genes (Pax4 and Pax6), Ngn3, and islet amyloid polypeptide
(IAPP) were also present in stage 6 cells. Somatostatin transcript was not detected
beyond stage 4, although the protein was detected by immunohistochemistry in stage

6. In contrast, through present in stage 3 and stage 4 cells, only minor expression of
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PDX1 was observed in stage 6 cells. PDX1 expression during stages 3 and 6 may
initiate a cascade of events leading to insulin transcription (Segev, 2004).

In another report, Baharvand et al. described and illustrated the differentiation
of the hESC line into endocrine pancreatic-like cells which are characterized using a
variety of experimental approaches. The Royan H1 hESC line was grown on a
mitomycin-C-treated MEF feeder layer in gelatin-coated tissue culture dishes. Royan
Hl cells were maintained in hESC medium. In order to promote directed
differentiation of hESC (Royan H1 hESC line) into insulin-secreting cells, the strategy
included: (i) formation of EB (stage 1); (ii) selective differentiation of cell populations
expressing nestin using fetal calf serum depletion and culture with insulin-tranferin-
selenium-fibronectin (ITSFn) (stage 2); (iii) proliferation and maintenance of
precursor cells (stage 3); and (iv) the differentiation induction and maintenance of
insulin-positive cells (stage 4). The resultant cells were positive for dithizone, a zinc-
chelating agent known to selectively stain pancreatic p cells and were immunoreactive
for antibodies against insulin, glucagons, and C-peptide. Semi-quantitative RT-PCR
analysis of the cells showed the expression of pancreatic genes in the differentiated
hESCs in a development stage-dependent manner. Insulin and other pancreatic p-cell
related genes, such as glucagon, somatostatin, KATP- channel genes KIR6.2 and
SURI, IAPP, Isl1, PC1/3, PC2, GK, Nkx6.1, GLUT2 and Pax4 were expressed in the
differentiating cells. The results indicate that differentiated cells can express genes
involved in the pB-cell differentiation pathway. Moreover, insulin hnRNA was
observed, indicated the potential de novo synthesis of insulin in hESC-derived p cells.
Expression of Oct-4, a pluripotent cell marker, was detected in undifferentiated hESCs
and EBs but not in differentiated hESCs at the final stage of differentiation. The Glut1
gene that is a constitutive glucose transporter was widely expressed in all stages, but
GLUT?2, a B-cell specific transporter was exclusively expressed at the last stage of
differentiation. Differentiated cells (at stage 4) were examined for their insulin
secretion potential. Significant insulin concentration was observed when glucose was
added to the medium in comparison with buffer containing lower glucose
concentrations. The ultrastructure of differentiated cells as viewed by Transmission
Electron Micrograph (TEM) showed secretary cells characteristics with mitochondria,

Golgi complex, rough endoplasmic reticulum (rER) and euchromatin nuclei. However,
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the cells differentiated from hESC were devoid of typical p-cell granules (Baharvand,
2006).

Despite recent reports have achieved insulin containing cells from hESCs, one
report has described about the culture medium containing insulin can provided the
possibility that insulin is concentrated from the medium (Rajagopal, 2003) . In this
report, the insulin positive cells did not stain with an antibody for C-peptide, a
byproduct of de novo insulin synthesis. Moreover, electron microscopy of
differentiated cells failed to demonstrate the granule characteristic of [ cells.
Therefore, the convenient cultures systems for inducing insulin-producing cells from
hESCs must be adjusted to obtain the endogenous insulin synthesis. In addition, the
system should be used to create growth systems and to reduce exposure of hESCs to
animal ingredients in order to further develop potential medical application (Mallon,
2006). Moreover, some factors of hESCs have to be overcome before application for
therapeutic purposes. For examples, during differentiation state, the major
histocompatibity complex is up-regulated, leading to the non-self proteins expression
on the graft cells which may result in immune rejection of the graft in the absence of
immunosuppressive therapy (Stojkovic, 2004). The expression of high level of
telomerase activity that has ability to form teratoma after injection is also noted
(Fujikawa, 2005). Furthermore, prolonged growth in vitro may also cause
chromosomal aberrations. Therefore, complete characterization of hESC lines
including their molecular status, a continuous genetic and chromosomal analysis are
important. However, the results from many laboratories demonstrated the rapid

progress for possible treatment of diabetes by using hESCs.

4. Thesis objectives

4.1 To induce hESCs differentiation into insulin producing cells

4.2 To evaluate the capability of insulin-producing cells in response to blood
glucose both in vitro and in vivo using diabetic monkey model

4.3 To produce monkey model for diabetes mellitus studying
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5. Thesis hypothesis
The hESC derived insulin-producing cells will be normalized blood glucose

when transplanted into diabetic monkey model. In addition, the diabetic monkey
model can be generated the diabetic model which can serve as a model for the disease
treatment. The knowledge from this study has value in therapeutic application in

human system in the future.

6. Scope and limitations of the study
6.1 To direct the hECSs differentiation into insulin-producing cells by using
suitable protocol (xeno-free system) for future therapeutic applications

6.2 To transplant insulin-producing cells into the diabetic monkey model for

evaluation of disease treatment

7. Thesis procedure

7.1 hESC culture
The hESCs line H9 (Wicell Research Institute, Madison, USA) will be

maintained in the undifferentiated state by culture on the layer of commercial human
fibroblast (hF) feeders that had been mitotically inactivated by mitomycin-C and
plated onto tissue culture dish that contained the culture medium. Cultures will be
grown at 37°C in a 5% CO, and 95% humidity. After 7 days, the cells will be
mechanically passaged by using a pasture pipette. Cells will be passaged every 7 days
until passage 5. They will be either cryopreserved in liquid nitrogen or cultivate
further on 35-mm culture dishes that contain fresh feeder layers at least 8 months.

7.2 The differentiation of hESCs into insulin-producing cells

hESC colonies will be isolated by trypsinization from the cultures and collect
by centrifugation. For insulin-producing cells differentiation, the protocols are as
follows: (1) induced embryoid bodies (EBs) formation, (2) expanded insulin-
producing precursors and (3) matured the insulin-producing cells. The morphology of

cells will be observed under phase-contrast microscope.
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7.3 Histology analysis
EBs and insulin-producing cells will be fixed overnight in 4%

paraformaldehyde, dehydrated in graduated alcohol (70%-100%), and embedded in
paraffin. For histomorphology, 5-um sections will be stained with hematoxylin/eosin.

7.4 Immunohistochemistry assay

Deparaffinized 5-um sections will be incubated with the primary antibody. The
following antibodies are analyzed: nestin, insulin, glucagon, PGP9.5, Tubulin, GAP43
and C-peptide. Then, the cells will be incubated with secondary antibody fluorescine
isothiocyanate-, rhodamine-conjugated anti-mouse and anti-rabbit for conjugated with
primary antibody.

7.5 Real Time Reverse Transcriptase-Polymerase Chain Reaction (real

time RT-PCR)

To determine the insulin-producing cells derived from hESC culture, the
expression of pancreatic cell genes will be examined by real time RT-PCR. Total RNA
will be extractioned by using RNA extraction kit. RNA samples will use to analyze
gene expression including Isll, Isl2, GLUT2, Glucagon, Nestin, Amylase, PDX-1,
Oct-4, Neuro D and Nkx 6.1. The presences of these genes are also implicated
successful derived insulin-producing cells.

7.6 Insulin content and insulin release

To test whether insulin release of induced cells are glucose-dependent, cells
will be incubated with no or 3, 5, 8, 11 or 20 mmol/l glucose for 30-60 min at 37°C.
Insulin secretion into the incubation medium will be determined by insulin enzyme-
linked immunosorbence assay (ELISA) kit. Total cell protein content will be tested by
the protein assay Kkit.

7.7 Transplantation of insulin-producing cells or islet cells into diabetic

monkey model
Diabetic model will be induced by streptozotocin (STZ) injection into monkey

model. STZ-treated monkey will be intraperitoneal implanted with semi-permeable
membrane-encapsulated insulin-producing cells or islet cells, which are insulin could
release but the cells could not pass through. The monkey will be received 880,000 IE
or 13,000 IE/kg body weight (IE = islet cells) or > 4,000 islet equivalent’kg + packed

cell volume of less than 10 ml. (Edmonton protocol). Cells implantation will be
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performed two times to achieve insulin-independent state. The viability of cells will be

,more than 70% which are detected by fluorescein diacetate dye inclusion and

propidium iodide dye exclusion, and endotoxin-free.

7.8 Indication for successful islet cells transplantation

The successful islet cells transplantation will be performed by the following

methods:
7.8.1

7.8.2

7.8.3

7.8.4

C-peptide blood level of STZ-induced diabetic monkey

- Basal c-peptide blood level > 0.30 nM

- C-peptide blood level after stimulated by 1mg of glucagon
injection 2> 0.60 nM

Normal glycated hemoglobin (hemoglobin Alc) for measured
the blood glucose control which helps to prevent the
hyperglycemia state

Fasting blood sugar level < 8 mmol/l

- Other methods which may be used to verify the insulin-
independence state are glucose tolerance test, glycouria
(glucose level in urine), ketouria (level of acetoacetic acid in
urine)

Determine immunohistochemistry and histology of the graft
after transplantation of insulin-producing cells into diabetic

monkey model

8. Expected result benefit

The successful derivation of hESCs differentiate into insulin-producing cells

will advance the stem cell therapy technology for the future diabetic treatment.
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2. Introduction

2.1 Significance of the study

Agranulocytosis, as characterized by a profound decrease in the number of, or
absolute lack of, granulocytes in the blood circulation. This appearance is a risk stage
that cause high mortality rate to patients due to infectious complications, especially
from bacteria and fungal infections (Andres et al., 2006, Viscoli, 1998). Most, but not
all, instances of agranulocytosis is resulted from a decrease in the number of
granulocytes production and an increase in the rate of the granulocytes eradication by
various mechanisms, notably from cancer chemotherapy such as alkylating agents and
antimetabolites (Viscoli, 1998, Volpe and Warren, 2003). There are the majority of
patient developed neutropenia after treated with chemotherapy regimens. However,
the treatment of agranulocytosis has high medical cost from antibiotic treatment and
colony-stimulating factor, for instance, granulocyte macrophage colony-stihlulating
factor (GM-CSF) or granulocyte colony-stimulating factor (G-CSF), to stimulate the
production of granulocytes in the bone marrow (Timmer-Bonte and Tjan-Heijnen,
2006). Moreover, the treatment is limited by antibiotic resistant, therefore, the new
finding to increase the efficacy of agranulocytosis treatment and reduce the medical
cost are required. There is an interesting method to overcome these problems namely
gene therapy that stimulates the production of leukocytes, especialy myeloid cell line
from autologous hematopoietic stem cells (HSCs) of patients. These myeloid cells,
then, could be delivered to their own patients to prevent the chemotherapy-induced
agranulocytosis and infections. This strategy called “Autologous blood transfusion”.

On the other hand, patients who have matching human leukocyte antigen (HLA)



typing can be treated from these cells, this strategy called “Allogeneic blood

transfusion”

Retroviral vectors expressing Id1 in mouse HSC had been constructed to promote
myeloid development and showed stable transgene expression (Leeanansaksiri et al.,
2005). HSCs could be instructed toward common myeloid progenitors (CMP), and
then toward to granulocyte/monocyte progenitors (GMP) by expressing Id1 protein.
After that, these cells would differentiate toward each type of mature myeloid cell
lineage. Most of them would be committed toward neutrophil and
macrophage/dendritic cells while the rest were eosinophil, basophil and mast cells.
This research, therefore, focuses on the development of human HSCs culture by
feeder free system using the new cytokine and growth factor cocktail that consists of

HOXB4, IL-6, FIt3L, SCF, TPO, and DELTA1-Fc which never been studied before.

In addition, this study will develop human HSC fate regulation by Id1 using lentiviral

vectors for transient transgene expression as inducible system and instruct stem cell

fate toward GMP.
2.2 Literature review

Agranulocytosis, as characterized by a profound decrease in the number of, or

absolute lack of, granulocytes in the blood circulation, is a risk stage that cause high

mortality rate to patients due to infectious complications; especially from bacteria and
fungal infections (Andres et al, 2006, Viscoli, 1998). There are two main
mechanisms causing agranulocytosis: the reduction of blood cell production and the
increase of the blood cell destruction rate. The first mechanism can be caused by

various conditions such as bone marrow suppression in aplastic anemia, anemia,



thrombocytopenia, drug-induced bone marrow suppression in committed granulocyte
progenitors, and ineffective granulopoiesis in myelodysplastic syndrome. The second
mechanism is mainly from immune-medicated cell injury, hypersplenism, and cell
destruction from bacteria and fungus infections. Moreover, the most important factor
causing agranulocytosis with this mechanism is chemotherapy treatment, for instance,
alkylating agents and antimetabolites for cancer treatment (Viscoli, 1998, Volpe and

Warren, 2003).

Unfortunately, agranulocytosis treatments have limited by several factors. First,
these therapies resulted in high medical cost from both antibiotic treatment and
colony-stimulating factor that stimulate hematopoiesis, particularly granulocytes
production from bone marrow using G-CSF (Timmer-Bonte and Tjan-Heijnen, 2006);
Furthermore, antibiotic resistance from pathogens hinders the treatment and enhances
the expense. Thus, new findings to increase the efficiency and reduce the cost of this
treatment are required. There is an interesting technique namely “Gene therapy” that .-
stimulates leukopoiesis from HSCs, notably myeloid cell lineage, from both
autologous and from other donors, then infused these cells into self or nonself-
patients, called autologous and allogeneic blood transfusion, respectively. For
allogeneic blood transfusion, patients must have HLA-matching, otherwise the}( _p}ight

develop graft-versus-host disease (Shlomchik, 2007).
2.2.1 Hematopoiesis system

The development of blood cells in adult hematopoiesis is an ordered sequence
of the generation from HSCs toward mature blood cells. HSCs contain the capacity to |

self-renew, proliferate and differentiate to produce all .mature blood cell types from



limited number in the bone marrow (Kondo et al., 2003, Spangrude et al., 1991).
HSCs are given rise from earlier stem cell of the mesoderm of the embryo
(Rosenbauer and Tenen, 2007). These stem cells populated at various sites since the
development of embryo until adult life, which are aorta-gonads-mesonephros (AGM),
yolk sac, fetal liver, cord blood, bone marrow, and blood circulation. After birth, bone
marrow is the predominant site for the hematopoiesis system. The maturation of
mature hematopoietic lineages from adult HSCs is committed through a series of
specific lineage identity as described by Weissman model (Figure 1). Long-term
reconstituting (LT-) HSCs contain the unique ability for life-long self-renewal and
multilineage differentiation potential. Next, long-term HSCS give rise to short-term
HSCs that have reduced self-renewal and retain the ability for multilineage
differentiation potential. Multipotential progenitors (MPPs) are, then, gave rise from
short-term HSCs, of note, these progenitors are still able to generate all blood-cell
lineages but have lost all self-renewal potential. After that, these multipotential
progenitors give rise to more specific cell lineages consisting of the common
lymphoid progenitors (CLPs), which give rise to T and B cells, and the common
myeloid [ﬂrogenitors (CMPs) that give rise to granulocyte/macrophage progenitors
(GMPs), megakaryocyte/erythroid progenitors (MEPs), mast-cell and basophil

progenitors, and macrophage and dendritic-cell progenitors (MDPs).
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Figure 1. Concept of hematopoietic lineage diversitification
Source: Rosenbauer and Tenen (2007)

Although the generation of hematopoiesis system has been elucidated for
some extent, there are some questions remain to be explored: what kind of molecular
mechanism controlling the differentiation of stem cells and progenitor cells, and how
stem cells control cell fate decision and commit to more specific cell lineage? These
processes are necessary for hematopoiesis system and the most important factor
driving this system is transcription factors, which act as an orchestral manner to

activate or suppress target gene involved in hematopoietic hierarchy system.

SCL and AMLI are transcription factors that necessary for almost all lineages
in hematopoietic development (Downing, 2003, Lecuyer and Hoang, 2004, Tenen,

2003). SCL plays a crucial role in earliest stage in hematopoiesis and is essential in



several downstream differentiation and lineage commitment of the definitive
hematopoietic compartment. On the other hand, AMLI is clearly mediated in early
hematopoiesis but the specific differentiation and lineage commitment remain to be
elucidated. GATA-1 is required for erythroid lineage development (Krug et al., 2002)
while PU.1 is mediated myeloid and lymphoid lineages development (Rosenbauer and
Tenen, 2007, Schroeder ef al., 2003). PU.1 also suppresses erythroid differentiation in
the proerythroblast stage (Schuetze ef al., 1993) and blocks GATA-1 activity (Zhang
et al., 2000). Furthermore, CCAAT/enhancer binding protein-a (C/EBPa) drives the

myeloid commitment to more mature cells (Friedman, 2002, Ward et al., 2000).

Not only transcription factors are required in hematopoiesis system, other
mechanisms are also mediated in this process. First, -controlling cell surface receptor
expression that recognizes specific transcription factors. Second, control and stimulate
other cascades to express important transcription factors; and third, regulate the
expression of essential genes that require for cell lineage commitment from HSCs
toward more specific mature cells (Kelly and Gilliland, 2002, Krug ef al., 2002, Zhu

and Emerson, 2002).
2.2.2 Cultivation of HSCs

The method to maintain and expand HSCs in vitro is a challenge strategy.
However, there are a few number of research studied HSCs expansion with different
methods and obtained different results. One method using stromal supportive feeder
cell line co-culture with HSCs could maintain the capacity in an undifferentiated

state, but not expand or increase the number of primitive HSCs (Mayani et al., 1998,



Nolta et al., 2002). Thus, this method is suitable for sustained HSCs but not for the

transplantation purpose due to insufficient number of stem cells.

Researchers have been developed new techniques to enhance the proliferation
rate of HSCs using mesenchymal stem cell instead of stromal feeder cell line as a
feeder cell to produce both extracellular matrix proteins and a variety of cytokines
necessary for the development of hematopoietic cells. With this method,
hematopoietic cells can be promoted prolifération ex vivo (Huang et al., 2006, Jang et
al., 2006, Van Overstraeten-Schlogel et al., 2006, Xie et al., 2006). Moreover, Zhang
Y and colleague (Zhang et al., 2006c) have developed the cultivation of HSCslon
supportive feeder cell as co-culture system using mesenchymal stem cell as feeder cell
instead of stromal feeder cell line and perférmed in 3-dimensional (3D) configuration.
They found that using this method could enhance the cell growth and proliferation
rate than using 2-dimentional culture. However, this cultivation by co-culture system
might lose a few numbers of hematopoietic cells, which adhere to the supportive
feeder cell. Moreover, cytokines and growth factors secreted from mesenchymal stem
cell, could promote the differentiation of hematopoietic progenitor cells, notably the

cultivation on feeder cell longer than 7 days.

While co-culture system with feeder cell seems to lose hematopoietic cells and
might be at risk of viral contaminated from animal stromal cells, feeder free condition
is another attractive strategy to enhanc¢ the efficiency of ex vivo expansion of
hematopoietic stem/progenitor cells. Because cytokine and growth factor cocktails
could inhibit cell death, stimulate proliferation, and prevent differentiation of HSCs
such as angiopoietin-like proteins (Zhang er al., 2006a) and cytokine cocktails (Table

1) (Audet et al., 1998, Brandt et al., 1992, Brugger ef al., 1993, Heike and Nakahata,
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2002, Ikebuchi et al., 1987, Jacobsen et al., 1995, Kobayashi et al., 1996, Kohler et
al., 1999, Petzer et al., 1996, Sui et al., 1995, Suzuki et al., 2006, Xu et al., 2000,
Yonemura ef al., 1997, Young et al., 1996), these cytokines and growth factors might

be used to support the expansion of hematopoietic stem/progenitor cells.

2.2.3 Combination of cytokines for ex vivo expansion of hematopoietic

stem/ progenitors cells

Extensive papers for ex vivo expansion involve stem cell factor (SCF), Flt-3
ligand (FL) and thrombopoietin (TPO). SCF is thought as the major rcgl_Jlator in early
hematopoiesis (Heike and Nakahata, 2002). The combination of SCF and GM-
CSF/IL-3 fusion protein (PIXY321) resulted in an increase the number of human high
proliferative potential colony-f-orming cell (HPP-CFC), as characterized by their
resistance to S-fluorouracil, their ability to form secondary multilineage colonies and,

in the mouse system, by their similarity to marrow-repopulating cells (Srour et al.,

1993).
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Table 1 Ex vivo generation of primitive hematopoietic progenitor/stem cells from

human CD34" cells
CD34" source Cytokines Test Fold increase  Reference
BM SCF, PIXY321 HPP-CFC 5.5 Blood 81:661, 1992
PB SCF, IL-1, IL-3, IL-6, EPO LTCIC 11 Blood 84:2898, 1994
PB IL-1, IL-3, IL-6, SCF, EPO LTCIC >1 Blood 84:2829, 1994
CB IL-1, IL-3, SCF LTCIC 15-20 Blood Cells 20:468, 1994
BM, CB FL, IL-3, IL-6, SCF LTCIC increase Blood 87:3563, 1996
BM FL, SCF, IL-3 LTCIC 30 J. Exp. Med. 183:2551, 1996
CB FL, TPO LTCIC >200,000 Blood 89:2644, 1997
BM SCF, IL-3, FL, IL6, G-CSF, NGF LTCIC 47-68 PRO% 2o, Aosl Sl 1. Sk
93:1470, 1997
CB SCF, FL, IL-6/sIL-6R CFU-Mix increase Blood 90:4363, 1997
CB FL, TPO, SCF, IL-6 LTCIC 280 Blood 93:3736, 1999
CB SCF, FL, TPO, G-CSF - LTCIC 47 Exp. Hematol. 28:1470, 2000
CB SCF, FL, TPO, G-CSF E-LTCIC 21 Exp. Hematol. 28:1470, 2000
CB SCF, FL, TPO, IL-6/sIL-6R CFU-Mix increase J, Clin. Invest. 105:1013, 2000

Source: Heike and Nakahata (2002).

Additionally, FL amplified progenitors and stem cells in a short-term period

(De Felice et al., 1998, De Felice et al., 1999). The combination of FL and TPO

leaded to a massive expansion of hematopoietic progenitor cells including

. CD34'/CD38 and CD34'/CD38" in stroma-free culture of human CD34" cord blood

cells after 20 weeks (Piacibello et al, 1997). TPO, a most potent cytokine in

megakaryopoiesis, promotes the proliferation and differentiation of immature

megakaryocytes (Deutsch and Tomer, 2006). One study suggests the role of TPO

versus IL-3, IL-6 and G-CSF for expansion of CD34'CD38Lin" cord blood cell in

serum-free media with SCF and FL (Levac et al., 2005).



A complex IL-6 and IL-6 receptor (IL-6R) initiate intracellular signaling
through gp130 homodimerization (Kishimoto et al, 1995). IL-6 acts as a potent
cofactor to maintain and enhance proliferation of human CD34" progenitor cells in
vitro (Shah et al., 1996). FL, like SCF, together with IL-6/soluble IL-6R induced
human hematopoietic progenitors expansion (Ebihara et al., 1997). IL-3 and IL-6
showed synergistic action on proliferation of murine pluripotent hematopoietic
progenitors in vitro (Ikebuchi et al., 1987). On the other hand, Ogawa M and
colleague found that combination of IL-1 and IL-3 resulted in negative effect on
HSCs by inhibiting cell growth (Ogawa and Matsunaga, 1999). Moreover, other
investigator found that Delta-1 and Delta-4 (Karanu et al., 2001, Ohishi et al., 2002)
or HOXB4 (Friel et al., 2006) or cytokine cocktail of SCF+GM-CSF+IL-2+TPO+IL-
6+FL (Mohamed et al., 2006) could increase the expansion and differentiation of

HSCs.

2.2.4 The use of the stem cell self-renewal genes in hematopoietic

development

Delta-1 and Delta-4 are Notch ligands which Notch signaling is mediated in
cellular differentiation, proliferation, apoptosis, adhesion and epithelial-to-
mesenchymal transition (Hofmeister et al., 2007). Delta-1 showed effect on
lymphopoiesis by control the balance between granulocytic and monocytic progenies
(Neves et al, 2006). Delta-1-stromal expressing cells reduced monocytic
compartment and enhanced granulocytic cells. One study suggests the relative role on
density of Notch ligand on induction of Notch signaling of human CD34'CD38" cord
blood progenitors (Delaney et al., 2005). On the one hand, nonobese diabetic

(NOD)/severe combined immunodeficient (SCID) repopulating cells increased when



expanded in low concentrations of the Notch ligand, but on the other hand, higher
ligand concentrations leaded to an increase of CD34" precursors apoptosis. In
addition, Deltal supplemented with SCF, TPO, FL, IL-3 and IL-6/sIL-6 receptor
chimeric protein could stimulate the generation of SCID repopulating cells (SRCs)

(Suzuki et al., 2006).

Homeobox domain, formed as a conserve helix-turn-helix structure, is
encoded on HOX genes consisting of four main families of HOX factors in mammals
(groups A, B, C and D) (Hofmeister et al., 2007, Lawrence and Largman, 1992).
HOXB4, one of homeodomain transcrii:-tion factor, plays a functional role in HSC
self-renewal and is mediated the augmentation of human embryonic stem cells to
Bematopoietic progenitors and their descendant lineage (Bowles et al., 2006).
HOXB4 is enriched in CD34" subpopulations of human HSCs and down-regulated on
more definitive hematopoietic progenitors (Sauvageau et al, 1994). Recombinant
HOBX4 protein has been shown to support human and murine HSC ex vivo expansion
(Amsellem et al., 2003, Krosl et al., 2003). HOXB4 promoted stem cell repopulating
capacity in stromal cell culture and maintenance of pluripotentiality. Recently, Zhang
XB and colleague have demonstrated the potent effect of HOXB4 over-expressing in
CD34" on engraftment of short-term repopulating cells with the less significant on

long-term repopulating cells in nonhuman primate (Zhang et al., 2006b).
2.2.5 Id Transcription factor

The inhibitor of DNA-binding (Id) proteins are transcription factor containing
an helix-loop-helix (HLH) domain mediated its interaction to other proteins. There are

four Id proteins (Id1, 2, 3, and 4) in mammalian cells which have been described so
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far (Benezra et al., 1990, Christy et al., 1991, Pagliuca et al., 1995, Sun et al., 1991).
Id proteins exert its capacity to control differentiation, cell cycle progression in
animals to human by preventing transcription factor binding to DNA target (Benezra
et al., 1990, Benezra et al., 2001, Chen and Lim, 1997, Riechmann et al., 1994). Id1,
1d2, and Id3 are differential expressed in hematopoietic cells and nonhematopoietic
tissues, while Id4 is expressed in other cells except hematopoietic cells (Riechmann et
al., 1994). Normally, basic HLH (bHLH) proteins contain the basic region that
mediated the DNA-binding activity and depend on the interaction of transcription
factors in the form of homo- or heterodimers. But Id proteins, a member of bHLH,
lack the DNA-binding region, thus, the dimerization between Id and other bHLH
cannot bind .to DNA (Benezra et al., 2001). Additionally, Id proteins are often found
to form heterodimer with the ubiquitously expressed bHLH proteins called E proteins
(eg. E2A (Jen et al., 1992), E2-2 (Henthorn et al., 1990) and HEB genes (Cooper et
al., 1997)). This_ binding, in turn, blocks DNA binding either alone or heterodimerize_
with cell-type-restricted bHLH proteins. Due to this effect of Id activity, these

proteins were name Id (inhibitor of DNA binding)

Basically, after two HLH dimers dimerize to each other, they expose the two
half-sites into specific DNA sequence referred to as E-boxes, represented by
CANNTG, (Ephrussi et al., 1985) or related sequence, N-boxes, as identified by
CACNAG (Klambt et al., 1989, Tietze et al., 1992). bHLH proteins binding to N-box
motif differ from the E-boxes-binding bHLH proteins in their basic regions containing
a proline residue, thereby, alter their DNA-binding activity and result in antagonize
function of developmental process implicated by bHLH action. The example of this

bHLH proteins subgroup is drosophila hairy (Ingham er al., 1985) and gene of
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Enhancer of split products (Klambt et al., 1989), and the rate protein, HES-1 (Sasai et
al., 1992). These bHLH proteins, thus, called dominant negative (dn) proteins HLH

proteins (Cooper et al., 1997).

According to their expression pattern, HLH family can be divided into, first,
class I E proteins containing E2A, E2-2, Hela E-box-binding factor (HEB) and
daughterless. Second, class II factors expres'sed in a tissue-specific-binding: MyoD
and myogenin in mucle tissue, stem-cell leukemia/T-cell acute lymphoblastic
leukemia-1 (SCL/Tal-1) and lymphoblastic leukemia derived sequence 1 (iyl-l) in
hematopoietic cells', Atonal, NeuroD/BETA?2, and achaete-scute complex. Class III
HLH proteins, included the Myc family of transcription factor , TFE3, SREBP-1, and
the microphthalmia-associated transcription factor, Mi. Class IV HLH proteins
include Mad, Max, and Mxi, which contain the capacity to form homodimer and
heterodimer with Myc proteins. Class V proteins are defined by a negative regulator
of class I and class II HLH proteins like Id family, that intermediate distribute in
tissues and cells, additionally, emc is included in this group. Class VI HLH proteins
include a define feature of a proline in their basic region which are Drosophila
proteins Hairy and Enhancer of split. Finally, class VII HLH proteins are members of
aromatic hydrocarbon receptor (AHR), the AHR nuclear- translocator (Arnt),
hypoxia-inducible factor 1o, and the Drosophila Singleminded and Period proteins
(Cooper et al., 1997, Massari and Murre, 2000, Murre et al., 1989, Visvader ef al.,
1991). Specifically, class 1 and class Il have been shown to play a role during
hematopoietic development. Also, SCL/Tal-1, E2A, lyl-1 and Id-1 have been

demonstrated to be widely expressed in hematopoietic cells and heterodimerized



SCL/Tal-1 and E2A resulting in a positive effect in erythroid development

(Quesenberry et al., 1996).

2.2.6 Expression of Id transcription factors in embryonic stem (ES) cells,
hematopoietic progenitor/stem cells, and definitive committed hematopoietic

cells

Proliferation, differentiation, cell cycle regulation in some sort of cells are
controlled by Id transcription factor family (Coppe et al., 2003, Engel and Murre,
2001, K;eider et al., 1992, Massari and Murre, 2000, Tzeng, 2003, Yokota, 2001,
Zebedee and Hara, 2001). Nogueira and colleague (Nogueira et al., 2000) studied ES
cell-derived hematopoietic blast cells in vitro and found that Id1, Id2, Id3 and Id4
expressed at low levels in ES cell and embryoid body. Moreover, during blast cell
colonies development, Id1, Id3, and Id4 expression were down-regulated while that of
1d2 remained stable. This data suggests that Id1, 1d3, and 1d4 are a negative modulator

at the first stage of hematopoietic development from ES cells to blast cell colonies.

In addition, Leeanansaksiri and colleagues (Leeanansaksiri ef al., 2005)
demonstrated the Id proteins expression in HSC and committed progenitors at
different stages of the development using real-time polymerase chain reaction (RT-
PCR). Id! and Id2 transcripts were found at very low to undetectable levels in HSC.
However, Id1 and Id2 expression increased in common myeloid progenitoré and over-
expressed in granulocyte/macrophage progenitors. This study suggests that the Id1
and Id2 expression were increased during hematopoietic development whereas the
decreased Id1 expression occured in megakaryocyte/erythroid progenitors including

more mature red blood cells, while in contrast to higher Id1 expression in common



myeloid progenitors. Furthermore, Id1 and Id2 expressed at very low or undetectable
levels in common lymphoid progenitors, committed T and B cells, suggesting that Id1
levels were maintained at low levels during lymphoid lineage development.
Additionally, neither Id3 nor Id4 expressed in ES cells. Id4 expression also was not
found during hematopoietic development. To support those studies, Id1 and 1d2 are
selectively induced in hematopoiesis as demonstrated by Id1 mRNA levels were up-
regulated during cell proliferation while those of Id2 were up-regulated in

differentiating cells (Cooper and Newburger, 1998, Yokota and Mori, 2002).

The expression level of Id proteins differs in different sort of hematopoietic
cell lineage and in different stage of development (Leeanansaksiri et al., 2005). Id1
protein expressed at low levels in bone marrow cell (BMC) and FACS-purified Gr-1*-
granulocytes. In contrast, TER119"-erythroid cells and B220"-B cells isolated from
spleen showed the very low or undetectable level of Id1 expression. Nevertheless, the
progenitor-enriched (lineage-low (Lin¥)) BMC showed an increase in Idl
expression. This Lin'® BMCs were account for 1% of total BMC and the majority of
cells in bone marrow were myleloid cell progenitors. Furthermore, Id1 expression in
lymphoid cells isolated from spleen represented the low level of expression in B220"-
B-cell and CD3"-T-cell. These data demonstrated that Id1 expressed at high levels in
hematopoietic progenitor cells in bone marrow and decreased its expression at very
low levels in erythoroid and lymphoid lineages. Moreover, Id1 protein was decreased
during myeloid development to committed granulocytes. On the other hand, Idl
protein was maintained in at high levels during the development of myeloid
progenitors to mature macrophages, suggesting that high level of Id1 protein might be

account for the cell lineage decisions and committed to macrophages instead of
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granulocytes. Id1 expression and regulation in hematopoietic development can be

summarized in Figure 2.
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Figure 2. Id1 expression and regulation in hematopoietic development

Source: Leeanansaksiri et al. (2005)

Idl1 is also differential expressed in multipotential erythroid-myeloid-lymphoid
| (EML) cells which closely related to HSC and myeloid progenitor (MPRO),
resembling more committed MPROs that has been differentiated for 40 hours (Tsai et
al., 1994, Tsai and Collins, 1993). Id1 expression studied in these two cell lines
showed that 1) EML cells contained low levels of Id1 expression while MPRO cell
line had high levels of Id1 expression, 2). during the differentiation of EML cells
toward commited myeloid cells, Id1 could be induced to express by IL-3 and 3) high
level of Id1 expression could not be stimulated by cytokines that trans-activate growth
and differentiation of EML cells toward more committed erythroid or B cells

(Leeanansaksiri et al., 2005). Therefore, Id1 and Id2 can be assumed as a crucial



regulator to control growth and differentiation of primitive hematopoietic stem cells

toward more committed myeloid cells.
2.2.7 Controlling of hematopoietic cell fate by Idlintracellular regulator

Although a number of paper has been demonstrated molecular biology and
biological pathways involved in hematopoietic cell fate, the cell fate decisions during
hematopoietic development are from internally driven programs or environmental
instructive signals remain to be explore (Georgopoulos, 2002, Zhu and Emerson,
2002). For example, whether hematopoietic growth factor mediates controlled cell
fate or just as a permissive factor for survival of certain cell lineages. To support this
question, one experiment showed the study of regulation of HSC cell fate decision by
Id1 both in vitro and in animal model (Leeanansaksiri ef al., 2005). Over-expression
of Id1 protein in EML cells in vitro resulted in an inhibition of cell development
toward mature erythroid cells, but supported the commitment toward committed
myeloid cell lineage. Therefore, the regulation of Id1 protein in EML cells could
instruct cells toward myeloid versus erythroid cell fate. Due to EML contains the
capacity to differentiate to various blood cell types as HSC does, thus, the regulation
of Id protein levels could instruct cells toward CMP and then toward a myeloid
(GMP) versus erythroid (MEP) cell fate. Furthermore, the constitutive expression of
Id1 in CD34" cells in vitro has accelerated neutrophil differentiation while inhibited

eosinophil development (Buitenhuis et al., 2005).

In addition, the effect of Id1 on long-term reconstitution activity of HSC has
been demonstrated in a mouse model (Leeanansaksiri et al., 2005). Purified HSCs

have been infected with retroviral vectors expressing Idl, and then, have been
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transplanted into lethally irradiated mice. Four to six months after transplantation,
over-expression of Id1 in HSC in vivo accelerated myeloid development whereas in
contrast erythroid and B cell development were inhibited. To support this experiment,
other studies on transgenic mice over-expressing Id1 in the B cell lineage showed an
impaired B cell development at the pro-B cell stage (Hirayama and Ogawa, 1995,
Sun, 1994). Moreover, Idl over-expression in mouse erythroleukemia (MEL) cells
represented an inhibition of erythroid development while its expression was down-
modulated during the terminal erythroid differentiation (Cooper et al, 1997,
Hirayama et al., 1994, Matsunaga et al., 1998). Although, over-expression of Id1
have not affected the early stages of myeloid development, its expression have
resulted in inhibition at the final stages of granulocyte but not macrophage
differentiation (Leeanansaksiri et al., 2005). Therefore, by considering Id effects on
the early stages of myeloid versus erythroid or lymphoid development, Id1 might play
a role in regulation of the final choice between macrophage and neutrophil

development.

To sum up, if the level of Idl expression increases, this will support 1)
commitment of HSC toward myeloid versus lymphoid lineage 2) myeloid versus
erythroid cell development at the CMP stage and 3) macrophage versus a granulocyte

cell fate in committed granulocyte/macrophage progenitors.



3. Research objectives
This research has two main objectives as follow:

3.1 To expand human hematopoietic stem cells from bone marrow and cord blood

stem cells in vitro

3.2 To construct human hematopoietic stem cell fate toward myeloid cell lineage

4. Research hypothesis

When using the cytokine and growth factor cocktail consisting of HOXB4, IL-6,
FIt3L, SCF, TPO and Deltal-Fc for in vitro expansion of HSCs, the growth rate and
proliferation of stem cells will be increased. This will enhance the efficiency of
transplantation and gene therapy. Infection of lentiviral vector containing Id] gene
into HSC will construct the stem cell fate decision toward myeloid lineage which
would be useful for the treatment of agranulocytosis resulting from chemotherapy and

bacterial infections.

5. Scope and limitations of the study

Forty of each bone marrow and cord blood samples will be collected from
Buriram Hopsital. HSCs (CD34" cells) will be isolated from bone xﬁanow and cord
blood by Ficoll-Hypaque technique, and follow by CD34" cell separation using
magnetic anti-human CD34 beads. Purified CD34" cells will be expanded ex vivo in
serum free medium containing cytokine and growth factor cocktail (HOXB4, IL-6,

FIt3L, SCF, TPO and Deltal-Fc) and determined the cell viability and proliferation
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rate by trypan blue and CellTiTer 96 Aqueous one solution cell proliferation assay kit,
respectively. To control cell fate decisions to myeloid lineage, /d/ gene will be cloned
to modified lentiviral vector-VTRES-GFP (S-GFP-lentiviral vector), then produce
progeny virions by four plasmids system. After that, HSCs expanded with cytokine
and growth factor cocktail will be infected with Id1-S-GFP-lentiviral vector and
cultured in serum free medium supplemented with cytokine and growth factor
cocktail. Cells will be determined for Id1 and other genes (i.e. SCL, NF-E2, GATA-1,
GATA-2, GATA-3, PU.1, C/EBPa, Aiolos) expression by real-time RT-PCR and
western blotting to confirm whether HSCs can give rise toward myeloid lineage.
Moreover, differentiation capability of stem cells after cell fate regulation will be
examined by culture in different cytokine cocktails which will drive cell
differentiation toward each mature cell lineage. Then, morphology and specific cell

surface marker of each cell lineage will be performed.

6. Research procedures
6.1 Umbilical cord blood (UBC) collection

A double bag collection system with 350 ml citrate phosphate dextrose (CPD)
anticoagulant will be used to collect UBC. The bag will be modified by reducing CPD
to 20 ml by transferring the excess to satellite bag, wﬁich will then be sealed and
removed, keeping the system closed. The collection of cord blood will be performed
in the Department of Obstetrics and Gynecology at the Buriram hospital. Written

informed consent will be obtained from the mother for UBC collection.



The umbilical cord will be doubly clamped and transected 10-30 s after the
delivery of newborns of 32 or more weeks of gestation. After removal of the newborn
from the operative field, the free end of the cord will be wiped with iodine to ensure
sterility of the collections. While the placenta will still be in utero, the umbilical vein
will be punctured and the cord blood will be collected by gravity in the collection bag.
During cesarean sections or multiple births, after the birth of the baby, UCB will then
be collected from the removed placenta outside the operating theater. Efforts will be
made to obtain maximal volumes from each collection. The delivery of the newborn
will not be influenced in any way and, in particular, the clamping of the cord will not
be accelerated nor the delivery of the placenta delayed. The UCB units will be stored
at room temperature until delivered to the laboratory and processing. Tissue from cord

blood will be sectioned 2-3 inch and stored in liquid nitrogen.
6.2 Bone marrow cell (BMC) harvesting
6.2.1 BMC harvesting from small bones by perfusion method

Small bones of long bone such as metacarpél and ulna bones will be collected
from corpses of human at Buriram hospital and stored in RPMI 1640 at 4°C. BM fluid
will be collected using method as previously described by Kushida et al (Kushida et
al., 2000). Briefly, two needles will be inserted into a long bone, while the end of the
extension tube will be connected to a needle. The other end will be placed into a
culture flask containing 20 ml of phosphate-buffered saline (PBS) with heparin (10
U/ml). The other needle will be connected to a syringe containing 30 ml of PBS, and
the PBS will be then pushed gently from the syringe into the medullary cavity to flush

out the BM. The medium containing the BM fluid will be cellected in the culture



flask, and the process will be repeated twice. The filtrates will be combined, aliquoted
in 50-ml sterile Falcon tubes, and centrifuged at room temperature, 1500 rpm for 10
min, and the supernatant will then be discarded. The pellets will be resuspended in
bone marrow media for a final volume of approximately 15 ml and labeled as
infusate. Cell counts and viability of bone marrow cells will be determined by manual

counts on a hemacytometer and Trypan blue exclusion.
6.2.2 BMC harvesting from large bones by flushing

Large bone of long bones will be collelcted from the operation or corpses of
human at Buriram hospital stored in RPMI 1640 at 4°C. A bone will be immerged in
Betadine prior to being separated into a small bone using a saw under sterile
condition. BMC will be collected by flushing at the cancelous bone using bone
marrow media (RPMI 1640, human serum albumin 2.28%, heparin 1000 Ul/ml,
HEPES 1M, gentamicin sulfate 40 mg/ml, Pennicillin and Streptomycin 0.1%, and L-
Glutamine 0.1%) prepared as described previously by Flores et al (Flores et al., 2005)
with slight modification. The filtrates will be combined, alitluoted in 50-ml sterile
Falcon tubes, and centrifuged at room temperature, 1500 rpm for 10 min, and the
supernatant will then be discarded. The pellets will be resuspended in bone marrow
media for a final volume of approximately 15 ml and labeled as infusate. Cell counts
and viability of bone marrow cells will be determined by manual counts on a

hemacytometer and Trypan blue exclusion.



6.2.3 BMC harvesting from small pieces of bones and bone marrow from

operation room

Bone marrow or small pieces of bones collected from operation room will be
stored in bone marrow media at 4°C until processing. Under sterile condition, bone
marrow or small pieces of bones will be filtered through pore size stainless steel 80
and 40 pm, respectively, to harvest BMC follow by washing the filter with fresh bone
_marrow media. Then, those bone marrow and bones will be soaked and agitated for 30
min in fresh bone marrow media, filtered again through 80 and 40 pm, respectively,
and collect the filtrate. The pellets will be resuspended in bone marrow media for a
final volume of approximately 15 ml and labeled as infusate. Cell counts and viability
of bone marrow cells will be determined by manual counts on a hema-cytomcter and

Trypan blue exclusion.
6.3 CD34" cell purification

Umbilical cord and bone marrow mononuclear cells will be isolated by Ficoll-
Paque density separation. CD34" cells will be purified with CD34- monoclonal
antibody (mAb) 561-coated M-450 Dynabeads, incubating 4 X 107 beads with 2.5 to 5
X 107 cells/mL for 30 minutes at 4°C (Rosenzwaijg et al., 1996). Cells will be then
washed with Dulbecco’s phosphate-buffered saline (DPBS). Rosetted cells will be
seperated with a magnet, and beads will be detached from the cells with
DETACHaBEAD CD34 (Dynal) according to the manufacturer's instructions.
Isolated CD 34" cells will be maintained in Iscove's Modified Dulbecco's Medium
(IMDM) medium supplemented with 10% fetal bovine serum (FBS), 2mM L-

glutamine and antibiotics (penicillin 100 U/ml and streptomycin 100 mg/ml). An



aliquot of the CD34+ cells fraction will be analyzed to assess purity by flow

cytometry and colony formation assay.
6.4 Expansion of enriched CD34" cells in vitro

On day 0, enriched CD34" cells from bone marrow and cord blood will be seeded
at a concentration of 2 x 10* cells/ml in triplicate flat-bottomed 24-well plates in 1 mL
of IMDM supplemented with 10% FBS, 2mM L-glutamine and antibiotics
(penicillin/streptomycin 100 mg/ml). The cultures will be incubated at 37°C in a
humidified atmosphere of 5% CO, for 21 d. At initiation and every 48 h thereafter,
cultures will be supplemented with combinations of IL-6 (100 ng/mL), FIt3L (100
ng/mL), SCF (100 ng/mL), TPO (10 ng/mL), HOXB4 (10 nM) and Deltal-Fc (10
pg/ml). As a control, IMDM medium without an additional of growth factor and
cytokine cocktail will be perfomed. Every week, all cultures will be demipopulated by
removal of one half the culture volume (and cells), which will be replaced by fresh
medium and growth factors. The total number of amplified cells, viable cell staining
with trypan blue, and proliferation rate will be determined every day. Once, a week,

some cells will be harvested to determine colony assay.
6.5 Proliferation rate assay

Proliferation rate of HSCs from bone marrow and cord blood after cell expansion
according to indicated time point will be performed using CellTiTer 96® Aqueous
One Solution Cell Proliferation assay kit (Promega, USA) as described by
manufacturer instruction. Briefly, 3 x 10* HSCs will be cultured in 96 well titer plate
containing IMDM supplemented with HOXB4, IL-6, FIt3L, SCF and TPO. After 0,

12, 24, 36, 48, 60 and 72 h, a tetrazolium compound [3-(4,5-dimethylthiazol-2-y1)-5-



(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; MTS(a)]
and an electron coupling reagent (phenazine ethosulfate; PES) will be added to the
culture dish and incubated for 4 h at 37°C in a humidified, 5% CO, atmosphere. Then,

record the absorbance at 490 nm using a 96-well plate reader.
6.6 Lentiviral vectors preparation

Id1 ¢cDNA will be amplified and cloned into modified lentiviral vector-VTREX
that express green fluorescent protein (Id1-S-GFP-lentiviral vector), which is
tetracycline-inducible system and contain a modified long terminal repeat (LTR) sites
that inhibit its integration activity into host genome. To produce lentiviral progeny
virion, Id1-S-GFP-lentiviral vector will be transiently transfected into packaging cell
line 293T/17 cells (ATCC CRL-11268) with lentiviral packaging vectors [packaging
mix containing pLP1, pLP2 (pRev), pLP/VSVG (Invitrogen)] in DMEM
supplemented with 4 mM L-glutamine, 1.5 g/L sodium bicarbonate and bovine serum
albumin at 37°C, 5% CO; atmosphere for 24 h. Empty vector of GFP-lentiviral vector
will be used as a control. After 24 h, supernatant will be discarded and replaced with
the fresh medium and incubated for 24-48 h. Next, supernatant containing progeny
virus will be collected from each plate, each of which will be composed of Id1-S-
GFP-lentiviral vector (supernatant A) and empty vector GFP-lentiviral vector

(supernatant B), which will be used further as described below.

6.7 Lentiviral vectors transduction of CD34" cells from bone marrow and

cord blood

Expanded CD34" cells from both bone marrow and cord blood will be cultured in

supernatant A with additional of 100 ng/ml of each HOXB4, FIt3L, SCF, IL-6, and



TPO for 48 h at 37°C, 5% CO, atmosphere. GFP" cells will be isolated by flow
cytometry. Supernatant B will be used as a control. Furthermore, sorted cells will be
cultured in the medium containing HOXB4, FIt3L, SCF, IL-6, TPO and tetracycline at
37°C, 5% CO, atmosphere for 3 days to stimulate Id1 expression and control cell fate
decision to myeloid cell lineage. Infected cells will be determined Id1 expression by
real-time RT-PCR and western blot, and myeloid cell differentiation by colony assay

as describe below.
6.8 Real-time RT-PCR

Id1 gene expression will be determined by real-time RT-PCR and western bl;otting
to confirm the successful of gene and protein expressions. Furthermore, SCL, NF-E2,
GATA-1, GATA-2, GATA-3, PU.1, CfEBPa, and Aiolos will be observed to identify
stage of cell growth as described by Akashi et al (Akashi et al., 2000) (Figure 3)
which will confirm the success of controlling toward myeloid cell fate more than

lymphoid and erythroid cell lineages by Id1.
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Figure 3. Proposed model of major hematopoietic maturation pathways from HSCs
Source: Akashi K et al. (2000)

Total and mRNA will be extracted from infected CD34" cells using Trizol reagent
and Oligo-dT purification (Invitfogen), respectively, and collected in DEPC water
containing RNase inhibitor. RNA will then be reverse-transcribed into ¢cDNA and
subjected to PCR. Tl;e l:e:;ction will be 75 mM KCI, 50 mM Tris (pH 8.3), 3 mM
MgCl,, 500 mM dNTPs and 2 pM primers, and incubated at 42°C for 60 min. After

that, lentiviral vectors will be inactivated by incubated at 95°C for 5 min. cDNA will

be quantified by spectrophotometric measurement at 0.D.260.

c¢DNA will be used in real time PCR using SYBR green master mix and GAPDH

will be used as the control. The reaction will be performed at 95°C/15 min and 45
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cycles of: 95°C/1 min, 60°C/30 s, and 72°C/1 min in the Cobas Tagman under the
PCR condition of 56 mM KCl, 19.6 mM Tris (pH8.3), 1.6 mM MgCl,, 200 uM

dNTPs, 1 pM primers and SYBR green. A melting curve will be performed in each

experiment to validate the specificity of amplification.
6.9 Western blotting

Transfected cells from supernatant A and B containing lentiviral virion from 6.6
will be extracted to identify Id1 protein expression using lysis buffer (1X PBS, 1%
NP40, 0.5% sodium deoxycholate, 0.1% SDS and 10 mg/ml PMSF). Cell lysate will
be mixed with 2 X reducing buffer (1:1) and boiled for 10 min at 95°C. Then, proteins
will be resolved on 8-10% SDS-polyacrylamide gel electrophoresis and transferred
onto PVDF membrane. The membrane will be blocked at room temperature in 5%
milk/TBST solution, and probed with Abs to detect Idl or actin (Santa Cruz
Biotechnology), followed by anti-rabbit HRP-conjugated Ab (Promega). Bands will
be visualized with LumiGlo-HRP substrate (New England Biolabs) and
autoradiography. Id1 level of transfected cells will be compared with non-transfected

cells.
6.10 Colony formation assay

Expanded an_d infected CD34" cells will be determined the capability of primitive
HSCs to differentiate into each cell lineages. Cells will be cultured on 6-well plates at
a density of 10" cells per well. Nine different groups will be performed to study the
differentiation and proliferation of erythrocyte cells, megakaryocytes, neutrophils,
macrophages, lymphocytes, eosinophils, mast cells + granulocytes, granulocytes +

macrophages, and granulopoietic and erythroid colony-forming units (CFU-GM,



31

BFU-E; and CFU-GEMM). Each of these assays will be supplemented with EPO
(1U/ml), TPO (50 U/ml), G-CSF (25 ng/ml), M-CSF (50 ng/ml), FIt3L (10 ng/ml) +
IL-7 (10 ng/ml), IL-5 (6 ng/ml), SCF (100 ng/ml) + IL-3 (20 ng/ml), and GM-CSF
(100 ng/ml) + IL-3, respectively. For CFU-GM and BFU-E, culture will be added
with EPO + GM-CSF + IL-3 + SCF. Plates will be incubated at 37°C in a humidified,

5% CO, atmosphere. Colony scoring will be performed on day 7-10.

For colony-forming unit assay, 1 X 10° expanded cells, as well as treated CD34"
cells will be grown in 1.17% methylcellulose. The resulting CFCs will be scored on
day 14 by plucking colonies from methylcellulose cultures which will then be scored
by morphological under inverted microscope or stained with FITC-conjugated anti-
human CD13, and GpA and scored at the immunofluorescence microscope (Piacibello
et al., 1999). As a control, fresh enriched CD34" cells will be plated at identical cell

concentrations in the same culture assays.
6.11 Enumeration of differentiated cells

Proliferated and differentiated cells from 6.10 will be determined cell type by

morphological and cell surface marker studies.
6.11.1 Cell morphology

An aliquot of cells will be performed will be centrifuged onto slides for 5
minutes at 1000 rpm (Cytospin) and air dried. Cells will then be fixed in -20°C

methanol for 2 minutes and stained with Wright staining.
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6.11.2 Flow cytometry detection of cell surface markers

Cells from colony assay will be immunostained with FITC-conjugated
antibodies against lineage markers: Mac-1 (macrophages), Gr-1 (granulocytes), B220
(B cells), CD-3 (lymphocytes), CD8 (T cells), Terl119 (erythrocytes), and CD71
(erythrocytes). After that, fluorescently stained cells will be analyzed by flow
cytometry. To identify purity of CD34" cells from HSCs, FITC-conjugated anti-CD34

will be used.

6.12 Statistical analysis

Student’s paired t-tests will be used for the analysis of fold increase in HSCs
expansion in vitro, CFC yield in culture by comparing plain medium and

supplemented medium with growth factor and cytokine cocktail within the same time

period.
6.13 Instrumentation

Instruments required for the investigation of flow cytometry, inverted microscope,
and ELISA reader are located at the Center for Scientific and Technological
Equipment, Institute of Medicine, Suranaree University of Technology, Nakhon

Ratchasima, Thailand.

7. Expected results

From this study, we will able to control in vitro human HSCs expansion from
bone marrow and cord blood in serum free medium containing growth factor and

cytokine cocktail. This expansion will enhance the rate of HSCs expansion in a short



time and will be useful for transplantation and gene therapy. In addition, we anticipate
to control Id1 gene expression in CD34" cells by lentiviral vector leading to control
cell fate decision toward myeloid cell lineage which will be useful for the treatment of

agranulocytosis in the future.
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2. Introduction

2.1 Background / Problem

Menopause is the permanent cessation of menstruation as the result of low
levels of estrogen and high levels of gonadotropin . The average age of menopause is
between 51 and 52 years, with a range of 40-60 years. The limitation of menopause is
both genetically and environmentally influenced. The prevailing view has been
normal menopause resulting from the depletion of ovarian follicles that can be

stimulated to ovulate (Mishell et al., 1997).



The ovaries, as they age, are unable to respond to follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) stimulation. The estrogen production decreases
and there is no corpus luteum to produce progesterone. The menopause is officially
known as the “climacteric”. This is divided into three phases: pre-menopause, peri-
menopause and post-menopause.

However, when ovaries stop making estrogen. Women may have different
signs or symptoms of menopause. That is because estrogen is used by many parts of
their body. The symptoms of menopause can be divided in to early and late onset
symptoms. Early symptoms included hot flashes, joint pain, sleep problems,
forgetfulness and fatigue (Kronenberg, 1990). Furthermore, symptoms of menopause
include atrophy of the urogenital epithelium, and atrophy of skin, night sweat, bone
thining, loss of libido and mood dis‘turbances, etc. (Hertz et al., 1971; Kaufert and
Syrotuik, 1981; Perz, 1997). Late symptoms includes vaginal dryness and irritation,
osteoporosis and heart disease (Kleerekoper and Sullivan, 1995). Symptoms of
menopause occurred after ovaries stop making estrogen. In most women, the
menopause increases risk of cardiovascular diseases and osteoporosis of which has
become a major health hazard afflicting over 2,000 million people world wide (Meryl,
1997).

The menopause is a universal phenomenon of whom, who lives beyond the
age of 50-55 years. With current life expectancies, women of most societies can
expect to live one-third of their lives after the event. In 1990, it was estimated that
there were almost 500 million women aged 50 years or over worldwide, and this
number is expected to increase to 1.2 billion by 2030. By that time, 76% will be living

in the developing countries. About 50 million women worldwide reach the menopause



each year (WHO. Tech Rep Ser, 1996). A major consequence of the menopause is
loss of bone and potential development of osteoporosis with fracture. Whether
atherosclerotic cardiovascular diseases and Alzheimer’s dementia are other
consequences of the menopausal symptoms.

Treatments for menopause can be divided based on those symptoms that are
present in a given woman at a specific time. Before menopause, the ovaries produce
estrogen and progenterone. Estrogen works to regulate a woman’s monthly menstrual
cycle and secondary sexual characteristics (such as breast development and function),
and also prepares the body for fertilization and reproduction. Progesterone is released
to prepare the uterus for possible pregnancy and to prepare the breasts for lactation.
As a woman around 50 years old, her body produces less estrogen and progesterone.
Decreased levels of estrogen may cause hot flash, vaginal dryness etc. Hormone
replacement therapy (HRT), synthetic estrogen and progesterone (called progestin)
are designed to replace a woman’s depleting hormone levels. Especially, Hormone
replacement therapy help prevent osteoporosis, heart disease, and other diseases in
postmenopausal women (Health-cares.net, online 2005). Currently, hormone therapy
is recommened for postmenopausal women who have severe hot flashes or night
sweats. The hormones used in hormone replacement therapy are estrogen and
progestogen (synthetic progesterone). Prolonged use of unopposed estrogen can cause
endometrial hyperplasia and carcinoma. Although, estrogen remains the drug of
choice for menopausal in women. Hence, women with a uterus should be given
estrogen in combination with some form of progestogen for endometrial hyperplasia
protection. Women who have undergone hysterectomy can be prescribed estrogen

therapy alone.



For most women, the menopause presents two sets of problems. First, most
notice unpleasant symptoms such as hot flushes and vaginal dryness, but second, there
are long-term sequel arising from estrogen deficiency. The main long-term problems
are an increased risk of bone loss and cardiovascular diseases. Many women would
prefer to avoid HRT in response to recent publications and instead seek alternative
approaches to treat menopause symptoms and the long-term effects of the menopause,
e.g. phytoestrogens.

Phytoestrogens are naturally occurring estrogens that may have beneficial
effects on the cardiovascular system and may also alleviate common illnesses
afficting women, such as menopausal symptoms, osteoporosis and breast cancer.
Phytoestrogens may also have advantages over conventional estrogens in that they
may lower low-density lipoprotein cholesterol without inducing hypertriglyceridemia
(Anderson and Johnstone, 1995). In addition, they may relieve menopausal symptoms
without increasing the risk of uterine or breast neoplasia (Goodman, Wilken, Hankin
and Kolonel, 1996). Thus, plant extracts containing phytohormones are very popular
as ‘alternative’ medicine for many kinds of diseases. They are especially favored by
women who enter menopause and are concerned about the side effects of hormone
replacement therapy, such as vaginal bleeding, bloating, breast tenderness or swelling,
headaches, mood changes, nausea (Stopper, Schmitt and Kobras, 2005). Especially,
phytoestrogens are plant substances that have effects similar to those of estrogens
(Krebs et al., 2004). The phytoestrogens are widely used to alleviate menopausal
symptoms. For example, herbs used in the United States for menopausal problems
include black cohosh (Cimicifuga racemosa), dong quai (Angelica sinensis), ginseng

(Panax ginseng and other Panax species), evening primrose oil (Oenethera biennis),



motherwort (Leonurus cardiaca), rad clover (Trifolium pretense), and licorice
(Glycyrrhiza glabra) (Fredi and Fugh-Berman, 2002). Thai traditional medicines
have been known for hormone replacement therapy for menopausal symptoms. For
example, the phytoestrogen-rich plants, Pueraria mirifica with a local name of White
Kwao Krua might be the most interesting one. This indigenous Thai herb has long
been popularly consumed among Thai people, especially menopausal women for
purposes similar to those for estrogen replacement therapy nowadays (Suntara, 1991).
In addition, Pueraria lobata have been shown to have a protective effect on bone in
ovariectomized (OVX) rats and mice (Ishida et al., 1998; Ishimi et al., 2000; Picherit
et al., 2000).

The purpose of thesis is to physiologically investigate the effects of
pomegranate (Punica granatum L.) extract on ovariectomized rats. I will focus my
work on its estrogenic activities. The results of my work are to help seeking natural
alternatives to hormone replacement therapy for menopause.

2.2 Literature Review

2.2.1 Pharmacology and Physiology of Phytoestrogens

Phytoestrogens (also called plant oestrogens) are a group of substances
found in plant food. They are a class of naturally occurring plant compounds with

oestrogen-like structure and actions (Fig.1).
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Figure 1. Structure of phytoestrogens compared with estrediol (Patisaul, 2005).

There are many types of phytoestrogens, but the major categories include
isoflavones, lignans and coumestans. Common and significant sources of
phytoestrogens are soybeans (isoflavones), cereals and oilseeds such as flaxseed
(lignans) and alfalfa sprouts (coumestans). The most common and best studied
phytoestrogen is the class of isoflavones. The most abundant active components of
isoflavones are genistein and daidzein. These agents appear to have selective
estrogenic actions (Foegh and Ramwell, 1998). Estrogenic activity is dependent on
the affinity of binding to the estrogen receptors, which is determined by the presence
of the aromatic ring as well as hydroxyl groups at specific site (Martucci and

Fishman, 1993). Compared with estradiol, genistein and daidzein bind to estrogen



receptors with 100 and 1,000 times less affinity, respectively. Nevertheless, in the
quantities that can be consumed in the diet, isoflavones can have biological effects.

Isoflavones are widely consumed by Asian populations, predominantly in the
form of soy. The typical concentration of genistein in soy foods is 1 to 2 mg per g of
protein, and Asians consume 20 to 80 mg of genistein per day in the usual diet. By
contrast, the average American ingests only 1 to 3 mg per day (Barnes, Peterson, and
Coward, 1995).

Concentrations of the phytoestrogens and their metabolites can be measured
in urine, plasma and other body fluids and vary widely, even during controlled
nutrition studies.

2.2.2 Phytoestrogens and The Menopause

Epidemiological studies suggest that eating a diet rich in phytoestrogens can
help to relieve hot flushes and do not appear to increase the risk of breast or uterine
cancer. But, the half-life of most phytoestrogens is relatively short at around 3-4
hours (Busby et al., 2002). Therefore, in order to maintain effective blood levels, a
phytoestrogen-rich food needs to be eaten several times each day. Especially, Western
women typically eat diets low in phytoestrogens, containing less than 3 mg per day
(Clarke and Lloyd, 2004), and more than 80% experience hot flushes. In contrast,
Chinese and Japanese women typically eat diets containing between 30 and 100 mg
phytoestrogen each day and less than 20% experience hot flushes (Sturdee, 1997).
Estimation of the amount of phytoestrogens required to decrease hot flushes vary. The
North American Menopause Society Consensus Opinion on Isoflavones, published in
2000, reviewed studies with intakes of between 30 and 80 mg phytoestrogens from

whole foods and found these reduced hot flushes by up to 40% (North Ameican



Menopause Society, 2002). Phytoestrogens can be found in various species of plants
especially from soy and leguminous herb. Especially, the Pueraria spp. is one among
other genera of an indigenous herb that contained phytoestrogen. Pueraria lobata
with a local name of kudzu originated predominately in China, Japan and Korea. The
plant was found to contain high levels of isoflavones and phytoestrogen (Kaufman et
al., 1997). It slightly increased the uterus weight and remarkably increased the bone
mineral density in ovarietomized (OVX) rats (Wang et al., 2003). Among the
phytoestrogen-rich plants, Pueraia miifica with a local name of white Kwao Krua
might be the most interesting one. This indigenous Thai herb has long been popularly
consumed among Thai people, especially menopausal women for purposes similar to
those for estrogen replacement therapy nowadays (Suntrara, 1991). In addition, the
estrogenic activity of Pueraia mirifica on reproductive function and all growths were
conducted afterwards. The Pueraia mirifica stimulated the proliferation of vaginal
and uterus epithelium in female rats and women (Sukavattana, 1940; Pope et al.,
1958; Malaivijitnond et al., 2000). Phytoestrogens, therefore, appear to hold the
greatest benefits for those women most severely affected.

2.2.3 Effect of Estrogen on Lipid Metabolism

Menopause is a normal biological event associated with depletion of
functional ovarian follicles that are the source of oestradiol production. Accodingly
there is a marked decrease in oestradiol levels. So, that the major anti-atherosclerotic
effect of oestrogen is associated with its beneficial influence on lipid metabolism,
including increased high-density lipoprotein (HLD), decreased low-density
lipoprotein (LDL), lipoprotein and total cholesterol concentrations (Seed and Crook,

1994). Estrogen is associated with elevations in high density lipoprotein (HDL)
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Cholesterol, especially HDL, by up to 20% (Psaty ef al., 1993). and reduction in low
density lipoprotein (LDL) cholesterol by up to 19% and apolipoprotein A-I increases
by 13% to 22% (Nabulsi et al., 1993). In addition, serum triglyceride levels are
elevated by 16% to 42%. Although a mild reduction in total apolipoprotein B levels
has been reported, large very low density (VLDL) apolipoprotein B levels increase by
=~ 30%. The mechanism appears to be increased production rather than decreased
clearance. Oral estrogens appear to have effects on VLDL and LDL cholesterol, but
transdermal estrogen do not; and although HDL levels increase with transdermal
estrogen. This effect has been postulated to be due to supraphysiologic concentration
of estrogen in the portal circulation after intestinal absorption, leading to alterations in
hepatic metabolism of lipids. (Walsh et al., 1991).

Some et al. (1993) found a 50% reduction in lipoprotein with the
combination therapy, a 30% reduction in LDL and a 19% increase increase in HDL.
Similar findings were reported in a recent study by (Nabulsi er al., 1993). The
elevations in HDL, HDL,, HDL3, and apolipoprotein A-I and the reduction in LDL,
apolipoprotein B and lipoprotein were similar between estrogen, combined estrogen
and progesterone. To address these issues objectively, the postmenopausal
estrogen/progestin intervention trial, a randomized, controlled trial of conjugated
estrogen with and without the addition of progesterone (medroxyprogesterone or
micronized progesterone) was undertaken. This 3-year study of 875 postmenopausal
women found significant elevations in total HDL cholesterol with all regimens,
although the combination therapy significantly attenuated this increase. The average
increase in HDL levels was 5.6 mg/dl in the estrogen group and 1.2 to 4.1 mg/dl in the

progesterone group. The HDL subtypes were not evaluated. The LDL cholesterol was
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lowered to the same degree in all active treatment groups (14.5 to 17.7 mg/dl). The
increase in triglyceride levels (11.4 to 13.7 mg/dl) did not differ significantly between
estrogen and combination therapy.

In addition to lowering lipid levels, estrogen (but not progesterone or
testosterone) also demonstrates marked antioxidant properties. At high local
concentrations, 17-beta-estrdiol has been found to inhibit LDL oxidation and reduce
cholesterol ester formation in vitro preparation (Negre ef al., 1993).

However, effects of phytostrogens on lipid profiles, vascular reactivity,
thrombosis and cellular proliferation have been reported. When patients with type II
hyperlipoproteinemia (mean TC 409 mg/dl) were placed on high soy diets for four
week, the total cholesterol and LDL decrased by 16% and soy protein consumption in
humans revealed an improvement in total cholesterol by 9% and LDL by 13%, as well
as a decrease in triglyceride levels of 10% (Anderson and Johnstone, 1995). In fact,
soy bean isoflavones have reported to prevent cardiovascular disease (Potter, 1998).

2.2.4 Effect of Estrogen on Bone Mass

Estrogen plays an important role in the growth and maturation of bone as
well as in the regulation of bone turnover in adult bone. During bone growth estrogen
is needed for proper closure of epiphyseal growth plates both in females and in males.
Also in young skeleton estrogen deficiency leads to increased osteoclast formation
and enhanced bone resorption. In menopause, estrogen deficiency induces cancellous
as well as cortical bone loss. Highly increased bone resorption in cancellous bone
leads to general bone loss and destruction of local architecture because of penetrative
resorption and microfractures. In cortical bone the first response of estrogen

withdrawal is enhanced endocortical resorption. Later, also intracortical porosity



increases. These lead to decreased bone mass, disturbed architecture and reduced
bone strength. At cellular level in bone estrogen inhibits differentiation of osteoclasts
thus decreasing their number and reducing the amount of active remodeling units.
This effect is probably mediated through some cytokines, IL-1 and IL-6 being
strongest candidates. Estrogen regulates the expression of IL-6 in bone marrow cells
by a so far unknown mechanism. It is still uncertain if the effects of estrogen on
osteoblasts is direct or is due to coupling phenomenon between bone formation to
resorption (Kalervo and Pirkko, 1996).

Bone consists of a matrix with embedded cells such as osteoclasts and
osteoblasts. Osteoclast cells break down bone, whilst osteoblasts cells form new bone
tissue. When the activity of both osteoblasts and osteoclasts is equal (or coupled), the
amount of bone, or bone mass, remains constant. If bone density falls below a certain
Threshold, the risk of fracture is high. Bone loss is particularly notable in women at
the menopause. When oestrogen production ceases, and excess loss is associated with
increased risk of osteoporosis. There are many factors that influence the rate of rate of
age-related bone loss (Goulding, 2002).

Interestingly, phytoestrogens are non-steroidal compounds naturally
occurring in a wide range of foods of plant origin. They are able to ‘compete’ with, or
mimic, the main circulating oestrogens of most mammals. The phytoestrogens which
are known to bind to the estrogenic receptor sites of the cell and trigger the
components and processes of estrogenic activity have a promising role in the
treatment of osteoporosis (Adams, 1998). The isoflavonoid are among the most active
phytoestrogens in the flavonoid class. The isoflavones found in soybeans, such as

genistein, were found to prevent bone loss in the ovariectomized rat model of
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osteoporosis (Bahram er al., 1996). Furthermore, phytoestrogens might have
beneficial effects on bone metabolism and osteoporosis but the evidence from
experimental and observational studies is very limited (Knight, 1996).

Potter er al. (1988) reported the effects of soy protein and phytoestrogens on
BMD in postmenopausal women. In this study the group taking soy protein, with
associated high concentrations of isoflavone, significantly increased both bone
mineral density and content in the lumbar spine, but not in other skeletal areas, as
compared to a group consuming casein dry milk. In addition, pomegranate extract can
improves a depressive state and protect bone loss in menopausal syndrome model
ovariectomized mice (Junko, 2004).

2.2.5 Effect of Estrogen on Female Reproductive Organs

Estroge;l is known as a “female hormone” because it plays a key role in
shaping and preparing it for uniquely female function such as preganancy. For
example, estrogen for the development of breast and hips. In addition, the vagina,
uterus and mammary glands depend on the presence of estrogen in the body to
mature. The most potent naturally occurring estrogen in humans is 17-estradiol (Ez),
followed by estrone (E;) and estriol (E3). Estraiol is the predominant estrogen during
the premenopausal period, and is mainly secreted by the ovaries. After menopause,
the main estrogen is estrone. Estrone is synthesized in adipose tissue from adrenal
dehydroepiandrosterone. During pregnancy, estriol is produced in large quantities by
the placenta. Estradiol occurs in all mammals, regardless of sex or age; its function,
however, is related to control of female reproduction through cyclic release of anterior
pituitary hormones and to cyclic changes of the female reproductive tract. During

pregnancy, estradiol contributes to uterine growth, placental development, parturition,
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and the development of the mammary gland. In particular, the ovaries stop producing
oestrogen and progenterone and there is an increased production of gonadotropin
hormones such as luteinizing hormone (LH) and follicle stimulating hormone (FSH).
These hormone changes can cause a wide variety of vasomotor, vaginal and
psychological symptoms and diseases including tissue atrophy, sexual dysfunction,
impaired sleep and emotion disturbances. Currently, hormone replacement therapy
(HRT) is commonly used to combat the symptoms and diseases associated with
falling oestrogen and progesterone levels. However, HRT is associated with adverse
effects and an increased risk of endometrial or breast cancer. Many women are
therefore against HRT and choose to phytoestrogen for female body with symptoms
arising primarily from the loss of estrogen.

Chansakaow et al. (2000); Ingham et al. (2002); Malaivjitnond et al. (2004)
reported the effects of Pueraria mirifica, a Thai herb, belongs to the same family of
soybean and Pueraria lobata. Its tuberous root was found to contain at least 13 known
phytoestrogen. The estrogenic effect of P.mirifica were exhibited in various
reproduction organs, that is induction of vaginal cornification and increased uterine
weight in ovariectomized rats, prolongation of the menstrual cycle in mature female
monkeys and alleviation of menopausal symptoms in women (Trisomboon,
Malaivijitionond and Watanabe, 2004).

Einer et al. (1998) investigated the oestrogen effects of Cimicifuga racemosa
on uterine growth in immature mice and on vaginal cornification in ovariectomized
rats. Vehicle (negative control), estradiol-benzoate (positive control, 0.4 mg/kg) and a
commercially available extract of C. racemosa (thizome of C. racemosa extracted

with a 50% water/ethanol mixture, 6-600 mg/kg) were administered for three days.
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Estradiol-benzoate increased significantly the average wet weight of the mouse uteri.
By contrast, no signs of uterotrophic or vaginotrophic effects were found in the mice
and rats treated with the extrat. Eagon ef al. (1997, 1999) found that an extract of C.
racemosa obtained from the root (not rhizome) of the plant administered to
ovariectomized rats for three weeks, increased the uterine growth. Also, pomegranate
seed oil and extracts might be employed in menopausal women as external and
internal phytoestrogen medicaments, as a possible alternative or supplement to
conventional hormone replacement therapy (Lansky, 1999). In addition, mixtures of
pomegranate seed, juice and peel products paradoxically have been reported not only
prevent abortion (Ramirez et al., 1988), but also conception (Gujral et al., 1960;
Zhan, 1995). However, such studied were performed on pomegranates grown India.

2.2.6 Herbal Alternatives for Menopause

Many women are now actively seeking alternative approaches including
dietary supplements. The examples of these are given below.

Black Cohosh, know scientifically as Actaea racemosa L. (syn. Cimicifuga
racemosa L), also known as snakeroot, bugbane, and bugwort. Black cohsh rhizomes
and roots were routinely used as medicine by Native Amricans for the treatment of
coughs, colds, constipatin, fatigue, and rheumatism, as well as to increase breast milk
production (Brinker, 1996). In the general population, black cohosh has been shown
to be effective treatment for hot flashes. There is some evidence demonstrate that it
can be as effective as estrogen replacements therapy for some patients (Lieberman,
1998). and black cohosh has an estren-like beneficial effect osteopoosis is uncertain,

however, it appears that cohosh is not a phytoestrogen.
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Chastetree (Vitex agnus-castus), or chasteberry is used to treat premenstrual
breast pain and fibrocystic breast (Mills and Bone, 2000). It is also used for different
types of menstrual irregularities and for sexual dysfunction, reducing sexual desire, as
well as historically for decreased libido. Chastetree stimulates luteinizing hormone
(LH) and may decrease follicle stimulating hormone (FSH) levels as well (Brown,
1994).

Dong Quai (Angelica sinsensis) is used for dysmenorrhea, amenorrhea, and
menopausal symptoms. Dong Quai has not been shown to be effective for hot flashes
(Hirata, 1997). It is unclear whether it is safe for patients with estrogen-dependent
cancers. Donguai constituents can be carcinogenic, mutagenic and photocarcinogenic
even without excessive light exposure. Dong quai is widely used in Chinese medicine,
a Chinese herb traditionally prescribed as a folksy medicine for women.

Soy contains special chemicals that seem to fight illness and disease. These
chemicals are known as phytochemicals. Phytoestrogens, a special kind of
phytochemical, appear in high quantities in soy products. These phytoestrogens are a
weaker form of our own natural estrogen, and seem to help combat the symptoms of
menopause. A particularly beneficial type of soy estrogen is the isoflavone.
Isoflavones are linked to the reduction of serious illnesses that plague menopausal
women, including osteoporosis and heart disease (Setchell, 1998).

As stated above several herbs are used for menopause, in my thesis I will
focus on pomegranates that has been wildly used and locally know in Thailand for its
phytogenic activities.

2.2.6 Pomegranates (Punica granatum L.) The pomegranates (Punica

granatum L.; Punicaceae) is a shrub or small tree. It is also found growing wild in the
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warm valleys and outer hills of the Himalayas, has been extensively used as a folk
medicine in many cultures (Langley, 2000). Pomegranate is a rich source of crude
fibers, pectin, sugars, and several tannins (Gil et al., 2000). In addition, it has recently
been reported that pomegranate contains some species of flavonoids and
anthocyanidins in their seed oil and juice. In addition, pomegranate juice is rich in
antioxidants, antioxidants in general possess numerous important biological properties
against cholesterol oxidation, protection against atherogenesis, anti-inflammatory
effects, anti-aging effects, and protection against Alzheimer’s disease and diabetes.
The rind of the fruit is antihelminthic, useful in diarrhea, dysentery. Furthermore, the
chemopreventive and adjuvant therapeutic applications of pomegranate to human
breast cancer have been warranted recently (Kim er al., 2002).

- Furthermore, the effects of pomegranate compound on low-density
lipoproteins and aggregation of platelts are beneficial because they reduce some of the
major risk factors for coronary heart disease (Sudheesh, 1999). and pomegranate
juice was found to slow down cholesterol oxidation by almost half, and reduce the
retention of disproportionate LDL cholesterol (Sumer er al., 2005). The rinds of fruits
are valued as astringents in diarrhea and dysentery. In folk medicine pomegranate
preparations of the dried pericarp and the juice of the fruits are employed as orally
medication in the treatment of colic, colitis, leucorrhea, menorrhagia, oxyuriasis,
paralysis, paralysis and rectoche, and external application to caked breast and to the
nape of the neck in mumps and headache. Australian researchers found that their
scientific investigation of pomegranate flower extract improved hyperglycaemia in

Type II diabetes and obesity at least partially (Li e al., 2005). The seed and juice
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extract was diluted to 20 and 10% have been used to treat menopausal symptoms and
bone loss (Junko et al., 2004).

Part of the toxicity of pomegranate has not been intensively studied. Amorin
(1995) observed no toxic effects in mice treated with aqueous extracts of pomegranate
similar to those used in folk medicine and pomegranate fruits (excluding the peel) are
not toxic but roots and bark are alkaloid content (Fuentes er al., 1985).

However, one of the most remarkable characteristic of pomegranate fruit is
that its seeds are the richest plant source of estrogens. Pomegranate seeds are known
to contain the estrogenic compounds, estrone and estradiol that are chemically
identical to those biosynthesized in human body (Heftmann et al., 1996).
Pomegranate seeds contain not only estrogens (estradiol, estrone, and estriol) but also
other steroids such as testosterone and [-sitosterol and coumesterol. ‘ Whereas,
anthocyanins and phenolic acids are the main ingredients of pomegranate juice. In our
preliminary HPLC assay, isoflavone phytoestrogens such as genistein and daidzein

are identified in both seed and peel extracts.

3. Research Objectives
The effect of pomegranate (Punica granatum L.) extract on ovariectomized
rats has not yet been demonstrated. The aims of this thesis are therefore :
1. to investigate the effects of the pomegranate on
1.1. serum estrogen level
1.2. bone protection, including bone mineral densitometry (BMD),

bone histomorphometry .



1.3. reproductive actions, including uterine weight, vaginal cy
and mammary gland development .
1.4. lipid profile, including low-density lipoprotein (LDL), high-
density lipoprotein (HDL), and triglycerides
2. to test the effect of the pomegranate extract on antiimplantation ¢
3. to examine the effect of the pomegranate extract on uterine contraction
and compared its effect to the known compounds such as daidzein and genistein.ll_lf_

A

will further investigate the underlying mechanism of the extracts.

4. Research Hypothesis

1. Pomegranate has estrogenic effects by increasing serum estrogen level,
bone mass, uterine weight, high-density lipoprotein (HDL), mammary gland
development, but decreasing low-density lipoprotein and triglycerides.

2. Pomegranate has antiimplantation effect.

3. The contraction effects produced by pomegranate applications are
resembled to those of active compounds found in pomegranate and commercially

available such as daidzein and genistein.

5. Scope and Limitation of the Study

5.1 The crude extracts of pomegranate will be used.

5.2 The estrogenic activities of plant extracts in ovariectomized rats will be
observed by studying these parameters: estrogen level, bone protection, reproductive

actions, lipid profile, antifertility activity and uterine contraction.
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5.3 The ovariectomized rats will be used as a model of menopausal in

women devoid estrogen hormone.

6. Research Methodology

6.1. Preparation of Plants Extract

Fresh pomegranate fruits (Punica granatum L.) will be obtained from a local
farm, the Ja-rut Sang farm, Packchong District, Nakhon Ratchasima Thailand, during
April-May 2007. The peel and seed will be cleaned, air dried and crushed into powder
with a grinder and passed through a 40 mesh sieve and stored in a closed container for
further use.

The powder of seed and peel (15 g), will be extracted in 125 ml methanol
for 10 h. The extract will be then filtered through a Whattman #1 filter paper and
evaporated in a rotary evaporator, dried by lyophilized, and kept at -20°C for further
studies.

6.2 Plant Identification

Pomegranate yielded will be analyzed for the constituent by GC-MS (Haber
et. al, 2001).

A Hewlett-Packard 6890 gas chromatograph, coupled with a Hewlett-
Packard 5973N mass spectrometer will be used for the establishment of fingerprint of
pomegranate. The separation will be performed on HP-5MS column, 0.25 mm i1.d. x
30 m, 0.25 pm coating thickness. The temperature of column programmed from 150
to 230°C at 6°C min™', 258 to 278°C at 10°C min™ and 278 to 300°C at 50°C min™ and
70°C min"' respectively. The injector temperature and the detector temperature will be

300°C. Helium will be used as carrier gas with a constant flow rate of 1.0 ml min”.
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The mass spectrometer will be operated at 70 eV, scan range 20-450 amu. All
separated compounds will be identified from the recorded mass spectra by
comparison with the mass spectra from the NIST and Wiley libraries.

6.3 Animals

Rats used in this study will be maintained in accordance with the guidelines
of the Committee on Care and Use of Laboratory Animal Resources, National
Research Council, Thailand. The experiments performed on rats will be conducted in
accordance with the advice of the Institutional Animal Care and Use Committee,
SUT.

Female Wistar rats, aged 9 weeks, will be acclimated in an environmentally
controlled animal laboratory and fed with commercial food containing 0.8% Ca &
0:7% P, kept at a room temperature of 25°C, with free access to distilled water for 1
week. At 10 weeks of age, they will be ovariectomized under ether anesthesia.

The animals will be assigned to experimental groups, with six animals per
group, per experiment as follow:

I. Intact (sham-operated) : received the vehicle (Tween 80 in distilled
water, 10% v/v) orally in a volume of 1 ml.

II. Ovariectomized rats : serving as control, received the vehicle
(Tween 80 in distilled water, 10% v/v) orally in a volume of 1 ml.

I1I. Ovariectomized rats will be subcutaneously injected with 17-estradiol
1 mg/kg b.w of synthetic estrogen (estradiol ; Sigma Chemical Company, USA) and
kept as positive control.

[V. Ovariectomized rats + pomegranate seed extract 400 mg/kg b.w : a
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dose 400 mg/kg b.w of plant extract of the test suspended in vehicle will be
administered orally in a volume of 1 ml.

V. Ovariectomized rats + pomegranate seed extract 500 mg/kg b.w : a
dose 500 mg/kg b.w of plant extract of the test suspended in vehicle will be
administered orally in a volume of 1 ml.

VI. Ovariectomized rats + pomegranate peel extract 400 mg/kg b.w : a
dose 400 mg/kg b.w of plant extract of the test suspended in vehicle will be
administered orally in a volume of 1ml.

VII. Ovariectomized rats + pomegranate peel extract 500 mg/ kgb.w : a
dose 500 mg/kg b.w of plant extract of the test suspended in vehicle will be
administered orally in a volume of 1 ml.

All these will be administered orally daily, the plant ext;act suspended in
vehicle (Tween 80 in distilled water, 10% v/v) will be fed to the experimental rats by
gastric intubation, using a gastric feeding needle. Group 1l will be subcutaneously
injected with 17B-estradiol 1 mg/kg b.w alone. At approximately 2.00-3.00 p.m.
every day for 2 weeks. At the end of the experiments, the rats will be sacrificed under
ether anaesthesia.

6.4 Estrogen ELISA Assay

ECOLOGIENA® Estrogen (E1/E2/E3) ELISA kit (96 wells) purchase from
Japan EnviroChemicals Ltd. (Osaka, Japan) will be used. Each sample (100 pg) will
be dissolved in 1 ml of 10% MeOH, and graded concentrations of 17B-estradiol (E2;
0, 0.05, 0.15, 0.5, 3.0 ug/l in 10% MeOH) will be used as standards. The absorbance

will be measured at 450 nm using a micro plate reader MPR-A4i and generated a
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standard curve by 4-parameter logistic fitting. The estrogenic activity of the sample
will be calculated from the standard curve (Naomi, 2006).

6.5 Bone Mineral Densitometry (BMD)

The left tibia of each rats are separated together with the periosteum from
adherent muscles and connective tissues at sacrifice by over- anesthesia with sodium
thiopental and ethyl ether and subjected to the single energy x-ray absorptiometry
using dual energy x-ray analysis (DEXA). BMD values will be obtained from the
proximal two-fifth tibia including the epimetaphyseal region (Junko ef al., 2004).

6.6 Bone Histomorphometry

The right tibia removed from each rats will be fixed with 70% ethanol and
embedded in methyl methacylate (MMA) without decalcification. The fixed tibia will
be sectioned (5 um in thickness) serially and longitudinally using the microtome and
the sections will be then stained by Villanueva Goldner’s trichrome method for
discrimination between mineralized and unmineralized bones and also for
identification of cellular components. Stained bone sections will be analyzed at a
magnification of 400x using the semi-automated histomorphometry system. The
parameters measured for bone structures will be the total bone volume per tissue
volume (BV/TV,%) and the mineralized bone volume per tissue volume (Md.
BV/TV,%), trabecular thickness (Tb.Th., um), trabecular number (Tb. N., mm) and
trabecular separation (Tb. Sp., um).

The parameters obtained for the bone formation will be the osteoid volume
per bone volume (OV/BV,%), the osteoid surface per bone surface (OS/BS,% ), and
the osteoblast surface per bone surface (Ob. S/BS,%). The parameters measured for

bone resorption will be the eroded surface per bone surface (ES/BS,%), the number of
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osteoclasts per the bone perimeter (N. Oc./B. Pm./100 mm) and the osteoclast surface
per bone surface (Oc.S/BS,%) (Junko et al., 2004).

6.7 Vaginal Cytology

Vaginal smears will be checked daily between 09.00 -10.00 a.m. The
vaginal epithelium cells will be observed under the microscope and classified into
three types: leukocyte cells (L), nucleated cells (O) and cornified cells (Co). The
representative cell type of vaginal smear cells from six rats in each treatment group
will be expressed as a mode value (the most frequently occurring cell type in six rats).
The appearance of cornified cells (or the majority of Co-cell type) will be used as an
indicator of estrogenic activity (Suchinda, 2006).

6.8 Measurement of Mammary Gland Thickness, Weight and Histology

The proximal fourth and fifth left or right abdomifloinguinal mammary
glands will be examined. After exfoliating the skin and fat pad from the body, the
thickness of each gland will be measured by vernier calipers. The fat pads of these
glands will be excised and weighed. The thickness of skin devoid of fat and calculated
that of the fat pad.

All mammary gland tissues will be dissected and fixed in 3%
paraformaldehyde containing 0.1% glutaraldehyde for 1 h. Fixed tissues will either
stained with toluidine blue or hematoxylin-eosin. Mammary glands stained with
toluidine blue will be post-fixed for in 1% OsO,4 in 0.1 M PBS at 4°C for 1 h. The
mammary tissues will be first dehydrated in ethanol and then in acetone prior to
embedding in Agar 100 resin and incubated at 60°C overnight. Multiple 1 pm sections

will be taken from each mammary gland and then stained. (Helena, 2006).
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6.9 Uterine Wet Weight Determination

Uterine : body weight ratios will be calculated for each animal. The uterine
wet weight analysis will be performed using digital weight scales. To determine the
mean and SEM and to perform analysis of variance (ANOVA) using the Fisher's test
of significance (p < 0.05).

6.10 Blood Biochemical Analysis

Blood will be obtained by cardiac puncture. The blood will be allowed to clot
and than centrifuged at 3000 x g, at 4°C for 10 min. All biochemical determinations
are performed in serum. Total serum cholesterol, high density lipoprotein (HDL), low
density lipoprotein (LDL), triglyceride concentration in serum is measured by
diagnostic kits (Raichem). The measurements of lipid fraction will made using
Reflovet (Roch Dianostics GmbH).

6.11 Antiimplantation Activity

Proven fertile female Wistar rats, weighing between 145-150 g will be
selected and left overnight with males of proven fertility in the ratio of 3:1. Day 1 of
the pregnancy will be confirmed by the presence of spermatozoa in the vaginal smear.
Thirty-six pregnant rats will be selected for antiimplantation activity. The extracts of
pomegranate seed and peel will be prepared in 1%, Tween -80 suspended in distilled
water and they will be administered to the rats at doses of 400 and 500 mg/kg body
weight orally from days 1-7 of pregnancy. Control rats will receive the vehicle in 1%,
Tween -80 alone. The animals will be laparotomised on day 10 of the pregnancy,

under ether anesthesia and the uterine horns will be inspected for number of implants.
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6.12. The Investigation of Physiological Effects of Pomegranate on

Uterine Activities

6.12.1 Myometrial tissue preparations

Tweenty five non-pregnant Wistar rats (200-250 g) used in the study
will be housed in the animal house of the SUT under a controlled environment (23-25
°C) and illumination (12 h light, 12 h dark) room. Rats will be given tap water and a
standard diet ad libitum. Myometrial tissues will be obtained from the rats in diestrus.
The reproductive phase will be examined using vaginal smear techniques. The rats
will be killed by cervical dislocation. The uterus will be removed and immediately
immersed in buffered physiological Krebs’ solution (pH 7.40) containing (mM): 154
NaCl; 5.4 KCl; 1.2 MgSOs; 12 glucose; 2 CaCl, and 10 N-[2-hydroxyethyl]
piperazine-N’-[2-ethanesulfonic acid] [HEPES]. The uterus will be then placed in a
shallow dissecting dish containing Krebs’ solution at room temperature under a
microscope. The longitudinal layer will be separated from the endometrium and the
circular layers. Five or six strips (1-2 mm x 0.5 mm x 10 mm) of longitudinal fibres
will be then dissected. The strips will be either used immediately or stored for a
maximum of 12 h at 4°C.

6.12.2 Measurements of Tension

The uterine strips were mounted vertically under resting tension of 1 g
in a single-chamber (25 ml) tissue bath connected to a force transducer. The tissue
bathing medium used will be Krebs’ solution maintained at pH of 7.40, temperature
of 37°C. Contraction analysis will be performed using PowerLab system software
(ADInstruments Australia). The strips will be allowed to contract spontaneously

under a resting tension of 1 g. An equilibrium period of 30 min will be given before
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the application of any chemical. The electrical signal from the transducer will be
amplified and converted to a digital signal and recorded on a computer using Chart
software.

6.12.3 The Maximal Effect of Pomegranate

At the beginning of my work, pomegranate, both the seed and peel
extracts, at various concentrations will be applied on spontaneously contracting
uterine strips to determine the maximal effect. The dose of maximal effect values will
be then used throughout the experiments.

6.12.4 Effect of Pomegranate on Spontaneous Contraction

In order to examine the effect of pomegranate on spontaneous
contraction, pomegranate will be added to spontaneously contracting uterus and the
characteristics of contraction in the presence of pomegranate will be observed and
compared with the contraction without pomegranate. To investigate whether the effect
of pomegranate is via Ca’’ -CAM-MLCK pathways or non- Ca** CAM-MLCK
pathways, agonists of the pathways the inhibiting and/or stimulating of such pathways
will be added, respectively, to spontaneously contracting uterus in the continued

presence of pomegranate.
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6.13 Statistical Analysis

All data will be expressed as mean + S.E.M. Analysis of variance (ANOVA).
Significance level will be set at P < 0.05. The SPSS, a statistical analysis program,
Version 13.

For tension measurements, the result data will be analyzed using Microcal
Origin Software (Massachusetts, USA). Parameters that will be measured include
maximum tension development of each contraction, the contraction integral (total
tension developed in each contraction), contraction, duration, and contraction

frequency.

7. Expected Results

At the end of the study, the results will increase our understandings about
estrogenic activities of pomegranate. These include the understandings of :

1. the effects of pomegranate on estrogen level, bone protection, uterine
weight, vaginal cytology, mammary gland development, and lipid profiles,

2. the effects of pomegranate on antiimplantation,

3. the underlying mechanisms whereby pomegranate exerts its effects to aid

uterine contraction.
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3 | Preliminary experimentation «——1—>
4 | Experimentation < >
5 | Data analysis «—1
6 | Writing up the thesis <«
7 | Thesis submission «
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a1 veamsan uudazsvay dane il

17.3.1 51¢2¥ WY (Core Courses)

v
LR Tt bR LS ALY

siadn  tonedn snnunheda w3sme-UfiR-fnwdenuiod)

109700%  FupdsEAuTURARNY 4(4-0-12)
(Graduate Biochemistry)

115601  353%uuasadanamsunng 4(4-0-12)

(Research Methods and Medical Statistics)

115701 $2ineszaumaduaz luana 4(4-0-12)
(Cellular and Molecular Biology)

115702 madamsItemawaduaz Tuana 2(1-2-4)
(Molecular and Cellular Research Techniques)

115703 madn)§UANINIasIIY 2(1-2-4)

(Biomedical Laboratory Techniques)

115704 ¥ nulasany 2(2-0-6)
(Biosafety)
115705 ﬂ);]HmU‘H‘IQﬂﬁLLWﬂJLLﬂ:%?ﬂ?EJ‘FT‘IﬁG]'; 2(2-0-6)

(Medical Laws and Bioethics)
115706  eNSEAUNATIIY 2(2-0-6)

(Biomedical Informatics)

WnAnyszaudTyainemansurtudiaa i Inssadimangas uny 02 azdes
= - a o a w o = = @ W o= A a A
amzidousouindiIneseaumaauaz Tuana  Fualszauludadny uazimauly

51039y I las 1w uneias ludeendi 14 vuaeia

17.3.2 513180 (Major Courses)
nuinFansmans 1dsasuunsivivuenseniiu 6 nqu metindnu,
Tanuduaziszaunssinsoungquynngu infnmszdulTgapinnmansumiiuda
wazrinAnyszdulTaanineransquivadia am1sniRenIyuenANgNAIN o1

asumuiaumilenanszy 131 Inssadevemangasumuamunige
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17.3.21 Dy IMEIMAfmIans El"i‘i]ﬂ?.l'l!!ﬁlé‘:"lﬂ?ﬂﬂﬂﬂ‘ﬂﬂﬁﬁ

(Anatomy, Physiology and Structural Biology)

sHaIm

115611

115612

115613

115621

115622

115721

115722

115723

115724

115725

115726

‘! =3 a ' = = e o -
Y3183 DIHIHHUILNA (ﬂi‘i&l"ltl-li{]llﬂ—ﬁﬂH1ﬂ1ElﬂNlEid)

M3 YuUazWALIveIAIB ULy Y
( Human Developmental Anatomy)
= L4
ﬂﬁﬂ]ﬂ?ﬂlﬂﬁ'lﬁﬁi
(Microscopic Anatomy)
= = di‘ P L4
lﬂﬂuﬂﬂﬁﬂ'ﬂ}ﬂ!uSLUE)TI'Nﬂ’g@Nﬂﬁ‘lﬂiiﬂu
(Microscopic Techniques for Tissue)
A33INUIYIUING
(Integrated Physiology)
ﬂ'li‘l’lﬂflﬂﬂ"lﬂﬁ?i%ﬂﬂ']
(Experimental Physiology)
A35INU1VDINTOONAIAINTY
(Exercise Physiology)
£y
Y3 T INVBUTAATUFY
(Advanced Cellular and Molecular Physiology)
szainil
(Neurochemistry)
= = = o
53‘1.I'l.|ﬂ'l'§ul.ﬁﬁntluTﬂHﬂﬂN‘]ﬂnﬁfﬁ']ﬁﬂﬁ
(Cardiovascular System in Biomedical Science)
' Y - o
igﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂTQ‘Hilﬁ‘h’WTﬁﬁﬁ
(Endocrine System in Biomedical Science)
=t o
szu lama¥insenans

(Renal System in Biomedical Science)

14

4(4-0-12)

4(4-0-12)

4(3-2-10)

3(3-0-9)

3(3-0-9)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)



WA Horwin Snumbene (uITee-UfuR-fnmndienuie)

115727 FEUUMUAUDIMITUALNTLUIUM TINUNUDATY  4(4-0-12)
R RTeL T AR H
(Gastrointestinal System and Metabolism in
Biomedical Science)

115728 @35m0y 3(3-0-9)
(Aging Physiology)

115729 szvumwlimadnymand 4(4-0-12)
(Respiratory System in Biomedical Science)

115821 Uszmminemansszdumaduas Tuiana 4(4-0-12)
(Cellular and Molecular Neuroscience)

15822 szuuvadouTafindugamedanymand 4(4-0-12)
(Advanced Cardiovascular System in Biomedical
Science)

15823 szuumieladugameiansmand 4(4-0-12)
(Advanced Respiratory System in Biomedical
Science)

115824 szUmiau"I.?ﬁmfuqamq%masmm{ 4(4-0-12)
(Advanced Endocrine System in Biomedical
Science)

115825 s:uuﬂuﬁufﬂfuqama%m‘mﬁwmf 4(4-0-12)
(Advanced Reproductive System in Biomedical
Science)

115826 swunﬁmuf aﬁuqmw%mwmmf 4(4-0-12)
(Advanced Muscular System in Biomedical

Science)

115827  dszaminnmansszuy 4(4-0-12)

(Systemic Neuroscience)
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17.3.2.2 n:ju?lmmaasmﬂumqamqmmwm (Cellular and Molecular

Medicine)
SHAIMN SonEdin snoumieia (Ussee-U fUia-Anudenues)
104640*  oyugMART 4(4-0-8)
(Molecular Genetics)
104740 BYFIINN 4(4-0-8)
(Molecular Biology)
115732 Aoy 1IN IVDILITS 4(4-0-12)

(Cell and Molecular Biology of Cancer)
115735 ﬂ1‘5Lﬁn%1ummaﬁu‘azmimwmwaﬁ 4(4-0-12)

(Cell Proliferation and Apoptosis)

" a a aa 1 vV o = '
17.3.2.3 RN ﬂuﬂiﬂiﬂ1§zﬁ?1~1ﬂ'ﬂﬁﬁ1 ﬂﬂ!&ﬁxi}ﬁl‘ﬁ‘}“lﬂﬂ{‘iﬂ

(Host/Pathogen Interactions)

SHAIN For1e3m SunEia (Ussene-U §iR-Anundisauea)

108740*  a¥IINGIMIUNNG 4(4-0-8)
(Medical Microbiology)

108742*  Usd@aInermsunnd 4(4-0-8)
(Medical Parasitology)

115741 A UFIINe 4(4-0-12)
(Immunobiology)

115742 nﬂﬁfﬁ'nf‘i’uﬁm‘mﬁﬁmsﬁa 4(4-0-12)

(Infectious Immunity)

115751 AINARDINYTARING 2(1-2-4)
(Experimental Parasitology )

115752 anuduwusveslsdatulsaduaznansznuii 4(4-0-12)
ADNY
(Host-Parasite Relationships and Interactions)

115753 Fa3nerveuuasnivzua Isafifaanuuag 4(4-0-12)
WIne

(Vector Biology and Vector-borne Diseases)
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THaIN ¥o313m sununiheia (ussee-U{iR-Andenue)

115754 AgInememsuwnd 4(3-2-10)
(Medical Entomology)

115755 dainermamsunng 4(3-2-10)
(Medical Malacology)

17324  nguIMWen3¥23nen (Pathobiology)

THAIN Fo3163n snunmiein (Ussene-U fUR-Anudienuie)

115761 aYyNeITIN 4(4-0-12)
(Molecular Pathology)

115762 Jjiamsogwesinen 2(0-4-2)

(Molecular Pathology Laboratory)

115763 Fwanmsuazegyiugmani 4(4-0-12)
(Developmental Biology and Molecular Genetics)

115764 atu_iwm%?mwmxﬁfmammzwaﬁ'ﬁuﬁnﬁﬂ 4(4-0-12)

(Molecular Pathology of Tumor and Stem Cells)

17.3.2.5 nzjﬁmm&’ﬁnmsmzﬁﬁnm (Pharmacology and Toxicology)

sHaIN Forwin SIUnILin (Ussne-U{Ua-Anndienuied)

104762%  MHINGIWOITTVUYTAIMNIY 4(4-0-8)
(Immunotoxicology)

104764*  WHINGIVOITTUUTUNUTY 4(4-0-8)

(Reproductive Toxicology)

104861*  WWINLMURMART 4(4-0-8)
(Genetic Toxicology)
115670 IR UDONTIATUINOFUATNIAZADINAIY 4(4-0-12)

(Antioxidants for Health and Beauty)
115671 pyyABATEMIFIIMI AT MsUNNG 4(4-0-12)

(Free Radicals in Biology and Medicine)
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AN ¥o31831 Snumiena (Ussene-UfiR-Anndlenue)

115672 DYUYADATTNWWYING 4(4-0-12)
(Free Radicals in Toxicology)

115770 ﬂﬂ'lﬂﬂﬁaaﬂqvi‘?:umms:ﬁuTmﬁqa 4(4-0-12)
(Molecular Mechanisms of Drug Action)

115771 ndrIMelszam 4(4-0-12)
(Neuropharmacology)

115772 wndwImeuaiinia 4(4-0-12)
(Chemotherapy Pharmacology)

115773 Lﬂﬁ'ﬁmwaﬁnw{fuqa 4(4-0-12)
(Advanced Hormonal Pharmacology)

115774 indwmilszynd 4(4-0-12)
(Applied Pharmacognosy)

115775  wenuAd 4(4-0-12)
(Phytochemistry)

115776 WHINGIWDIY) 4(4-0-12)
(Drugs Toxicology)

115777 WyINOIRBszUUAIY Yoeuyyd 4(4-0-12)
(Human System Toxicology)

115778 Tﬂﬂm1m‘sunmﬁ’11‘f’imms:uugﬁﬁu Yy 4(4-0-12)
(Nutrition and Immune Function)

17.3.2.6  nguINITINeuvasduiiiauaziuingg

(Stem Cell Biology and Gene Therapy)

sHa I Fos1ein unIein (Ussee-U§ITR-Anmndlenue)

108743*  adduiuianamsuwng 4(4-0-8)
(Stem Cells in Medicine)

108744%  vadaufuiiatug 4(4-0-8)
(Advanced Stem Cells)

115781  ivaadusuiiatia 1 4(4-0-12)

(Stem Cell Therapy I)
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sHaIN ¥o31891 sununhena (ssee-U {IR-Anwdenuieg)

115782 waadusuiiatinie 2 4(4-0-12)
(Stem Cell Therapy II)

115783 tyaaduduiiatinia 3 4(4-0-12)
(Stem Cell Therapy I1I)

115784 maluTadmaihdugdmue 4(4-0-12)

(Gene Targeting Technology)

115785 Buitia 1 4(4-0-12)
(Gene Therapy I)
115789 duamsesgaaaduiuidanazduiia 1(0-2-1)

(Molecular Stem Cells and Gene Therapy
Laboratory)

115886 tiadeilitiumasaddusuiiauazBuiinia 1(1-0-3)
(Current Topics in Stem Cells and Gene Therapy)

115980  mnluTaBogynamsuwndszaugs 4(4-0-12)

(Advanced Molecular Medical Technology)

17.3.3 Iy uaen (Elective Courses)

SHaIN forwin Snwumieia (ssee-U{uR-fnmndisaue)

104743%  Seiugmans 4(4-0-8)
(Radiation Genetics)

108745*  oay¥Inunwadduiuia 4(4-0-8)
(Molecular Stem Cell Biology)

115731 iwadey¥iIneweanywd 4(4-0-12)
(Human Cellular and Molecular Biology)

115733 ‘Hﬁ'ﬂmmazmﬂﬁﬂmﬁmmgﬂmmaﬁﬁ’mi’ 2(2-0-6)
(Principles and Techniques in Animal Cell Culture)

115734 ﬂﬁﬁ'ﬁmsﬂwu.wwzxﬁyqunﬁﬁ'ﬂ’? 2(0-4-2)
(Practicum in Animal Cell Culture)

115756 MslsuEInMIdinnmand 4(4-0-12)

(Academic and Scientific Writing)
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sHaIM

115765

115786

115787

115788

115830

115831

115832

115931

115932

115933

115934

¥os1u3mn NIMNEIR (UIIENe-U {IR-AnaIenueg)

o o n’:
WEJ'Iﬁ'J'YIUﬁJE]QL“ﬁﬂﬁ‘iiH’C“N
(Advanced Pathology of Cells)
Butitia 2
(Gene Therapy II)
ay w a U dY o &
QuAUAUINEIMIUgnaaaauiila
4 4 i
IUDLEBDLINS DY
(Stem Cell, Tissue and Organ
Transplantation Immunology)

o o = o
ATTULNNYDIATINLAL T AUIVATINAT
(Holistic Medicine and Biomedical Sciences)

s a w
‘wuqﬁ‘lﬁﬂwmwwmﬂmmzmﬁja
(Genetics of Development and Cancer)

= w o
wqwmsuwuqmﬁm
(Behavioral Genetics)
¥
agyInguilosen
(Molecular Oncology)
TuTuTnausausuavemmalulad

(Monoclonal Antibody Technology)

Uguans TuTuTnausaueudvedimn Tulad

(Practicum in Monoclonal Antibody Technology)

oy Inendmivma lulagiansaidue

(Molecular Biology for Forensic DNA Technology)

a wa aa o
Uguamsma TuTaduansaioue

(Practicum in Forensic DNA Technology)
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3(3-0-9)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

4(4-0-12)

2(2-0-6)

3(0-6-3)

4(4-0-12)

2(0-4-2)
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17.3.4  neInduann Jaymiiey Hderiny uazIneHnus

(Seminar, Special Problems, Special Topics and Thesis)

sHaIN Forin sunuvieia (wssee-U{IR-Anwdienuied)

115791 dusndnvmans 1 1(1-0-3)
(Seminar in Biomedical Sciences I)

115792 duswndnymand 2 1(1-0-3)
(Seminar in Biomedical Sciences II)

115793 quuIFINYMAAT 3 1(1-0-3)
(Seminar in Biomedical Sciences III)

115794 Hymmimiunymand | 4(0-8-4)
(Special Problems in Biomedical Sciences I)

115795 Hymimiminymans 2 4(0-8-4)
(Special Problems in Biomedical Sciences II)

115796  ¥atedisudnymans 1 4(4-0-12)
(Special Topics in Biomedical Sciences I)

115797  viadeweudnvmans 2 4(4-0-12)
(Special Topics in Biomedical Sciences II)

115798 Inonfiwusumiudia (s o 2) 16
(M.Sc. Thesis (Plan A 2))

115799 Ineriinusumiudia (uwu n 1) 48
(M.Sc. Thesis (Plan A 1))

115891  dunnymand 1 1(1-0-3)
(Seminar in Biomedical Sciences I)

115892  duun¥anwendas 2 1(1-0-3)
(Seminar in Biomedical Sciences II)

115893 Fuunanymand 3 1(1-0-3)
(Seminar in Biomedical Sciences III)

115894  Yymifiednsmans 1 4(0-8-4)
(Special Problems in Biomedical Sciences I)

115895  fymilisrnyenand 2 4(0-8-4)

(Special Problems in Biomedical Sciences II)
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SHaIM Yoy Nuumheia Wssne-U{ia-anundleaue)

115896 Wt nymans 1 4(4-0-12)
(Special Topics in Biomedical Sciences I)

115897  ¥deiimudnymans 2 4(4-0-12)
(Special Topics in Biomedical Sciences II)

115898 Tnoniinusauiiudia 1wy 1.1) 64
(Ph.D. Thesis (Plan 1.1))

115998  Innidnusquiusia (uy 2.1) 48
(Ph.D. Thesis (Plan 2.1))

115999  Inwiinusquitiuda Gy 2.2) 64

(Ph.D. Thesis (Plan 2.2))
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17.4.1 wpumsanenszaulianinenmansumaia i n 2

M " ndag | mamsdnyi 2 w2 | mamsfnwnii 3 o
bl fin in fin
1| 109700* FunflszAvmdia 115701 F2Inuszduirad 115601 I3 unazadia
fnun 4 unzTumna 4 nansLunng 4
uazmie wazmie wazmie
115704 ¥2n1mlaeaniy 2 115706 SFAUNATUIY 2 115702 mALAMSITENN
115705 AQVAEMIMIUING Jruen 1 976397 2-4 waduaz uana 2
wazFnTomani 2 Jyuden 1 903N 2-4 115703 matdndfianmma
Fuen 1 50391 2-4 Ty 2
115791 duundnymeai 1 | 1
Fyuen 1516391 2-4
mazmiomoulsznanimd)
2 Fyuen 1 3103 2-4 115793 dunnFansmani3 | 1 115698 Inuriiwud

115792 Aunuinymand 2
115698 Snuriiwus

(wazminauszuaaniwg)

115698 Jneiinug

(reuInuiinut)
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= ar = S w8
17.4.2 !Lﬂ‘uﬂﬁﬂmﬁlﬁzﬂ‘lﬂﬁﬁymj3ﬂﬂ1ﬁ1ﬂ'§‘l‘§ﬂqﬂﬂﬂm“ﬂﬂ

17.4.2.1 swmSuddusamsanen

b

Wyaas (mulassadanangasuuy 2.2)

MAMSANHIT 2

- a
MAMIANEIN 3

| mamsfnw 1 Huag Hu2e g
i fin fin fin
1| 109700* FunfiszAumdia 115701 Frinmszauaad 115601 AFuuazada
finen 4 uazTuiana 4 namsumnd 4
uazmin nazmio uazmie
115704 Fwnuanadiy 2 115706 AFAUNMATINY 2 115702 mAtAMSITONA
115705 AQUUINIIAISUING Fyuen 1 703N 2-4 waduaz Tuiana 2
uazinsumand 2 Jyuien 1 53N 2-4 115703 matalfianisnia
Juon 1 37031 2-4 0w 2
115791 dunndmvmani 1 | 1
I uon 1 71033 2-4
2| 115999 Inuiinug 115999 Fneriinug 115999 Inuriwus
uazMie uazmio (wazmIemouinnuaula)
115792 dunuFnymani2 | 1 115793 Funwidmrmanis | 1
Jruonuazminiwiden 2-4 Jyuenuazminimiden 2-4
(uazmIetouinquaud) (wazm3emouianuruia)
3| 115999 Fnuniiwuf 115999 Inwriiwud 115999 Inuniinus
wazmie uazmie wazmie
115891 dumunFweens 1 | 1 115891 dumu¥nwmans 1 | 1 115891 dunuiinyemand | 1
Jyuenuazmisdruion 2-4 Jyuenuaz/misiniden 2-4 Jyuenuazmieivuden 2-4
4 | 115999 Inerilwus 115999 Inuiiwug 115999 Tneriinut
uaymie uazMio uazmie
115892 duuuidnymani2 | 1 115892 fumnFwvenani2 | 1 115892 dummnFanrmaniz | 1
Fyuenuazmisdruden 2-4 FyuenuazmInivuion 2-4 Jyuenuaz/misivudon 24
s | 115999 Ineiiwut 115999 Inuninut 115999 Snuiinud
uazMmie wazmie (@ouineniinug)
115893 dumundsenanis | 1 115893 dunuidnymaais | 1
Jyuenuazmisdyudon 2-4 Fyuenuazmisdviden 2-4
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17422 dwdudduiomsanmniSyanin (mulassaiandngasuuy 2.1)
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115601  353dBuazadananisund 4(4-0-12)
(Research Methods and Medical Statistics)
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115601 Research Methods and Medical Statistics 4(4-0-12)
Prerequisite : None
Current concepts in experimental design. Medical statistics, medical epidemiology and use of

computer software for medical statistics are also discussed.

Course Outline

1. Experimental design in medical sciences (4 hours)
- Descriptive study, analytical study, experimental study
2. Medical statistics (10 hours)

Medical statistics data analysis

- Prediction and hypothesis testing

- Significance testing

Different frequency testing

Analysis of variance
- Comparison of multiple data

3. Descriptive study and medical statistics (6 hours)
- Cross-sectional study, longitudinal study, retrospective study

4. Analytical study and medical statistics (8 hours)
- Case-control study, cross-sectional study, cohort study,

historical cohort study
5. Experimental study and medical statistics (4 hours)

- Laboratory, animal and human experiments

6. Laboratory quality control and medical statistics (4 hours)
7. Epidemiology in medicine (6 hours)
8. Use of computer software for medical statistics (6 hours)
115701  ¥Annszduaduazluana 4(4-0-12)

(Cellular and Molecular Biology)
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115701 Cellular and Molecular Biology 4(4-0-12)
Prerequisite : 104650* Cell Biology I or consent of the school

Studies of the structure and function of cells at the molecular level, including recent research
advances in cell organelles, cell processes and applications of cell biology. Presentations and reports on

recent advanced research on cell molecular biology.

Course QOutline
1. The cell and cellular macromolecules (2 hours)

2. Plasma membrane: structural composition and function (2 hours)
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3. Endoplasmic reticulum and Golgi complex: protein synthesis and

posttranslational processing and lysosomes (4 hours)
4.  Mitochondria and cellular bioenergetics (4 hours)
5. Chloroplast and photosynthesis (2 hours)
6. Cytoskeleton and cell motility (2 hours)
7. Nucleus, chromosome organization, and DNA replication and control (4 hours)
8.  Gene expression and control in prokaryotic and eukaryotic cells (4 hours)
9.  Cellular recognition and communication (4 hours)
10. Cell cycle and control mechanisms (4 hours)
11. Cell signaling, aging and death (4 hours)
12.  Cell immunity (4 hours)
13.  Cell growth, differentiation and cancer (4 hours)
14. Presentation and report on currently advanced issues on cell molecular biology (4 hours)
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(Molecular and Cellular Research Techniques)
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115702 Molecular and Cellular Research Techniques

Prerequisite : None

(4 %2 T39)
(12 $2 1)

4 $2T9)

2(1-2-4)

Studies of the necessary skills for theoretical and laboratory research techniques, such as

immunology and microbiology, cell and tissue culture, molecular biology, stem cells and genes.

Course Outline

Theory

1. Immunology and microbiology techniques

2. Cell and tissue culture techniques

3. Molecular biology (including PCR, RNA-DNA isolation, ligation,
transformation, western blotting, electrophoresis and etc.) techniques

4. Stem cells and gene expression techniques

Laboratory
1. Immunology and microbiology laboratory techniques

2. Cell and tissue culture laboratory techniques
3. Molecular biology laboratory techniques

4. Stem cells and gene expression laboratory techniques

115703  maindfianmsmaiiny
(Biomedical Laboratory Techniques)

= s T Tt
Ifafuneu : 1yl

(2 hours)
(2 hours)

(6 hours)
(2 hours)

(4 hours)
(4 hours)
(12 hours)
(4 hours)

2(1-2-4)

) oo o a 0 aw q’: a wa ' =
Anyinyznsudumanatdamsiiteismanguiuazd§ianms wu madamnaaey

@ @ o - W = a - = § A =
AUTAINANDI ﬂ’]ﬁﬂﬁzmuN'ﬂﬂ"lﬁl.ﬂﬁ‘lﬂﬂﬂ'llmgﬁ‘%"i'W'IEI'I HEH‘H'J“U'](']?]UTLﬁﬂLﬁ@) &‘ﬂﬂuﬂﬂﬁﬂgﬂﬂ

a 1 ar - o =
vanssend Insunlana W umaaninensnamsisouasyidoya

30



i1 TAse510991

=

nouy '

1. matanmInageuiudainaass @2 %2 Tu9)
2. mataNIUsziunamand¥INe WAz a3 s N 2 $2Tu)
3. INANANIINYFING (’mmnfmﬁa) 2 41 Ta)
4. maiiama e T TawaSuazndeaganssen 2 ¥2Tu9)
5. matamalasu lans @ $2Ta)
6. unaanineInInamsitunaziafoya @ $2Twg)

Ufams

a a va v w o o
1. maualfuamsmInagounudaInanss @ ¥ Tu9)
2. matimliamsmsdszdiuwamundyinewazaismen (4 ¥2Tu9)
3. matinlfiamsmaediysine (muuliewe) (4 ¥2139)
a a wa o« o
4. madnlfiamimaTradla Tamaiuazndesganssend (4 ¥ Tu9)
5. madmlfuanismalasnlans i 4 ¥Tu9)
6. Uiamsumdsminensnmamsitouazidoya CE YT
115703 Biomedical Laboratory Techniques 2(1-2-4)

Prerequisite : None
Studies of the necessary skills for theoretical and laboratory research techniques, such as
laboratory animals, physiology and pharmacology evaluation, histology, microscopy, chromatography,

bioinformatics and research resources.

Course Outline

Theory

1. Animals test techniques (2 hours)
2. Physiology and pharmacology evaluation techniques (2 hours)
3. Histology techniques (2 hours)
4. Microscopy and flow cytometry techniques (2 hours)
5. Chromatography techniques (2 hours)
6. Bioinformatics and research resources (2 hours)
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Laboratory

1

3

1

. Animals test laboratory techniques

Physiology and pharmacology evaluation laboratory techniques
. Histology laboratory techniques

. Microscopy and flow cytometry laboratory techniques

. Chromatography laboratory techniques

Bioinformatics and research resources laboratory
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115704 Biosafety 2(2-0-6)

Prerequisite : None

Studies of the knowledge and skills for practice and procedure about biohazards, with emphasis

on the biosafety in microbiological and biomedical laboratories. Transport of infectious substances and

infection control for dangerous viral diseases.

Course Outline

1. Principles of biosafety (2 hours)
2. Laboratory biosafety level criteria (2 hours)
3. Vertebrate animal biosafety level criteria (2 hours)
4. Risk assessment (2 hours)
5. Recommended biosafety levels for infectious agents and infected animals (2 hours)
6. Agent summary statements (4 hours)
7. Primary containment : biological safety cabinets (2 hours)

8. Immunoprophylaxis, transportation and transfer of biological agents,

restricted animal pathogens. (2 hours)
9. Resources for information, laboratory security and emergency responses for

microbiological and biomedical laboratory, integrated pest management,

working with human and other primate cells and tissues, guidelines for

work with toxin and biological origin. (2 hours)
10. Laboratory waste disposal guide (2 hours)
11. Infection control for dangerous viral diseases, biosafety guideline in

genetic engineering and biotechnology for laboratory work, field work and

planned releases, safety assessment of GMF, national biosafety policy. (2 hours)
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(Medical Laws and Bioethics)
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115705 Medical Law and Bioethics

Prerequisite : None

2(2-0-6)

An introduction to medical legal principles and legal precedent relevant to issues in medical law

and bioethics, providing foundation for understanding relevant laws. The ethical issues related to basic

scientific and medical research including animal and human subject research, fraud and misconduct,

governmental, institutional and researcher responsibilities.

Course Outline
1. Medical law classification, public health act,
public health consumer protection act
2. Traditional Thai medicinaIl act
3. Drug act
4. Food act
5. Narcotic act, psychoneuro effect substance act
6. Cosmetic act, toxic substance act, medical instrumentation control law
7. National list of essential medicine
8. Definition and scope of bioethics, plagiarism, misconduct,
ownership of ideas data and materials
9. Ideology and methodology of bioethics, issues of bioethics
10. Use of animal and human subjects; research involving animal subjects
11. Bioethical use of genetic information; research involving human subjects
12. Special and clinical topics in bioethics, ethics and integrity in sciences,

medical and philosophical bioethics

115706 EIAUNAYINY
(Biomedical Informatics)
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115706 Biomedical Informatics

Prerequisite : None

2 %2 1w9)
2 $2Tua)
2 ¥7Tw9)
2 % Tu9)
2 $1T9)
2 $11u9)
2 $2Tu9)
2 $11u9)
2 $1Tu9)
2 #1Tu9)
2 $21Tu9)

2 $1Tu)

2(2-0-6)

Studies of data management of micro-arrays and mass-spectophotometry. Class will consist of a

combination of lecture, presentations with emphasis on data produced by micro-arrays and mass-

spectrophotometry in the pathology field as well as guest seminars and small group discussions of

papers.

Course Outline

1.

~H - R

Arrays

Micro-arrays

Human genome project
Other genome projects
Mass spectrophotometer
Proteomics

Genetics & epigenetics
Statistical analysis for arrays

Data management
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10.  Nanotechnology (2 hours)

11.  Pitfalls (2 hours)
12.  Application of biomedical informatics (2 hours)
115611 MIIYUAZIAUIVEIAIBOUNYYE 4(4-0-12)

(Human Developmental Anatomy)
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115611 Human Developmental Anatomy 4(4-0-12)

Prerequisite : None

Structure and process in development of embryo from fertilization to formation of organs in

humans.
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Course Outline

1. Fertilization and cell proliferation

2. Germ layer

3. Development of nervous system

4. Development of digestive system

5. Development of respiratory system
6. Development of excretory system

7. Development of reproductive system
8. Development of skeleton system

9. Development of muscular system
10. Development of endocrine system
11. Development of circulation system
12. Development of integument system

13. Development of placenta and umbilical cord system

115612 gameiniamans
(Microscopic Anatomy)

= s L (=}
JTenuneu : il

@ o d 1 4 ar '
Tasearda uazganudunus veadloweluatorzmuszuusieg

CRAGERERT L g
i -'-‘? lg & w w
1. Tnsearfenugiuveuiione uazanudunus
2. ameImnvesszuulszam
3. yamuIMmAveeTyULl T d iy
4. ONMYINIAYBITTUUNMAAUDINIS
5. QaMuInIAveeszUUnIel
6. 3ANYINAVDITTUVTUNY

o

7. ANLINIAVOITTUUTUNU
8. qaMuINIAUBITTULUNAGNI MY
9. yaMuINIAYDITTUY IATITN

a y &
10. ﬂaﬂ’lﬂ')ﬂ’!ﬂ‘ﬂfmifﬁﬂﬂﬂ‘lﬂlua

38

(3 hours)
(3 hours)
(8 hours)
(3 hours)
(3 hours)
(3 hours)
(5 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(3 hours)
(5 hours)

4(4-0-12)

(3 $2Tuq)
(5 $2Tua)
(3 ¥2Tn9)
3 $2Tu9)
3 ¥1Tu9)
3 #2Tua)
(5 $2Tu9)
(3 $2Tu9)
(5 2 T9)

(5 $2Tu9)



11. yameimavesszuuaoy1ive (5 ¥2Tu9)

12. qamtﬁmmmszuu'l.ﬁaﬁuu'[aﬁm (5 ¥21u9)

115612 Microscopic Anatomy ' 4(4-0-12)

Prerequisite : None

Structure and composition of normal tissue in different organs of human, including various

types of staining for visualization of specific cells and tissue.

Course Outline

1. Basic types of tissue and relationships (3 hours)
2. Histology of nervous system (5 hours)
3. Histology of sensory organs (3 hours)
4. Histology of digestive system : (3 hours)
5. Histology of respiratory system (3 hours)
6. Histology of excretory system (3 hours)
7. Histology of reproductive system (5 hours)
8. Histology of integument system (3 hours)
9. Histology of skeleton system (5 hours)
10. Histology of muscular system (5 hours)
11. Histology of endocrine system (5 hours)
12. Histology of circulation system (5 hours)
115613 mﬂﬁﬁm‘:ﬁnyuémﬂamané’mqam'mﬁ 4(3-2-10)

(Microscopic Techniques for Tissue)
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115613 Microscopic Techniques for Tissue 4(3-2-10)

Prerequisite : None
Specimen preparation for light microscope, including infiltration, embedding, sectioning, and

staining for both paraffin and resin blocks.

Course Outline

Theory

1. Specimen preparation for light microscope (8 hours)
2. Types of microscopes (8 hours)
3. Techniques for staining (8 hours)
4. Specimen preparation and staining for TEM and SEM (4 hours)
5. Immunocytochemistry (4 hours)

40



6. Autoradiography (4 hours)

Laboratory

1. Preparation for paraffin block (2 hours)
2. Preparation for resin block (2 hours)
3. Practice in microtome and ultramicrotome (2 hours)
4. Operation of TEM and SEM (4 hours)
5. Types of staining (8 hours)
6. Immunocytochemistry (2 hours)
7. Autoradiography (2 hours)
115621  @35INENYININS 3(3-0-9)

(Integrated Physiology)
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115621 Integrated Physiology 3(3-0-9)
Prerequisite : None

Integration of knowledge about physiological principles and control of various systems,
including nervous, endocrine, musculoskeletal, cardiovascular, respiratory, gastrointestinal and

reproductive systems. Emphasis given on the utilization of knowledge in research topics, daily life,

sport science and medicine.

Course Outline
1. Integration of knowledge concerning physiological principles

and control of various systems, including (24 hours)
- Nervous system
- Endocrine system
- Musculoskeletal system
- Cardiovascular system
- Respiratory system
- Qastrointestinal system

2. The utilization of knowledge in research topics, daily life, sport science and

medicine (12 hours)
115622  MINARBIMIATIING 3(3-0-9)
(Experimental Physiology)
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115622 Experimental Physiology 3(3-0-9)
Prerequisite : None

Measurements of bioelectrical potentials, concentration of substances, flows and behaviours.
Techniques in molecular biology, animal restraint and surgery, respiratory physiology, cardiovascular
physiology, renal physiology, alimentary physiology, neurophysiology, reproductive physiology,

endocrine physiology, physiology of exercise.

Course Outline
1. Measurements of bioelectrical potentials, concentration of substances, flows and
behaviors (6 hours)
2.  Animal restraint and surgery (6 hours)
3. Experimental in: (24 hours)
- Molecular biology
- Respiratory physiology
- Cardiovascular physiology
- Renal physiology
- Alimentary physiology
- Neurophysiology
- Reproductive physiology
- Endocrine physiology

- Exercise physiology
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(Exercise Physiology)
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115721 Exercise Physiology 4(4-0-12)

Prerequisite : None

Physiologic responses to exercise, especially those of the neuromuscular system,
cardiovascular system, respiratory system, endocrine system, immune system, metabolism and body
temperature regulation. Body adaptation to training as well as techniques and methods in exercise

physiology, the application of exercise physiology to health and sports.



Course Outline

1. Introduction to exercise physiology
2. Physiological responses to exercise

- Musculoskeletal system

- Nervous system

- Cardiovascular system

- Respiratory system

- Endocrine system

- Immune system

- Metabolism

- Thermoregulation

- Acid - base balance during exercise
3. Adaptation to training
4. Techniques and methods in exercise physiology

5. Application of exercise physiology to health and sports

115722 ogyaisInenveuvaavugy
(Advanced Cellular and Molecular Physiology)
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115722  Advanced Cellular and Molecular Physiology 4(4-0-12)

Prerequisite : None
Advanced concepts in physicochemical properties of the cell, the cell membrane and ion

channels, mechanisms of the membrane transport, controls of cellular functions, techniques and

methods of studying cell properties and functions.

Course Outline

1. Introduction: functional organization of the cell (2 hours)
2. Biophysical chemistry, metabolism, second messengers and ultrastructure (4 hours)
3. The physiology of membranes: (6 hours)

- Transport physiology, pumps and exchangers

4. Membrane excitability and ion channels (6 hours)
5. Synaptic transmission and sensory transduction (6 hours)
6. Regulation of gene expression (4 hours)
7. Electrophysiology of the cell membrane: membrane potential (4 hours)
8. Electrical excitability and action potentials (6 hours)
9. Cellular physiology of skeletal, cardiac and smooth muscle (4 hours)
10. Techniques and methods of studying cell properties and functions (6 hours)
115723 dszanmail 4(4-0-12)
(Neurochemistry)
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115723 Neurochemistry 4(4-0-12)
Prerequisite : None
Biochemistry of neurone, molecular composition of structures and various functions of

neurones and neuroglia. Chemical substances and hormones in nervous system involved in behavior in

various conditions.

Course Outline
1. Cellular neurochemistry and neural membranes (10 hours)
2. Biochemistry of neurone, molecular composition of structure
and various functions of neurone and neuroglia (8 hours)
3. Intercellular signaling (12 hours)
- Synaptic transmission and cellular signaling
- Chemical substances and hormones in nervous system
involved in behavior in various conditions
4. Intracellular signaling (10 hours)
5. Metabolism (8 hours)
- Energy metabolism of the brain

- Nutrition and brain function
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(Cardiovascular System in Biomedical Science)
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115724 Cardiovascular System in Biomedical Science 4(4-0-12)

Prerequisite : None

Concepts of cardiovascular system in biomedical science; Anatomy and physiology of
cardiovascular system; Regulation of cardiovascular function; Pathophysiology of cardiovascular
system such as heart failure as well as pharmacodynamics, pharmacokinetics and pharmacotherapeutics

of drugs used in cardiovascular diseases.
Course Outline

1. Concepts of cardiovascular system in biomedical science (4 hours)

2. Anatomy of cardiovascular system (8 hours)
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3. Physiology of cardiovascular system

4, Regulation of cardiovascular function

5. Pathophysiology of cardiovascular system

6. Drugs that effect cardiac function

7. Vasoconstrictor drugs

8. Vasodilator drugs

9. Lipid lowering drugs

10. Drugs used to treat haemostasis and thrombosis

11. Haemopoitic drugs and haemopoietic growth factor

T 91 = d
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(Endocrine System in Biomedical Science)
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115725 Endocrine System in Biomedical Science 4(4-0-12)

Prerequisite : None

A comprehensive study of the endocrine system; Anatomy of the endocrine system; The role of
the endocrine system in maintaining homeostasis and the relationship of the nervous system to the
endocrine system are explored. The pathological diseases associated with endocrine imbalance and

related drugs for treatments are also investigated.

Course Outline
1. Introduction: General principles of endocrinology (2 hours)
2. Anatomy and histology of endocrine glands (6 hours)
3. Hypothalamus and pituitary gland (4 hours)
4. Adrenal gland (2 hours)
5. Thyroid gland (2 hours)
6. Pancreas (2 hours)
7. Parathyroid glands, vitamin D and hormonal control of calcium metabolism (2 hours)
8. Gonads and reproduction (2 hours)
- Male reproduction system (2 hours)
- Female reproduction system (2 hours)
9. Renin-Angiotensin and regulation of blood pressure (2 hours)
10. Endocrine regulation of water, mineral and electrolytes (2 hours)
11. Hormones as drugs : General knowledge of hormones (4 hour)
12. Hypothalamic and pituitary hormones (4 hours)
13. Thyroid and thyroid inhibitors (4 hours)
14. Hormones as drugs from other endocrines (6 hours)
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(Renal System in Biomedical Science)
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115726 Renal System in Biomedical Science 4(4-0-12)

Prerequisite : None

Current concepts of the renal system in biomedical science, development of renal system, renal
nerve, mechanism of renal system, body water and electrolyte balance and imbalance, acid-base and
disorders, renal hypertension, diuretics, renal failure, technique and treatment in the renal system, such

as hemodialysis, peritoneal dialysis, renal transplantation.

Course Outline

1. Current concepts of renal system in biomedical science (4 hours)
2. Development of renal system (8 hours)
3. Mechanism of renal system (4 hours)
4. Physiologic water and electrolyte balance and imbalance (8 hours)
5. Physiologic acid-base balance and imbalance (8 hours)
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6. Pathophysiology and abnormaliries in renal system (12 hours)

7. Techniques and treatment in renal system (4 hours)
115727 SUUMAAUDIMITUAZNTLUIUM TUNUD AN 4(4-0-12)
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(Gastrointestinal System and Metabolism in Biomedical Science)
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115727 Gastrointestinal System and Metabolism in Biomedical Science 4(4-0-12)

Prerequisite : None

The ontogeny and anatomy, blood and lymphatic circulation, enteric nervous system, hormone,
immune system of the alimentary tract and the enteric bacteria and metabolic process focusing on the
application in medicine. Pharmacology of gastrointestinal drugs. Recent mechanism of drugs induced

gastrointestinal disorders.

Course Outline

1. The ontogeny of the alimentary tract (2 hours)
2. Anatomy of the alimentary tract (4 hours)
3. General principles of gastrointestinal function: (6 hours)

- Motility of the alimentary tract

- Blood and lymphatic circulation of the alimentary tract
- Immune system of the alimentary tract

- Regulation of gastrointestinal functions

- Innervation of the gastrointestinal tract

- Peptides of the gastrointestinal tract

4. Propulsion and mixing of food in the alimentary tract (2 hours)
5. Secretory functions of the alimentary tract (4 hours)
6. Digestion and absorption in the gastrointestinal tract ' (6 hours)
7. Fluid and electrolyte absorption (2 hours)
8. Physiology of gastrointestinal disorders (4 hours)
9. Drug used to treat gastric secretion (6 hours)
10. Emetic and anti-emetic drugs (2 hours)
11. Drugs used to treat the motility of the gastrointestinal tract (3 hours)
12. Drugs used to treat chronic inflammatory bowel disease (2 hours)
13. Drugs affecting the biliary system (2 hours)
14. Antimicrobial agents used to treat peptic ulcer disease (3 hours)
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115728  Aging Physiology

Prerequisite : None

3 $2Tu9)
27 $21u4)

(6 $21219)

3(3-0-9)

Physiological change in systemic and organismic aging. Prevention and rehabilitation

Course Outline

1. Introduction to aging physiology

2. Systemic and organismic change in aging physiology
- Nervous system
- Hormonal system
- Cardiovascular system

- Respiratory system
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- Immune system

- Skeletal and Muscular systems
- Digestive system

- Renal system

- Reproductive system

3. Prevention and rehabilitation (6 hours)

d
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115729 Respiratory System in Biomedical Science 4(4-0-12)
Prerequisite : None

Concepts of respiration system in biomedical science; Anatomy and physiology of respiration
system; Regulation of respiration function; Pathophysiology of respiration system such as chronic
obstructive pulmonary and abnormal respiratory control. The course will also emphasize the current
concepts in the pharmacology of drugs used in the respiratory system. Drugs causing respiratory

stimulants and depression are also discussed.

Course Outline

1. Concepts of respiratory system in biomedical science (2 hours)
2. Anatomy of respiration system (6 hours)
3. Physiology of respiration system (4 hours)
4. Regulation of respiration function (8 hours)
5. Pathophysiology of respiration system (8 hours)
6. Drugs which affect respiration (2 hours)
7. Drugs used to treat asthma (5 hours)
8. Drugs used to treat rhinitis (3 hours)
9. Drugs used to treat chronic obstructive pulmonary disease (2 hours)
10. Drugs used to treat cough (2 hours)
11. Expectorants, mucolytic agents and nasal decongestants (2 hours)
12. Drugs used to treat common cold, influenza, SARS and bird flu (4 hours)
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115821 Cellular and Molecular Neuroscience 4(4-0-12)

Prerequisite : None
The cellular and molecular basis of nervous system structure and function. Synapse formation,
synaptic transmission, the maintenance and plasticity of synaptic connections with an emphasis on the

cellular and molecular mechanisms underlying these events.

Course Outline

1. Organization of nervous system (4 hours)
2. The cellular components of nervous system (4 hours)
3. Subcellular organization of the nervous system: Organelles and their functions (4 hours)
4. Electrotonic properties of axons and dendrites (4 hours)
5. Membrane potential and action potential (4 hours)
6. Release of neurotransmitters (4 hours)
7. Neurotransmitters (4 hours)
8. Neurotransmitter receptors (4 hours)
9. Intracellular signaling (4 hours)
10. Cell-cell interaction via gap junctions (4 hours)
11. Postsynaptic potentials and synaptic integration (4 hours)
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12. Information processing in dendrites
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(Advanced Cardiovascular System in Biomedical Science)
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115822  Advanced Cardiovascular System in Biomedical Science

Prerequisite : None

Msinwaugavesszuualasiunasaionlunsindiazning
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@ %1 Tu9)
4 $2Tu)
@ %2 Tuq)
4 $2Tu9)
6 2 Ta9)

8 ¥ Tu9)

(18 $2 Ta)

4(4-0-12)

The functions of the heart and blood vessels, dynamic of blood and lymph flow, circulatory

through special regions, the integration of cardiovascular control, cardiovascular homeostasis in
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health and diseases.

Course Outline

1. Introduction to advanced cardiovascular physiology (4 hours)
2. Functions of the heart and blood vessels : (4 hours)
3. Dynamic of blood and lymph flow (4 hours)
4. Circulatory through special regions (4 hours)
5. Cardiovascular regulatory mechanisms (6 hours)
6. Standard ECG and abnormalities (8 hours)
7. Cardiovascular homeostasis in health and diseases (18 hours)

- Inflammation and would healing
- Shock
- Hypertension

- Myocardial infarction

- Atherosclerosis
- Exercise
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(Advanced Respiratory System in Biomedical Science)
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115823 Advanced Respiratory System in Biomedical Science 4(4-0-12)
Prerequisite : None

Integration of lung structure, development, host defenses with lung mechanics , control of
respiratory breathing, pathophysiology and pulmonary abnormalities respiratory adjustments for

special environments

Course Outline

1. Integration of lung structure, development

and host defenses with lung mechanics (12 hours)
2. Control of respiratory breathing (4 hours)
3. Pathophysiology of respiration and abnormalities (16 hours)

- asthma

- emphysema

- tuberculosis
- pneumonia
- atelectasis
4. Respiratory adjustments for special environments (16 hours)
- diving
- altitude

- exercise
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- hypoxia and oxygen treatment

- hypercapnia and hypocapnia
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(Advanced Endocrine System in Biomedical Science)
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115824 Advanced Endocrine System in Biomedical Science 4(4-0-12)
Prerequisite : None

The synthesis, secretion, action and mechanism of action of the hormones and their control
systems both in normal and pathological states, techniques of hormonal analysis, modern techniques
and equipments used. Regulation of electrolytes and blood pressure, calcium homeostasis and energy
metabolism. Endocrine functions of the kidneys, heart and pineal gland. Endocrinology in sexual

differentiation and development, pregnancy and elderly.

Course Qutline

1. Overview of endocrinology (4 hours)
2. Neuroendocrinology (6 hours)
3. Techniques of hormonal analysis, modern techniques and equipments used (4 hours)
4, Regulation of electrolytes and blood pressure (6 hours)
5. Regulation of calcium homeostasis (6 hours)
6. Hormonal regulation of energy metabolism | (6 hours)
7. Endocrine functions of the kidneys, heart and pineal gland (6 hours)
8. Endocrine functions of the gonads: (6 hours)

- Endocrinology in sexual differentiation and development

- Endocrinology in pregnancy

9. Endocrinology in elderly (4 hours)
115825  szundviugiuganmeinymand 4(4-0-12)

(Advanced Reproductive System in Biomedical Science)
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115825 Advanced Reproductive System in Biomedical Science
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Prerequisite : None

(4 %7 Tu9)
(@ $1Tu)
(4 2Tu9)
(8 %7 Tu9)
8 #1T9)
(@ $2Tuq)
(@ $2139)

(8 $2Tua)

4 %7 1u9)

4(4-0-12)

Male and female reproductive anatomy, development of reproductive system, early stages of

sexual development, fertilization, pregnancy, parturition, control of reproductive system, and advanced

techniques for family planning, problems of sexuality and fertility. New technology for studying and

researching in reproduction, in vitro fertilization, embryonic transfer. Phenomena and behaviors in

reproduction.

Course Outline

= Bk

Male and female reproductive anatomy

Development of reproductive system

Early stages of sexual development

Fertilization, pregnancy, parturition

Control of reproductive system

Advanced techniques for family planning

Problems of sexuality and fertility

New technology for studying and researching in reproduction,
in vitro fertilization, embryonic transfer

Phenomena and behaviors in reproduction
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115826  STULAMIHOYUGIMIFINYAEAS 4(4-0-12)

(Advanced Muscular System in Biomedical Science)
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115826 Advanced Muscular System in Biomedical Science 4(4-0-12)

Prerequisite : None

Anatomy and developmental biology of muscles, characteristics and functions of various types
of muscle, relationship of membrane potential and contractile mechanism, metabolism of muscles, the
regulation of muscle function, some pathophysiology of muscles. Related research techniques used in

muscular physiology.

Course Outline

1. Anatomy and developmental biology of muscle (8 hours)
2. Characteristics and functions of various types of muscle (4 hours)
3. Relationship of membrane potential and contractile mechanism (8 hours)
4, Metabolism of muscles (8 hours)
5. The regulation of muscle function (8 hours)
6. Some pathophysiology of muscles (4 hours)
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7. Related research techniques used in muscular physiology (8 hours)

a d
155827  dszamInenmaniszuy 4(4-0-12)
(Systemic Neuroscience)
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155827 Systemic Neuroscience 4(4-0-12)

Prerequisite : None

A contemporary understanding of the structure and function of neural systems at systems levels

such as sensory, motor, autonomic, limbic and neuroendocrine systems.
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Course QOutline

1. Introduction to systemic neuroscience (2 hours;)
2. The somatosensory system (6 hours)
3. Viscerosensory pathways (2 hours)
4. The visual system (4 hours)
5. The auditory system (3 hours)
6. The vestibular system (3 hours)
7. Olfaction and taste (2 hours)
8. Motor system (6 hours)
9. The cerebellum (4 hours)
10. The basal nuclei (2 hours)
11. Visual motor systems (2 hours)
12. Visceral motor pathways (2 hours)
13. The hypothalamus, neuroendocrine system (4 hours)
14. The limbic system (2 hours)
15. The cerebral cortex (4 hours)
115731  1¥adeqy¥IInenvenywe 4(4-0-12)

(Human Cellular and Molecular Biology)
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115731 Human Cellular and Molecular Biology

Prerequisite : 115701 Cellular and Molecular Biology or consent of the school

2 $2Tu9)
@ $2Tu9)
2 $2Tw)
@ %1 Tu)
2 2Tu9)
(2 %7Tu9)
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2 ¥2Tu9)
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@ $2Tu)

2 $2Ta)

4(4-0-12)

A cellular and molecular approach to study the fundamental processes of life, with emphasis on

the molecular basis and mechanism of health and disease. Lecture topics include human genetics,

human biochemistry, human cell biology, human physiology and human molecular biology. Examples

of clinical application of cellular and molecular biology are illustrated.

Course Outline

1.
2
3!

Biomolecular evolution
Chromatin and chromosomes

Gene expression, RNA processing and translation
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4.  Protein structure and function (2 hours)
5. Nutrition and energy (2 hours)
6. Membranes and channels (2 hours)
7. Cell-surface receptors and antigen recognition (2 hours)
8.  Adhesion molecules and the extracellular matrix (2 hours)
9.  Cytoskeletal proteins and molecular motors (2 hours)
10, Signal transduction (2 hours)
11. Bioactive lipids and inflammatory cytokines (2 hours)
12 Hormones and growth factors (2 hours)
13. Hemopoietins, angiogenins and vascular mediators (2 hours)
14. Cell cycle control, apoptosis and aging (2 hours)
15. Development (2 hours)
16. Metabolism (2 hours)
17. Blood (2 hours)
18. Immunity (2 hours)
19. Neurobiology (2 hours)
20. Genetic experimental systems (2 hours)
21. Gene and protein analysis (2 hours)
22. Genetic engineering, gene mapping and gene testing (2 hours)
23.  Gene knockouts, transgenics and cloning (2 hours)
24. Gene therapy and recombinant DNA technology (2 hours)
115732 ¥adunzoniIInenve Nz 4(4-0-12)

(Cell and Molecular Biology of Cancer)
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115732 Cell and Molecular Biology of Cancer

Prerequisite : 115701 Cellular and Molecular Biology or consent of the school

4 $1T9)
@ %2 Tu9)
@ ¥2Tu9)
@ $2Tu9)
(4 $2Tua)
4 $1Tu9)
4 $21u9)
(4 $7Tu9)
4 $21u9)
(4 $2Tu)
4 2 Tua)

4 ¥2Tu9)

4(4-0-12)

Recent advanced research in biology of cancer including natural history and epidemiology of

cancer, morphology and behavior of cancer cells, principles of transformation, viral and cellular

oncogenes, tumor suppressor genes, cell cycle and control, proliferative signal transduction, genetics of

cancer, apoptosis, multistage carcinogenesis, relevant articles presentation.

Course Qutline

I

o e A

The nature of cancer

Tumor viruses and cellular oncogenes

Cell cycle and control

Genomic integrity and development of cancer

Growth factors, their receptors and cytoplasmic signaling
Tumor suppressor genes

Cell immortalization and tumorigenesis

Apoptosis

Invasion, metastasis and angiogenesis
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(4 hours)
(4 hours)
(4 hours)
(4 hours)
(4 hours)
(4 hours)
(4 hours)



10. Tumor immunology and immunotherapy (4 hours)

11. The rational treatment of cancer (4 hours)
12. Research articles presentation (4 hours)
115733 HANMIHAZMANAMIIMNZDEUYaaTAT 2(2-0-6)

(Principles and Techniques in Animal Cell Culture)
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115733  Principles and Techniques in Animal Cell Culture 4(2-0-6)

Prerequisite : None
The principles, techniques and applications in mammalian cultures. Lecture topics will cover

cell culture equipment and environment, safety regulations and quality control, types of cell cultures,

70



characterization of cell lines and applications. Laboratory-base work will be aseptic techniques, cell

isolation, propagation and maintenance in culture.

Course Outline

1.
2.

I

11.
12,

The cell culture laboratory and equipment

Safety and biohazard considerations in cell culture
Sterilization and aseptic techniques

Identification and eradication of mycoplasma, bacterial and fungal infections
Types of animal cells and their characteristics in culture
Cell culture media and growth requirements for animal cells
Preparation of animal cell culture medium

Quantification and subculture of cells

Determination of cell viability

Cryopreservation and resuscitation of cells

Characterization of cell lines

Three-dimensional culture systems and specialized techniques

115734 Ufiimsmannzideavaadad

(Practicum in Animal Cell Culture)
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W
S¥fafuneu : 115733 HanMsuazmMATAMIIZIAsITaadnd

& - "o
HIDLTUUMIURNY

(2 hours)
(2 hours)
(2 hours)
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(2 hours)
(2 hours)
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(2 hours)
(2 hours)

2(0-4-2)
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115734 Practicum in Animal Cell Culture 2(0-4-2)
Prerequisite : 115733 Principles and Techniques in Animal Cell Culture or concurrent
Practicing in animal cell cultures, such as the animal cell culture laboratory, safety and aseptic

techniques, cell viability and enumeration, media preparation techniques, some types of cell cultures.

Course Outline

1. Equipment survey, safety and aseptic techniques (4 hours)
2. Sterilization techniques of cell culture devices and labware (4 hours)
3. Cell viability and enumeration and media preparation techniques (4 hours)
4-5. Disaggregation and separation of the tissue and primary culture (8 hours)
6. Harvesting, quantification and subculturing techniques (6 hours)
7-9.  Culturing specific cell types (12 hours)
10.  Cryopreservation and resuscitation of cells (4 hours)
115735 mﬂ‘ﬁuimmw niunz ﬂﬁ'ﬂ]fﬂlﬂﬂﬂiﬂﬂ‘ 4(4-0-12)

(Cell Proliferation and Apoptosis)
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115735 Cell Proliferation and Apoptosis

Prerequisite : 115701 Cellular and Molecular Biology or consent of the school

(4 %2 Tua)
(4 *i';'ﬂm)
@ %1 T9)
(4 $2T9)
@ F2Tu9)
@ $2Tu9)
@ %2 T9)
@ $2T9)

@ %2 Ta9)

4(4-0-12)

General features of cell proliferation and apoptosis, matters of life and death and

immunogeneticity of apoptotic cells. Emphasis on apoptosis in action, molecular pathway of apoptosis,

and approaches to study apoptosis.

Course Outline

1.
2.

b

b

10.
11,
12,

Structural biology of cell proliferation and programmed cell death
Gene controls of cell proliferation and apoptosis

Activation and inhibition pathways of cell proliferation and apoptosis
Death receptor and extrinsic pathway

Mitochondrial apoptosis pathway and mechanisms
Immunogeneticity of apoptotic cells

Modification of RNA-antigens in apoptosis

Cell death in immune, inflammatory and stress responses

Cell death in mechanisms in neurodegenerative diseases
Apoptosis and cancer

Approaches to the study of apoptosis

Case presentation
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115831 Behavioral Genetics 4(4-0-12)
Prerequisite : 104640* Molecular Genetics or consent of the school

Behavioral genetics focusing on the inheritance of individual differences in complex traits and
diseases influenced by multiple genetic and environment. The course will introduce theory and
principles from Mendelian and  population genetics in human, animals and biometrical genetics,
including genetic and cultural inheritance of complex phenotypes, familial’kinship, adoption and twin
studies, genetic influences on activity, ingestion, leamning, psychopathology, reproduction, personality

and psychiatric disease.

Course Outline

1. The concepts of behavioral and population genetics (4 hours)
2.  Behavioral genetics of animals (4 hours)
3. The "model-fitting" approach to familial/kinship adoption and twin studies (4 hours)
4.  Genetic influences on brain structure and function (4 hours)
5.  Adaptive individual differences. (4 hours)
6.  Hereditary talent, intelligence and character (4 hours)
7.  Human personality and non-human personality (4 hours)

Behavior genetics of ingestion, learning and psychopathology (4 hours)
9.  Behavior genetics of sexuality and reproduction (4 hours)
10. Assortment mating and its genetic effects (4 hours)
11. Behavioral genetics of some diseases (4 hours)
12.  Molecular behavior genetics (4 hours)
115832 aqﬁnmn‘imnn 4(4-0-12)

(Molecular Oncology)
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115832 Molecular Oncology

Prerequisite : 104640* Molecular Genetics or consent of the school

(4 $2Tu9)
(4 ¥ Tu3)
4 $2Tu9)
XA
(4 $2Tua)
(4 $2T09)
4 $2Tu9)
(4 $2Tuq)
(4 $2Tu9)
(@ %2 Tu9)
(4 $2Tua)

(4 $2Tu9)

4(4-0-12)

The molecular basis for cancer. Topics include somatic mutations and DNA  repair

mechanisms, viral systems relevant to cellular transformation and human cancer,

alterations in

oncogenes, growth factor genes and tumor suppressor genes, apoptosis, tumor progression, mechanisms

of metastasis and tumor immunology.

Course QOutline

Cell cycle and control

Chromosomal and DNA mutation in human cancer
Mechanisms of DNA repair

Oncogenes and methods of detection

Retroviruses and Papilloma viruses in human cancer
The tumor suppressor gene, p53

Transcription factors with oncogenic potential
Telomeres, telomerase and cancer

Growth factors, growth inhibitory factors and their receptors
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10.  Apoptosis

11.

Tumor angiogenesis, cellular adhesion and metastasis

12.  Tumor immunology

115931 Iululnaveausufvefmalulad

(Monoclonal Antibody Technology)

(4 hours)
(4 hours)

(4 hours)

2(2-0-6)
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115931 Monoclonal Antibody Technology

Prerequisite :

115701 Cellular and Molecular Biology or consent of the school

2(2-0-6)

Topics include immune response, immunochemistry and immunogenetics, with emphasis on

monoclonal antibody production which includes myeloma cell lines, cell fusion, screening techniques,

hybridoma cloning, purification, antibody characterization, ascites formation, human monoclonal

antibody production, application and recombination DNA approaches.

Course Outline

1.
2.
3
4.

5-6.

10.
11.
12.

The immune response and immunoglobulin structure
Immunogenetics and immunochemistry
Immnunization and antigenic determination

Myeloma cell lines, cell fusion and hybridoma cloning
Screening techniques for monoclonal antibodies
Purification and characterization

Ascites, culture supernatant and ascites formation
Human monoclonal antibody formation and use
Application of monoclonal antibodies

Recombinant DNA approaches

Presentation on current techniques in monoclonal antibody production

115932 Ufvamslululnaneaueufivedmalulad

Switfarunen : 115931 TuTuTnausaueudvedmalulad niedeuniugiu

(Practicum in Monoclonal Antibody Technology)
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115932  Practicum in Monoclonal Antibody Technology

Prerequisite : 115931 Monoclonal Antibody Technology or concurrent

Studies of laboratory technique in monoclonal antibody technology.

Course Outline

1.

10.
11

Equipment and media preparation

Assay techniques for monoclonal antibody

Immunization of mice

Spleen cell and myeloma cell preparation

Fusion of spleen cells and myeloma cells

Post-fusion cells cultured in hybridoma selection medium (HAT)
Screen for specific antibody production

Expand cultures positive by screening test

Reclone by a limiting dilution technique all positive hybridoma clones
Ascites preparation and collection

Storing and cryopreserving hybridoma

115933 egyiIinndmTumaluladiifnyfidue

(Molecular Biology for Forensic DNA Technology)

IuTeunew : 104850* oy ¥ Inen wie TasanuiuyeuvoIINIINY

(6 ¥2Tu9)
(6 $21u9)
(6 $2Tu9)
(6 %7 Tu9)
(6 ¥2Tn9)

(6 $2Ta19)

3(0-6-3)
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(6 hours)
(6 hours)

4(4-0-12)
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115933 Molecular Biology for Forensic DNA Technology

Prerequisite : 104850* Molecular Biology or consent of the school

@ %2T)

(4 'E}";Tm)
@ %2 Tu9)
@ ¥2Tu9)
@ $1Tu9)
(4 2 Tu9)
@ ¥21u9)
@ %2 T9)
4 $2Tu9)
@ $2Tu9)

4 $2T9)

4(4-0-12)

Cell structure in relation to DNA content; the DNA fingerprintings revolution and the history of

forensic-DNA typing; paternity and other family relationships; genes in mitochondria and Y-

chromosome; advanced technologies for the study of DNA used in forensic-DNA typing and human

migration patterns. DNA forensics databases, ethical, legal, social concerns and potential benefits of

DNA data banking for endangered animal species and case studies will be discussed.

Course Outline

Basis of human genetics, mitosis, meiosis, fertilization, genome structures
Mendelian inheritance as applied to paternity and criminal individualization loci
Principles of DNA fingerprintings

The revolution of forensic-DNA typing
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(4 hours)



5-6.

10.
1l.

12,

Advanced technologies for the study of DNA at crime scenes:

- Polymerase chain reaction (PCR)

L

Restriction fragment length polymorphism (RFLP) analysis
Variable number tandem repeats (VNTR)

Short tandem repeat (STR) analyses

Genes in mitochondria

Genes and Y-haplotype in Y-chromosome

Plant DNA analysis

DNA forensics databases and DNA data banking

Ethical, legal and social concerns and DNA data banking for endangered animal
species

Case study presentation

115934 dfiamamalulagiianyadue

(Practicum in Forensic DNA Technology)
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115934 Practicum in Forensic DNA Technology 2(0-4-2)
Prerequisite : 115980 Advanced Molecular Medical Technology and
115933 Molecular Biology for Forensic DNA Technology
or consent of the school
Practicum in standard methods in DNA fingerprintings and forensic-DNA typing, including

nuclear and mitochondrial DNA extraction, quantitation and amplification. Different techniques to

analyze DNA fragments will be practiced.

Course Outline

1-2.  Preparation for cells, nuclear and mitochondrial DNA (8 hours)
3-4. Agarose minigel electrophoresis and acrylamide gel electrophoresis (8 hours)
8 Polymerase chain reaction (PCR) (4 hours)
6-7. Capillary electrophoresis for DNA (8 hours)
8. Restriction fragment length polymorphism (RFLP) (4 hours)
9. Variable number tandem repeats (VNTR) technique (4 hours)
10.  Short tandem repeats (STR) technique _ (4 hours)
11.  DNA Sequencing (4 hours)
115741 AANAUYTIINN 4(4-0-12)
(Immunobiology)
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81!1.!1.3’1111 04 (lymphoid system)
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Conformational LIQ¥ linear epitopes
1#Uinu (haptens)
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A7uvoaouAINY (antigen receptor molecules)
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region)
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MIMAeAWwMINAUNY (phagocytosis)
waaniaMaNIs0lun198ih (NK cell and cytotoxicity)
TYUUADUNAIUA (complements)
4.2 LyuTuw
mmwﬁumﬁaumsﬁy‘l (humoral immune response)
MINDUAUBIAWIAT (cellular immune response), cytokines,
chemokines
4.3 MINAIMIVRINguIBAd IuszUUgiduiy
(clonal organization)
4.4 nszuumsnlfeugduasitausieufinu
(antigen processing and presentation)
4.5 NITUUMIMIAUBUAIIU

4.6 na'lNMIONAY (Inflammation)
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115741 Immunobiology 4(4-0-12)

Prerequisite : 104201* Microbiology or equivalent or consent of the school

The immunological system and mechanisms for protection from microbes; immune
response to foreign substances; immunological tests; mechanisms of tissue damages;
hypersensitivity; tumor; immunological disorder; autoimmunity; immunization and new

technologies such as nanomedicine and applied knowledges for diagnosis and treatments with

immunotherapy.

Course Outline

1. The immune system (2 hours)
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-Cells of the immune system
-The lymphoid system
-Leukocyte development
2. Antigen and antibody (4 hours)
-Immunogens and antigens
- Adjuvants
-Conformational and linear epitopes
-Haptens
-Immunogenicity
- Antibody
- Antigen receptor molecules
-Organization and diversity of immunoglobulin proteins
-Classification of immunoglobulin
-Immunoglobulin variable regions
-Three-dimensional structure of immunoglobulin
3. Major histocompatibility complex (1 hour)
4. The immune response (7 hours)
4.1 Non specific immune response
- Phagocytosis
- NK cell and cytotoxicity
- Complements
4.2 Specific immune response
- Humoral immune response
- Cellular immune response, cytokines, chemokines
4.3 Clonal organization
4.4 Antigen processing and presentations
4.5 Mechanisms of antigen elimination
4.6 Inflammation
4.7 Programmed cell death
5. Immunological laboratory tests (5 hours)
-Principle of laboratory methods for detection of antigens and antibodies

-Principle of laboratory methods for cellular immune response
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and cellular components

-Molecular genetic techniques for analysis of the immune system

6. Immunity to infections

7. Immunological mechanisms
-Hypersensitivity
-Immunodeficiency
- Autoimmunity
-Immunoproliferation

8. Mechanisms of tumor immunology

9. Mechanisms of immunohematology

10.Transplantation immunology

11. Immunization and immunomodulations

12. Immuno-biotechnology

13. Nanomedicine

14. Immunotherapy

15. Recent knowledges and emerging technologies in immunology and future trend

= = = &
115742 AANAUINGIMIAAIYD

(Infectious Immunity)
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115742 Infectious Immunity

Prerequisite : 108741* Immunology or 115741 Immunobiology

and 108740* Medical Microbiology or consent of the school

4(4-0-12)

The immune response against bacterial infection, rickettsiae infection, viral infection,

fungal infection and parasitic infection.

Course Outline

1. Immunity to bacterial infection I

2. Immunity to bacterial infection II and rickettsiae infection
3. Immunity to viral infection

4. Immunity to fungal infection

5. Immunity to parasitic infection

115751  msnaasamaysaninen
(Experimental Parasitology)

=y ar as L Ted
IvaAuney : 1l

(10 hours)
(10 hours)
(10 hours)

(8 hours)

(10 hours)

2(1-2-4)

Anuuazas93itoiulsda Taunsnidenindieduganszuazdeiudonns

¥
Y ow A
L]

- ad da
QUANNUBUY nunoy

i Inses1839

L. MIATINININAIONQINTE 1

- MAHANIATINGINTE MInuFuuazmsdon nisuITAYd My

IATIIN LULAZAIDDUNUDUNT

2. MINTINININYAI0E19QINTY 2

el a LU T J :ly =1 ]
= ’Ilﬁﬂ'l'i‘ﬂ']nl.ﬁl.‘lllﬂlu‘ﬂu LIRFIGLE Hﬁ%i‘ﬁﬂ'}‘iﬂ‘itlﬂﬂiﬂ?'lﬂﬁU'Il.l.i.lu‘tl'ﬂﬁ

HUDUNID

o 1
3. mIasanmelsdaludiediudoauaziiowe 1

T A | o d'l‘.' & ot
- vlamaammunumaxmq sauﬂszﬂmuawﬂ NIRADDNLATNITARA

v
HPDONATIN

- o = s 1l =1 ; d.!
-+ ﬂ1'ms’Jinunuﬂiﬁﬂslumamamammsmmua2

88

A ad o a a o aa W -
lHolge Tﬂu'.1ﬁﬂ1suaz‘u1_|1umsmnm:mﬁmﬂmmwm LHAazIpN1TaTIIuInReNIING

(6 $2Tu)

(6 ¥2T4)

(6 $2T39)

6 $2T9)



a o é} et a3 Af A4 o o
- matlafigeu nsifounzmamnziiebeda’
5. mIasnlagismanagiguiuine 1

a d ad da
- BuyTugeesmaud lavase Aidwe Insy toulwisuy Tueaa

da  da o
uaziou lmidenouy Turasiuvoma

s

6. m3insanlagiEmanegiiquinine 2

P o 1 o )
- miqnmumuﬂgamﬁmmuﬂﬁuﬁ'au NFINENYUYDUNALADALAY

= L4 = g
Taudow Suy TuvaonuazmMeiULADN AL AT

6 ¥2T19)

(6 $2T19)

115751 Experimental Parasitology 2(1-2-4)

Prerequisite : None

Study and the diagnosis of parasites by examination of the stool and blood specimens by

special techniques and procedures, and also other conventional immunodiagnosis techniques.

Course Outline

1.  Examination of stool specimens I

- Techniques of stool examination, stains and preservative solutions, special

procedures for recovery of helminth larvae and eggs

2.  Examination of stool specimens II

- Concentration methods, culture methods and methods for estimation of

worm burden
3. Examination of blood specimens and tissues I
- Thin and thick blood films, tissue impression and biopsy and aspiration
4,  Examination of blood specimens and tissues II
- Concentration techniques, culture methods and animal inoculation

5. Immunodiagnosis techniques I

- Direct immunofluorescence, DNA probe, enzyme immunoassay and

enzyme-linked immunosorbent assay

6. Immunodiagnosis techniques II

- Indirect fluorescent antibody, indirect hemagglutination, immunoblot and

western blot and polymerase chain reaction
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(Host-Parasite Relationships and Interactions)
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115752 Host-Parasite Relationships and Interactions 4(4-0-12)

Prerequisite : None

Factors affecting levels of parasite infection and treatment, effect of parasite on host tissue
damage and changes, biological adaptation of parasite in terms of immunology, physiology and
biochemistry, role of apoptosis, cell death and opportunistic parasites in host-parasite

relationships.

Course Qutline

1. Principal factors which affect levels of parasite infection and treatment (4 hours)
2. Effect of parasites on hosts; Tissue damage and changes (4 hours)
3. Biological adaptations of parasites (12 hours)

- Immunology, physiology and biochemistry of parasitism
4. The role of apoptosis in host-parasite relationships (8 hours)

5. Structural and physiological aspects of cell death (8 hours)

90



6. Opportunistic parasites and host-relationship (12 hours)

115753 §2Ineveaniaayimziazlsafinainiaanny 4(4-0-12)
(Vector Biology and Vector-borne Diseases)
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115753  Vector Biology and Vector-borne Diseases 4(4-0-12)
Prerequisite : None

Medical entomology and its related diseases, including mosquitoes (anopheline and
culicine), flies (blackflies, sandflies, horseflies, tsetse-flies, house-flies and stable-flies), fleas,

lice, bugs (bedbugs and triatomine bugs), cockroaches, ticks and mites.

Course QOutline

1.  Overview and basic concepts of medical entomology (3 hours)
2. Anopheline mosquitoes (Anophelinae) & malaria and filariasis (3 hours)
3.  Culicine mosquitoes (Culicinae) & yellow fever, dengue, and ﬁiariasis (3 hours)
4.  Blackflies (Simuliidae) & onchocerciasis (3 hours)
5.  Phlebotomine sandflies (Phlebotominae) & leishmaniasis, bartonellosis, and

sandfly fever (3 hours)
6. Horseflies (Tabanidae) & loiasis (3 hours)
7.  Tsetse-flies (Glossinidae) & african trypanosomiasis (3 hours)
8.  House-flies and stable-flies (Muscidae) & myiasis (3 hours)
9.  Fleas (siphonaptera) & plague, typhus, and cestodes (3 hours)
10. Lice (anoplura) & allergic reactions (3 hours)
11. Bedbugs (Cimicidae) & medical importance (3 hours)
12.  Triatomine bugs (Triatominae) & chagas disease (3 hours)
13.  Cockroaches (blattaria) & pathogens (3 hours)

14. Soft and hard ticks (Argasidae and Ixodidae) & relapsing fever, g-fever,

paralysis, also rickettsiae, spirochaetes and arboviruses-related diseases (3 hours)

15. Scabies mites (Sarcoptidae) & scabies rash (3 hours)

16.  Scrub typhus mites (Trombiculidae) & scrub typhus (3 hours)

115754 fgInenmamsuwne 4(3-2-10)
(Medical Entomology)
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115754 Medical Entomology 4(3-2-10)

Prerequisite : none
Importance of medical insects. Structure, development and classification of insects and
arachnids. Feeding apparatus of insects and acarina. Epidemiology. Some important medical

anthropods. Control of medically important arthropods. Biosafety, laboratory and field trips.

Course Outline

1. Introduction : Importance of medical insects (2 hours)
2. Structure, development and classification of insects and arachnids (4 hours)
3. Feeding apparatus of insects and acarina (2 hours)
4. Epidemiology (4 hours)
5. Some of medically important arthropods (18 hours)

- Coackroaches, bugs and beetles, lice, gnats, blackflies and related forms
mosquitoes, horse flies, deer flies and snipe flies, house flies, blow flies,
flesh flies and eye gnats, tsetse flies, stable flies, horn flies and louse flies
myiasis, fleas, mites and mite-borne diseases, ticks and tick-associated
diseases
6. Control of medically important arthropods (4 hours)
- Principles and control measures, integrated control _
7. Biosafety and occupational health (2 hours)
8. Laboratory and field trips (20 hours)
Week 1  : Morphology of insects and arachnids
Week 2 : Internal characteristics
Week 3-4 : Field survey
Week 5-6 : Collection of insects and arachnids
Week 7-8 : Identification of insects and arachnids
Week 9  : Important parasites

Week 10 : Control of medically important insects
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115755 Medical Malacology

Prerequisite : none

(3 $2Tu9)
4 $2Tu9)
8 ¥2Tu9)
3 F2Tu9)
(3 $2Tu9)
A3 F2Tu9)
(4 F2Tu9)
@ $2Tu)
@ $2Tu9)

(20 $2T314)

4(3-2-10)

Lectures and practices on the fundamental knowledge of medically important

mollusks with a special emphasis on freshwater mollusk intermediate hosts of parasitic zoonosis.
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Molluscan ecology, taxonomy, morphology, physiology and genetics. Mollusk-parasite

relationship. Habitat and distribution, field survey, control of molluscan hosts. Field trips

required.

Course Outline

1. Economic and medical importance of mollusks

2. Group and kind of mollusks

3. Morphology and taxonomy

4. Digestive system and secretory system

5. Respiratory system, reproductive system and growth

6. Nervous system and sensory organs and endocrine system

7. Relationships between mollusks and parasites

8. Ecology and distribution of mollusks

9. Control and evaluation of molluscan hosts

10 Field survey and laboratory
Week 1 : Morphology of mollusks
Week 2-3 : Classification of mollusks
Week 4-5 : Internal organs of mollusks
Week 6 : Mollusks and flatworms
Week 7 : Mollusks and roundworms

Week 8-10 : Control of mollusks
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115756 Academic and Scientific Writing

Prerequisite : None

(6 ¥2Tu9)
(6 ¥2Tu9)
(6 ¥2Tu9)
(6 ¥11Tu9)
(6 ¥2T9)

(6 $2 1)

(6 $2Tu9)

(6 $2Tu9)

4(4-0-12)

Structure of language, organization of texts globally and locally, thematic patterns and

technicality, density of texts, ideological meanings, writing strategies, semiotic means, doubt and

hedging expressions.

Course Outline

- 5

2
3
4.
5
6
7

Introduction and language structure

Global and local organizations of texts

Thematic patterns and technicality using

Lexical density and readability: diffused and dense texts
Ideological meanings in academic discourse

Co-operative v.s. confronting writing strategies

Other semiotic means that play a role in expressing meaning in
academic/scientific texts

Expressing doubt and hedging
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10. Ufvamnisasnlsnsadadie (4 ¥2 1)

1. Ufianmsmsasanlsavzd uliadenyn (4 1 Tw9)
12, Ufamsansiune TuTad Inaiunld . (4 %2 739)
115762 Molecular Pathology Laboratory 2(0-4-2)

Prerequisite : None

Laboratory examination of pathogenesis of diseases. Students will study pathogenesis or normal

status of cells and molecular targets involved in the laboratory.

Course Outline

1.  Pathogenesis laboratory (4 hours)
2. Molecular signaling pathways laboratory (4 hours)
3. Histology laboratory (4 hours)
4. Microbiology pathogenesis laboratory (4 hours)
5. Virology pathogenesis laboratory (4 hours)
6 Cell Injuries laboratory (4 hours)
1 Tumorigenesis laboratory (4 hours)
8.  HIV/AIDS pathogenesis laboratory (4 hours)
9. Bird flu & emerging diseases laboratory (4 hours)
10.  Thalassemia pathogenesis laboratory (4 hours)
11. Leukemia pathogenesis laboratory (4 hours)
12.  New technology approaches laboratory (4 hours)

115763 FaiannmsuazeyWugmans 4(4-0-12)

(Developmental Biology and Molecular Genetics)
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1. Teiilovontu | (4 $2Tu9)
2. UAUDII (4 $2Tu9)
3. muﬁmgmﬁuﬁm&mﬁauﬁ? 4 $2Tu9)
4. moduguduialivuniouen R
5. ﬁ’umﬁ?m:zﬂ'514Lﬁatﬁeuﬁ'z-ﬁwumuuammnﬁ' (4 $2Tu9)
6. msndouthuad @ $2Tua)
7. manlsuanmveuyad (4 ¥2Tua)
8. mitadlmivesaad (4 2 Tua)
9.  msAuRuYLIA/-AmtY @ $2Tu)
10, AszuUMsNAnuazdu 4 $2Tu9)
11.  szuvyaugaluana (4 $2Tu9)
12.  wasaioafulia (4 ¥2Tua)
115763 Developmental Biology and Molecular Genetics 4(4-0-12)

Prerequisite : None

Genes and their regulations in normal development of organs. Class will consist of a
combination of lecture and presentation emphasized on development of organs and molecular
mechanisms regulating the processes found in classical and contemporary literatures, guest seminars

and small group discussions of papers.

Course Outline

1.  Homeobox genes (4 hours)
2 Organ axis (4 hours)
3 Epithelial morphogenesis (4 hours)
4 Mesenchymal morphogenesis (4 hours)
5.  Epithelium-Mesenchymal cells interaction (4 hours)
6 Cell migration (4 hours)
7 Cell differentiation (4 hours)
8 Cell rearrangement (4 hours)
9 b-Catenin/ size regulation (4 hours)
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10. BMPs and developmental processes (4 hours)

11. Molecular balancing system (4 hours)

12. Angiogenesis (4 hours)
ey & o -

115764 oqwzl1ﬂmlwmmaaanunzwniﬁummﬂ 4(4-0-12)

(Molecular Pathology of Tumor and Stem Cells)
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115764 Molecular Pathology of Tumor and Stem Cells 4(4-0-12)

Prerequisite : None
Pathological processes at molecular level of tumors and stem cells, focusing on molecular

aberrants underlined in tumorigenesis and stem cell tumors. Class time will consist of a combination of
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lecture, presentation emphasizing molecular aberrants involved in tumorigenesis and tumor of stem

cells, guest seminars and small group discussions of papers.

Course Qutline

1.  Cell cycle regulation (4 hours)
2 Hierarchical mechanism in tumorigenesis (4 hours)
3. Tumor stem cells (4 hours)
4. Molecular pathology of tumor (4 hours)
5. Molecular pathology of stem cells (4 hours)
6. Tumor and stem cells relationship (4 hours)
T Molecular profiles of cancerous cells (4 hours)
8. Rare tumors (4 hours)
9.  Differentiation and de-differentiation (4 hours)
10. Smoking (4 hours)
11.  Tumor management (4 hours)
12.  Medicinal plants effects on tumor cells and stem cells (4 hours)
115765 wm%"mnwmwnﬁ'ﬁ?uqa 3(3-0-9)

(Advanced Pathology of Cells)
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8.  LDAAAA LIANDAUTU (3 ¥21u3)

9. UfAsmmsdiulildveanyiden G ¥2Tu9)
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12. mﬁqu'lwmﬂzmi%'ﬂmuzﬁa (3 ¥2139)

115765 Advanced Pathology of Cells 3(3-0-9)

Prerequisite : None

Molecular and regulatory events during pathogenesis of the cells. Class will consist of a

combination of lecture, guest seminars and small group discussions of papers.

Course Outline
1. Molecular mechanism regulations of cell injury (3 hours)
2 Wound healing (3 hours)
3. Necrosis (3 hours)
4.  Apoptosis (3 hours)
5. Oxidative stresses (3 hours)
6.  Self and non-self (3 hours)
g~ Homing of the cells (3 hours)
8.  Allelic recognition (3 hours)
9. Blood groups mismatching reactions (3 hours)
10.  Trans-differentiation (3 hours)
11.  Transformation of the cells (3 hours)
12.  Medicinal plants and anti-cancer treatment (3 hours)
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115670  @13MIHOBNFIATHINDTUMNUAZANUNN 4(4-0-12)
(Antioxidants for Health and Beauty)
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115670 Antioxidants for Health and Beauty 4(4-0-12)

Prerequisite : None
Free radicals formation in cells and tissues, nutrients as antioxidants and their food sources,
macromolecular mechanisms of injury and prevention by antioxidants, nutritional antioxidants and

disease prevention, antioxidants in cosmetics and beauty

Course Outline
1. Free radicals formation in cells and tissues (4 hours)
2. The antioxidant strategy as cell protection (3 hours)
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3. Antioxidant nutrients and their food sources (3 hours)
4. Oxidative injury to membrane lipids, DNA and protein (6 hours)

5. Prevention of oxidative damage to lipid and lipoprotein, DNA and protein by

antioxidants (6 hours)

6. Antioxidants and immune function (4 hours)

7. Antioxidants and AIDS (4 hours)

8. Antioxidants and cancers (4 hours)

9. Antioxidants and LDL oxidation (3 hours)

10. Antioxidants and coronary artery disease (4 hours)

11. Antioxidants and aging (3 hours)

12. Antioxidants in cosmetics and beauty (4 hours)

115671  eyyadasyMaIINewazmsunng 4(4-0-12)

(Free Radicals in Biology and Medicine)
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115671 Free Radicals in Biology and Medicine

Prerequisite : None

4(4-0-12)

Chemistry of biologically free radicals, toxicity and beneficial effects of reactive oxygen

species and antioxidant defenses in the body, mechanisms of oxidative damages to cellular targets,

cellular responses to oxidative damages, roles of free radicals in human diseases and antioxidants in

protection and therapy of oxidative diseases.

Course Outline

1. The chemistry of free radicals and related reactive species (6 hours)
2. Toxicity and beneficial effects of reactive oxygen species (4 hours)
3. Antioxidant defense enzymes (4 hours)
4. Mechanisms of oxidative stress in lipid peroxidation, proteins and DNA (10 hours)
5. Consequences of cellular response to oxidative stress: adaptation,

damage, repair and death (8 hours)
6. Free radical reactions in human diseases (6 hours)
7. Oxidative stress and aging (4 hours)
8. Roles of antioxidants in health and the treatment of oxidative diseases (6 hours)
115672 @yyadaszMINyINg 4(4-0-12)

(Free Radicals in Toxicology)
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115672 Free Radicals in Toxicology 4(4-0-12)

Prerequisite : None

Contribution of free radicals and related reactive oxygen species to toxicology, free radical

metabolites of toxic chemicals and drugs as sources of oxidative stress, toxicity, target organs,

molecular and cellular mechanisms of prooxidant toxicants

Course Outline

1.
2.

Overview concepts in toxicology and radical chemistry (8 hours)
The contribution of reactive oxygen species and reactive nitrogen species in
toxicology (2 hours)

Free radical metabolites of toxic chemicals and drugs as sources of

oxidative stress (2 hours)
Radicals and inflammation mediated by environmental toxicants (4 hours)
Autoimmunity caused by oxidizing toxicants (4 hours)
Oxidative stress in chemical carcinogenesis (6 hours)

Redox regulation of gene expression and transcription factors in response

to environmental oxidants (4 hours)
Toxicity, target organs, molecular and cellular mechanisms of selective
environmental oxidants: halogenated hydrocarbons, pesticides, alcohol,

air pollutants, cigarette smoke, metals and antibiotics (18 hours)
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115770 nalnmseengnivesenizauluana 4(4-0-12)
(Molecular Mechanisms of Drug Action)
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115770  Molecular Mechanisms of Drug Action 4(4-0-12)

Prerequisite : None
Chemical and biological concepts underling pharmacology essential to understanding this

science, including drug actions and reactions; as emphasis of its important place within the biomedical

sciences.

Course Outline

1. Introduction to basic pharmacology (2 hours)
2. Molecular basis of pharmacologic selectivity (8 hours)
3. Molecular basis of drug action (8 hours)
4. The entry, distribution and elimination of drugs (8 hours)
5. Pathway of drug metabolism (4 hours)

109



6. Pharmacogenetics (4 hours)

7. Drug allergy (2 hours)
8. Drug resistance (6 hours)
9. Drug tolerance and physical dependence (4 hours)
10. Chemical teratogenesis (2 hours)
115771 dszenmaayinen 4(4-0-12)
(Neuropharmacology)
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115771 Neuropharmacology 4(4-0-8)
Prerequisite : None

Cellular, functional properties of various neuronal systems and of the drugs that affect these
systems. Emphasis is given to the effect and functions of various neurotransmitter substances on
different neuronal pathway, the interactions between these endogenous substances and drugs or

exogenous chemicals, the effect of drugs on normal or abnormal behavior, drugs used in affective

disorders.

Course Outline

1. Central nervous system stimulants and psychotomimetic drugs (6 hours)
2. Neuroleptic drugs (4 hours)
3. Drugs used in affective disorders (2 hours)
4. Muscle spasm and centrally acting muscle relaxants (4 hours)
5. General anesthetic agents (2 hours)
6. Local anesthetics and other drugs that affect excitable membranes (4 hours)
7. Chemical transmission and individual neurotransmitter (6 hours)
8. Analgesic drugs (4 hours)
9. Drugs used in neurodegenerative disorders (6 hours)
10. Drug dependence and drug abuse (2 hours)
11. Chemical mediators and the autonomic nervous system drugs (8 hours)
115772 @y Inguniithia 4(4-0-12)

(Chemotherapy Pharmacology)
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115772 Chemotherapy Pharmacology 4(4-0-12)

Prerequisite : None
Principles of chemotherapy, such as the molecular principles of chemotherapy, resistance to
antibiotics, antibacterials, antivirals, antifungals, antiprotozoals, anthelmintics, antiseptics and

disinfectants, cancer chemotherapy, vaccines and toxoids.

Course Outline

1. Principles of chemotherapy (4 hours)
2. Resistances to antibiotics (2 hours)
3. Antibacterial drugs (13 hours)
4. Antiviral drugs (8 hours)
5. Antifungal drugs (3 hours)
6. Antiprotozoal drugs (2 hours)
7. Anthelmintic drugs (2 hours)
8. Antiseptics and disinfectants (3 hours)
9. Cancer chemotherapy (8 hours)
10. Vaccines and toxoids (3 hours)
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115773 ndinmaeshmiugs 4(4-0-12)
(Advanced Hormonal Pharmacology)
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115773 Advanced Hormonal Pharmacology 4(4-0-12)

Prerequisite : None

The current concepts in pharmacology of hormones that produce from the endocrine

system and use these hormones as drugs. General knowledge of hormones, hypothalamic and pituitary
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hormones, thyroid and thyroid inhibitors, adrenocorticosteroids and adrenocortical antagonists,
catecholamines and adrenoceptor antagonist drugs of adrenal medulla, estrogens and progestins,
hormonal contraceptives, hormonal replacement therapy, androgens and related compounds, agents that
cause contraction or relaxation of the uterus, agents that affect bone mineral homeostasis, insulin, oral

hypoglycemic agents and pancreatic hormones, anti-inflammatory and immunosuppresant drugs.

Course Outline

1. Hormones as drugs : General knowledge of hormones (4 hours)
2. Hypothalamic and pituitary hormones (4 hours)
3. Thyroid and thyroid inhibitors (4 hours)
4. Adrenocorticosteroids and adrenocortical antagonists (4 hours)
5. Catecholamines and adrenoceptor antagonist drugs of adrenal medulla (4 hours)
6. Estrogens, anti-estrogens, progestins and anti-progestrins (3 hours)
7. Hormonal contraceptives (4 hours)
8. Postmenopausal hormone replacement therapy (3 hours)
9. Androgens and related compounds (2 hours)
10. Agents that cause contraction or relaxation of the uterus (4 hours)
11. Agents that affect bone mineral homeostasis (3 hours)
12. Insulin, oral hypoglycemic agents and pancreatic hormones (4 hours)
13. Anti-inflammatory and immunosuppressant drugs (5 hours)
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(Applied Pharmacognosy)
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115774 Applied Pharmacognosy

Prerequisite : None

(14 $2Ta9)

(@ $2Tu9)
(4 %2Tu9)
(@ $2Tua)
@ $2Tu9)
2 $2Tua)
4 $2Tw9)
(@ ¥2Tu9)
2 %2Tua)

(6 %".1'1114)

4(4-0-12)

The application in pharmacognosy, i.e., taxonomy of medicinal plants and important chemical

substances, biological evaluation of natural products, medicinal plant formulations, nutraceutical from

plants, cosmetics from natural products, Thai and world markets of medicinal plants, medicinal plant

products from Thai hospitals and private companies, medicinal plant products from government

pharmaceutical organization, application of medicinal plants in diary use, Thai government law about

medicinal plant products.

Course Outline

1.

e D

> o A

Taxonomy of medicinal plants and important chemical substances
Biological evaluation natural products

Medicinal plant formulations

Nutraceutical from plants

Cosmetics from natural products

Thai and world markets of medicinal plants

Medicinal plant products from Thai hospitals and private companies
Medicinal plant products from government pharmaceutical organization

Application of medicinal plants in diary use
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10, Thai government law about medicinal plant products (6 hours)

115775  Wgnuindl 4(4-0-12)
(Phytochemistry)
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115775 Phytochemistry 4(4-0-12)
Prerequisite : None

The physical, chemical, biochemical and biological properties of drug substances of medicinal
plant as well as the search for new drugs from natural sources. Research problems in pharmacognosy

include studies in the areas of phytochemistry, biosynthesis, biotransformation and chemotaxonomy.

Course Outline

1. Introduction to phytochemistry (2 hours)
2. Basic plant biochemistry (4 hours)
3. General techniques in phytochemistry extraction (4 hours)
4. Chemistry of natural product (2 hours)
5. Primary metabolites (2 hours)

5.1 Carbohydrate
5.2 Lipids
5.3 Enzymes and other proteins
6. Secondary metabolites (6 hours)

6.1 Terpenes
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6.2 Monoterpines
6.3 Sesquiterpines
6.4 Diterpenes
6.5 Iridoids
6.6 Saponins (Triterpines and steroids)
6.7 Cardiac glycosides
6.8 Polyterpenes
7. Phenolic compounds
7.1 Tannins
7.2 Flavonoids
7.3 Coumarins
7.4 Quinones
8. Volatile oils, resins and resin combinations
9. Cyanogenic glycosides
10. Isothiocyanate glycosides and other sulphur compounds
11. Alkaloids
11.1 Introduction to alkaloids
11.2 Alkaloids derived from ornithine
11.3 Alkaloids derived from lysine
11.4 Alkaloids derived from phenylalanine
11.5 Alkaloids derived from tyrosine
11.6 Alkaloids derived from tryptophan
11.7 Miscellaneous alkaloids

12. Drug substance from other sources

115776  WYINGIUDIEN
(Drugs Toxicology)

= s a L) 1t
ITanunew : lull

(6 hours)

(4 hours)
(4 hours)
(4 hours)
(6 hours)

(4 hours)

4(4-0-12)
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115776 Drugs Toxicology 4(4-0-12)

Prerequisite : None

The clinical principles of medical toxicology, managing the patient with an unknown overdose,
toxicity of analgesics and over-the-counter  preparations, prescription  medications,
psychopharmacologic medications, alcohols and drugs of abuse, botanicals, household toxins, toxic

Envenomations.

Course Outline

1. The clinical principles of medical toxicology (2 hours)
2. Managing the patient with an unknown overdose (2 hours)
3. Toxicity of analgesics and over-the-counter preparations (7 hours)
4. Toxicity of prescription medications (12 hours)
5. Toxicity of psychopharmacologic medications (7 hours)
6. Toxicity of alcohols and drugs of abuse (8 hours)
7. Botanical toxins (3 hours)
8. Household toxins (4 hours)
9. Toxic envenomations (3 hours)
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115777 NEINENABIZUUAIURINI el
(Human System Toxicology)
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115777 Human System Toxicology 4(4-0-12)
Prerequisite : None
General approach to human toxicology, the biochemical and molecular basis of human

toxicology, the pathophysiologic basis of human toxicology, the organ system approach.

Course Outline
1. General approach to human Toxicology (10 hours)
1.1 Principles of managing the poisoned or overdosed patient : an overview
1.2 Techniques used to prevent gastrointestinal absorption of toxic compounds
1.3 Principles and techniques applied to enhance elimination of toxins
1.4 Laboratory principles and techniques to evaluate the poisoned or overdosed
patient
1.5 Toxicological imaging
1.6 Electrocardiographic evaluation of the poisoned or overdosed patient
1.7 Identifying the nontoxic exposure
2. The biochemical and molecular basis of human system toxicology (14 hours)
2.1 Neurotransmitters
2.2 Pharmacokinetics and toxicokinetics
2.3 Biochemical principles
2.4 Hepatic principles
2.5 Immunologic principles
2.6 Fluid, electrolyte, and acid-base principles

2.7 Mutagens, carcinogens and teratogens
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3 The pathophysiologic basis of human toxicology : The organ system approach (24 hours)
3.1 Vital signs and toxic syndromes
3.2 Thermoregulatory principles
3.3 Neurologic principles
3.4 Respiratory principles
3.5 Cardiovascular principles
3.6 Gastrointestinal principles
3.7 Renal principles
3.8 Hematologic principles
3.9 Endocrine principles
3.10 Ophthalmic principles
3.11 Otolaryngologic principles
3.12 Dermatologic principles

3.13 Genitourinary principles

Voo

115778 Ta¥nmsuazninNvedszuugHgunu 4(4-0-12)
(Nutrition and Immune Function)
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115778 Nutrition and Immune Function

Prerequisite : None

(3 %2 T9)
4 2 Tu)
(3 $2Tu9)
(3 ¥2Tu9)
(3 %2 Tu9)

G ¥21Tw)

(4 $2Tu9)

4(4-0-12)

The evaluation of the effects of nutrients on immune function, problems of malnutrition,

growth retardation and immunity, the association of individual nutrients with infection and immune

function, probiotics and immunity, food allergy and implication of nutrition and immunity on public

health issues.

Course Outline

U

= E T

11.
12,
13.

An overview of the immune system

Evaluation of the effects of nutrients on immune function

Association of malnutrition, growth retardation, immunity and risk of infection
Fatty acids, inflammation and immunity

Amino acids and immune function

Vitamins, infection and immune function

Iron, zinc and selenium in immunity and infection

Antioxidant nutrients and immune function

Probiotics and immune function

. Food allergy

Nutrition and aging of the immune system
Effect of nutrition on exercise and immune function

Public health implications of nutrition, infection and immunity
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(Stem Cell Therapy I)
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115781 Stem Cell Therapy I 4(4-0-12)
Prerequisite : 108743* Stem cell in medicine and 108744* Advanced stem cells or
consent of the school.
Transplantation, ethical concerns and stem cell therapy in various systems including nervous,

skin, mammary, olfactory and dental systems.

Course Outline
1. Transplantation (4 hours)
2. Stem cell therapy and nervous system (8 hours)
- Neurogenesis and physiology of the brain
- Stem cells and progenitors in nervous system
- Diseases in nervous system
- Stem cell transplantation for therapeutic approaches
3. Stem cell therapy and skin system (8 hours)
- Development and physiology of skin
- Stem cells and progenitors in skin system
- Diseases in skin system
- Stem cell transplantation for therapeutic approaches
4, Stem cell therapy and mammary system (8 hours)
- Development and physiology of mammary system
- Stem cells and progenitors in mammary system
- Diseases in mammary system
- Stem cell transplantation for therapeutic approaches
5. Stem cell therapy and olfactory system (8 hours)
- Development and physiology of olfactory system
- Stem cells and progenitors in olfactory system

- Diseases in olfactory system
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- Stem cell transplantation for therapeutic approaches

6. Stem cell therapy and dental system

- Development and physiology of teeth
- Stem cells and progenitors in dental system
- Diseases in dental system

- Stem cell transplantation for therapeutic approaches

7. Ethical concern

115782 yadaufuiniia 2

(Stem Cell Therapy II)

(8 hours)

(4 hours)

4(4-0-12)
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115782 Stem Cell Therapy II 4(4-0-12)
Prerequisite : 108743* Stem cell in medicine and 108744* Advanced stem cells or consent of the
school
Transplantation, ethical concern and stem cell therapy in various systems including

hematopoietic, muscle, adipose, heart and kidney systems.

Course Outline
1. Transplantation (4 hours)
2. Stem cell therapy and hematopoietic system (8 hours)

- Ontogeny and physiology of hematopoietic system
- Stem cells and progenitors in hematopoietic system
- Diseases in hematopoietic system
- Stem cell transplantation for therapeutic approaches
3. Stem cell therapy and muscle system (8 hours)
- Development and physiology of muscle
- Stem cells and progenitors in muscle system
- Diseases in muscle system

- Stem cell transplantation for therapeutic approaches
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4. Stem cell therapy and Adipose system (8 hours)
- Development and physiology of adipose system
- Stem cells and progenitors in adipose system
- Diseases in adipose system
- Stem cell transplantation for therapeutic approaches
5. Stem cell therapy and heart system (8 hours)
- Development and physiology of heart
- Stem cells and progenitors in heart system
- Diseases in heart system
- Stem cell transplantation for therapeutic approaches
6. Stem cell therapy and kidney system (8 hours)
- Development and physiology of kidney
- Stem cells and progenitors in kidney system
- Diseases in kidney system

- Stem cell transplantation for therapeutic approaches

7. Ethical concern . (4 hours)
115783  ivaasuiuiaia 3 4(4-0-12)
(Stem Cell Therapy III)
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115783  Stem Cell Therapy III 4(4-0-8)

Prerequisite : 108743* Stem cell in medicine and 108744* Advanced stem cells or consent of the

school

Transplantation, ethical concerns and stem cell therapy in various systems including liver,

pancreatic, gastrointestinal, lung, thymus and bladder systems.

Course Outline
1. Transplantation (4 hours)
2. Stem cell therapy and liver system (8 hours)

- Development and physiology of liver
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- Stem cells and progenitors in liver system
- Diseases in liver system
- Stem cell transplantation for therapeutic approaches
3. Stem cell therapy and pancreatic system (8 hours)
- Development and physiology of pancreas
- Stem cells and progenitors in pancreatic system
- Diseases in pancreatic system
- Stem cell transplantation for therapeutic approaches
4. Stem cell therapy and gastrointestinal system (8 hours)
- Development and physiology of gastrointestinal tract
- Stem cells and progenitors in gastrointestinal system
- Diseases in gastrointestinal system
- Stem cell transplantation for therapeutic approaches
5. Stem cell therapy and lung system (8 hours)
- Development and physiology of lung
- Stem cells and progenitors in lung system
- Diseases in lung system -
- Stem cell transplantation for therapeutic approaches
6. Stem cell therapy and thymus system (4 hours)
- Development and physiology of thymus
- Stem cells and progenitors in thymus system
- Diseases in thymus system

- Stem cell transplantation for therapeutic approaches

7. Stem cell therapy and bladder system (4 hours)

8. Ethical concern (4 hours)

115784 malulagmshougithnane 4(4-0-12)
(Gene Targeting Technology)
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115784 Gene Targeting Technology 4(4-0-12)

Prerequisite : None

The concepts and principles of gene targeting technology in various aspects including vectors,
mechanisms of homologous recombination, gene targeting in mammalian development , animal models
of human genetic disease, application of recombinant proteins in gene targeting, gene targeting in

mammalian development and targeting of gene delivery systems.

Course Outline
1. Gene targeting vectors for mammalian cells (6 hours)
2. Mechanisms of homologous recombination (6 hours)
3. Gene targeting in mammalian development (10 hours)
4. Animal models of human genetic disease (8 hours)
5. Application of homologous recombination proteins in gene targeting

technology (8 hours)
6. Targeting of gene delivery systems (10 hours)
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115785 @wiihda 1 4(4-0-12)
(Gene Therapy I)
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115785 Gene Therapy I 4(4-0-12)

Prerequisite : None
The concepts and principles of gene therapy technology , applications and ethical issues of

gene therapy.

Course Outline

1. What is gene therapy ? (2 hours)
2. Viral and nonviral delivery systems for gene therapy (6 hours)
3. Gene therapy application of ribozymes (4 hours)
4. Selectable markers for gene therapy (4 hours)
5. Suicide gene therapy (6 hours)
6. Gene therapy in hematopoietic disorders (10 hours)
7. Gene therapy for cardiovascular disease and vascular grafts (10 hours)
8. Ethical issues in gene therapy I (4 hours)
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9. New technology in gene therapy (2 hours)

115786  gwiiia 2 4(4-0-12)
(Gene Therapy II)
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115786 Gene Therapy II 4(4-0-12)

Prerequisite : 115785 Gene Therapy I
The concepts and principles of gene therapy in human diseases, DNA vaccine, ethical issues in

gene therapy and current gene therapy in clinical trials.

Course Outline

1. Gene therapy for cancer (16 hours)
2. Gene therapy for respiratory system (4 hours)
3. Gene therapy for central nervous system (4 hours)
4. Gene therapy for inbomn errors of metabolism (4 hours)
5. Gene therapy and AIDS (4 hours)
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6. Gene therapy and skin (4 hours)

7. DNA vaccine (6 hours)

8. Current gene therapy in clinical trials (2 hours)

9. Ethical issues in gene therapy II (4 hours)
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(Stem Cell, Tissue and Organ Transplantation Immunology)
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115787 Stem Cell, Tissue and Organ Transplantation Immunology 4(4-0-12)

Prerequisite : 108743* Stem Cell in Medicine and 115741 Immunobiology
The concepts and principles of determining the compatibility between donor and recipient,
immunology against stem cell, tissue and organ transplantation, ethical concern and new technology in

transplantation.

Course Outline

1. Donor- recipient compatibility (8 hours)

134



2. Stem cell transplantation

3. Tissue engineering and transplantation
4, Artificial organ generation

5. Organ transplantation

Transplantation immunology

Graft versus host disease

Ethics in transplantation

© o 2 o

New technology of transplantation
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115788 Holistic Medicine and Biomedical Sciences

Prerequisite : None
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The concepts and principles of holistic medicine in various aspects including nutrition, body,

mind, music, medicinal plants and acupuncture.
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Course Outline

1

Jynlafuney . 108743* aaAuAWIANIIMIUANG uag 115785 Buthiia 1
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What is holistic medicine ?

Medical sciences and nutrition

Body mind and medical sciences

Manipulation of mind

Eastern and western music

Music in holistic medicine

Medicinal plant approaches to human disease treatments

Concepts and application of acupuncture
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The concepts, principles and practicing the essential techniques in gene therapy and stem cell

technologies.
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Course Outline

1. Genetic engineering techniques in gene therapy (3 hours)
2. Gene analysis and amplification techniques (3 hours)
3. Cell manipulation technique I (3 hours)
4. Cell manipulation technique II (3 hours)
5. Gene therapy delivery techniques (3 hours)
6. Immunohistochemistry technique (3 hours)
7. Research study I (3 hours)
8. Research study II (3 hours)
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(Current Topics in Stem Cells and Gene Therapy)
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115886 Current Topics in Stem Cells and Gene Therapy 1(1-0-3)
Prerequisite : 115785 Gene Therapy I and 108743* Stem Cell in Medicine or consent of the

school

Analysis and exchange the opinion covering the board areas of immunology with the

preparation of literature reviews and oral presentations followed by discussion or comments by

participants. (12 hours)
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(Advanced Molecular Medical Technology)
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115980 Advanced Molecular Medical Technology 4(4-0-12)

Prerequisite : None
The advanced molecular medical technology and medical applications in different aspects
including DNA technology, RNA technology, protein technology, molecular diagnosis and current

molecular medical technology

Course Outline

1. DNA technology and medical applications (9 hours)
2. RNA technology and medical applications (9 hours)
3. Protein technology and medical applications (9 hours)
4. Molecular diagnostic technology (12 hours)
5. New molecular medical technology (9 hours)
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115791 Seminar in Biomedical Sciences I 1(1-0-3)

Prerequisite : None

Literature review and seminar presentation on specific topics in biomedical sciences,

o d
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(Seminar in Biomedical Sciences II)
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115792 Seminar in Biomedical Sciences II 1(1-0-3)

Prerequisite : None

Literature review and seminar presentation on specific topics in biomedical sciences.

115793  dnnniinymans 3 1(1-0-3)
(Seminar in Biomedical Sciences III)
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115793 Seminar in Biomedical Sciences II1 1(1-0-3)

Prerequisite : None

Literature review and seminar presentation on specific topics in biomedical sciences.
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115794  Special Problems in Biomedical Sciences I 4(0-8-4)
Prerequisite : None
Research work to be completed within one trimester on a specific topic within

biomedical sciences.
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(Special Problems in Biomedical Sciences II)
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115795 Special Problems in Biomedical Sciences II 4(0-8-4)
Prerequisite : None
Research work to be completed within one trimester on a specific topic within

biomedical sciences.
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115796  Special Topics in Biomedical Sciences I 2(2-0-6)

Prerequisite : None
Lectures and discussion on special topics or recent developments in biomedical sciences.

(Topics will be announced when open)

115797 ¥averANYIn¥Mani 2 2(2-0-6)
(Special Topics in Biomedical Sciences II)
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115797  Special Topics in Biomedical Sciences IT 2(2-0-6)

Prerequisite : None

Lectures and discussion on special topics or recent developments in biomedical sciences.

(Topics will be announced when open)

115798 Ineniinusumamia (w0 2) 16
(M.Sc. Thesis (Plan A 2))
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115798 M.Sc. Thesis (Plan A 2) 16
Prerequisite : None
M.Sc. Thesis for plan A 2
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115799  M.Sc. Thesis (Plan A 1) 48
Prerequisite : None

M.Sc. Thesis for plan A 1
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(Seminar in Biomedical Sciences I)
Ivvanuneun il

- e d as a = a
’J‘55mﬂ‘i‘a'11'L’5'ﬂﬁu&Lf‘lglﬁuEJETUUU'IHTlIyﬂWLﬁHﬁHu%'JL']‘KﬁTﬁW'J'

115891 Seminar in Biomedical Sciences I 1(1-0-3)
Prerequisite : None

Literature review and seminar presentation on specific topics in biomedical sciences.

115892 @R IVAIANS 2 1(1-0-3)
(Seminar in Biomedical Sciences II)
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115892 Seminar in Biomedical Sciences IT 1(1-0-3)

Prerequisite : None
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Literature review and seminar presentation on specific topics in biomedical sciences.

115893  FuNMI¥IN¥AEAT 3 1(1-0-3)
(Seminar in Biomedical Sciences III)
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115893 Seminar in Biomedical Sciences I1I 1(1-0-3)

Prerequisite : None

Literature review and seminar presentation on specific topics in biomedical sciences.
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115894  Special Problems in Biomedical Sciences I 4(0-8-4)

Prerequisite : None

Research work to be completed within one trimester on a specific topic within

biomedical sciences.

115895  daymiauinymans 2 4(0-8-4)

(Special Problems in Biomedical Sciences II)
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115895 Special Problems in Biomedical Sciences IT 4(0-8-4)
Prerequisite : None
Research work to be completed within one trimester on a specific topic within

biomedical sciences.

115896  ¥aveRmuinymand 1 2(2-0-6)
(Special Topics in Biomedical Sciences I)
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115896 Special Topics in Biomedical Sciences I 2(2-0-6)
Prerequisite : None
Lectures and discussion on special topics or recent developments in biomedical sciences.

(Topics will be announced when open)

115897 YdeniAuYNYMans 2 2(2-0-6)
(Special Topics in Biomedical Sciences II)
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115897 Special Topics in Biomedical Sciences IT 2(2-0-6)
Prerequisite : None
Lectures and discussion on special topics or recent developments in biomedical sciences.

(Topics will be announced when open)
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(Ph.D.Thesis (Plan 1.1))
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115898 Ph.D.Thesis (Plan 1.1) 64
Prerequisite : None

Ph.D. Thesis for plan 1.1

115998  Inenfinusquiiadia (uwy 2.1) 48
(Ph.D.Thesis (Plan 2.1))
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115998 Ph.D.Thesis (Plan 2.1) 48
Prerequisite : None

Ph.D. Thesis for plan 2.1

115999  InenHinusquHUMNa (U 2.2) 64
(Ph.D.Thesis (Plan 2.2))
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115999  Ph.D.Thesis (Plan 2.2) ' 64
Prerequisite : None

Ph.D. Thesis for plan 2.2
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assufinansdnen dofinoandoadesalud

FYAUATUUUMIEN WS nansUsafiudiy LANTEHUALILUU
A iy 4,00
Bt fiun 3.50
B & 3.00
ct fwald 2.50
C wald 2.00
F N 0

Tunsdlilanusedsafiunadussdunzuuuddnesauadududoineeuld Wildssdunzuuy
Manwsaalud

seAuATLUUMESNES ANUNLNE
I nsianadyliauysal (Incomplete)
M Undnwznaaau (Missing)
P msaaudviduga (In progress)
S uansusafiuflufinala (Satisfactory)
ST wamsusaudludwaladgwiuneinAieuau
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XE‘:C

(Satisfactory, Transferred credit)
nansusafiulbidlufiwala (Unsatisfactory)
dsmdou (Visitor)

Tafuayid vioausudun (Withdrawal)
folailéfumnanisusafiu (No report)

17.2 aslvisyeumzuuudanes

17.2.1

17.2.2

17.2.3

17.2.4

12:2.5

17.2.6

17.2.7

17.2.8

17.2.9

svdiuazuuu A BT B C* C uay F WildAunsdlaalud

(1) duneinidindnsingavuasvdafinanuflsaiuladuadudu

(2) dHunsuldsustduazuuuain I wia M Aqudidnisnisdneldduuionis
wasuulasdnannauduge 1 Aleviusnuasmanmsdnsndaly

(3) flunsuldsusdunzuuuain P vwia X

svduazuuu F uanmflannnsdlamda 17.2.1 MldAunsdiaaludde

(1) dn@&nwvihAasufoumssauiasldiunsasIne ildssdunzuuu F anu
4a 35.1

(2) dunsudsuszduasuuuiaodaTuidan I via M lunsdldlilafuuse
NnaNinIz AN 1 flavusnuavnmanis@nedaly

srdiuazuuu I MildAunsdaatud

(1) dndnenha Sudumg iliansadingauldiaa it gnéaseuda 33

(2) dn@dnmedauleswmigduiwidowarldfuayidanhwiharz %

(3) tndnswvihoudidusdudssnauuasmsdnundebiauysal wazaraisd
daauTlasanuvivzavzasiininaiznizn iuhauashivzaanmsiona
NM5dnm

sediunzuuu M Wilddunsdldindnmanasay uadobimunsougasdngiu

Asuysallunmszasau'lé _

srduazuuy P WildAunoimnifinssau nsido mavininenfinugwianisvia

Tasvnuddaitiasd it lunanisdnmndaly TaefinnuAnwindufivala

Saduganmamsdnufindnsiaonadouduusedzmiu

szduazuuy S, U MldAunsdidnamalsuiuiufinalaviabinalaamadu

Tunednealut

(1) TenAudngasimualiin Widsefiusnadu S, U

2) nenddndnmamadeudouania 14.9

(3) dumsuldsusyduaruuuain M, P vita X

sediuaruwuu ST MildAunednAtnAnms 1 dfuayid ideuTaunedn

suduazwuy V WildAunedinfindnsduayld WiamaudoudeudugsmEeu

Taeldindudsuiunamuhdubitiasnidasay 80 zasnarGeufonun uay

nsddaawfadoinlddoudioanudela

sveuAzuuy W aznsevinléduadvain 5 lenviusnuavnmanisdnelunsdlealud

(1) nednidn@nsldfuayidMoausuda 15.4

(2) dn@dnwnhoavbiswnsavingauld Taalduidgndaseuda 33 uasy
wvihaniznfianuiuhiududuaransdddauinaumshisaunedzmiu

(3) undnmlduayqratiainnsdne dMovguaniuda 34.1 vita 34.2

(4) AndnegndIiNnnsAnm lunmamsineniu dameuadu
vanwmflaanniisyy1iluda 35.1

(5) vhwnihazimayii i dsussduaruuuain I Aldfuayideauda
17.2.3 (1) uat (2) lavainnsheviamgduwivddofudoLidugn



(6) Medndindnmlduayld asnadoudoududsmuduuauda 14.10
warldiindouiunarnufdutiaonifasar 80 zasnarduufonua
wiaa1sddaauitadeinbilddoudoaudela

(7) nehnidndneinsavihAadaulunsamufoudou

17.2.10 sedfunruuu X Wildduawirnedmn fAguaidnisnisfnsdobildiusmaaunans

UszfiumsAnsuanindnm lunedumiu q awdvuaiad

1vun 8
AsAILAUNSANEN

da 18 aansdloude
18.1 aanastiafastduByain davflquauitdatladantodod
18.1.1 @ Bugnanvdaifouviluganddu wiasu i AduiudAu uasd
Usraunisaidnunisaau
18.1.2 Bganimdaifouwinluaanizmiu viasannddiniugdu fuszaunmsal
gunsaau uatnandiofiudunnndioddudruntovasnsdnswilaiu
WBaan
18.1.3 @ BganIvutaifieuvih luanzizndu viasu i Aduusiu uazdise
FummadznnsLisindiemannansd
18.1.4 flugAaninshimsiusaaduguinzneg tuaizmiu wiaaandni
Auiugiu lunsdldbidodaaaiugaudnun
18.2 manasdinfastdufaaian daclinuanitdaladandedot
18.2.1 dBqananiafiouirluazdmiu WasuinAduiugiu fusvaumsal
dumsaau wadinarmdiofiuduannomidioddusduntosasnsdneniatu
Waan
18.2.2 ey Invtarfeuvintuseniznidu viasu iz Aduuddu uazense
fundamoiznnslidinisasmansansd wainasddofuduanne i
dugrunthzasnmsdnsufdaiuBygn
18.2.3 flugAanimnmishinsiusaaduguinng luanandumiu vaanzind
fuugAumnadiotiae 5 9 unsdldbidoAaaaniugandnm
18.3 manadlaiadausunsosaulusiiumsfnsnfidinisedunssaudldfuayia isau

da 19 ayasddsine il
19.1 ganfluaastidsriuaraannstiafauasmmivendolusnninfindnsdoda
19.2  fiwinAhidwuauazguamsiaviununsdnsuanindnn isanndasfumdngasuay
suflpudiatodu
19.3 fiwinAlidSnmuntindns udasduamanuindunaraumneas
194 Wivhwiharneuataaransaflne i Wdanawdifl audedio e

dia 20 arasdffine 1 Inenfinus
20.1 arasdfiine v iwuddulgaiin dasduaranstlssduaaananstiianauag
uwInends an SuduIvendoudedy uavdasigamnddaladantedesatud
20.1.1 M Bgganviafouvinluaaineasiver fivugvdaa i Aduiugiu
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20.2

20.3

20.1.2 o iviadeuwit Tumniznuasivenfivus viaau i Aduiugiu
FirTorunLIaIznNITlidnITasman Tl uainacuddodu
uanwflannaarddefdusduntonasmsdnsudaiuByan

20.1.3 JdudgdAaninmsiusasWiduguienzng lusadmnuasivednus

anstdEns InefwusduiBygian daafluarnsdlsriuaraananstiafauag

wnInende o SuuvIvendousod uardacfinuauitdaladavtedosalud

20.2.1 iBgaanviadouvinluazniznuainentwusudasi sz Aduiugiu
wadinasuidsduuanmiiannoddoduduntsasns@neniatu
Wy

20.2.2 Bganivwlaifiounin Tuainuasivenfivug wlaanzdAduiusgiu
FrsesuntinIvIznnTbisinirasmannasd uadlinas i iudu
vanwflaanuanuddeiludruntiuasnsdnsfaiuFean

20.2.3 Jdludfanimnnsiusasidludiionng lusuitneasivendwus

winlzavarnsdAineInen tinus

20.3.1 WiduunhiBnmumindnsAmAuiEnsdnsiuarido nukollgmdiaadu
TuzaeftinAnafunisd@nsuaide

20.3.2 WidwuninBFnmusdndnsAsmdumadouinerfivug WoluBiodznnisuas
t@on

20.3.3 dszfluanuduntihzasnisvinivefinusuanindner lunaarnianisdne uay
Monunanmslsufiudaivinaunin

20.3.4 Aaanianuiuraunsiasauinefwuguanin@nwidaivtingraiyn

20.3.5 dunssunmsaauivienfinug

da 21 mMIuavdearastdinInedwusutanaiznsunsiin e Ine 1 twug

21.1
21.2

21.3

ansfEnevih Waua asddneInentwuganduyaradonAudle
MaawdRasanueavivarnstAinedveivug wianaenssumsdtinednenfinug
TasanuviutavvavarnTsumnlsyirdninizn Taeduunihzasmminauinn
AaufinAnyavBuasuiouinefiwug

a1 sfneInefivug fiiissaudiovitaarfianansddBn e Ine dnushuldsn
LitAu 4 au dodluyaranialu wia dvsenandiniouanuvivedofléd unsdivdeda
dHuaaiznssunsfineInen fwusTaoarnsddnsIventivug (Hudsesunssuns
wara s e twushudunssunis

da 22 MsunuANNAunizaInsvinIna 1 nug

21

22.2

UndnsAldaozfouivenfwusud wiafnmaaunwiindnsmdasnudou
InenfinusmioAeaTudiund) dasrnaouanuduntinuainisvivIne 1 wugau
wuuvafufuviviendoivuaiauasaarnsiftineIne iwus faudugaudazaia
NMsANE
TiarnsgineIveniwusnonusanalsafuanuduninuadnisvindnetwus

wavndnm lunadarnansdnsisaiawia My datnduanagnssunislseEn
dnintzn unsdinanslsafiubidudnala aanssunslsyaranindznaiafasan
Avua idndnwginisdnm

uuIn 9
AMsdhud M mMslaudhunasmstiiauiaus o



da 23 n1sfuanunizn

23.1

23.2

m-:ﬁmmmﬁmﬁao'lﬁfummLﬁuﬁaua'mﬁaﬁmmmm’&mﬂnzﬂwaanuazﬁmm
s Aazdneudn u,az‘lﬁi‘uauﬂﬁ=nnnmznﬁunwﬂiziwmﬁﬂw-nﬁﬂwaanu.asﬁw
v

msfludrasuatinagzniznasnssinldatnadi Agaluniansdne i 2 duuaBuiin
AnuTundngns uarlduduszdunsuuuadoavanisinii 3.00

dia 24 waninarinislauihouasfauiausedan

24.1

24.2

24.3

24.4

24.5

24.6

24.7

24.8

24.9

nscﬂ.ﬂwawﬁmﬁaaiaumuV]rmu’im'ﬁmuL‘%uu'luvnﬁnamﬂauﬂLﬂunn‘im'tuué’ngm
T T ldsvdunzuuudIdne sty

nsdlin@neAadns lunyinendomaTuladgsud wavndudirdnwTuad T
fusalautinenei e doulundngesiiu warredfuataudirodasdownuds
LAY 9 MansAnm

uanmflaannmsiaudaanuda 24.1 infnEia1alddunisAasan ey Tausednd
nedounataauldsrduazuuu S wialidini B vidaeuwvinnudr Afifamuay
ammwmﬂaw‘%anc’nuaﬁan’uﬁumw‘luué’nqmﬂmé’eﬁnmad Walumetnveunu
s lundngasiiidednunag
Astaudrouanfauiaunodawiuddnianisdnsvdudssmeafadnsdoda vin
indnmsaseiulganInluaanizdiendu wiasu i Aduwusdu Witauirauas
WisuTaumhoAa i@ WiAusasay 40 sawndngasfand@dne Taavidniunis
Taufneuanfioutauivdnatanfodmlunanisdneusnuindn s lundnganiu
a9 AouTausedmnsyduBganivuasian WinsevitldiAun o lurmuasdiuiu
wheAenuzamangasfandidne delidunuinnumbedaiveniivug Taev
Taufirauanfouiautiudnadanfoder lumanmsdneusnindnmn
msifeuTausednanaaiugaudnedu Undnudaciinruuuadaaranainaaniu
Wdaldtiasnda 3 lusvuy 4 vitawfouwin wasnednAvaliouTaudasfisydunsuuu
MFnws S wialidnii B vidauduuiviuadaduusnuay biviu 3 Insdnun
MiAaininAnedausdumednAldiunisnfouTauudr Teafisviuasuuuddnysiiu ST
wariitunumheAazasnedndudndumbofesaulduamdngasiindnuAidy
Anmn

affsulauy DivisuTauldanivmioAauasrodzn wi'liaygralvidouiay
wiheAaineniwus

umsRarandzafisyTaunedn sandnandaitdndnymasauniug lunodnd
safioutaudadsenaunisRansandiaAléd

24.10 nsifieulausnedtidagldfuanuuiugauannamenssunsdsraditinian
24.11 s Taufina unnAauAusrduatuuua daarauda fumedrifeuTauazbivnin

AT LENT YR UATL UL AL RYAN

viuna 10
msidduussdunis@nuen

dia 25 nsu&uusedunisine

25:1

25.2

nsu&ousrdunisAneiaraiumsueullgsedudgofuninduvtadunsu doulug
sydudnInauAle

nsdifiag luznafanlfoussdunis@nslé léun

25.2.1 tndnnTundngasiganin unu n Aléfuubivindns ludubgean
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25.3

25.2.2 tndnwnRyaninfsaukiunssavinaasnidddadudwiuindnsdu
ey uan

25.2.3 tndnmduBgganfizauanlunssauinqauanidaraléfuninauaain
uMdanaenssunlsradinirdat san ivdindnsn udunBgann
unui'lé

msudauszdumsAne aznsevitldudiamizdiaiimsu §oundasazizn ne

anenssumslsridindyrududAnsanawidudiuioandznisiiavnving

uua 11
nsiatarnsusafiunan s@nuen

da 26 mUsafiunanisdneiuanisd i auduTsduasuuuade

26.1
26.2

mlsafiunamsdne Dinsevivdladuganisfinsudasmanisdnen

AMsAMNaLANTEAUATLILLD S

26.2.1 winsrduaruuuadosnona Wdannaaineanis@ne1lumedunsydu
TauAadnmuanindnlunaarnmanifine TauWATINUDINRA UTIUIW
wheofafuuiuszduasuuuitin@nn léfuluwdarmedriduddoudvnsdne
HaTMNUITINUMDBAGTaITEI T IMANTY

26.2.2 udusrdunsuuuadoazan Widnnaainuanisdns luned iy
Tanadnsruanindne douaduindnsaudomanisdnefdrdodaduin
TouawanNuawnaguszvIImhoAafuudusrduaruuuindns1165u Tuus
arnAasnadoudouluafogavinadudide wdrvsdeduumihoia
qvau

da 27 msaaudstnanuj (Comprehensive examination)

27.1

27.2

273

27.4
27.5

27.6

Undnslszmatiodaniode fulluann uanlsmatomianiafedugs davsausu
nmrdaudsanan g Waaauausauardnanimlumnimdniznisuay
UsraunmisainsBoulddsegnd Tunsdfiiitiouvianisduainide

UndnsduBeenin wuu n 1 uasuuu n 2 davdaulsanamud iudnataauysal
Moy 4 nanstne Tuuanmansnsusnindne Nanfuasiiugaiunin
undnminfimguanaranudnduviveonarld Tasauviutavuasnaenssunis
Usrdraninin

UndnmduilBgan sy 2 Ussmatodaniade uanlssmatoiasiadadugedas
saulsnanig WaimhoAasauldasudiunudvdngasivuawardassaulduay
uwdnafaauysalniolu 2 mamsdnsdaannmianisdneAfiwieAesauldasudiu
aundngasimua fanfuaniugauntmindnm winfimgaauarauindulv
atnenald Tasanuivravsavaaenssunslsyiranindun

nsdaudsynanuf aralunssavdaciiou wiansaaudnula vtavomavate
mrialifimssavdsanamufifluninuasanznin warmsianiansdneay 1
afo Wuadotian nsaauwdarafaidnfiunsiasaaienssunis doudedotaonaud
Taaauiutavzavaaenssunslssidnindn
AENTTUNIRaULTHNaniUTTnaudIe Wwiha i vdad Avwtinanzdun
sauwnadulsrsunssuns waraannstiafasyiuBganTnduly sruulitias
N1 3 au we'liidu 5 aullunssunis adflyaraanaouanumIvedulaoanu
Wiurauzavaauenssunslsraranindzilunssunisdo e



27.7 amrnssumsdavlsananuidasdniunissauaiunarnafinaenssunislsed
SnIrAMUe LadasnavuRansEausanmurnssunssyanainizn analu 1
o Yuaniudiaiadunisaau

27.8 msTaurans§aulsananus Wildssduasuuudidnes S Wasau'ld was U ia
Fauan

27.9 giimaunnlunssaudszananuiaiousn assaulwilddniaomtionds nssauaniflu
afofmavaznfluna g fuiugaunwin@nslaodaTuis

27.10 nsdidzgauan Witlufinwaluluwsananis@nsanivafodfinasdasgaruninuag
unfnmn

da 28 mssauinnauauid (Qualifying examination)
28.1 n@AnmiuBggian davdaukumssauiaquanid iaiaauianuauisaluy
naniznms uazmsafumdiolesdsssdaduinedwuslussduliganan
28.2 ndnmduigeian davdauiaqaaulfiiunarudnaiaguysalinialu 6 aa
msAne tuwdniansdnsusnfdindnen Hanfuaniugaumwiindnming
FaTwid winfimaua waranudndulvuesnarldlesamuiurauuasanznssunis
Usrananinizn WetlanuiudAsauinqaumntd auda 28.3.2
28.3 dfianduadauinqauauitlaun
28.3.1 1in#inmduifigeian
28.3.2 tn#nw1futlqenivn wuu n 2 AfwmheAeaanbitiaonii 15 wioAa uayld
whnseduazuuuadaavanbitiasnit 3.50 viatnAnwduiByaniv uuu n 1
Afnaruiiudavininentnusdefidnanwdaswanduivetwusussdu
Wagnanld Tunsdindeidacldfuanuiuvrauainamenssunisdsyaradin
Juarnisignznnadavinving wasfe 2 nsdifl dassausiunsaau
Usznanuiud TeaWifiaineanssauriuiaqauauidd dunssausuia
aamuiaduRyaanzanindnsnmiu q e
28.4 mssauianuantid aradlunssavdaidiou wiansaauhnuwlal wiavaavadaAls
28.5 msialifinssauianaanttiifluwinfdzasazizn warmsianamsinsaminds
Jluadotias nssauudarafolidnfunisiaaaaenssuns deudodeinanauiing
ANUiLtauzadAenssuMTdsTAEInIn
28.6 aaznssunsRauinnauanTidsznaudie Muihaurviag Amwinaiziizn
wauvang dudsssunssuns wasaannstiaufassduBggandtunulitiaanin 3
au wa'litAy 5 aulunssunis avfiyaaaannniouanumnInendoinuliiu 2 auien
ANuivtauzavamenssunsdsratdind i dunssunisdiu il
28.7 amunssunsdauinaauaiddacsdifunisdaumuiunasiiaifnaenisunis
Usyardnindzndvun  LavdasuuNanITEaudanmuenTsunITdszIatundI N
melu 1 e duanfuiaiadunisaay
28.8 msmuviunansauianuanld Mildssduasuuudidnes S asauld waz U
lamauan
28.9 ’lﬁ!‘ia’hﬁfnﬁnm’ﬁmﬂmqnLan'ﬁaaumumiaaﬂmamauﬁmﬂuﬁnﬁnmmmm'\mn
AfandiruaivendwusiianaiuByaan
28.10 tinfnwanda 28.3.1 Axauanlunssauinqaauifafowsn asaaulwilddniag
wilvafo nssauaniunfofiaas asfonalyiviuaaunmindns TeedaTulid uus
1afuayia Wil deussdunisd@nwiauda 25.2.3
28.11 n&nueudia 28.3.2 avdauldfiavafaufienuviniu
28.12 nsdigaunn Withufinualuluwaaonanmisdnsianizafofifinasagarunwindnun



da 29 msuamnuiiuyauiaseivinefiwus

29.1

29.2

29.3

294

menfnusfulBggnn
Undnwidavzasuiutauiaseioineinusaas iz Tesd 1z 9y dadiaua
pamuiugauauenssunIsRAITaNTaTevIne dnugdanmznssunisusydardnin
11 wariadldfuayidnmelu 5 mamsdne Tuuamansdnsusnudindnen fandu
anviuamunwindne ol aarnssunmisdsriranindznarafasanueena iy
Taamanuaniu
e fiwusduigaan
Undnmrdavzamuniurauiasivinednuddadrznizn Taoarzizdaiaua
gaanuiugauauenssunsTRITanTaseNvIve dnusdanmznssunislszadnin
11 wardavldfuayitnialu 7 manisdnen tuudniansdneusnddindnun
fanfuaniuanunmindnw Wofl Aarnssumnlsrdraniniznaratasanueanan
Wnduldamarudniu
AENTsTUNTANTAN ATV INeNTnuga 1 ldTasaiuargausnitiduiiendu
AenITuNsSEaLINeNfiwug .
M At lumlowdnenfiwugaraiuns nevianisenodsanaild Wot
undnm
dasudavauifdauinadoudummialuaridi;Audunsuaayidiasehe
Inenfivus

dia 30 mssauivenfinusg

30.1

30.2

e fwusiuByanin
30.1.1 msdauInenfwudidnfumsTaeaaenssunis donawdiiud Aarsanwdeds
aMuauiuautatnenTINITUTEI @I
30.1.2 aawnsunEauIvenfivugsznavudng yawianumdag Avaminananin
vauwing Hudsisunssuns arnsdilinsivenivug uazdvsnandatng
tae 1 audlunssunis duseqandddunssunisaauiverfnusuasindne
uwuy n 1 dandluyapaannouanuuinede
30.1.3 nssumsdavivienfiwug daviauanidewdantivialadesalud
(1) Bgyaanviafouvinluaziznzasivefiwuswdas i
duiudiu
(2) yiByanTmitadouvinluanzniznuasivenfinug WiasudnAduwug
Ausirsosiuniomeiznns bisnisasmannangd wadinas i iedu
vanwflaanaardiefiduduntosasmsdnsuiaiuBeyan
(3) vdudgAsniznsfusasWidlugiiorzng lumaninaasdiver iwuglunsdl
hidvAaaonfugaudnmn
30.1.4 dadndnewvinivenwusiafaaualuuuduvnivendodvuaudy Widndne
Buddavuasauiveninugdavmiaznizn Teeduwuninzavaransdddine
enfiwug Wiadsesuaaenssun1sAins v Owug wiausoIvenwus
Wazaawidanamul Aauiuzaybitiaonin 2 &le v
30.1.5 Tumsaauivnenfinug aaenssunssauivenfiwugdasanunisadodunoy
fnssumaniasy Dildaumssauaanllauninssumnndudfunissay
athodiuamy
30.1.6 windavfimsavaruuudoafiafiarsannanisaay Mln&uednounuag
AENTTUNTRAL
nenfiwusdulogan



30.3

30.4

30.5

30.6
30.7
30.8

30.2.1 ns@avivenfwushidndunisinoaaenssuns deaaudiduduaodonu
ANUILauBaIAMEnTsUMsUsEAE TN
30.2.2 AaAsTuAIRauAnenSwuglsTnauda vhwinaz i ad A awinananin
wauwing Hudsesunssuns arasdfEasine fwus warnssunisiuu'li
fiaunit 3 au wd'bitdu 5 au wdnnutidaadudnsiqandianaiouan
wivendeitiaunit 1 au dodanassiaed8nmsAuwinendonvun
30.2.3 nssunsdauInenfwus davinaanidaudantedaladosatud
(1) yiBeaaniafieuwiiiusniznuasinenfinugyiasenindduiudiu
wadflnavudtoduvanwmtiaanuanuitoddudruntssasnsdnsuia
fulllquan
(2) BganTmdafouvintumninuasiventivug viasenddniugiu
FsusuMiamMaiznATLidnTsasmaan sl uadinaondiodu
vanwflannuanudfediiludiuviiozasmsdnsudaduigan
(3) dlugAan1iznsinsfusaodugiiorng uaiznndu viagadun
Suiugiumnatnotias 5 1 unsdldLidodaaaniugandne
30.2.4 dlaun@nsvirinenfwusiafaaunluuusuivendodvuaudy Widndnmn
fudsavzasariverdwudaamina i iasdwuniruadarnsddtine
JnenfwuguiadsrauaaensiunisiineInen g taRnsanunauaza
awidannanuiiniansvinerfinugdonan naviusauiivasnii 3 dle
30.2.5 Tunsaauivenfivus aagnssumssavinefinugdacdifiunisatirofinnme
fnsaumsinnudinanindiwnbistuluiusay Midaumssavaantlauni
assumManHNGNfunsEauldauidvus uarnndasfinmsasaruuuidooiia
finsannanmisaay Wilidoeinanndlitiasniy 4 \&aalunnngdl
Tunsaawinenfwug  WidaTlanmalid LidmdasAauladindonanisaidae anis
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Detecting Medicinal Plants with Inmunomodulatory Activities. Bioactive
Compounds Symposium and Biological Screening Tests Workshop.
Bangkok, Nov. 6-9, 2001.

Auttachoat, W., and Chitsomboon, B. Studies Cytotoxicity of Tumor Cells and
Immunotoxicological Effects of Dok Din Daeng (4eginetia indica Roxb.)
RGJ-Ph.D. Congress II, Pattaya, April 20-22, 2001.

Chitsomboon, B., and Tykocinski, M.L. The Protein Transfer of a Chimeric
Immunoglobulin Fe¢ Pol}peptide: A Novel Approach for Engineering
Cellular Surface. The 2" Congress of Asian Society of Toxicology
Asaiatox II, Cheju, Korea, Aug. 23-25, 2000.

Srisuchart, B. (1986). Manganese toxicity in mice: Evaluation of neurochemical
and immunological alterations (Ph.D. dissertation).

B. Srisuchart, and A.E. Munson. Suppression of cytotoxic T lymphocyte response by

gallium arsenide in B6C3F1 mice. FASEB, New Orleans, 19-23 Mar, 1989,

B.A. Fuchs, J.A. McCay, B.Srisuchart, M.M. Fouant, D.L Musgrove, T.T Kawabata,

K.L.Jr.White, M.I.Luster, and A.E. Munson. Effects of LP-BM5(MAIDS)
retrovirus infection on the C57B1/6 murine humoral and cellular immune
response. Americal College of Toxicology, Baltimore, Oct. 31-Nov. 2, 1988.

B. Srisuchart, K.L. White, Jr., J.A. McCay, M.C. Thomas, M.P. Holsapple, and
A.E.Munson. Suppression of cell-mediated immunity by gallium arsenide
in B6C3F1 mice. American College of Toxicology, Baltimore, Oct. 31-Nov.
2, 1988.

M.M. Fouant, J.A. McCay, K.L. White, Jr., B.Srisuchart, M.L. Stern,
D.L.Musgrove, R.D. Brown, D. Germolec, M.Luster, and A.E. Munson.
Immunomodulation produced by dideoxyadenosine in C57B1/6 mice.
American College of Toxicology, Baltimore, Oct. 31-Nov. 2, 1988.

R.P. Sharma, and B. Srisuchart (1984). Synthesis and trunover rates of biogenic amines
in brain regions of rat using alpha-monofluoromethyldopa(MFMD).IUPHAR 9th
International Congress of Pharmacology, France.

S. Chiyarach, and B. Srisuchart (1983). Health hazards of heavy metal pollution in
dry cell battery manufactre. International Conference Heidelberg.6-9 Sep.
1983.



9. Award :

1975,1976, 1977:

1978 — 1980
1983 — 1986

1986 :
1988 — 1989
1998, 1999:
2000 :

2002 :

2004 :

2005 :

2005 :

Won three consecutive distinguished student awards,

Chulalongkorn University.

Royal Thai government scholarship.

Awarded Utah state University graduate research

fellowship.

Society of toxicology student travel award.

NIEHS postdoctoral trainee.

Royal golden jubilee Ph.D. Research funds.

Young’s investigation award, The 2™ congress of
Asian.

Society of toxicology, Asia tox II, Cheju, Korea.

International training program funded by

German research centre for biotechnology, Germany.

Research scholarship funded by the natural products
for health and beauty project, Commission on higher

education, Ministry of education, Thailand.

Study tour scholarship funded by the cooperative
research network science education, Commission
on higher education, Ministry of education, Thailand.

Royal golden jubilee Ph.D. research fund.



CURRICULUM VITAE

1. Name : Asst. Prof. Dr. Waree Widjaja.

2. Department/School :  School of Biology, Institute of Science.

3. University : Suranaree University of Technology.

4. Degree :

Degree Field Date Institute/Country
Awarded

Post Doctoral Physiology 1995 The Institute of Public Health,
Fellow Japan.
Ph.D Physiology 1992 Hokkaido University, Japan.
M.Sc. Physiology 1987 Mahdol University, Thailand.
B.Sc. Nurse 1977 Mabhidol University, Thailand.

5. Experience :

Period Position Institution/Firm
2003-present Assistant School of Biology, Institute of Science,
Professor Suranaree University of Technology.
1997-2003  Lecturer School of Biology, Institute of Science,
Suranaree University of Technology.
1999-2001  Assistant The Center for Scientific and Technological
Director of The Equipment, Suranaree University of
Center for Technology.

Scientific and
Technological

Equipment
1992-1994  Lecturer Department of Physiology, Faculty of Science,
Mabhidol University.
1981-1984  Nurse Siriraj Hospital, Thailand.

6. Current Professional Field Registration :
Physiology, Health Science and Sports Science.

7. Member :
Sports Science Society of Thailand.
The Physiological Society of Thailand.

8. Publications/Research Presentations :

1. Waree Keatisuwan, Masataka Kinjo, and Tomiyasu Koyama. Changes in
phospholipids constituents in mitochondrial membranes after long lasting
exercise in rat heart. Life Science 48: 2173-2181 (1991)

2. Tomiyasu Koyama, Waree Keatisuwan, Masataka Kinjo, and Hiroshi Saito.
Sup-pressive effect of coenzyme Q10 on phospholipase A, activation in
cardiac cells after prolonged swimming. Life Science 51: 1113-1118 (1992).

3. Waree Keatisuwan. Studies on mitochondrial and microsomal phospholipids
and phospholipase A; in heart from rats subjected to prolonged exercise. The
Hokkaido J. Medical Science 67 (4):488-497 (1992).



4. Tomiyasu Koyama, Ming-Yan Zhu, Li-Qun Shong, Takehito Nakabayashi,
Waree Keatisuwan, Masataka Kingo, and Tsunehisa Araiso. Dynamic
microstructure and hydration of peroxided membrane of rat cardiac
mitochondria and effects of adriamycin. Japanese. J. Physiology 40:635-649
(1990).

5. Waree Keatisuwan, Masataka Kinjo, and Tomiyasu Koyama. Time course
of changes in phospholipids in cardiac mitochondria from rats recovering
from prolonged swimming. Japanese Heart J. 35:345-351 (1994).

6. Waree Keatisuwan, Satomi Yamagishi, Nami Tamura, Mariko Hosaka,
Tadakatsu Ohnaka, and Yutaka Tochihara. Physiological responses of young
female athletes and non-athletes to dry heat. Proc.’94 Asian Sport Sciences
Congress: 183 (1994).

7. Chaiyasith Lechanavanishphan, Thirayudh Glinsukon, Somnate
Boonpuchnavig, Galayanee Doungchavee and Waree Keatisuwan. Aerobic
exercise training and cellular immunity in the university students. Proc. "94
Asian Sport Sciences Congress: 144(1994).

8. Waree Keatisuwan, Tadakatsu Ohnaka, and Yutaka Tochihara.
Physiological responses of men and women during exercise in hot
environment with equivalent WBGT. Proc. Recent Progress in Exercise
Physiology and Biochemistry in Asia, Nagoya, April 1995.

9. Waree Keatisuwan, Tadakatsu Ohnaka, and Yutaka Tochihara.
Physiological responses of women during exercise under a dry heat
condition in winter and summer. Applied Human Science 14:450-455
(1996).

10. Waree Keatisuwan, Tadakatsu Ohnaka, and Yutaka Tochihara.
Physiological responses of men and women during exercise in hot
environment with equivalent WBGT. Applied Human Science 15: 1-
6(1996).

11. Waree Widjaja, Kazuaki Yamashita, and Yutaka Tochihara. Comparison of
thermoregulatory responses of Thai and Japanese students in a hot
environment. The 10" International Conference on Environmental
Ergonomics, Fukuoka, Japan. 23-27 September, 2002.

9. Award



CURRICULUM VITAE

1. Name : Asst. Prof. Dr. Griangsak Eumkeb.
2. Department / School : School of Biology, Institute of Science.
3. University : Suranaree University of Technology.
4. Degree :
Degree Field Date Institute / Country
Awarded
Ph.D. Pharmacology 1999  The Robert Gordon University, UK.
B.Sc. Pharmacy 1989  Chulalongkorn University, Thailand

5. Experiences:

Period Position Institution / Firm
2004-present  Assistant Professor Institute of Science, Suranaree
University of Technology.
2002-2005 Assistant Director of The Center for Center for Scientific and

Scientific and Technological Technological Equipment,
Equipment. Suranaree University of
Technology.

1999-2002 Lecturer School of Biology, Institute of
Science, Suranaree University
of Technology.

1989-1994 Pharmacist MaharatNakhonRatchasima

Hospital, Thailand.

6. Current Professional Field Registration:
Pharmacology and toxicology, Medicinal plant, Pharmacy.

7. Members:
1. The Toxicological Society of Thailand.
2. The Pharmacological and Therapeutic Society of Thailand.
3. The Pharmacy Council.
4. The Alumni Association of Faculty of Pharmaceutical Sciences, Chulalongkorn
University.

8. Publications/ Abstracts/Research Presentations/Book :

1. Richards, R M.E., Eumkeb, G.and Marshall, D. 1997. Is the ultrastructural
damage caused by subinhibitory concentrations of trimethoprim and
sulphadiazine part of their normal mechanism of action? Microbios, 92,
183 - 197.

2. Eumkeb, G. and Richards, RM.E. ( 2005 ). Reversing beta-lactam antibiotic
resistance with flavonoids in Gram positive Bacteria. Acta Horticulturae. Vol
4:678: 171-178.



3. Jirawan Oonmetta-aree, Tomoko Suzuki, Piyawan Gasaluck and Griangsak
Eumkeb. ( 2006 ). Antimicrobial Properties and Action of Galangal ( Alpinia
galanga Linn. ) on Staphylococcus aureus. LWT Food Science and
Technology. 39: 1214-1220. (IF 2005=1.155)

4. Eumkeb, G. and Richards, RM.E. ( 2003 ). Reversing beta-lactam antibiotic
resistance with flavonoids in Gram positive Bacteria. In The 3" World
Congress on Medicinal and Aromatic Plant for Human Welfare ( WOCMAP
I11 ) From Biodiversity through Science and Technology, Trade and Industry
to Sustainable Use, Abstracts Book ( Poster presentation, PP04 -59, pp. 450 ).
3-7 February 2003, Chiangmai, Thailand : Chiangmai University.

5. Punopas, K., Eumkeb, G., Chitsomboon, B. and Nakkiew, P. ( 2004 ). The
study of antibacterial activity of some medicinal plant in Lamiaceae family.
Suranaree J. Sci. Technol. 11:52-59.

. Eumkeb, G. and Richards RM.E. ( 2004 ). Reversing - Lactam Antibiotic
Resistance in Gram- positive bacteria by Some Flavonoids. Suranaree J. Sci.
Technol. 11:143-150.

7. Eumkeb, G. and Richards, RM.E. ( 2004 ). Reversing beta-lactam antibiotic
resistance in Gram positive Bacteria with some flavonoids. In :The 2™
FAPA Congress 2004 : Emerging Science and Profession in Pharmacy ,
Abstracts Book ( Oral presentation, PP-O-01, pp. 160 ). 30 Nov — 3 Dec
2004, Bangkok, Thailand : The Pharmaceutical Association of Thailand under
Royal Patronage, Bangkok.

. Eumkeb, G. ( 2005 ). Investigation of the effect of Some Flavonoids on some 3
- lactam antibiotics resistant bacteria. In :The Thai research Fund meeting :
Senior Thai research Fund researchers meet Junior Thai research Fund
researchers, Abstracts Book ( Poster presentation, MRG168/p225, pp. 214. ).
14-16 January 2005, Kanchanaburee, Thailand : The Thai Research Fund and
The higher education commission, Bangkok.

9. Eumkeb, G. ( 2005 ). Investigation of the effect of Some Flavonoids on some

beta - lactam antibiotics resistant bacteria. In :The Thai research Fund meeting
- Senior Thai research Fund researchers meet Junior Thai research Fund
researchers, Abstract Book ( Oral presentation, 13-R1-S1-MRG4680168/p227,
pp. 1. ). 13-15 October 2005, Petchaburi, Thailand : The Thai Research Fund
and The higher education commission, Bangkok.

10. Eumkeb, G. Chukratok. S., Suttajit. M. and Ruangrungsi. N. ( 2005 ).
Investigation of the effect of Some Flavonoids on some beta - lactam
antibiotics resistant bacteria. In :The 1st International Conference on Natural
products for Health and Beauty; From local wisdom to global marketplace.
Abstract Book ( Oral presentation, O4-1/p232, pp. 124. ). 17-21 October 2005,
Mahasarakham, Thailand : Mahasarakham University, and the higher
education commission, Thailand.

=}

oo

a s s @ a oA s a1 s A;l e; = & d
ANHTUATYINIUIU 1 amummuiﬂiam‘smmmﬂn an. vammmmmsﬂs:ﬂug G B F]

v ¥

a4 o o & & S4
HOUUDIYY INDBUBNYD Staphylococcus aureus WWAZI¥D  Enterobacter cloacae NADABYT

Uy (avidvedniiias avi 0601001839)



d W A

- a ] d g d
HAITHANHAN N HHITINNNUAZTDD UIAD IIUA

o v W
- o a a

IN3E9ANA tdosuAY Yinnnmsaia i gelfsiuggas Imi dududouuaiiF i 1¥ina
Wuey dminviuneyuaNyayuMITIIY Ui 14 uNTIAN 2548

nTensind 1oy Iewu i e §Fusgas I finniseou Tad Jud 15 unsinu 2548

1701 12:39 Y. http:/www.manager.co.th/

L - 1 - L

¢ ¥ ¥ ¥
1n3eadnd oAy 139350 i iul§Furgaslmi Ausenuesden mivaun

|

tuifoy dszdriuduni® 17 unaau 2548
P ¥ ol
1n3e9AnA ey "I asuiFeAse Ma3Tugas v wawasagulws midaiunngunn
30 Yszriudamsn 18 unaay 2548
= r a‘ .g & & ] o dy - = 4’ o & a o Vo ar
INTeaAnd 1esudy Iiu il nuidenuaiiGusende mivdenurgianiseiu
Ysz§1iugnsa 21 unsny 2548 wii 43,
NTeaAnd oAy iannasanann i umuen§Fureislmi fududeuuaiizenvia iy
anues mivdenyvasiuiy Uizi1iugnin 28 unsian 2548
oy ¥ ¥
1nTesind ooy msaia i diuranelfiuzgasIni duirenusdon
o a 4 4 8 a Ja v tY
wiadenun Inadyad Usziriuemiadn 13 nuaius 2548 il Bs.
Nuuiadin
-1 [ - wa o o . 4 -
INSERANA DoAY ( 2547 ) : IndynssuUIA : nanmanazdsmai s wenide : vSouns

' o
HARNUI AN, Pp. 146-179, vouuay : Tasuiadamuine,

- d

unisaveaulav
= L A‘ 5 =3 o - o =\ o
IN3BAnA DoAY (2548) : 1o T : Armannarema¥anin : lwseeun Tsevd,
Thda, Twwun, Tus@aa, Wals, uniFouseulawd dninnusuzassumsnsgaudnu: dnin

Irinnmaai uminndoma TuTadqsuni.

9. Award :
1985 - 1988. Boonrod - Brewery scholarship for 4 years, Chulalongkorn
University,
1994-1999 The Royal Thai government scholarship, Ministry of university
affair, to study Ph.D. in UK. for 4 years.
2006-2008 Research fund from Thailand research fund.



CURRICULUM VITAE

1. Name : Asst. Prof. Dr. Sajeera Kupittayanant.
2. Department / School : School of Biology, Institute of Science.
3. University : Suranaree University of Technology.
4. Degree :
Degree Field Date Institute / Country
Awarded
Ph.D.  Physiology 2003  University of Liverpool, U.K.
M.Sc.  Physiology 1999  University of Liverpool, U.K.
D.V.M. Veterinary 1995  Khon Kaen University, Thailand.

(Hons)  Medicine

5. Experience:

Period Position Institution / Firm
2006-Present Head of research Institute of Science, Suranaree University of
section(Acting) Technology.

2005-2006 Assistant Professor School of Biology, Instituteof Science,
Suranaree University of Technology.

2003-2005 Lecturer School of Biology, Institute of Science,
Suranaree University of Technology.

1995-1997 Lecturer Faculty of Veterinary Medicine,

Khon Kaen University.

6. Current Professional Field Registration:
Physiology (Reproduction).
Veterinary Medicine.

7. Members:
The Physiological Society of Thailand.
Veterinary Council of Thailand.

8. Publications/Abstracts :

Full Papers

1. Matthew, A., Kupittayanant, S., Burdyga, T. & Wray, S. (2004). Characterization
of contractile activity and intracellular Ca*" signalling in mouse Myometrium. J
Soc Gynecol Investig 11: 207-212.

2. Jones, K., Shmygol, A., Kupittayanant, S. & Wray, S. (2004) Characterization of
Calcium-activated chloride currents in rat and human uterine smooth muscle.
Pflugers Arch 488: 36-43.

3. Monir-Bishty, E., Pierce, S.J., Kupittayanant, S., Shmygol, T. & Wray, S. (2003).
The effects of metabolic inhibition on intracellular calcium and contractility of
human myometrium. BJOG 110:1050-1056.

4. Wray, S., Jones, K., Kupittayanant, S., Li, Y., Matthew, A., Monir-Bishty, E.,
Pierce, S.J., Noble, K., Shmygol, A. & Quenby, S (2003). Calcium signalling and
uterine contractility. J Soc Gynecol Investig 10: 252-264.



10.

Pierce, S.J., Kupittayanant, S., Shmygol, T. & Wray, S. (2003). Effects of
mtracellular and extracellular pH change on Ca®" signaling and force in pregnant
myometrium. Am J Obstet Gynecol 188: 1031-1038.

Wray, S., Kupittayanant, S. & Shmigol, T. (2002). Role of the sarcoplasmic
reticulum in uterine smooth muscle. Novartis Found Symp 246: 6-18.
Kupittayanant, S., Lukas, M.JM. & Wray, S. (2002). Effect of inhibiting the
sarcoplasmic reticulum on spontaneous and oxytocin-induced contractions of
human myometrium. BJOG 109: 289-296.

Wray, S., Kupittayanant, S., Shmygol, A., Smith, RD. & Burdyga, T. (2001).
The physiological basis of uterine contractility: a short review. Exp Physiol 86.2:
239-246.

Kupittayanant, S., Burdyga, T. & Wray, S. (2001). The effects of inhibiting Rho-
associated kinase with Y-27632, on force and intracellular calcium in human
myometrium. Pflugers Arch 443: 112-114.

Longbottom, E.R., Lukas, M.J.M., Kupittayanant, S., Badrick, E., Shmygol, A.
& Wray, S. (2000). The effect of wortmannin, an inhibitor of myosin light chain
kinase (MLCK) on calcium and contraction in isolated human and rat
myometrium. Pflugers Arch 440: 315-321.

Abstracts

1.

Kupittayanant, S. (2006). Effects of n-3 and n-6 polyunsaturated fatty acids
on myometrial contractility in the dairy cow at various stages of reproduction.
FAOPS 2006 Abstracts. P4-27. (Abstract presented at the 6™ Congress of the
Federation of Asian and Oceanian Physiological Societies, Seoul, Korea)
Buddhakala, N. & Kupittayanant, S. (2006). The effects of ginger oils on
uterine contraction. Planta Medica 11 (72) P221. (Abstract presented at the
International Congress and 54th Annual Meeting of the Society for Medicinal
Plant Research, Helsinki, 2006).

Kupittayanant P, Chasombat J, Suksombat W, Kupittayanant S. (2005).
Effects of bypass fat supplementation on the oestrous cycle duration of early
lactating cows. Proceedings: Integrating Livestock-Crop System to Meet the
Challenges of Globalization Vol. 2, p 75. (Abstract presented at AHAT-BSAS
International Conference Khon Kaen, Thailand, 2005).
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Jones, K., Shmygol, A., Kupittayanant, S. & Wray, S. (2003).
Characterization of Calcium-activated chloride currents in rat and human
uterine smooth muscle. J Physiol 548P. (Abstract presented at the
Physiological Society joint meeting with the Spanish Physiological Society,
Tenerife, 2003).

Kupittayanant, S., Jones, K., Shmygol, A. & Wray, S. (2003). The functional
effects of inhibiting chloride channels differ between rat and human
Myometrium. J Soc Gynecol Investig 10 (2). (Abstract presented at SGI
meeting, Washington DC, 2003).

Pierce, S.J., Kupittayanant, S., Shmygol, T. & Wray, S. (2002). Effects of
intracellular and extracellular pH change on Ca®’ signaling and force in



pregnant myometrium. J Physiol S43P. (Abstract presented at the
Physiological Society joint meeting with the Italian Physiological Society,
Liverpool, 2002).

8. Kupittayanant, S., Burdyga, T. & Wray, S. (2002). The effects of inhibiting
myosin light chain phosphatase on force and intracellular calcium in human
myometrium. Pflugers Arch 443 (2). (Abstract presented at the Physiological
Society joint meeting with the Scandinavian Physiological Society and the
German Physiological Society, Tubingen, 2002).

9. Kupittayanant, S., Burdyga, T. & Wray, S. (2001). Inhibiting Rho-associated
kinase has little effect in human uterus. J Soc Gynecol Investig 8 (1). (Abstract
presented at SGI meeting, Toronto, 2001).

10. Kupittayanant, S., Lukas, M.JJM. & Wray, S. (2000). Inhibiting the
sarcoplasmic reticulum in human uterus does not decrease contraction. .J
Physiol 526P. (Abstract presented at the Physiological Society joint meeting
with the Hungarian Physiological Society, Budapest, 2000).

11. Longbottom, E.R., Lukas, M.J.M., Kupittayanant, S., Badrick, E., Shmygol,
A. & Wray, S. (1999). The effect of wortmannin, an inhibitor of myosin light
chain kinase (MLCK) on calcium and contraction in isolated human and rat
myometrium. J Physiol S21P. (Abstract presented at the Physiological Society
meeting, Glasgow, 1999).

9. Awards:
a. 1998-1999  British Council Scholarship.
b. 1998-2003  Royal Thai Government Scholarship.
6 1999-2003  Research Studentship, awarded by the University of
Liverpool.
d. 2006 Travel Grant, awarded by the Federation of Asian and
Oceanian Physiological Societies.



CURRICULUM VITAE

1. Name : Asst. Prof. Dr. Rungrudee Srisawat.

2. Department/School : School of Biology, Institute of Science.

3. University : Suranaree University of Technology.
4. Degrees :
Degree Field Date Institute / Country
Awarded
Ph.D.  Physiology 2000 The University of Edinburgh,
UK.
M.Sc.  Neurosciences 1994 Mahidol University, Thailand.
B.Sc.  Physical Therapy 1989 Khon Kaen University, Thailand.

5. Experience:

Period Position Institution / Firm
2006-present  Assistant Professor School of Biology, Institute of Science,
Suranaree University of Technology.
2001- 2003 Postdoctoral researcher Division of Biomedical and Clinical

Laboratory Science, The University of
Edinburgh, Scotland.

2000- 2001 Lecturer Institute of Science, Suranaree
University of Technology.

6. Current Professional Field Registration:

Physiology, Neurosciences, Neuroendocrinology.

7. Member:
The Science Society of Thailand.
The Physiological Society of Thailand.
The International Brain Research Organization (IBRO).
The British Neuroscience Association (BNA).

The Society for Neuroscience.

8. Publications/Conferences:

1. LE Johnstone, R. Srisawat, E. Kumarnsit and G.Leng. (2005) Hypothalamic
expression of NPY mRNA, vasopressin mRNA and CRF mRNA in response
to food restriction and central administration of the orexigenic peptide
GHRP-6. Stress. 8(1): 59-67.



2. R. Srisawat, V.R. Bishop, P.M. Bull, A.J. Douglas, J.A. Russell, M. Ludwig
and G. Leng. (2004) Regulation of neuronal nitric oxide synthase mRNA
expression in the rat magnocellular neurosecretory system. Neuroscience

Letters. 369: 191-196.

ATTENDED MEETING

1. R. Srisawat, G. Leng. Effects of chronic central infusion of growth hormone-
releasing peptide-6 on CRH and AVP mRNA expression in the rat paraventricular
nucleus. Proceeding in 31st Congress on Science and Technology of Thailand
(STT 2005), Suranaree University of Technology, Nakhon Ratchasima, Thailand,
October 18" — 20", 2005.

2. R. Srisawat, G. Leng. Neuroanatomical identification of the functional
interconnections between GHS-responsive neurones and those regulating body
weight. Proceeding in 31st Congress on Science and Technology of Thailand (STT
2005), Suranaree University of Technology, Nakhon Ratchasima, Thailand,
October 18™ — 20™, 2005.

3. R. Srisawat, L. E. Johnstone and G. Leng. Chronic central infusion effects of
growth hormone secretagogues (GHSs) on CRH and AVP mRNA expression in
the rat paraventricular nucleus. Poster presentation at Symposium on Neural
Plasticity, Development and Repair, Hong Kong, China, April 22".23"  2004.

4. R. Srisawat, L. E. Johnstone, E. Kumarnsit and G. Leng. Effects of chronic central
infusion of growth hormone-releasing peptide-6 (GHRP-6) on the hypothalamo-
pituitary-adrenal (HPA) axis. Poster presentation at Society for Neuroscience's
32" Annual meeting 2002, Orlando, Florida, USA, Nov b bl LT3

5. R. Srisawat, M. Ludwig, P.M. Bull, A.J. Douglas and G. Leng. Regulation of
neuronal nitric oxide synthase (nNOS) mRNA expression in the magnocellular
neurosecretory system in response to acute stimulation. Poster presentation at 7he
5th International Congress of Neuroendocrinology 2002, Bristol, UK, August
31%- September 4™, 2002.

6. N. Sabatier, P. Bull, C. Caquineau, R. Gillies, R. Srisawat & G. Leng. Effects of
alpha-MSH on electrical activity of oxytocin neurons and on plasma
concentrations of oxytocin. Poster presentation at The 5th International Congress

of Neuroendocrinology 2002, Bristol, UK, August 3 1%~ September 4™ 2002.



9. Award:
1996-2000 Royal Thai Government Scholarship.
2004 IBRO Fellowship for the 4" IBRO School of Neuroscience,
Hong Kong, China (April 20- May 1, 2004).



CURRICULUM VITAE

1. Name : Dr. Rachian Kosanlavit, Lecturer
2. Department / School : School of Biology, Institute of Science.
3. University : Suranaree University of Technology.
4. Degree :
Degree Field Date Institute / Country
Awarded
Ph.D.  Anatomy 2001 Queen’s University of Belfast,
Northern Ireland, UK.
M.Sc.  Medical Sciences 1996 Glasgow University, Scotland,
UK.
M.Eng. Nuclear 1990 Chulalongkorn University.
Technology
B.Sc.  Radiologic 1986 Chiang Mai University.
Technology
5. Experiences:
Period Position Institution / Firm

2005-present Deputy director of Technopolis

2000-present Lecturer

Suranaree University of
Technology.

School of Biology, Institute of
Science, Suranaree University
of Technology.

1993-1994  Scientist, Center for Scientific and Suranaree University of

Technological Equipment.

1989-1993 Medical Scientist, Department of

Medical Sciences.

Technology.

Ministry of Public Health

1988-1989 Radiologic Technologist, Department ~ Chulalongkorn Hospital,

of Radiology.

6. Current Professional Field Registration:
Radiation Biology, Human Anatomy.

7. Members: -

8. Publications :

Bangkok, Thailand.

1. Quantitative, structural changes in the axolemma after stretch-injury to the
guinea-pig nerve. Maxwell, W., Kosanlavit, R. and Graham, D., Brain

Pathology, 1997, Vol. 7, No.4, p.1378.

2. Structural change in the internodal axolemma after stretch-injury to the
guinea pig optic nerve. Maxwell, W., Kosanlavit, R. and Graham,D,
Neuropathology and Applied Neurobiology, 1997 Vol.23, No.2, p.165.



Freeze-fracture and cytochemical evidence for structural and functional
alteration in the axolemma and myelin sheath of adult guinea pig optic
nerve fibers after stretch injury. Maxwell, W. L., Kosanlavit, R. McCreath
B. J,, Reid O. and Graham, D. 1. Journal of Neurolrauma 1999, Vol. 16,
No 4, p.273-284.

9. Award :
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CURRICULUM VITAE

Name : Dr. Nuannoi Chudapongse, Lecturer.
Department/School :  School of Biology, Institute of Science.
University : Suranaree University of Technology.
Degree :
Degree Field Date Institute/Country
Awarded
Ph.D. Pharmacology 2003 University of Mississippi, U.S.A.
& Toxicology
M.Sc. Pharmacology 1993 Chulalongkorn University, Thailand.
B.Sc. Pharmacy 1985 Chiang Mai University, Thailand.
. Experience :
Period Position Institution/Firm

2003-Present  Lecturer School of Biology, Institute of Science,

Suranaree University of Technology.
1988-1997 Food and Drug  Food and Drug Specialist, Food and Drug

Specialist Administration, Thailand.
1985-1988 Hospital Noparatrachatani Hospital, Thailand.
Pharmacist

. Current Professional Field Registration :

Neuropharmacology (drugs of abuse) and Cardiovascular Pharmacology.

Publications/Research Presentations :

1. Nuannoi Chudapongse, Seong-Youl Kim, Kenroh Sasaki, Robert E. Kramer,
Ing K.Ho (2003) Nonopioid receptor-mediated effects of U-50,488H on
[Ca®']; and extracellular dopamine in PC12 cells. Journal of Neuroscience
Research. 74:598-604.

2. Nuannoi Chudapongse, Seong-Youl Kim, Robert E. Kramer, Ing K. Ho
(2003) Nonspecific effects of the selective kappa-opioid receptor agonist U-
50,488H on dopamine uptake and release in PC12 cells. J Pharmacol Sci.
93:372-375.

3. Seong-Youl Kim, Nuannoi Chudapongse, Sang-Min Lee, Michael C.

Levin, Jae-Taek Oh, Hae-Joon Paek, Ing K.Ho (2005) Proteomic analysis
of phosphotyrosyl proteins in morphine-dependent rat brains. Molecular
Brain Research. 133:58-70.

4. Seong-Youl Kim, Nuannoi Chudapongse, Sang-Min Lee, Michael C.
Levin, Jae-Taek Oh, Hae-Joon Paek, Ing K.Ho (2004) Proteomic analysis
of phophotyrosyl proteins in the rat brain: effect of butorphanol
dependence. Journal of Neuroscience Research. 77:867-877.

5. Lir-Wan Fan, Lu-Tai Tien, Sachiko Tanaka, Tangeng Ma, Nuannoi
Chudapongse, Somchai Sinchaisuk, Robin W. Rockhold, Ing K. Ho (2003)
Changes in the brain k-opioid receptor levels of rats in withdrawal from
physical dependence upon butorphanol. Neuroscience. 121:1063-1074.



8. Award :
2003 American Society for Pharmacology and Experimental Therapeutics

Graduate Student Travel Award 2003.






