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RINGKASAN

Sudah lama diyakini, bahwa stresor psikogenik seperti kecemasan, depresi,
ketakutan dapat mengakibatkan disfungsi ereksi (DE). Banyak penelitian klinik telah
membuktikan adanya hubungan antara keadaan psikogenik dan timbulnya DE, namun
sejauh ini mekanisme timbulnya DE pada penderita yang mengalami stresor
psikogenik belum diketahuui dengan jelas. Sampai sekarang diagnosa DE psikogenik
hanya ditentukan setelah semua sebab-sebab organik disingkirkan.

Untuk mengungkap patogenesis DE psikogenik, digunakan penelitian dengan
paradigma psikoneuroimunologi (PNI). PNI adalah ilmu pengetahuan dengan model
berfikir, bahwa suatu stresor, apapun macamnya, fisik atau psikis menyebabkan suatu
perubahan biologik pada suatu makhluk. Perubahan biologik ini dapat pada sistem,
organ, sel maupun gen dan perubahan ini merupakan suatu modulasi respon imun
(MRI) (Ader, 1991; Putra, 1999).

Pada penelitian ini digunakan desain penelitian Randomized Control Group
Posttest only Design, yang dipakai untuk percobaan adalah tikus putih Rattus
Nervigicus strain Wistar. Empat puluh tikus dibagi secara acak (random assingment)
dalam 4 kelompok. Kelompok I (kelompok kontrol 5 hari), kelompok Il (kelompok
eksperimen S5 hari), kelompok III ( kelompok kontrol 10 hari) dan kelompok IV
(kelompok eksperimen 10 hari). Tikus berumur 3-4 bulan dan mempunyai berat badan
150 - 200 gram.

Suatu renjatan listrik (electric Footshock = EF) dipakai untuk menimbulkan
stresor psikogenik, sebagai variabel indedenden. Setelah tikus mendapat paparan EF
selama S dan 10 hari, dibunuh, lalu dideseksi a pundendus internusnya dan diproses
untuk diperiksa secara imunohistokimia dengan menggunakan antibodi monoklonal.
Lalu diamati adanya MRI, yang tercermin dalam perubahan sel endotel penghasil
VCAM-1 dan limfosit penghasil sitokin IL-2, IFNy, IL-4 dan IL-10 pada dinding
arteria pundendus internus, pembuluh darah utama untuk ereksi. Kemudian diperiksa
juga keadaan kortisol dan katekolamin didalam darah sebelum dan sesudah
eksperimen.

Untuk menganalisa data digunakan analisa multivariat, oleh karena pada suatu
perubahan biologik merupakan interaksi antara beberapa variabel. Hasil yang didapat

setelah 5 hari EF menunjukkan peningkatan kadar kortisol, adrenalin, noradrenalin
viii
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dalam darah; peningkatan jumlah sel endotel penghasil VCAM-1 dan penurunan
jumlah limfosit penghasil IL-2, IFNy, IL-4 dan IL-10 menurun banyak. Pada renjatan
listrik 10 hari didapatkan peningkatan kadar kortisol. Kadar adrenalin juga meningkat
tetapi lebih sedikit. Endotel penghasil VCAM-1 berkurang dan limfosit penghasil
IL-2, TFNy, IL-4 dan IL-10 lebih berkurang.

Untuk menjelaskan mekanisme diperlukan kontribusi fungsi setiap variabel
terhadap kejadian DE. Berdasarkan analissis diskriminan hanya 5 variabel (yaitu
kortisol, adrenalin, VCAM-1, IL-4, IL-10), yang mempunyai kontribusi berperan pada
MRI. Setelah S hari EF didapatkan peningkatan peran adrenalin, tetapi penurunan
peran kortisol. Peran VCAM-1 meningkat dan peran IL-4, IL-10 juga meningkat.
Setelah 10 hari EF didapatkan peningkatan peran kortisol, tetapi penurunan peran
adrenalin. Peran IL-4, IL-10 menjadi lebih mwningkat dan peran VCAM-1 menurun.

Dapat disimpulkan bahwa setelah 5 hari EF, peran adrenalin dan peran
VCAM-1 meningkat berdasarkan kerangka konseptual menyebabkan disfungsi
endotil, yang secara potential dapat menyebabkan kerusakan pe:pbuluh darah arteri
pudendus internus, dan selanjutnya menyebabkan DE psikogenik.

Setelah 10 hari EF peran kortisol yang lebih meningkat menyebabkan peran
IL-4, IL-10 lebih meningkat. Keadaan yang menunjukkan sel Th2 lebih dominan
berperan dapat potensial merusak pembuluh darah arteria pudendus internus lewat
proses ADCC (antibody dependent cell cytotoxicity) dan selanjutnya menyebabkan
DE psikogenik.

Ini adalah suatu penemuan baru yang dapat menerangkanmekanisme timbulnya

kerusakan endotel pada a pudendus internus dan potensial menimbulkan DE.

ix
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ABSTRACT

It has long been stated that psychogenic stressors like anxiety, depression, and
stress may cause Erectile Dysfunction (ED). Many clinical studies have shown the
relationship between psychogenic conditions and the development of ED
(psychogenic ED). However, until recently, the exact mechanism of ED in patients
with psychogenic stressors had not been understood.

To clarify the pathogenesis of psychogenic ED, an animal experimental
research using psychoneuroimmunology (PNI) paradigm was conducted. The design
chosen was a Randomized Control Group Posttest only Design.

Forty male rats, Rattus Nervigicus of Wistar strain were used and at random
divided into 4 groups of ten rats. Group I (control group for 5 days experiment), group
11 (5 days experiment group), group I1I (control group for 10 days experiment), group
IV (10 days experiment group). The rats were 3-4 months old and had a body weight
of 150-200 gr

An electric footshock (EF) was used as a psychogenic stressor (as independent

variable) exposed to the rats.
The dependent variables observed were Immune Response Modulations (IRM) of the
neurohormonal changes expressed in cortisol, cathecholamines (adrenalin,
noradrenalin) blood level, amount of VCAM-1 expressing endothelial cells (ECs) and
amount of IL-2, IFNy, IL-4, IL-10 producing lymphocytes in the internal pudendal
artery wall, the main artery for erection. A multivariate analysis was used to evaluate
the data.

The results after 5 days of EF exposure showed cortisol, adrenalin and
noradrenalin blood levels increased; amount of VCAM-1 expressing ECs increased
and amount of IL-2, IFNg, IL-4, IL-10 producing lymphocytes decreased.

After 10 days of EF exposure cortisol, adrenalin and noradrenalin blood levels also
increased; amount of VCAM-1 expressing ECs decreased and amount of IL-1, TFNg,
IL-4, 1L 10 producing lymphocytes were more decreased.

To explain the mechanism, the contribution function of each variables to the
development of ED is needed. Based on discriminant analysis, only 5 variables
(cortisol, adrenalin, VCAM-1, IL-4, 1L-10) have contribution in IRM pattern.

It showed that after 5 days of EF exposure, IRM caused an increased adrenalin
function, but a decreased cortisol function. VCAM-1 expressing ECs and IL-4, [L-10
producing lymphocytes functions were increased.

After 10 days of EF exposure there was a prominent increased cortisol
function, but a decreased adrenalin function. IL-4 and IL-10 producing lymphocytes
functions were more increased whereas VCAM-1 expressing ECs function was
decreased.

In conclusion: the increased adrenalin function after 5 days of EF exposure
and increased VCAM-1 expressing ECs function (according to the theoritical
framework) may cause endothelial dysfunction and potentially may cause endothelial
damage in the internal pudendal artery wall, and hence causes psychogenic ED.

After 10 days of EF exposure cortisol function increased, which consequently
caused increased IL-4 and IL-10 function. This condition, where Th2 cells are
dominant may cause endothelial damage of the internal pudendal artery wall through
ADCC (antibody-dependent cell-cytotoxicity) process, and hence may cause
psychogenic ED.
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CHAPTER 1
INTRODUCTION

1.1 Research Background

Psychogenic condition has long been stated as one of the causes of Erectile
Dysfunction (ED). Many clinical studies have shown the relationship between
psychogenic conditions (like stress, depression, anxiety) and the development of ED.
However, the exact mechanism on how psychogenic factors may cause ED has not yet
been understood.

If the pathogenesis of psychogenic ED is known, then treatment and prevention may
be managed better. There must be a more basic pathobiological research that might

explain the mechanism.

In 1970, Masters and Johnson stated that 95% of patients with ED had
psychogenic causes. The development of more sophisticated diagnostic tools have
made better diagnosis possible. So more and more organic causes were identified.
Karacan found in 1970 after the development of Nocturnal Penile Tumescene test
(NPT) organic causes in more than 50% of the patients. More sophisticated
investigations like pharmacodynamic studies are able to elucidate that more than 80%
of ED patients have a specific organic background, such as a vascular, neurological
and/or endocrinological diseases. In 1988, Melman, Tiefer, and Pederson concluded
from epidemiological studies that causes of ED were 40% purely psychogenic, 25%
organic and psychological, and in 29% the cause was purely of organic origin. With
the present diagnostic procedures, it is possible indeed to differentiate more organic

causes, but sometimes it is still difficult to know whether only organic factors do play
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a role in the development of ED or do also psychogenic factors play a role. According
to Watkins (1993), psychological factors may aggravate ED caused by organic

factors. That is why it is important to know how psychological factors may influence

the pathogenesis of ED.

Until recently, psychological factors are assumed to be the cause of ED if all
organic factors have been excluded. Organic causes of ED are classified as vascular,
neurological and/or hormonal impairment (Yuwana, 1994). Damage to the main
artery, the internal pudendal artery, which supply blood to the penis for erection can
cause ED. Also trauma or diseases that involve the nerve system to the penis will
impair erection. The androgen hormone testosterone has not a direct influence on the
physiology of erection, but may imi:roved libido and the quality of erection (Thomas
et al, 1992).

The pathway of how psychological factors can cause ED is not clear yet.
Psychological factor can not be diagnosed by an interview or a psychometric
assessment alone. There must be more objective method to diagnose psychological

causes.

At the present time, the therapy for ED is symptomatic, it implies that the
condition is treatéd only, when symptoms are already evident. Several treatment
options such as vacuum assisted device, intracavernous pharmaco injection (Yuwana,
1993), as well as reconstructive vascular and penile prosthesis operations (Yuwana,
1998) are performed when ED is already there. Also oral, topical and even
intraurethral drugs convey a symptomatic therapy. To be able to reduce the

prevalence of ED, it is necessary to find changes before symptoms are apparent. Some
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counts for 50% of DM complications (Tjokroprawiro A, 1996 and 1997), only by
regulation of the blood sugar level is not successful. Also, prevention of the growth of
atherosclerosis, which may cause ED, by the treatment of risk factors such as DM,
dyslipidemia, smoking and alcohol abuse, presents no good results either. It might be
possible that psychological factors like stress have a role in the development of ED

and therefore, the prevention is not sufficiently managed by treating the organic

causes alone.

As previously stated, the mechanism on how stress (psychogenic condition)
can cause ED is not yet known. It is, however, already known that stress condition
may relate to the development of several disease conditions, when the normal immune
responses of the human body decrease. (Riley, 1981; Jacobs et al, 1970). The science
that tries to explain the relationship between stress and the immune system is
nowadays called psychoneuroimmunology (PNI), which developed very fast in the
last few years (Putra, 1998; 1999a). Many investigations have already shown that the
relationship between stress and the immune system involve the neurological and the
endocrine system.

Stress may trigger the Central Nervous System (CNS) and which influence the
endocrine and autonomic nervous system, effecting the immune system. This channel
is called the Hypothalamic-Pituitary-Adrenal-axis (HPA-axis) (Dunn, 1995). The
adrenal gland secretes cortisol from the cortex after a stimulation by
adrenocorticotropic hormone (ACTH) from the pituitary gland and cathecholamines

are secreted by the medulla under the influence of adrenergic autonomic nervous

pathways.
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These enzymes may change the immune system. If the immune system is disturbed,
the homeostatic mechanism of the body is impaired also; and consequently it may
damage several organs. From the above concept, we can assume that stress may also
damage the vascular and neurological system in general and if it involves the main
artery for erection it will cause ED.

Sergio Romagnani in 1997 explained through his Th1/Th2 paradigm how the immune
system may contribute to the damage of several organs and causes diseases. This
theory is based on studies that immuno-competent T-cells are able to polarize into
Thl and Th2 subsets depending on the environment and genetic factors. The
damaging mechanism depends on which type of lymphocytes will dominate. When
Thl cells dominate, then the process is through Delayed Type Hypersensitivity (DTH)
and macrophages, whereas when Th2 cells dominate, the damaging process can be
explained through an autoimmune or Antibody-Dependent Cell-mediated
Cytotoxicity (ADCC) process. There is no study about the polarization of Th cells in
the vascular wall after stress. If this assumption is happening then the damaging
process which mostly the development of atherosclerosis in the arterial wall can be
explained by the Thl / Th2 paradigm. Atherosclerosis starts mostly in the middle size
muscular vessels, with predelection in arteries with a “Fork Shape®, or places where
the artery makes branches. In this study, the internal pudendal artery will be
investigated. The internal pudendal artery is a branch of the internal iliac artery and
the main supplier of blood for the penis.

Stress stimulates the adrenal medulla via the sympathetic nerve to secrete
cathecholamines (Dunn, 1995). Cathecholamines (adrenalin and noradrenalin) cause
vasoconstriction and increase intravascular tension. Then cause “Shear stress* and

shear stress results in endothelial dysfunction (Khder et al, 1998). Endothelial
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dysfunction can be recognized by decreasing NO-level, endothelial Nitric Oxide
(eNO) produced by endothelial cells. Before endothelial dysfunction occurs, adhesion
molecule as Vascular Cell Adhesion Molecule-1 (VCAM-1) is expressed on the
surface of the endothelial cells (Khder et al, 1998). Endothelial dysfunction causes
higher permeability of the endothelium and intravascular cells among others
lymphocytes and monocyte will migrate from the intravascular wall compartment into
the sub-endothelial tissue. In the sub-endothelial tissue immuno competent
lymphocyte will differentiate into Th1 and Th2 cells.

Therefore, it is important to prove that there will be a polarization of Th cells in the
arterial wall after expression of VCAM-1 on the endothelial cells before vascular
damage occurs, which will rise to atherosclerosis. The expression of VCAM-1 on the
endothelium and the polarization of Th1 and Th2 cells will be studied before and after
giving a stressor. Rats are chosen for these experiments because this allows easy
dissection of the internal pudendal artery, which can be processed to study the
endothelial changes (Carter, Bazim, 1979). The presence of VCAM-1 can be
demonstrated by immunohistochemistry (IHC) using monoclonal antibody (m AB)
staining.

The polarization of Thl and Th2 cells is shown by the production of cytokines.
Interleukin-1 (IL-1), IL-2 and Interferon-y (= IFNy) are products of Thl and Il-4,
IL-5, IL-10 an IL-12 are made by Th2 (Staines, Broscoft, James, 1993a; Romagnani,

1997). These cytokines can also be demonstrated by immunohistochemistry staining.
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1.2 Identification of the Problem

The exact pathogenesis how stress (psychological factor) may cause ED is not
yet known. Psychoneuroimunology, the science that studies the relationship between
stress and the immune system, might explain and solve the problem.

Stress via the HPA-axis, the autonomic nerve and the endocrine system causes
immune response modulation (= IRM) (dynamic changes) in the immune system,
before the pathologic condition with atherosclerosis and hence luminal obstruction
appears.

Stress causes decreased production of eNO and consequently expression of
VCAM-1 on the ECs of the blood vessels. This causes endothelial dysfunction and
when endothelial dysfunction occurs then Th Ilymphocyte migrates from the
intravascular into the subendothelial compartment. In this subendothelial
compartment the process of polarization of lymphocytes into Thl and Th2 cells starts.
If this continues, destruction of the vascular wall will occur and atherosclerosis
develops.

Development of atherosclerosis in the internal pudendal artery may cause
diminished vascularization of the cavernous tissues and causes some degree of ED.

In our study, we used rats, Rattus Norvigicus strain Wistar, with “Electric
Footshock™ as psychological stressor. “Electric Shock™ causes anxiety and a noxious
condition, which serves as a psychologic stressor for the rats. We used an exposure of
5 days and 10 days based on previous experiments that after five days IRM already
take place.

From the above statements we raise Ithe following questions:
. Would IRM occur (presented as changes in : cortisol and cathecholamine blood

level, ECs expressing VCAM-1, and Thl cell secreting IL-2, IFNy & Th2 cell
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secreting IL-4, IL-10 polarization) in internal pudendal artery wall of rats in stress
condition after exposure to an “electric footshock™ stressor of 5 days?

Would IRM occur (presented as changes in cortisol and cathecholamine blood
level; ECs expressing VCAM-1, and Thl cell secreting IL-2, IFNy & Th2 cell
secreting IL-4, IL-10 polarization) in internal pudendal artery wall of rats in stress
condition after exposure to an “electric footshock” stressor of 10 days?

Are there any differences in IRM in the internal pudendal artery of rats in stress

condition after electric footshock exposure of 5 days or 10 days?

1.3 Objective of the Research

1.3.1 General Objective

To elucidate the mechanism of vascular damage in the internal pudendal artery

in rats through IRM produced by “electric footshock® stressor for 5 and 10 days, and

to explain the possible mechanism of psychogenic ED.

1.3.2 Specific Objectives

To prove that there is an IRM (presented as changes in cortisol and
cathecholamine blood level; ECs expressing VCAM-1 and Thl cell secreting
IL-2, IFNy, and Th2 cell secreting IL-4, IL-10 polarization) in the internal
pudendal artery wall of rats with stress condition caused by exposure to “electric

footshock™ stressor for 5 days.
To prove that there is an IRM (presented as changes in cortisol and cathecholamine
blood level; ECs expressing VCAM-1 and Thl cell secreting IL-2, IFNy, and

Th2 cell secreting IL-4, IL-10 polarization) in the internal pudendal artery wall of
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rats with a stress condition caused by exposure “electric footshock” stressor for 10
days.

3. To prove that there are differences in IRM in the internal pudendal artery wall in
rats with stress condition dependent on the length of the exposure to “electric
footshock™ stressor for 5 or 10 days.

4. To explain the mechanism of vascular damage in the internal pudendal artery wall

through IRM in rats with stress conditions caused by “electric footshock* stressor.

1.4 Significance of the Research

When it is proven that psychogenic stressor causes an IRM in the internal
pudendal artery wall, further destructive process of the vessel can be explained
through psychoneuroimmunology paradigm.

The IRM might be used as an indicator for the initiation of the damaging
process, because changes in the immune system already occur before the damaging
process of the internal pudendal artery and symptoms of ED become manifested.

If it is proven that stress modulates the immune system, managing stress might
prevent further destruction of the vessel wall and hence reduce the psychological
factors for ED.

If localized cytokines play a role in the pathogenesis of ED, probably

pharmacotherapy against these cytokines may stop this phenomenon.
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CHAPTER 2
LITTERATURE STUDY

2.1 Sexual Dysfunction, Impotence and Erectile Dysfunction
Male Sexual dysfunction may involve the following disorders:

1. Erectile dysfunction or impotence

2. Ejaculation changes

3. Lack of orgasm

4. Diminished libido

5. Dysfunction of Emission

In general the term “Impotence” is used to indicate Erectile Dysfunction (ED).
Impotence means actually only “not potent” or “not capable”.
We distinguish 2 (two) kinds of impotence
1. Impotentia Coeundi means not capable to have an erection
2. Impotentia Generandi indicates not capable to have descendents
To avoid misunderstanding, since 1992 the “National Institute of Health (NIH)
Consensus Development Conference on Impotence” in USA, suggested to use the
term Erectile Dysfunction when the incapability of having an erection is indicated,
without the presence of ejaculatory, orgasm or libido changes.
Erectile dysfunction is thus defined as the consistent inability to attain and maintain a
penile erection to permit a satisfactory sexual intercourse (Lue, 1992). This definition

will be used in this research.

Ejaculatory, orgasm and libido disorders will not be discussed in this text.

9
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2.2 Functional Anatomy of the Penis
2.2.1 Corpus Cavernosum, Corpus Spongiosum, and Glans Penis

The erectile part of penis is called Corpus Cavernosum (CC). It consists of two
spongy, paired cylinders envelopped by a thick layer called tunica albuginea. Their
proximal ends, the crura, originate at the undersurface of the puboischial rami as two
separate structures which merge at the distal end of the pubic arch and remain
attached distally up to the Glans Penis (GP). The septum between the two CC is
incomplete in humans but complete in someother species, such as the dog.

The tunica albuginea consists of layers of wavy collagen and elastic fibers,
which can accommodate to the elongation and expansion during erection of the penis.
The tunical covering is complete except for those areas penetrated by the arteries and
nerves. These places are surrounded by a sheath of loose areolar tissue that protects
the arteries and nerves from compression during erection. The emissary veins,
however, are in direct contact with the tunica albuginea and thus can be occluded
easily by the stretching of the tunica during erection.

Within the tunica are numerous sinusoids among the interwoven trabeculae of
smooth muscles supporting connective tissue that contain the terminal cavernous
nerves and helicine arterioles. The entire CC is a collection of sinusoids, larger in the
center and smaller in the periphery. In the flaccid state, the blood slowly diffuses from
the central to the peripheral sinusoids and the blood gas levels are similar to those of
venous blood. During erection the rapid entry of arterial blood to both the central and

peripheral sinusoids alters the intracavernous blood gas values to those of arterial

blood.

In the corpus spongiosum (CS) and the GP, the structure is similar, except that the

sinusoids are larger in diameter and the covering tunica is much thinner in the CS and

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana




IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

even absent in the GP.

2.2.2 The Penile Arterial System

The paired internal pudendal artery is usually the main source of blood supply
to the penis. The internal pudendal artery becomes the common penile artery after
giving off branches to the perineum. The three branches of the penile artery are the
dorsal artery, the bulbo-urethral artery and the cavernous artery (Fig. 2-1a).
The cavernous artery enters the corpus cavernosum at the hilum of the penis, where
the two crura merge. At the penile base, the cavernous artery is close to the septum, in
the mid and distal penis it becomes centrally located. Along its course it gives off
many helicine arteries that supply the trabecular erectile tissue and the sinusoids. This

helicine arteries are contracted and tortuous in the flacid state and become dilated and

straight during erection (Lue TF, 1994).

2.2.3 The Penile Venous System

The venous drainage from the three corpora originates as small venules
leading from the peripheral sinusinoidal spaces immediately beneath the tunica
albuginea. The venules travel in the trabeculae between the tunica and the peripheral
sinusinoids for some distances to form the subtunical venular pexus before they exit
as the emissary veins (Lue and Tanagho, 1988).
The majority of these veins exit dorsally to join the deep dorsal vein or laterally to the
circumplex veins, some exit ventrally to join the periurethral veins. In the proximal
CC and the crura, these emissary veins empty in the cavernous veins and the crural
veins. These in turn join the urethral veins to form the internal pudendal vein (Fig. 2-

1b). Because the GP has no tunical covering, the glandular sinusoids empty directly
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large and small veins that form a retrocoronal plexus, t_he origin of the deep dorsal
vein. Along its course, the deep dorsal vein receives several circumplex veins;
together these ascend behind the pubic bone to become the periprostatic plexus.

The superficial dorsal veins are small venous channels in the subcutaneous layer,

which drain the skin and subcutaneous penile tissue and usually empty the saphenous

vein.

Superlicial Corpus
Circumflex . dorsal vein cavernosum
veins Deep
dorsal vein

Peri-prostatic
plexus

Cavernous
vein

Retrocoronal

Spongiosal
veins

Internal
pudendlal
vein -

Bulbar
vein

Corpus Crural

a. spongiosum veins

Cavernosal artery

Dorsal penile artery Corpus cavernosum

s
)

Corpus spongiosum Bulbar artery s

internal
pudendal artery

Figure 2-1 a. Arterial supply b. Venous drainage (Lue TF, 1994)
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.

2.2.4 Neuroanatomy and Neurophysiology of Penile Erection

a. Peripheral Pathway

The penis is innervated by two sets of nerves. The aulonomié nerve system
(Sympathetic and Parasy’mpathet.ic) and somatic nerve systems (Sensory and Motor).
From the neurons in the spinal cord and peripheral ganglia, the sympathetic and
parasympathetic nerves merge to form the corpus cavernosum nerves, which enter the
corpus cavernosum and corpus spongiosum to regulate the neurovascular events

|

during erection and detumescence. The somatic nerves are primarily responsible for

sensation of the penis and contraction of the bulbocavernosus and ischiocavernosus

muscles.

a) Autonomic Pathways

The parasympathetic nerve' fibers to the penis arise from neurons in the
intermediolateral cell columns of the second, third and fourth sacral spinal cord
segments in man. The preganglionic nerves enter the pelvic plexus, where they are
joined by sympathetic nerves from the hypogastric plexus.
Branches of this plexus innervate the rectum, bladder, prostate and splincters. The
cavernosus nerves are branches of the pelvic pIelxus to innervate the penis. Their
relationship to the urinary tract is as follows: Posterolateral to the apex of the prostate
(5 and 7 o’clock positions), lateral to the membranous urethra (3 and 9 o’clock) and
anterior to the bulbous urethra (1 and 11 o’clock), where they enter the hilum of the
penis (Lue et al, 1984). An understanding of the course of these nerves is essential in
the prevention of iatrogenic impotence during prostate and urethral surgery (Walsh

and Donker, 1982).

Sympathetic nerves originate from the eleventh thoracic to the second lumbar
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spinal segments and descend through the preaortic plexus and abdominal chains to the
superior and inferior hypogastic plexuses. Branches from these plexus communicate
with parasympathetic nerve fibers (Burnstock, 1986) to form the cavernous nerves.
Stimulation of the pelvic plexus and the cavernous nerves in animals induce
erection, where as stimulation of the hypogastric nerve or the sympathetic trunk
causes detumescence. This clearly implies that the sacral parasympathetic nerve is
responsible for tumescence and the thoracolumbar sympathetic pathway for
detumescence.
Some patients with sacral spinal cord injury however, retain psychogenic erectile
ability even if reflexogenic erection is abolished. The psychogenic erection is
mediated via the hypogastric nerves and thoracolumbar pathways. A study of
paraplegic patients by Chapelle and associates (1980) demonstrated that psychogenic
stimuli evoke minimal rigidity whereas tactile stimulation produced an erection of
better quality in the corpus cavernosum and spongiosum. This observation suggests
that rigid erection requires interaction between separate erectile pathways and that the

sacral parasympathetic pathway is the primary erectile center.

b) Somatic Pathways

The Somatosensory pathway begins at the sensory receptors in the penile skin,
glans, and urethra and within the corpus cavernosum. The nerve fibers from these
receptors converge to form bundles of the dorsal nerve of the penis, which join other
nerves to become the internal pudendal nerve. This then ascends via the dorsal roots
of the second to fourth nerves to the spinal cord.
Activation of these sensory receptors sends messages of pain, temperature and touch

via the dorsal and pudendal nerves, spinal cord and spinothalamic tract to the
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thalamus and sensory cortex for sensory perceptions.

The motor pathway. Onuf’s nucleus is the center of somatomotor penile
innervation (Onuf, 1900). These nerves travel in the sacral nerve to the pudendal
nerve, to innervate the bulbocavernosus and ischiocavernosus muscles. Contraction of
the ischiocavernosus muscles produces the rigid erection by compressing the
engorged corpora cavernosa and increasing the intracavernous pressure to several
hundred millimeter of mercury (mm Hg) Rithmic contraction of the bulbocavernosus
muscles expels the semen down the narrowed urethral lumen and results in external

ejaculation from the meatus.
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Sympathetic
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mesenteric

plexus

Superior
hypogastric
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Darsal nerve of penis

Figure 2-2 Nerve supply of the penis (Lue TF, 1984)
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¢) Neurotransmitters for Erection and Detumescence

The neurotransmitters responsible for erection and detumescence are still
under investigation. Achetylcholine is recognized for ganglionic transmission (by
nicotinic receptors) and vascular smooth muscle relaxation (by muscarinic receptors).
Cholinergic nerves have been demonstrated within the human cavernous, smooth
muscle and surrouﬁding penile arteries. (Mc Connell et al, 1979) and ultrastructural
examination has also identified terminals containing cholinergic vesicles in the same
area (Steers et al, 1984).

Bilateral sectioning of the cavernous nerves abolishes erectile function and produces
within the erectile tissue a marked reduction in choline acetyltransferase, a
biochemical marker for cholinergic neurons (Dall and Hamill 1989). Direct injection
of acetylcholine into the corpus cavernosum induces a transient increase of
intracavernous pressure (Stief et al, 1989). All the above supports the role of
acetylcholine in penile erection. However, intravenous or intracavernous injection of
atropine fails to abolish erection induced in animals by electrical neurostimulation
(Carati et al., 1987: Stief et al., 1989) and in men by erotic stimuli (Wagner and
Uhrenholdt, 1980).

Therefore the role of acetylcholine in affecting smooth muscle relaxation during
erection, is important, but probably not exclusive (Steers, 1990).

Saenz de Tejada and associate (1989a) showed that acetylcholine-induced
relaxation of human cavernous smooth muscle in vitro is also mediated in part by
endothelium-derived relaxing factor (EDRF). This factor has been identified as Nitric
Oxide (Vanhoutte, 1982), which causes muscle relaxation by stimulating guanalate
cyclase (= GC), resulting in increased levels of cyclic guanosine monophosphate (=

¢GMP) in smooth muscle cells (Hoffman, 1985). Endothelial cells can also synthesize
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other potent vasodilators, such as prostacycline and a potent vasoconstrictor,
endothelin (Saenz de Tejada et al., 1989b). In addition, researcher, has also shown
that human cavernous tissue is capable of synthesizing prostaglandins, which may
also be involved in the erectile process (Roy et al., 1984).

Other investigators believe that vasoactive intestinal polypeptide (VIP) may be
one of the transmitters responsible for erection. VIP-immunreactive nerve fibers have
been identified within the cavernous trabeculae and surrounding penile arteries. Ultra
structural studies have shown that VIP immunoactive vesicles are located within
varicocities containing presumably cholinergic vesicles (Steers et al, 1984)
Achetylcholine and VIP appear to be localized in parasympathetic pathway, they may
act synergistically to initiate and maintain erection. Other possible neurotransmitters
are calcitonin-gene-related peptide (Stief et al, 1990) and prostaglandins.

Penile detumescence may also involve several neurotransmitters. Adrenergic nerve
fibers and receptors have been demonstrated in the cavernous trabeculac and
surrounding the cavernous arteries (Benson et al., 1980). Neuropeptide-y, which has a
vasocontrictive property, has also been demonstrated in penile erectile tissue (Carrillo
et el., 1989). Endothelin, a potent vasoconstrictor produced by the euidolhelial cells,
has also been suggested to be a transmitter for detumescence (Saenz de Tejada et al.,

1989b).

b. Spinal and Supra Spinal Pathways
a) Spinal Pathways

Tectile stimulation of the external genitalia produces penile erection in normal
men and patients with supra sacral spinal cord lesions, but not patients with sacral

injury. The pudendal afferent fibers from the penis terminate in the medial dorsal horn
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and dorsal commissure of the sacral spinal cord in the cat and rat. Second order
neurons, the anterolateral spinothalamic tract, relay the message to the brain or
activate parasympathetic neurons to initiate erection. Axon studies in several species
have shown the spmal erection centers to be located in the inter mediolateral column

of the sacral cord.

b) Supra Spinal Pathways

Studies in primates and rodents have identified the medial preoptic area
(MPOA) as an important integration center for sexual drive and penile erection
(Perachio et al, 1979, Sachs and Meisel, 1988). Electrical stimulation of this area in
animals produces erection, lesions at this site limit the ability for copulation. Efferent
pathways from MPOA enter the medial forebrain bundle and the mid-brain tegmental
region. Pathologic processes in these regions such as Parkinson’s disease or Stroke
are associalted with .i mpotence.
A variety of neurotransmitters, including dopamine, norepinephrine, and serotonin,
have been identified in the MPOA (Simerly and Swanson, 1988). Recent research
suggests that dopaminergic adrenergic receptors may promote and that serotonin
receptors inhibit sexual drive (Foreman and Wernicke, 1990).
Axonal tracing in monkeys, cats and rats has shown direct projection from
hypothalamic nuclei to the lumbosacral autonomic erction centers. The neurons in
these hypothalamic nuclei contain peptidergic neurotransmitters, including oxytoxin

and vasopressin, which may be involved in penile erection. (Sachs and Meisel, 1988).
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2.3 Physiology of Erection
2.3.1 Mechanism of Erection

In order 10 have a better understanding of the pathogenesis in penile erection
problems, a knowledge of the current concept about the mechanism of penile erection
is needed
Local sensory stimulation of the genital organs initiates penile erection (reflexogenic
erection). Erection can also be a consequence of central psychogenic stimuli received
by or generated within the brain (psychogenic erection). The mechanism acts
svnergistically (De Groat and Steers, 1988). in the detumescent state, penile smooth
muscle is kept contracted, probablv by release of Noradrenalin (NA) acting on
postjunctional c-adrenoreceptors in the cavernous and helicine arteries and trabecular
smooth muscle. A contribution of myogenic activity and additional contractant factors
can not be excluded (Anderson et al., 1991)
According to the Current Concept (Lue and Tanagho. 1987), erection follows when
the sinusoids and the cavernosal and helicinal arteries dilate with subsequent increase
in bloodflow of the lacunar spaces of the corpora cavernosa. It is believed that this is
achieved partly by a decrease in NA mediated tone, but also through the release of
relaxing non-adrenergic, non-cholinergic transmitters from nerves and from the
endothelium.
As the trabecular smooth muscle relaxes, the sinusoids will be filled with blood and
compress the plexus of the subtunical venules against the tunica albuginea. The
“veno-oclusive méchanism” reduces venous outflow from the lacunar spaces,
increases the pressure within the corpora and makes the penis rigid (fig. 2-3).
\When the. penile contractile tissue resumes its contractile state, detumescence is

produced. Thus as tone of the helicine arteries and the trabeculae is increased, arterial
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inflow is reduced, the pressure within the lacunar spaces decreases, venous outflow
increases, and the penis becomes flaccid. Detumescence is achieved by activation of

the sympathetic nerve.

2.3.2 Neurogenic and Endothelium Mediated Control of Penis Smooth Muscle
Many investigationé have been performed to elucidate the mechanism of neurogenic
and endothelial control of the tone of penile blood vessels.

Histochemical studies of the cavernosal and helicine arteries have demonstrated the
presence of adrenergic nerves, acetilcholinesterase-containing (probably cholinergic)
nerves, as well as vasoactive intestinal polypeptide and neuropeptide v
immunereactive nerves (Kimoto, Ito, 1987).

Adrenergic nerves. constrict corporal smooth muscle via norepinephrine acting on
alpha-adreno receptors. Relaxation is controlled by cholinergic and non-adrenergic,
non-cholinergic neurotransmitter (NANC),

Cholinergic nerves seem to have a modulatory role over the other two neuro effector
systems and not a direct effect on the smooth muscle. Vasoactive intestinal
polipeptide (VIP), a 28-amino acid peptide, has been proposed as the NANC
neurotransmitter in penile smooth muscle by several investigators. This is supported
by the observation that VIP-immuno reactive fibers densely innervate the trabecular
smooth muscle and that VIP elicits relaxation of the trabecular smooth muscle
(Benson, 1993).

In a separate study, however, NANC-mediated relaxation in rabbit corpus cavernosum
was shown to release nitric oxide and simultaneously causes the accumulation of
¢GMP in this tissue. In addition several studies have proposed that nitric oxide is a
neurotransmitter in the peripheral nervous system in various organs, accounting for
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NANC neurogenic inhibitory responses. Furthermore, nitric oxide synthase has been
localized in the peripheral autonomic nerves of several organs which contain smooth
muscle (Bredt, Huang, Snyder, 1990). In preparations of human corpus cavernosum in
which the endothelium has been removed, the NANC neurogenic relaxation is

inhibited by substances that interfere with the svathesis or the effects of nitric oxide

L \\lun:ca albuginea
20N N -
\\\)\ =\ '-T N\ Em.ss‘ary vein

v ar A Dheasbe N ~ S
l._-ﬁ._'- —:—\“__',’-_a\.?__ . N ‘“‘

H A ‘-\-"":' _ \
p ‘.i.- ST (T -'_'-&
G NS
(RS N

s

a b
Figure 2-3 a Cavernosal sinusoids during flaccidity b. Cavernosal sinusoid during-

penile erection (Lue TF, 1989)

Such evidents strongly suggest that a Nitric Oxide-like substance mediate NANC-
madiated relaxation in the trabecular smooth muscle (Kim et al, 1991).

The relaxation induced by various vasodilators (i.e. acetylcholine, bradykinin) and
physical stimulus (i.e. shear stress) requires the presence of functional endothelium.
This phenomenon, first described by Furchgott in the rabbit aorta, also has been

demonstrated in the corpus cavernosum vascular bed (Furchgott and Zawadski, 1980).
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In the human corpus cavernosum, the endothelium-derived relaxing factors (EDRF)
released by acetylcholine have the chemical properties as Nitric Oxide, which is
proposed to be the EDRF in various vascular beds (Palmer, Ferrige and Moncada,
1987).

Nitric Oxide slimtllates Guanylate cyclase with accumulation of cyclic Guanosin
Monophosphate (cGMP), which then leads to smooth muscle relaxation. This second
messenger pathway is thought to be of key importénce for trabecular ;smooth muscle

relaxation, because Nitric Oxide mediates both endothelium and nerve-mediated

relaxation.

2.4 Pathogenesis of ED
2.4.1 Psychogenic ED

Impulses from the brain send both facilitatory and inhibitory messages to the
spinal erection centers, which in turn induce and inhibit the erectile process via the
spinal nerves. Therefore, a psychologic stimulus (e.g., visual images, fantasies) itself
is a very strong inducer of erection and can also enhance the erection induced by
genital stimulation (reflexogenic erection).
Other stimuli such as anxiety or depression, religious inhibition, sexual phobias or
deviation, obsessive compulsive personality (Lo Piccolo, 1986) or a traumatic past
experience, can also send strong messages from the brain to the spinal erection center
to inhibit or terminate erection.
The exact mechanism of psychogenic inhibition is still speculative. It can be a result
of direct inhibition from the brain to the spinal centers or of increased peripheral
catecholamine levels that render the cavernous smooth muscle less responsive to

neurotransmitters,
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2.4.2 Neurogenic ED

Because erection is a neurovascular event, erectile dysfunction can be caused
by diseases or dysfunction of the brain, spinal cord, cavernous and pudendal nerves,
and receptors in the terminal arterioles and cavernous smooth muscles. Among these,
spinal disorders are probably the most common cause. Bors and Comarr (1971)
reported that about 95 percent of patients with complete upper cord lesions are
capable of erection (reflexogenic erection), whereas only 25 percent of those with
complete lower cord lesions can attain (psychogenic) erection. It is believed that the
timracolu mbar sympathetic pathway may carry impulses for psychogen'ic erection.
However, because only 25 percent of patients are able to achieve erection through the
sympathetic pathway, sacral parasympathetic neurons are obviously the most
important erectile pathways.

Lesions affecting the brain (e.g. Cerebrovascular accidents, Parkinson’s or
Alzheimer’s disease, tumor, injury) cause erectile dysfunction throug}fa derangement
of the hypothalami'c center or overinhibition of the spinal center. Dysfunction at the
spinal level (e.g. spina bifida, disc herniation, syringomyelia, tumor and multiple
sclerosis) may affect either the afferent or efferent nerve pathways. Ne.uropathy. such
as seen in alcoholism, vitamin deficiency, or diabetes may affect the cavernous nerve
terminals and may result in deficiency of neurotransmitters. Injury to the cavernous or
pudendal nerve from pelvic injury or surgery may disrupt the neural pathway-(Hansen
¢t al, 1989).

Sensory ED (from dysfunction of somatosensory nerves) is characterized by the
inability to maintain a rigid erection despite normal nocturnal erections and an
initially normal response to sexual stimulation. In autonomic ED (from disruption or

dysfunction of the parasympathetic pathways) all types of erections will be impaired.
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When the nerves are transected from radical surgery or injury, most neurologic
dysfunction is incomplete.
As no direct test for the autonomic innervation of the penis exists at the present time,

clinicians should use caution in making the diagnosis of neurogenic ED.,

2.4.3  Arteriogenic ED

A manifold increase in arterial flow via the cavernous arteries is required to
initiate erection. Therefore, diseases of the terminal aorta or the hypogastric,
pudendal, or penilé arteries can result in erectile failure. The cavernous artery, the
helicine arterioles, and the intercellular and intracellular architecture and function of
the penile erectile tissue can also be affected by diminished inflow. Michal and
Ruzbarsky (1980) found that the incidence and age at oaset of coronary disease and
[:D are parallel.
Although trauma or a congenital anomaly may cause arterial insufficiency, in the
majority of the cases arteriogenic ED is a component of a generalized atherosclerotic
process. Associated risk factors include, hypercholesterolemia. cigarette smoking,
diabetes, radiation, hypertension, and perineal trauma. A study of penile segmental
pulsatile blood flow during nocturnal erection showed that the amplitudo was lower in
plotenl hypertensive patients than in normal controls and lowest in impotent
hypertensive patients (Karacan et al, 1989). A histologic study of diabetic men and
men over 38 years old revealed a high incidence of fibrotic lesions of the cavernous
artery, with initial proliferation, calcification and luminal stenosis (Michal and
Ruzbarsky, 1980).
The initial symptoms of arteriogenic impotence are delayed onset of erection, increase

stimulation before response, and early detumescence. With the increasing reduction of
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luminal diameter, partial to complete erectile failure can occur. The degree can vary
from patient to patient, because of the great variation of penile size and adequacy of
the venous occlusion mechanism. Other factors, such as obesity, cigarette smoking,

and psychologic overlay, can also aggravate erectile failure.

2.4.4 Venogenic ED
The many causes of venogenic ED are still under investigations. Some of the
known causes are:

a. Abnormal venous channels or communications, such as ectopic drainage of the
corpora cavernosa via large superficial dorsal veins or abnormally large cavernous
and crural veins, an abnormally large communication between the corpus
spongiosum and cavernosum or between the corpus cavernosum and the glans
after a shunting operation for priapism.

b. Tunical abnormality, as in Peyronie’ s disease, with rupture from injury or
thinning from primary or secondary causes.

c. Functional impairment of the cavernous erectile tissue, resulting from a lack of

neurotransmitters, psychologic inhibition, cigarette smoking, or ultrastructural

changes.

2.4.5 Hormonal ED

Diabetes mellitus is the most common endocrinological cause of ED, but the
impairment is not a result from the hormone deficiency alone, but vascular,
neurologic and psychologic factors play also a role (Forsberg et al, 1989). Duplex
ultrasonographic studies clearly indicate a high incidence of vascular disease in

patients with both hypertension and diabetes (Lue et al, 1989). Diabetic patients have
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also been reported to have a lower heart rate response to deep breathing and abnormal
vesicourethro-bulbocavernosus reflex (Sarica and Karacan, 1987) indicating
autonomic dysfunction.

Androgens are essential for male sexual maturity. In the adult, androgen deficiency
results in a loss of sexual interest, impaired seminal emission and decreased frequency
and magnitude of nocturnal erections. In a study of hypogonadal men undergoing
testosterone replacement therapy, the number of episodes of nocturnal penile
tumescences (NPT), maximal increase in penile circumference, penile rigidity, and
total tumescence line were found to rise after testosterone therapy and to decline with
a low serum testosterone level (Cunningham et al, 1990). A progressive decline in
testosterone occurs after the seventh decade, and testicular or hypothalamic-pituitary
dysfunction is suggested (Deslypere and Vermeulen, 1984). Studies have shown that
erection in response to visual sexual stimulation is not affected by androgen with-
drawal in hypogonadal men, suggesting that androgen enhances but is not essential
for erection (Brancroft and Wu, 1983). In a controlled study in patients with normal
testosterone levels, more than half of the men reported marked improvement in sexual
potency regardless of whether they recieved androgen or placebo (Benkert et al,
1979).

Therefore, androgen replacement therapy is indicated only in hypogonadal patients.
Any dysfunction of the hypothalamic-pitutary-gonadal axis can result in
hypogonadism. Hypo gonadotropic hypogonadism can be caused by malignancy,
injury, or aging; hypergonadotropic hypogonadism (a disease of the testes) by
malignancy, injury, surgery and mumps.

Hyperprolactinemia, caused by a pituitary adenoma, chronic renal failure or

medication, inhibits the hypothalamic center and results in low testosterone and
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decreased libido. Hyperthyroidism or hypothyroidism can also affect sexual function

through inhibition of sexual drive.

2.5 Atherosclerosis

Atherosclerosis is the most common vascular disease, which occurs especially
in'old ages, but also in patients with risk factors like DM, hyperlipidemia and
smoking. The disease belongs to a group of vascular disorders which is called
Arteriosclerosis. Arteriosclerosis means ‘“hardening of the arteries, or it has in
common a thickening and loss of elasticity of the arterial walls”.
Three distinctive morphologic variants are included within the term arteriosclerosis:
1. Atherosclerosis, characterized by intimal thickening and lipid deposition.
2. Monckeberg’s medial calcific sclerosis, characterized by calcification of the

media of muscular arteries.
3. Arteriolosclerosis, marked by proliferative or hyalin thickening of the walls of
small arteries and arterioles.

Atherosclerosis accounts for more death and serious morbidity in the western world
than any other disorder. It has a global distribution which is significantly high in
economically developed societies. Although any artery may be affected, the aorta and
the coronary and cerebral systems are the prime targets. So myocardial infarction,
cerebral infarction and aortic aneurysms are the major consequences of this disease.
Atherosclerosis causes also disease as a consequence of bad perfusion to the target
organs, so like gangrene of the legs, mesenteric occlusion, sudden cardiac death,
chronic ischemic heart disease and ischemic encephalopathy and ED may occur.
Despite the reduction in morbidity from myocard infarction and other form of

ischeamic hearth disease, nearly 50% of all deaths in United States continue to be
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attributed to atherosclerosis-related diseases.

Atherosclerosis is a disease primarily of the elastic arteries (e.g. aorta, carotid; and
iliac arteries and large and medium-sized muscular arteries (e.g. coronary and
popliteal arteries). The basic lesion, the atheroma, or fibrofatty plaque consists of a
raised focal plaque within the intima, having a core of lipid (mainly cholesterol and
cholesterol esters) and a covering fibrous cap (Schoen, 1994).

Atheroma are at first sparsely distributed, but as the disease advances, they become
more and more numerous, sometimes covering the entire circumferences of severely
affected arteries. As the plaques increase in size, they progessivcly encroach on the
lumen of the artery as well as on the subjacent media. Consequently in small arteries,
plaques are occlusive, inhibiting blood flow to distal crgans and causing ischemic
injury, but in large arteries they are destructive, weakening the affected vessel wall
causing an aneurysm or rupture of the thrombosis. Moreover, extensive atheromas are
friable, often causing emboli into the distal circulation (atheroemboli).
Epidemiological studies have identified several risk factors leading to the
development of atherosclerosis. Of the various risk factors like age and sex, four are
most significant:

1. Hyperlipidemia,, 2. Hypertension, 3. Cigarette smoking and 4. Diabetes Mellitus

(Neaton and Wenwoth, 1992, Tjokroprawiro, 1997).

2.5.1 Pathogenesis of Atheroschlerosis

There are historically two hypotheses for atherogenesis, which are dominant.
One enphasized cellular proliferation in the intima as reaction to insudation of plasma
proteins and lipids from the blood, whereas the other postulated that organization and

repetitive growth of thrombi resulted in the plaque formation. The temporary view of
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the pathogenesis of atherosclerosis incorporates elements of both older theories and is
called the “response to injury hypothesis”. It is formulated in 1973 and modified in
1986 and 1993.(Ross, 1986 and Ross, 1993) It states that the lesions of atherosclerosis
are initiated as a response to some form of injury to arterial endothelium. The injury
postulated is a form of endothelial dysfunction without necessary denudation, which
increases permeability to plasma constituents, including lipids, and permits blood
monocytes and eventually platelets to adhere to the endothelium. Monocytes adhere
and subsequently enter the intima, transform into macrophages, and accumulate lipid
to become foam cells, contributing to the evolution of the lesions. Factors released
from the activated platelets at the surface or monocytes then cause migration of
smooth muscle cells (SMC’s) from media into intima, followed by proliferation and
synthesis of extracellular matrix components by SMC’s, leading to the accumulation
of collagen and proteoglycans. Single or short-lived injurious events can be followed
by restoration of endothelial function and regression of the lesion. But repeated or
chronic injury, however, results in the development of an atheromatous plaque, by
permitting continuing increased permeability, migration of monocytes and platelets
subendothelially for possible interaction.

To understand the role of the various factors contributing in the process of

atherogenesis, the following factors will be discussed.

a. Role of Endothelial Injury

There is considerable experimental support for endothelial damage as a major
factor in atherogenesis. Endothelial injury induced in experimental animals by
mechanical denudation, hemodynamic forces (AV Fistula), immune complex

deposition, irradiation and chemicals cause intimal smooth muscle proliferation and in
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the presence of high lipid diets, typical atheromas. It should be stressed, however, that
early lesion, develop at sites of morphologically intact endothelium. Thus some form
of endothelial dysfunction is thought to initiate the process.

Three manifestations of such dysfunction appear to be most important:

Increased endothelial permeability, increase monocyte adhesion, and increased EC
replication. All of these are early events in experimental hypercholesterolemia.

Blood monocyte adherence to ECs is probably mediated by induction of specific
receptor molecules on the surface of activated ECs. Indeed, the expression of vascular
cell adhesion molecule (VCAM-1), the EC-leucocyte adhesion molecule was noted as
an early molecular marker of lesion prone areas a response to experimental
hypercholesterolemia in rats. In humans, intercellular adhesion molecule (ICAM-1)
and VCAM-1 expression is increased in the endothelium of atherosclerosis plaques.
Risk factors such as hypertension and cigarette smoking may also cause endothelial
damage or increased endothelial permeability. Endothelial alteration induced by
hemodynamic forces (Shear stress and turbulent flow) can possibly explain the
distribution of plaques at branches and fork points of arteries and in portion of the
abdominal aorta. The molecular mechanism by which the various risk factors cause
induction of endothelial leucocyte adhesion molecules and other changes in the
endothelium are currently being explored. One postulated common pathway is related
to injury-induced activation of a specific family of transcription factors (NFxB) that

regulate expression of inducable EC genes.

b. Role of Macrophages and other Inflammatory / Immunologic Mechanism
Following adherence to endothelium early in the course of experimental

hypercholesterolemia, monocytes emigrate the intima and subsequently accumulate
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LDL. The migration of monocytes into the subendothelial space is presumably in
response to chemotactic factors produced in the intima including oxidized lipids,
fragments of tissue matrix proteins or inflammatory cytokines such as monocyte
chemotactic protein-1 (MCP-1) and macrophage colony stimulating factor (MCSF).
Macrophages also proliferate in the intima.

Most importantly, however, macrophages ingest lipid to produce foam cells. Although
monocytes / macrophages express the LDL receptor, the rate at which they take up
native LDL is too low, to generate foam cells. They can, however, take up a modified
form of LDL, not recognized by the LDL receptor. The specific receptor on
macrophages for oxidized LDL is called the scavenger receptor. Foam cells may
therefore be considered to be specialized macrophages. They are present in variable
numbers in all stages of human atheromatous plaques. Fatty streaks, probably the
most elementary lesions of atherosclerosis are collections of macrophage-derived
foam cells.

The precise stimuli for recruitement and the role of the T-lympohcytes (both
CD4+ and CD8+) found within progressing atheromas are uncertain.

In view of the large number of secretory products and biologic activities of
macrophages, it is likely that they play a role in the progression of atherosclerotic
lesions, for example, macrophages produce IL-1 and TNF (which increase adhesion
of leukocyte) as well as chemotactic factors for leukocytes (e.g. MCP-1 and MCSF)
that may further recruit leukocytes into the plaque. They produce toxic oxygen
species that also cause oxydation of the LDL in the lesions and oxidized LDL is
recognized by the scavenger receptor. Finally, growth stimulators and growth
inhibitors elaborated by macrophages (PDGF, FCF and TGF-$) may modulate the

proliferation of smooth muscle cells and the deposition of extracellular matrix.
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¢. Role of Smooth Muscle Cell Proliferation

In addition to lipid accumulation, SMC proliferation and extra cellular matrix
deposition in the intima are the major processes that account for the progressive
growth of atherosclerotic lesions. The proliferating SMCs originate from the media
and possibly also in some cases from pre-existing miointima cells. A number of SMC
mitogens and chemotactic agents derived from cells and found in atherosclerotic
lesions or serum have been implicated in such proliferation. Principal among these are
platelet derived growth factor (PDGF), present in the platelet alpha granules and
released after platelet adhesion to foci of injury, but also produced by macrophages,
ECs, and SMCs; FGF and other cytokines that may be produced by ECs, monocytes,
macrophages, T-lymphocytes and the SMCs themselves, especially IL-1, and
transforming growth factors alpha (TGFa). In addition, growth stimulation can also
be theoritically accomplished by loss of growth inhibitors, such as hiparin like
molecules elaborated by both ECs and SMCs, or TGF-3 produced by macrophages or
ECs, SMCs also elaborate and remodel the extracellular components of the
atheromatous plaque and growth factors are also involved in such processes.
Furhermore, SMCs can accumulate large amounts of cholesterol and cholesterol
esters and together with infiltrating macrophages, also give rise to the foam cells in

the plaque.

d. Role of Hyperlipidemia

All lipids in plasma circulate in combination with protein. The plasma
lipoproteins are complexes of lipid and protein assembled as globular particles, each
consisting of a core of neutral lipid (primarily trigliceride and cholesterol esters),

surrounded by a coat composed of polar lipids (phospholipid and free cholesterol) and
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apolipoproteins (also called apoproteins). Lipoprotein transport is also controlled by
the lipoprotein processing proteins (Lecithin-cholesterol acyltransferase [LCAT],
lipoprotein lipase, hepatic lipase and cholesterol ester transfer protein) and the
lipoprotein receptors that recognize lipoproteins and mediate their cellular uptake and
catabolism (LDL receptor, chylomicron remnant receptor and the scavenger receptor).
In the past decade, nearly all the genes that code for these proteins have been isolated,
sequenced, and mapped in the human genome; abnormalities in them may explain
premature atherosclerosis in some cases.

The abnormality common to most syndromes of premature atherosclerosis is
hyperlipoproteinemia. A number of genetic and acquired derangements influence both
exogenous and endogenous pathways of cholesterol metabolism and can result in
hyperlipoproteinemia. Hyperlipoproteinemia can be due to either primary genetic
defects in lipid metabolism or secondary to some other underlying disorder, such as
the nephrotic syndrome, alcoholism, hypothyroidism or diabetes mellitus. Four types
of lipoproteins abnormality are frequently found in the population: (1) increased LDL
cholesterol levels, (2) decreased HDL cholesterol levels, (3) increased chylomicron
remnants and IDL and (4) increased levels of an abnormal lipoprotein L(a).

The most well-studied example of genetically induced hyperlipoproteinemia
causing severe atherosclerosis in young individuals is familial hypercholesterolemia
caused by defects in the LDL receptor; this leads to inadequate hepatic uptake of LDL
and markedly increasing circulating LDL. Genetic defects in apoproteins may also be
associated with hyperlipoproteinemia and accelerated atherosclerosis.

A number of mechanisms have been postulated to account for the role of lipids

in lesion formation:

o Increased in plasma levels of LDL or some component of hyperlipidemic serum
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may increase the role of lipid penetration into the artery wall,

* Local modification of LDL may render it more atherogenic. In addition to being
readily ingested by macrophages through the scavenger receptor, oxidized LDL
could accelerate atherogenesis by other mechanisms: (1) It is chemotactic for
circulating monocytes. (2) It increases monocyte adhesion. (3) It inhibits the
mortility of macrophages already in lesions, thus favoring the recruitment and
retention of macrophages in the lesion. (4) It stimulates the release and growth of
growth factors and cytokines. (5) It is cytotoxic to ECs and SMCs. (6) It is
immunogenic. This suggests that antioxidants (e.g. Vitamin E) might be
efficacious in preventing atherosclerosis by reducing LDL oxidative modification.

* Hyperlipoproteinemia may directly alter EC function, without leading to
denudation, through focal EC death, increased permeability, increased replication

or increased monocyte adhesion.

e. Role of Thrombosis

Thrombosis is a complication of late-stage atherosclerosis, and organization of
thrombi may contribute to plaque formation and their encroachment on the lumen.
Although platelets generally do not adhere to the arterial wall without prior severe
injury or endothelial denudation, more biochemical disruption of the normal EC could
render it thrombogenic.

Lipoprotein (a) (L[a]) is an altered form of LDL, that contains the
apolipoprotein B-100 portion of LDL linked to apolipoprotein (a) (apo[a]) itself a
large glycoprotein molecule sharing a high degree of structural homology to
plasminogen (a key protein in fibrinolysis). I.(a) could be atherogenetic by vaiious

mechanism, including interference with both LDL and plasminogen metabolism or
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promotion of SMC proliferation. Epidemiological studies have shown a significant
correlation between increased blood levels of L(a) and coronary and cerebral vascular

discase, independent of the level of total cholesterol or 1LDL.

f.  Other Theories of Atherogenesis

The development of atheromatous plaque could also be explained if SMC
proliferation were in fact the primary event. For example, the monoclonal hypothesis
of atherogenesis was based on the observation that some human plaques are
monoclonal or at the most oligoclonal. This was interpreted by Benditt (1977) as
evidence that plaques may be equivalent to benign monoclonal neoplastic growth
(such as leiomyomas), perhaps induced Ly exogenous chemical (e.g. cholesterol or
some of its oxidized products) or an oncogenic virus. Although the universal
monoclonal nature of plaques has been questioned, there is evidence in animals that
certain viruses (e.g. the agent of Marek’s disease in chicken) cause plaques in the
aorta, and both herpes virus and cytomegalovirus have been detected in human
atheromatous plaques.

The summarized major proposed mechanism of atherogenesis is as follows:

The current trend is to consider that atherosclerosis is a chronic inflammatory
response of the vascular wall to a variety of initiating events that can occur early in
life. Multiple pathogenic mechanism contributes to the plaque formation and
progression, including endothelial dysfunction, monocyte adhesion and infiltration,
smooth muscle proliferation, extracellular matrix deposition, lipid accumulation and

thrombosis.
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2.6 Psychoneuroimmunological approach for ED

The mechanism how stress (psychogenic factor) may cause ED is until
recently not yet clear. The diagnosis of psychogenic ED is still subjective and is
made after all organic factors have been excluded.
Many investigations explain only the role of vascular, neurological, hormaonal
disorders and the contractile tissue of the penis as the main factors causing organic
ED. Studies to prove that stress may also cause changes in the main artery (internal
pudendal artery) of the penis and develop ED is so far not yet been performed.
It is already proven that stress may alter the immune system in human through the
endocrine and the autonomic nerve system and consequently damage several organs
(Ader, Felter and Cohen, 1991)
The questions are: Does stress also cause changes in the main vascular system to the
penis? And does the damaging process also involve the immune system? All (hese

questions may probably be clarified through a psychoneuroimmunological study.

2.6.1 Stress axis and the Immune System

All organisms from bacteria to human have evolved mechanisms to deal with
significant changes in their external or internal environments called stressors.
In mammals this function is carried out in part by the hypothalamus-pituitary-adrenal
(HPA)-axis (Akil, Morano, 1995).
This system integrates various inputs indicative ol stress, converging on a final
common path in the brain, the neurons of the medial parvocellular division of
paraventricular neucleus of the hypothalamus (mp PVN). These neurons synthesize
corticotropin-releasing factor (CRF) and arginin vasopressin (AVP), and project to the

external layer of the median eminence. Activation by stressors leads to release of
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peptides into the periferal blood, carrying these secretory products to the anterior
pituitary.

In turn CRF and AVP receptors on the anterior pituitary are responsible for the release
into the total circulation, of adrenocorticotropic hormone (ACTH) and related
peptides derived from the common precursor pro-opio-melano-cortin (POMC).

ACTIT activates the biosynthesis and release of glycocorticoids, corticosterone in
rodents and cortisol in primates by the cells of the adrenal cortex.

These steroids possess extremely broad actions mediated by specialized receptors,
affecting expression and regulation of genes throughout the body and preparing the
organism for the changes in energy and metabolism required for coping.

It is now well known that stress may impair the immune system. As already
mentioned the defence mechanisms against stress (internal as well as external) is
conducted by the nervous system,

The relationship between the nervous system and the immune system has also
been proven by several investigations. A number of specific mechanism by which the
nervous system might affect immune functions are postulated (Dunn, 1995). These
include, cathecholamines secreted from sympathetic nerve terminals and the adrenal
medulla. Other hormones secreted by the pituitary and other endocrine organs, and
peptides (including endorphine) secreted by the adrenal medulla and autonomic nerve
terminals are also involved. The network includes not only the autonomic nervous
system and classical neuroendocrine mechanism, but also involves an endocrine
function of the immune system.

A variety of immune system produces e.g cytokines, peptide, other factors that
function to coordinate the immune response, may also provide important signals for

the nervous system. This chemical messengers can account for a variety of
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interactions between the nervous system and the immune system. (Fig. 2-4)

Figure 2-4 Interaction between the nervous system, the endocrine and immune

system (Dunn, 1995)

The dogma that stress suppresses immunity is to some extent based on the
“well established” immuno suppressive effects of glucocorticoids. In fact, endogenous

glucocorticoids at physiological doses are not universally immunosuppressive and
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actually may enhance immune function (fig. 2-5).

/ Adrenal
o GLUCOCORNCOIDS
I-Cali

Figure 2-5 Relationship between brain, HPA-axis and immune cells (Dunn,

1995)

Furthermore, glucocorticoids may not even be the major mechanism by which stress
suppresses immune function. More recent studies have suggested an important role
for the circulating cathecholamines derived from the sympathetic nervous system and

the adrenal medulla, in the chronic studies.

2.6.2 Stress concept and Psychoneuroimmunology
There is a general opinion that stress is difficult to be defined and to be
measured. But it is important that there is an agreement on the nature of the concept.

Lack of such agreement would make research on stress and the subsequence of

effective stress management strategies difficult.
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Cox in 1995 conchltded from several reviews of the literature that there are essentially
three different but overlapping approaches to the definition and study of stress:
1. Engineering Approach

The engineering approach has treated stress as a stimulus characteristic of the
person’s environment, usually shown in terms of the load or level of demand on the
individual or as some aversive or noxious element of that environment (Cox, 1990).
Occupational stress, for example, is treated as a property of the work environment,
and usually as an objectively measurable aspect of that environment. Stress is a set of
causes not a set of symptoms. According to this approach, stress was said to produce a
strain reaction which, althougli often reversible, could on occasions prove to be
irreversible and damaging (Sutherland and Cooper, 1990). The concept of a stress
threshold grew up from this way of thinking and individual differences in this
threshold have been used to account for differences in stress resistance and
vulnerability.
In this approach st;ess is treated as an independent variable, the environmental cause
of ill health.
2. Medicophysiological Approach

The medicophysiological approach for the definition and study of stress
started with the work of Selye (1956). He defined stress as “a state manifested by a
specific syndrome which consists of non specific changes within the biologic system”
that occurs when challenged by aversive or noxious stimuli. Stress is treated as a
generalized and non-specific physiological response syndrome. For many years, the
stress response wa's considered as the activation of two neuroendocrine systems, the
anterior pituitary-adreno cortical system (PAC) and the sympathetic-adrenal

medullary system (SAM) Cox and Thirlaway (1983). Selye (1956) said that this
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response has three phases in nature.

I, Involving an initial alarm stage (sympathetic-adrenal medullary activation),

3

Followed by a stage of resistance (adreno-cortical activation)
3. Giving way under some circumstances to a final stage of exhaustion (terminal
reactivation of the sympathetic-adrenal medullary system).

Selye (19506) stated that stress response can significantly contribute to physical
pathology.
This was true when the response was frequent, of long duration or severe. The disease
that had such a stress-related aetiology is termed “disease of adaptation™ by Selye. A
paradoxal situation arises when the stress response had evolved as adaptive in the
short time, increasing the animal’s (or person’s) ability to respond actively to an
aversive or noxious environment. However, in the long term it could contribute to the
disease process.
Putra (1999a) stated that a stressor causes the “triad” of “general adaptation syndrom”
(GAS) e. g: 1. The alarm stage, 2. Adaptation stage or, 3. The stage of exhaustion
In this approach stress is treated as a dependent variable, as a particular physiological
response to a threatening or damaging environment.
3. Physiological approach

The third approach to the definition and study of stress generally
conceptualizes it in terms of the dynamic interaction between the person and their
environment. When studied stress is either inferred from the existence of difficult
per;;on-environmcn'l interaction or measured in terms of the cognitive and emotional
processes that underpin those interactions. This approach has been termed as the
“psychological model™. Variants of this psychological model dominate contemporary

stress theory, and among them two distinet types can be identified: the interactional
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and the transactional.

The former focuses on the structural features of the person’s interaction with their
environment, whereas the latter is more concerned with the psychological processes
underpinning that interaction. Transactional models are primarily concerned with
cognitive appraisal and coping. In a sense, they represent a development of
interactional models, and offer little which is not consistent with such models.
Transactional theories owe much to the work of Lazarus (1966) and his notion of
“cognitive appraisal”.

The “medicophysiological approach” of stress is the basic paradigm for
psychoneuroimmunology. Whatever the sort of stressor, it causes a non specific
alteration in the biological system (eg the immune system in
psychoneuroimmunology) in response to a wide range of aversive or noxious stimuli.
Hans Selye in 1996 stated that response against stressor might be manifected as a
biological stress but not a psychological condition.

Psychoneuroimmunological basic concept, is a science with distinct paradigm, that is
a model of thinking which is focussed on the observation of stress immune
modulation. The stressor does not depends on wether it is psychogenic or physical.
The modulation may be derived from effect of stress individuals, system, organs,

cells, molecules or genes (Putra, 1999b).

2.6.3 Stress Respo'nse

It is already known that stress via the stress axis causes changes in response of
the neuroendocrine and immune system, which disturb the homeostasis and might
cause several diseases.

Some metabolic changes include the metabolism of cathecholamine, cortisol,
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and other hormones like: endorphine, growth hormone, prolactin and testosteron

(Selby J, Mc Cance KL, 1998).

2.6.4 The Role of Lymphocytes in Immune Response

The important role of lymphocytes in the immune response of the body is well
known. We distinguish two sets of lymphocytes; B lymphocytes and T lymphocytes,
both originating from Stem cells in the bone marrow.

B cells maturate in the bone marrow itself before they enter the blood
circulation. When a B cell is exposed to an antigen it differentiates from an antigen
reactive B cell either into an antibody secreting cell which becomes a plasma cell, or a
memory cell. The combination of antigen with the antibody receptor on the cell
surface of the B cell generate signals inside the cell that switches on its antibody-
producing machinery. In the first stages the cell becomes activated, it then multiplies
and differentiates to form a clone of daughter cells which start secreting antibody of
the same type as that expressed originally on the surface of the parent cell. This
antibody combines with the antigen, initiating a chain of events leading to the
destruction or neutralization of the antigen. Most of the daughter cells die after a few
weeks. A proportion of them, however, do not make antibody to any great extent, but
recirculate in the body and may persist for many years as memory cells. If they are
subsequently expoted again to the same antigen they rapidly become activated and
make more antibody. In this way secondary immune responses occur. The same
antibody is produced again but at a faster rate then in the primary response which
follows the first exposure to the antigen. This happens because more antigen reactive
cells exist as a result of clonal expression and because they go through fewer

devisions before they secrete antibody. These enhances specific secondary responses
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are said to demonstrate immunological memory.

Clonal expression provides a highly eﬂicier}l way to produce large amounts of
antibody without the necessity of initially processing large number of each specific
lymphocyte. The importance of this can be appreciated when it is realized that after
immunization there may be thousands of cells making the same antibody and that the
immune system has the potential to make millions of different antibodies.

The maturation process of T-cells occur in the thymus before they enter the blood
circulation. T-cells do not make antibodies or secrete special forms of their antigen
receptor molecules.

Instead, after reacting with antigen they go through similar stages of activation,
growth and differentiation and secrete a variety of cytokines. These mediators are
especially important in regulating the function of other lymphocytes. It is recognized
that there are different types of subsetts of T-cells that serve different function by
virtue of the different cytokines they produce. Furthermore T-cells express particular
accessory molecules on their cell surface that are important to their function, but
which incidentally are very useful to immunologists as an aid to identify and classify
them.

Thus T-helper cells (also known as Th2. cells) express structures known as CD-4
molecules on their surface. T-helper cells are important in helping B-cells make
antibody responses by synthesizing and secreting cytokines that promote the
activation, growth and differentiation of B-cells. Other cells also known as T-
suppressor cells express CD8 molecules on their surface, and counterbalance the
effects of T-helper cells and suppress immune responses. Therefore T-cells control the
activity of each other and other cells of the immune system through making cytokines.

The measurement of T-cells expressing either CD4 or CD8 has become clinically
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important as changes in the natural balance between helper and suppressor cells which
may be an indication of changes in the healthy functioning of the immune system. In
AIDS, for example the CD8 population dominates in the peripheral blood, indicating
that immune function is compromised.

However not all T-cells are regulatory. Some of the CD8" cells kill other cells and are
known as T-cytotoxic cells. They are primarily responsible for destroying cells of the
body that have been infected with viruses. Some CD4" T-cells are important in certain
types of hypersensitivity reactions.

They are known as T dth cells or Thl cells, (DTH means: delayed-type
hypersensitivity) and they are involved in the cell-mcdiated immune response. Such
as the destruction of intracellular bacteria, some types of delayed hypersensitivities,
auto-immune diseases and the rejection of organ transplant. Although the T-cells that
help B-cells make antibodies (Th2) and the T-cells that are involved in delayed-type
hypersensitivity (DTH) all have CD4 molecules, they differ from each other in the
types of cytokines that they make. It is this that enables them to different effects

(Stainess, Brostoff, James, 1993a).

2.6.5 The Th1/Th2 Paradigm

The Th1/Th2 paradigm provides a useful model for understanding the
pathogenesis of several diseases, as well as for developing new immunotherapeutic
strategies. Sergio Romagnani (1997) examines Th1/Th2 polarization in the context of
associated pathophysiological conditions.
In the past few years considerable evidence has shown the existence of functionally
polarized responses by the CD4 T helper (Th) and the CD8 T cytotoxic (Tc) cell

subsets, that depend on the cytokines they produce.
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Thl cells produce interferon y (IFN-y) and tumor necrosis factor B (TNF-f), which
activate macrophages and are involved in delayed-type-hypersensitivity (DTH)
reactions. By contrast Th2 cells produce interleukin 4 (IL-4), IL-5, IL-10 and IL-13,
which are responsible for strong antibody responses, including IgE production, and
inhibits several macrophage functions.

In general, activated CD8-T cells exhibit a Tcl cytokine profile but, in some
pathological condition, CD8 —T cells with Tc2 profile can also arise:

Furthermore, Thl and Th2 are not the only cytokine pattern possible. T cells
expressing cytokines of both patterns have been designated as ThO and additional
patterns have been described among long term clones. ThO cells represent a
heterogenous population of partially differentiated effector cells comprising multiple
discrete subsets that can secrete Th1 on Th2 cytokines.

Polarized human Thl on Th2 cells not only produce different sets of
cytokines, which result in distinct functional properties, but also exhibit the
preferential expression of some activation markers. For example CD30 (a member of
the TNF receptor family) is mainly expressed in Th2 or Th c2 like cells, whereas
lymphocyte activation gene 3 (LAG-3) a member of the immunoglobulin super
family, is preferentially associates with Thi-like cells.

The functional meaning of Th1-LAG-3 and Th2-CD30 association is not being
clarified.

The factors responsible for the polarization of the specific immune responses into a
predominant Thl and Th2 profile have been extensively investigated in mice and
humans. Strong evidents suggets that Thl and Th2 do not derive from different
lineage, but rather develop from the same Th-cell precursor under the influence of

environmental and genetic factors acting at the level of antigen presentation. Among

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana




47
IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA

the environmental factors, a role has been demonstrated for the route of the antigen
entry, the phisical form of antigen, the type of adjuvant and the dose of antigen. The
genetic mechanisms that occur in controlling the type of Th-cells differentiation
remain elusive.

The environmental and genetic factors influence Th1/Th2 differentiation
mainly by determining the predominance of a given cytokines in the
microenvironment of the responding Th cell. The early presence of IL-6 is the most
potent stimulus for Th2 differentiation, whereas IL-12 and IFN favour Thl
development. The mechanism responsible for the early IL-4 production involved in
the differentiation of naive Th cells into Th2 effectors as well as the source of 1L-4
remain unclear.

Under certain circumstances, one such source may be a small subset of CD4'NK 1, 1”
cells capable of recognizing antigens presented in association with the non-
polymorphic 2-microglobulin-associated molecule CD1. However, naive Th cells
themselves are able to produce small amount of IL-4 from their initial activation and
the concentration of IlI-4 that accumulates at the level of the Th cell response,
increases with increasing lymphocytes activation.

The inducing effect of IL-4 dominates over other cytokines so that, if IL-4 levels
reach a necessary threshold, differentiation of the Th cell into the Th2 phenotype
occurs. Recently it has been shown that 1L-6 derived from antigen-presenting cells is
able to polarize naive Th cells to effector Th2 cells by inducing the initial production
of Il-4 in CD-4 T cells. Prostaglandin E, has also been suggested to favor the
development of Th2 responses by inhibiting both the production of IL12 by dendritic
cells and the production of IFN-y by T cells.

The molecular mechanisms by which IL-4 and IL-12 promote the development of
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naive Th cells into Th2 or Thl effectors are also being clarified. The binding of
cytokines to their receptors typically results in rapid tyrosine phosphorylation of
signal transducers ;md activators of transcription (STATs). Of these, STAT-4 appears
to be sensitively activated by IL-12 and targeting of the STAT4 gene results in the
inhibition of Thl responses. On the other hand, signaling by IL-4 occurs through
activation of STAT6 and knockout of the STAT6 gene results in deficient Th2
responses.

In autoimmune disease like Insulin Dependent Diabetes Mellitus (IDDM), it is
obvious that Thi plays an important role in the development of the disease.
Depending on which immune responses are dominant, Thl or Th2, the following

diseases (like in the diagram) may be developed.
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Figure 2-6 Diagram of Th1/Th2 paradigm in disease (Romagnani, 1994)

a. Early production of IL-12 and IFNs by cells of the innate immune system
promotes the development of Thl cells, which induces the production of

opzonizing antibodies and the activation of M¢ (i. e. a DTH reaction). Thi
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responses, together with frequently CTL activity are highly protective against
infections caused by intra cellular parasites and are responsible for anti allograft-
rejection, but may result in organ specific autoimmune disease and other immuno
pathological disorders.

b.  Autonomous IL-4 production by naive Th cells, possibly stimulated by APC-
derived IL-6 or early production of IL-4 provided by the CD4 NKI.1 .subset,
promotes the development of Th2 cells, which stimulate high antibody production
(including 1g E), eosinophil and mast cells activity and inhibit (indicated by the
minus sign) Thl cells and macrophages. Th2 responses are protective against
metazoon parasites and hamper the rejection of the fetal allograft, but can be
responsible for reduced resistance against several infectious agents, including

HIV, as well as development of atopy and other immunopathological disorders.

2.6.6 Delayed Type Hypersensitivity (Type 1V)

Hypersensitivity reactions in immune responses arise from the usual adaptive
immune responses and the way they work depends upon immunological memory for a
particular antigen or allergen.

The problem with these reactions is that they are exagerated or inapproriate
forms of adaptive responses coincidentally damage one’s own tissues in the process of
producing the immune reaction, which is actually directed to the destruction of the
foreign antigen. This damage occurs because the body is either exposed to an
excessive amount of antigen or because antibody to it is made in too high a quantity.
In special cases hypersensitivity reactions happen when antibody or T cells are
directed against antigens of one’s own body as in the so-called autoimmune diseases.

Hypersensitivity reactions are classified into four types according to their
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mechanisms:

1. Atopy and Anaphylaxis type |

2. Cytotoxic Hypersensitivity type II

3. Immune Complex Hypersensitivity type 111

4. Delayed Type hypersensitivity Type IV

The first three types are mediated by antibody, the fourth being antibody-independent
and mediated by T cells and macrophages.

It is called delayed because the reactions are slow to express themselves after antigen
challenged. T cells necessary for producing the delayed response are cells which have
become specifically sensitized to the particular antigen by previous encounter, and
they act by recruiting other cell types to the side of reaction. Mostly it appears to be
CD4 Tdth cells (also known as Thl cells) that secrete selected cytokines such as 11.2
and IFNy, that cause the typical lesions of delayed hypersensitivity. The action of
these cells is probably controlled by o-ther CD4 T cells (known as Th2 cells) that
secrete IL-4 and IL-10. So the balance between protective and damaging immunity
partly reflects the way in which different lymphocyte populations interact with each

other (Staness, BrostofT, James, 1993b).

2.6.7 Antibody-Dependent Cell-Mediated Cytotoxicity

A number of cells that have cytotoxic potential express membrane receptors
for the Fc region of the antibody molecule. When antibody is specially bound to a
target cell, these receptor-bearing cells can bind to the antibody Fc region, and thus to
the target cells and subsequently cause lysis of the target cell. Although these

cytotoxic cells are nonspecific for antigen, the specificity of the antibody directs them
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to specific target cells. This type of cytotoxicicity is referred to as antibody-dependent
cell-mediated cytoxicity ( ADCC).

Among the cells that can mediate ADCC are NK cells, macrophages,
monocytes, neutrophils and eosinophils.

Target-cell killing by ADCC does not involve complement-mediated lysis, but
appears to involve a number of different cytotoxic mechanism. When macrophages,
neutrophils, or eosinophils bind to a target cell by way of the Fc receptor, they
become more active metabolically; as a result, the lytic enzymes in their cytoplasmic
lysosomes or granules increase. Release of these lytic enzymes at the site of the Fc-
mediated contact may result in damage to the target cell. In addition, activated
monocytes, macrophages, and NK cells have been shown to secrete tumor necrosis
factor (TNF), which way have a cytotoxic effect on the bound target cell. Since both
NK cells and eosinophils contain perforin in cytoplasmic granules, their target-cell
killing also may involve perforin-mediated membrane damage (Goldsby, Kindt,

2000).

2.7 Endothelial Dysfunction

Endothelial dysfunction is generally defined as a decrease in the synthesis,
release and / or activity of Nitric Oxide (NO), which originates from the endothelium.
NO is a soluble gas and is continuously synthesized by the Endothelial Cells (EC).
This molecule has various biological functions in regulating vascular homeostasis,
including vascular rhythm, local cell growth, and the protection of vascular damage as

a consequence of thrombotic aggregation and of circulating cells or molecules

adhesions.

Conditions which are generally associated with risk factors in atherogenesis, like
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smoking, hypertention, hypercholesterolaemia, hyperhomocysteinemia, bacterial /
viral infection, result in a diminishing release of NO in the arterial wall.

The decrease in the amount and activity of NO is a result of the synthesis impairment
and excessive oxidative degradiation. Shortness in NO bioactivity may develop
vasoconstriction during heavy physical activity or mental stress and may cause
myocard ischaemia in patient with coronary arterial disease.

Further decline in NO bioactivity may activate ECs. Activated ECs then express
adhesion molecules, like vascular cell adhesion molecule (VCAM-1), intra cellular
adhesion molecule (ICAM-1) and E-Selection, which cause adhesion of leucocytes
from the circulation to the endothelium. Monocyte adhesion to the vascular wall and
their differentiation into macrophages are important factor for the development of
foam cell in atherosclerotic plaques (Peter et al, 1997). Cytokines, oxidized-LDL, and
bacterial infection like chlamydia pneumonia increase the inflammatory process,
which causes further activation of ECs. Endothelial dysfunction and their activation
by eg risk factors for coronary heart diseases and together with vascular
inflammation are thus the basic in atherogenesis and acute coronary syndrome.
Therefore, restoration of endothelial function is the main focus in the prevention of

coronary heart disease.

2.7.1 Endothelial Dysfunction and Atherosclerosis

Atherosclerosis in the vascular system is related to vasomotor dysfunction,
because the absence or the decrease in NO bioactivity. Until recently it is not yet
clear, whether endothelial dysfunction is a marker for atherosclerosis or is an

important contributor for the process of atherogenesis.

But it is accepted that NO has an anti-atherogenetic and anti-inflammatory effect. As
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is already mentioned the absence of NO, because the decrease in its synthesis as well
as the inactivation by superoxide anion, results in the disturbance of vascular
relaxation, in increased thrombocyte aggregation, smooth muscle cell proliferation
and endothelial leukocyte interaction. It is therefore clear that NO has an important
role in the suppression of atherogenesis.

Some studies have shown that endothelial dysfunction is an early
manifestation of the presence of atherosclerosis, even if it is not yet evident on
angiographic examination.

That is why early restoration of endothelial function is an important step in the
prevention of atherosclerosis through the modification of risk factors.

It is already known that there is a close relationship between risk factors of coronary
heart disease and endothelial dysfunction. For example LDL, especially oxidized LDL
is a strong inhibitor for endothelial function. The mechanism how LDL inhibits NO
activity, involves the declining expression of “endothelial Nitric Oxide Synthase”
(eNOS), the decreasing release of NO, which is influenced by the receptors and
inactivation of NO by the production of superoxide anion. This means that endothelial
dysfunction is an important marker in hypercholesterolaemia and will be quickly
restored by aggressively decreasing the cholesterol level. And many investigations
have been done that have confirmed this mechanism. Oxidative stress will increase
oxidized LDL and inhibit NO bioactivity, which implies endothelial dysfunction. One
of the mechanism how oxidative stress may contribute to the process of atherogenesis
is through the induction of pro inflammatory mediators.

Activation of pro inflammatory transcription factors like “nuclear factor-kappa
B” (NF-kB), “Protein Activator” (PA)-1, and “Early Growth Factor” (egr-1) occur

through “oxidant sensitive” mechanism, which involves hydrogen peroxide (H,0;).
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Adhessions molecules like VCAM-1, ICAM-1, E Selection, as well as some cytokines
and Growth Factors like “Monocyte Chemoattractant Protein (MCP)”, “Macrophage
Colony Stimulating Factor (MCSF)” are stimulated by activation of this transcription
factor NF-kB for their expression which occurs in ECs and SMCs in the arterial wall.
It is attractive that NF-kB activation may be blocked by antioxidants and anti
inflammatory drugs like salicylate and glucocorticoid.
These findings showed that atherosclerosis is an inflammatory process, initiated by an
oxidative stress. The presence of cytokines and inflammatory mediators in the
atherosclerotic vascular wall suggest the speculative theory that atherogenesis is a
consequence of cimmic infection, like duodenal ulcer which is caused by the
Helicobacter pylori microorganism.
This is also shown by the presence of a chronic inflammatory marker like C-reactive
protein (CRP) and amyloid-A serum protein, which are increased in the
atherosclerotic patients. Some viral and bacterial infection, which is proven to have
their role in the process of atherogenesis is Herpes Virus (HSV), cytomegalo virus
(CMV), Helicobacter pylori and Chlamydia pneumoniae. Tjokroprawiro in 1998
summarized that oxidative stress in “HDL syndrome”, improves the NFkB
expression, which -in turn causes VCAM-1 expression and also of MCP-1. Both are

serum makers for atherosclerosis (Fig. 2-7)
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"HDL- Syndrome" iy Oxldatwe Stress and VCAM-1 & MCP-1 Produchon

(Cooke et al 1997, Cohen et al 1997 ‘Nava et al 1997, Modif ed : TjokrOprawaro 1998)
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Figure 2-7 Scheme of Oxidative Stress and VCAM-1 & MCP-1 Production

(Tjokroprawiro, 1998)

2.7.2 The role of NO in Endothelial dysfunction and Atherosclerosis

Nitric oxide (NO) has an important biological role as an “endothelium derived
relaxing factor = EDRF”, a substance to maintain the normal vascular tone. It also has
an important role to suppress lipoprotein oxidation, a potential anti atherogenic
property.
In the last few years NO is known as a molecule present in many organs. It has the
role in giving signals to the nervous system and cardiovascular system and as a

cytotoxic compound in the body defence mechanism. It is a simple inorganic
molecule with unpaired electron (a free radical), that can freely move through the cell

membrane to interact directly with its target. This molecule differs from other
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signaling molecules that its specificity is not controlled by the distribution of
membrane receptors. The activity of NO is controlled by its rates of production and
the reaction with the target molecules.

NO is synthesized from L-Arginin by a group of enzymes, known as “Nitric Oxyde
Synthase” (NOS), which are expressed in a wide range of tissues.

The enzymes responsible for the production of EDRF is called “Endothelial Nitric
Oxyde synthase” (eNOS or NOS;) a protein regulated by intracellular calcium.

In the cardiovascular system NO is the source of EDRF, a vasodilator, which
has the role in maintaining the vascular tone. In atherosclerotic artery, EDRF (NO)
activity declines, which is easily detected in the early stage of the disease, even in
hypercholesterolaemia patient, without arterial changes (Jessep, 1996).

Three kinds of NOS isoforms are identified, NOS originally detected in the
brain is called “Neural NOS” or nNOS, in macrophage is called inducible NOS or
iNOS and in endothelial cell is endothelial NOS or eNOS. They share 50-60 %
homology of their amino acid sequence and are encoded by three different genes,
respectively NOS 1, NOS 2 and NOS 3.

Various cells in the cardiac muscle may express one or more of the three kinds
of NOS isoforms. nNOS is expressed in sympathetic autonomic nerve terminals and
regulates the release of catecholamine in cardiac muscles.
eNOS, expressed in the endothelium cells inhibits the contractile tone, vascular SMCs
proliferation, inhibits platelet aggregation and monocyte adhesion, promotes diastolic
relaxation and decreases O; consumption in the cardiac muscle through paracrinally
produced NO. eNOS is also expressed in cardiac myocytes from rodent and human,
where it autocrinally counteracts the inotropic action of catecholamines after

muscarinic cholinergic and beta-adrenergic receptor stimulation.
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iNOS-gene transcription and protein expression happens in all cell types, after
exposure to a variety of inflammatory cytokines. Besides its role participating in the
immune defence against intracellular microorganisms and viruses, most NO produces
autocrinally or paracrinally, mediate the vasoplegia and myocardial depression
properties of systemic immune stimulation and promote cell death through apoptosis.
NO is able to regulate type L calcium channel and contraction, by activation of cGMP
dependent protein kinase and cGMP modulated phophodiesterase. Other mechanisms
not depending on the cGMP elevation may work through the interaction bet'ween NO
and heme proteins, non-heme iron or free thiol residues on target signaling proteins,
enzymes, or ion channels. .
When considering the various expression of NOS isoforms in the cardial muscles and
the potential molecular targets for the produced NO, a tight molecular regulation of
NOS expression and activity at the transcription and posttranscriptional level appears
necessary to coordinate the many roles of NO.

Tjokroprawiro in 1998 further summarized from the publication of Drexler
(1998), “NO as vasodilator and SMC-growth inhibitor”, the eleven roles of NO as

presented in figure 2-8:

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana




IR — PERPUSTAKAAN UNIVERSITAS AIRLANGGA 59
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Figure 2-8 NO Biomolecular Pathways (Tjokroprawiro, 1998)

2.7.3 VCAM-1 and the role in atherosclerosis

At the beginning of atherogenesis, aggregation of lipid-rich macrophage and T
lymphocytes are found in the intima.
Adhesion of leucocyte at the EC membrane and leucocyte transendothelial migration
are mediated by adhesion molecules at the EC membrane. They belong to two protein
families: Selectin and immunoglobulin superfamily adhesion molecules.
To the first group belongs E-Selectin and P-selectin and the second group includes
Intercellular Ashesion Molecule-1 (ICAM-1) and Vascular Cell Adhesion Molecule-1

(VCAM-1). Their expression is found on various cells, constituting atherosclerotic

plaques, e g. ECs, vascular SMCs and macrophages.

VCAM-1 is a kind of protein expressed on activated EC’s and is found in an
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early stage of atherosclerosis. Some of these proteins are released in the circulation
and can be detected also in the peripheral blood plasma. VCAM-1 level has a strong
correlation with the severity of atherosclerosis.

It is not yet completely clarified about the pathophysiology whose stimulus
may cause expression of adhesion molecules. Lisophosphatidilcholine (a component
of oxidized — LDL) and Advanced Glycosylation End-product (AGE) has been
mentioned to be able to increase the VCAM-1 level. Meanwile it is also proven that
antioxidants, several fatty acids n-3 or Nitric Oxide may selectively decrease VCAM-
I expression. Based on the above evidence it may be proposed,that the regulation of
VCAM-I can become a selective prevention for atherogenesis, in comparison with

other adhesion molecules, which are not selective.

2.7.4 Evaluation of Endothelial Dysfunction

Endothelial cells produce vasoactive materials in response to environmental
factors, like changes in blood flow, hemodynamic pressure (“Shear Stress”) and
receptor stimulation.

Because Endothelial dysfunction is an early sign of atherosclerosis and is a
consequence of several risk factors, like hypercholesterolaemia, hypertention,
smoking and hyperhomocysteinaemia, free radicals and others, therefore, prevention
through modification of those factors is important Decreasing cholesterol levels,
administration of antioxidants and anti-inflammatory drugs are alternatives to be
concidered.

Endothelial dysfunction assessment through measurement of the vascular diametre is
less reliable in indicating the presence of endothelial dysfunction.

The present of inflammation, the increase of endothelial permeability, LDL oxidation,
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platelet aggregation, increasing coagulation activity, fibrinolysis disturbances are

better assessed by biochemical and immunological parameters.

Biochem-wal parameters which are commonly used for Endothelial

Dysfunction assessment are:

1. For the presence of inflammation: VCAM-1, ICAM-1, E-Selection.

2. Parameter for platelet aggregations and procoagulen activation: von Wildebrand
factor (VWF), thrombomodulin (sTM).

3. Parameter for fibrinolysis disturbances: Plasminogen Activator Inhibitor-1 (PAI-
1), tissue ~type Plasminogen Activator (tAP).

4. Parameter for endothelial permeability increasement: mikroalbuminuria.

5. Parameter for oxydized LDL: F2-isoprostan

The presence of VCAM-1 expression on the ECs at the early stage of atherogenesis

can be detected by immunohistochemistry, even before morphologic changes appear.
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CHAPTER 3
THEORETICAL FRAMEWORK AND HYPOTHESIS

From the above literature study it is evident that stress stimulates the
hypothalamus in the brain and through the sympathatic nerve system causes release of
cathecholamine (norepinephrin =NE) by the adrenal medulla.

Cathecholamine in the circulation causes vasoconstriction and haemodynamic
changes on the vascular wall. If this happens continuously may results in endothelial
dysfunction. When endothelial dysfunction occurs, monocytes and platelets adhere to
the EC, and there are increasement in permeability and repliction of EC’s.

The adherence of monocytes and thrombocytes is mediated by the expression of

VCAM-1 on

EC’s. Lymphocytes T (CD4 and CD8) then migrate from the intravascular to the
subendothelial compartment. This is followed by the polarization of lymphocyte T
into Thl and Th2 cells. If Thl is dominant, then the disease process is via the DTH
and macrophage mechanism, whereas on the otherhand if Th2 is dominant, then the
disease process is via the ADCC mechanism.

Furthermore T lymphocytes together with macrophages and monocytes proceed the
atherogenesis process in the internal pudendal artery as according to the “respons to
injury hypothesis™.

If atherosclerosis occurs in the internal pudendal artery, erectile dyfunction may
develop.

Internal pudendal artery may be one of the predelection places for develloping
atherosclerosis, because its “fork sharpe” condition.

The theoretical frame work is outlined in a scheme (see Fig. 3-1).

62
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3.1 Theoretical frame work
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Figure 3-1 Theoretical frame work
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3.2 Hypothesis

I Immune response modulation occurs in the internal pudendal artery wall
(presented as changes in cortisol, cathecholamine blood level, ECs expressing
VCAM-1 and Thi cell secreting IL-2, IFNy & Th2 cell secreting 1L-4, IL-10

polarization) in rats with stress condition caused by electric footshock stressor

exposure during 5 days.

2. Immune response modulation occur in the internal pudendal artery wall (presented
as changes in cortisol, cathecholamine blood level; ECs expressing VCAM-1 and
Th1 cell secreting 1L-2, IFNy & Th2 cell secreting IL-4, IL-10 polarization) in rats
with stress condition caused by electric footshock stressor exposure during 10
days,

3. There are differences in immune response modulation in the internal pudendal

artery wall in rats with stress condition caused by electric footshock stressor

exposure during S or 10 days.
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CHAPTER 4

RESEARCH METHODS

4.1 Reseach Design and Experimental Chart

I This reseach is an experimental animal reseach using a “Randomized Posttest only

Control Group Design*.

2. Experimental chart.

EFS —

5 days
Gr A~S——R

EFS +
E >

5 days
P

EFS —
[ iy
10 days

Gr B—S——R

EFS +
B ooy
10 days

P = Population C = Control
S = Sample E = Experiment
R = Random EFS = Electric Foot Shock

Figure 4-1 Experimental chart
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After termination of the animal the following are examined: - VCAM-I1
- IL-2, IFNy
- 1L-4,1L-10
- Cathecholami
ne

The Stressor used, is an “Electrical foot shock™ with the following application

schedule:

Day Amount of shock Session
| 4 2
2 8 2
3 10 3
4 ‘ 12 3
5 14 4
6 16 5
7 18 5
8 20 6
9 22 6
10 24 6

The time between two shocks = 1-2 minutes

The time between two session = 4 minutes
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4.2 Population, sample and sample size

4.2.1 Population:

67

The animals for experiment are rats Rattus Norvigicus strain Wistar, bought

from the breeding laboratorium in Malang, Bandung, Yogyakarta.

422 Sample:

The samples are taken by random assignment, for the experimental group as

well as the control group.

Inclution Criteria :

Healthy male wistar rats, weight between 150-200 gr, age 3-4 month.

Exclusion Criteria:

Sick and disabled rats

423 Sample Size:
The sample size according to Daniel formula (1987) is

(Zo. + Z 1-B)* X d?

n - - -
d2
Zao =196 d =0,05
Z1-p =0,842 a =0,05
) =0,05 1B =0,80
(1,96 + 0,842 )* X (0,05 )?
n= =785
(0,05)
n=28

For this experiments are used 10 rats in each group.
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4.3 Variables, Classification of variables and Operational deflinition
Classification
Independent variable :
Stressor Electric footshock
It is measured as the dosis of shock jone dose is amount of shock x
amount of session.
Scale = Ratio.
Dependent variable:
1. Cathecholamines
Are the hormones adrenalin and nor-adrenalin secreted by the adrenal
medulla in the blood serum, expressed in nmol/L.
Scale = Ratio.
2. Cortisol
Is a hormone secreted by the adrenal cortex, expressed in nmol/L.
Scale = Ratio
3. VCAM-I
Is aahesion molecule, expressed in amount on endothelial cells.
Scale = Ratio.
4. IL-2, IFN-y, IL-4, IL-10
Are cytokines secreted by Thl and Th2 lymphocytes, expressed in
amount,

Scale = Ratio.
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Operational definition of variables.

Stressor

Stressor , is given as an artificial shock, using a electric footshock apparatus,
with a current power of 0,3 mA.

The shocks are given with an increasing frequency and session.

VCAM-1 is an adhesion molecule expressed on the endothelium of the
internal pudendal artery after stress, can be detected by immunohistochemistry
examination using monoclonal antibody (m AB). The amount of ECs is

concordant to the amount of their VCAM-1.

IL-2, IFN-y, IL-4 and IL-10 are cytokines secreted by Th lymphocytes (Thl
and Th2). They can be detected by immunohistochemistry using mAB also.
The amount of secreting lympocytes is concordant to the amount of IL-2,
IFNy, IL-4, and IL-10.

Changes of the amount before and after given stress can be examined.

Cathecholamine and cortisol concentration in the arterial blood serum can be

detected by the Elisa method before and after stress.

4.4 Materials
44.1 Experimental Animal

Adult male rats Rattus Norvigicus strain Wistar are used, age 3-4 month,

weight 150 — 200 gr.
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442 Rat Boxes
The rats lived in plastic boxes, 30 x 20 x 15 cm, covered by woven metal wire

and the bottom covered with straw,

443 Electric Foot Shock Apparatus

This instrument is a basin made from transparant glass, measured 30 x 20 x 15
cm. The bottom is laminated by metal plates, which conduct electrical current.
The conducted electrical current can be regulated by an ampere meter. The instrument

is made in cooperation with the “The Institute of Technology Surabaya”.

444 Rats Foods

The rats are fed with standarized pellets made by Characan Pokhpound

Indonesia Factory, Mojokerto East Java (Indonesia)

4.4.5 A Set of Chemicals, reagents for Inmunohistochemistry examination consist of
Acetone
Dacopen
H,0,
PBS

Primary Antibody

4.5 Instruments

Light microscope to count the VCAM-1 and cytokines expression.
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4.6 Location for experiments
All experiments were done at the School of Medicine Airlangga University
Surabaya.
I. Department of Pathological Anatomy for making the “Freezed Coupe” Slides.
2. “Gramik™ Pathobiology Laboratory for the Inmunohistochemistry examination.
3. Laboratory of Biochemistry Department for caring the experimental rats (animals)
and dissecting, harvesting the blood and tissues.
4. “Makmal endokrinologi“ Laboratory for examining the cathecholamine and

cortisol.

4.7 Procedures of Data Collection
The rats are taken by random assignment from the boxes and divided into two
groups, group A and group B. Group A get a sequence of shocks during 5 days, and

group B during 10 days. Each group has its controle group (fig. 4-1).

Harvesting the specimen.

After finishing the procedure,

1. Rats are dissected according to the common surgical procedure (Wagenforth,
1988).
Arterial blood samples are taken from the heart, with a 3 cc syringe and put in a
sterile tube. This tube is contrifuged, the serum is separated and temporary stored
in deep freeze for further cathecholamines and cortisol examination.

2. The left and right internal pudendal artery are dissected, using a loupe, a segment
are taken and put in a sterile small specimen bottle. These specimens are deep

freezed (-40") for further immunohistochemistry examination (Green, 1959).
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Processing the specimen

The blood serum samples are further processed for cathacholamines examination

using the following method.

I. Cathecholamine is examined by RIA method, using Kit: kat-combi RIA (Cat No
RE 29291) 1 BL-Immuno-Biological-Laboratories, Hamburg,

2. Cortisol is examined by IRMA method, using Kit: Cool-A-Count and DPC USA
(Cat No TK COl).

The internal pudendal arteries specimens are further processed for

immunohistochemistry examination of VCAM-1, IL-2, IFNy and IL-4, IL-10 using

purified mouse anti rat monoclonal antibody staining.

Three Freezed coupe slide are made from three places of each desected artery for

staining.

Evaluating the data results
The results are examined and evaluated by the reseacher himself and confirmed and

reevaluated by a second observer (expert).
A light microscope is used to detect and count the ECs which expressed VCAM-1 and
the lymphocyte with secreted IL-1, IFN-y, 11-4 and 11-10. The total amount of cells

counted from 3 microscopic fields for each slide is recorded.

4.8  Data Analysis:

1. For analysis testing normality of the data a Kolmogorov-Smirnof test is
used.

2. Totest the reliability a “paired T-test™ analysis used.
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3. To compare the control group and experiment group during 5 days as well
as 10 days a manova analysis is used.

4. To know which variable has the largest contribution to the immune
respons modulation a discriminant analysis is used. The size of the
contribution as calculated by Fisher discriminant function. Further a
pattern of the discriminant is made, to help explain the mechanism of the

immune response modulation caused by electric footshock.
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CHAPTER 5
Results and Statistical Analysis
5.1 Results of the data:

Some examples of data, obtained by IHC staining of internal pudendal artery of rats.
P = Positive N = Negative

Figure 5-1 Rat internal pudendal artery THC staining with VCAM-1 m AB.
Control group (LM photograph : x 100)

Figure 5-2 Rat internal pudendal artery IHC staining with VCAM-1 m AB,
Experiment group. (LM Photograph : x 100)
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Figure 5-3 Rat internal pudendal artery. IHC staining with IL-2 m AB
(LM photograph : x 450)

Figure 5-4 Rat internal pudendal artery. IHC staining with IFN-y m AB
(LM photograph : x 450)
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Figure 5-5 Rat internal pudendal artery. IHC staining with IL-10 m AB
(LM photograph : x 450)

Figure 5-6 Rat internal pudendal artery IHC staining with 1L-4 m AB
(LM photograph : x 450)
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5.2 Statistical Analysis
The following statistical analysis are used:
I. Analysis for reliability:
To test the consistency of the researcher’s findings a reliability. Paired —T test is
used. The findings of the researchers are compaired to the findings of a second
observer (expert) obtained from an at random taken 20 samples.

Table 5-1 Results of Data obtained by researcher and expert (second observer)

No | Variables Researcher Expert
1 VCAM 9 9
2 | VCAM 0 1
3 VCAM 2 2
4 VCAM 1 2
5 IL2 1 1
6 1L2 6 6
7 1L2 0 0
8 1L2 4 4
9 IFNg 4 4
10 | IFNg 3 4
11 | IFNg 2 2
12 | IFNg 2 2
13 |IL4 2 2
14 | IL4 4 5
15 |[IL4 2 2
16 | 1L4 6 5
17 |1L10 1 1
18 |IL10 4 5
19 |IL10 2 3
20 [IL10 3 2

t sig = 0.163 (P>0.05)
There is no different between the data compiled by the researcher or the expert

(second observer) (see appendix 11).

2. All data have been tested for IIDN (Identically, InDependent, and Normality)

before further statistical analysis may be performed. It shows from the statistical
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analysis, that all data fulfill those criteria (see appendix 4).

a.

Identically is tested by making a Time Sequence Plot Graphic, to know the
variation of each group during time. The result is that there is nearly no
variation in fluctuation of the data. This means that although the mean is
different but it has relatively the same SD.

InDependency is tested by making an Estimated Autocorrelation Graphic, to
prove the independency observation of the researcher. Observation of the
second sample data is not influenced by the observation of the first data
sample. This is done because previous observation of the same factor may
influence the next observation for instance the color, shape, and size of the
cell. The tolerance limit influenced by observation is shown by an estimated
autcorrellation line. Our data show within the independency of correlation.
Normality is tested by making a Normal Probability Plot Graphic. If the
distribution shows a linear line then the distribution is normal. Our result show

a linear line so that the distribution is normal for all variables.

3. Comparison analysis test between groups.

a.

DISERTASI

To compare that there is an immune response modulation in the blood
circulation and internal pudendal artery wall between the control group
(5days) and the experimental group multivariate Wilks Lambda analysis is
used.

The result is Wilk’s Lambda = 0,000 (P < 0,05). This means that there are
differences in immune response modulation between the control group (5

days) and experimental group (5 days).
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Table 5-2° Mean and SD variables of experimental groups and control groups

during 5 days EF
- ) Group
Variables Contr 5D Exp5D
Mean SD Mean SD
Cortisol 240,700 43,151 329,100 63,898
Adrenalin 0,508 0,081 0911 0,068
Nor-Adrenalin 1,358 0,175 2,388 0,326
VCAM-1 10,200 5,116 20,500 10,190
IL-2 30,800 6,477 11,900 5,840
IFNy 27,300 4,473 17,500 3,979
IL-4 23,300 3,401 8,400 5,948
IL-10 21,000 5,457 10,000 4,422

Wilks Lambda = 0,000 (P < 0,05)
Table 5-2 shows that there are differences between the control group 5 days
and experimental group 5 days. This means that there are differences in IRM

between the control group (5 days) and experimental group (5 days).

b. To prove that there is an immune response modulation in the blood circulation
and internal pudendal artery wall, between the control group (10 days) and the
experimental group .

Multivariate Wilks Lambda analysis is used.

While for the 10 days group the result is a significant rate of Wilk’s
Lambda = 0,000 (P < 0,05).

This means that there are differences in immune response modulation between

the control group 10 days and experimental group 10 days.
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Table 5-3  Mean and SD variables of experimental groups and control groups
during 10 days EF

Group |
Variables Contr 10D Exp 10D
Mean SD Mean SD |
Cortisol 179,700 49,751 478,200 66,101
Adrenalin 0,464 0,077 0,803 0,053
Nor-Adrenalin 1,152 0,182 2,286 0,225
VCAM-1 8,200 2,394 4100 3,635
1L-2 31,700 5,658 2,600 2,459
IFNy 37,400 7,677 8,700 5,293
1L.-4 26,600 4,742 2,500 1,841
IL-10 24,300 3,917 3,900 2,514

Wilks Lambda = 0,000 (P < 0,05).

Table 5-3 shows that there are differences between the control group 10 days
and experimental group 10 days. This means that there are differences in
immune response modulation between the control group 10 days and

experimental group 10 days.

c. To prove the maturation process, between the control group 5 days or 10 days,
multivariate Wilks Lambda analysis is used.
The result ig Wilk’s Lambda = 0, 222 (P > 0, 05). This means that between the
control group 5 days and 10 days are no differences in response immune

modulation (see table 5-2 and table 5-3).

d. To prove the differences in immune response modulation, between the
experiment group S days and 10 days a multivariate Wilks Lambda test is
used.

The result is Wilk’s Lambda = 0, 003. This means that there are differences in

immune response modulation in the experiment group S days and 10 days (see

table 5-2 and table 5-3).
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e. Although between the experiment group 5 and 10 days are significant
differences in immune response modulation, nearly and between control group
5 and 10 days is statistically significant, homogen, it is impossible that the
means of both control group are the same. That is way it is important to
calculate the delta (8) between the experimental group 5 days substracted by
the control group 5 days and the delta () between the experiment group 10
days substracted by control group 10 days to prove that the different of

immune response modulation is purely caused by the electric footshock (see

table 5-4).

Table 5-4 Mean and SD of differences (8) of variables between the experimental
group and control group, both at 5 and 10 days exposures

) Group
Variable 5D 10D
Mean SD Mean SD
Cortisol +88,400 | 77,027 | +298,500 | 62,443
Adrenalin +0,403 0,106 +0,339 0,085
Nor-Adrenalin +1,030 0,226 +1,134 0,348
VCAM-1 +10,300 | 10,563 -4,100 | 4,909
IL-2 -18,000 | 6,839 -29,100 5,607
IFNy -9,800| 6,359 | -28,700| 10,709
1L-4 -14,900 4,458 -24,100 3,872
11-10 -11,000 5,617 -20.,400 5,211

Wilks Lambda =0, 002 (P <0, 05).

To know the difference of the immune response modulation between the
experiment group S days and 10 days, which is purely caused by electric footshock a
multivariate Wilks Lambda analysis is used for 8 (E-K) 5 days and 6 (E-K) 10 days

The result is Wilks Lambda = 0, 002 (P <0, 05).
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This means there is a significant difference in immune response modulation purely

caused by electric shock exposure between the experiment group 5 and 10 days.

4. Dicriminant Analysis
A discriminant analysis is used to know the differential variables (discriminats) that

has the role in immune response modulation during 5 days and 10 days electric

footshock.
From the & variables examined in this research it shows out that there are 5
differential variables (discriminants) those are cortisol, VCAM-1, IL-10, adrenalin,

and 1L-4. IL-2, IFNy were not discriminants (see table 5-5).

Table 5-5 Summary Table

Action Vars Wilks’
Step Entered remove In Lambda Sig
1 CORT 1 0,28619 0,0000
2 VCAM 2 0,20521 0,0000
3 IL-10 3 0,17687 0,0000
A ADRF 4 0,16840 0,0000
5 IL-4 5 0,16233 0,0000

Five variables included in the discriminant analysis possess a discriminant power of
100%; for the Fisher linear discriminant model analysis the 5 variables are used and
gives the following results (see table 5-5).

Table 5-6 Fisher Linear Discriminant Function

KEL = 1 2
5D 10D
CORT -0,7534718E-03 | +0,4504974E-01
ADRE +35,20852 +22,04504
1L-4 -0,5639694 -0,8094136
IL-10 -0,2734687 -0,5505554
VCAM +0,1543054 | -0,7129820E-01
| (constant ) +14,25468 +26,66872
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To know the power of the role of the various variables in each group (5 days and 10
days electric footshock) in immune respons modulation a calculation of the Fisher
linear model times the original data (8) is needed.

The results gives the following pattern of variables (Fig. 5-7).

1Y .3 [ ——— e e e S —

10 f- o
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T} S— — i =
-10 L i 1 1 1
CORATISOL ADREMN L4 L. VCAM
19.447 TATE 9.807 1m.231 0.292
-8.401 14.180 i B8.403 3.008 1689

Blls DAY 1o Day

Figure 5-7 Relative power of variables after 5 days and 10 days exposure

The grafic of pattern may help to explain the mechanism of immune response
modulation towards the pathogenesis of endothelial damage and hence psychogenic

ED.
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CHAPTER 6
DISSCUSSION

As stated before, the objective of this research is to elucidate the
pathobiogenesis of ED in stress condition (psychogenic ED).

There are until recently no studies that explain the mechanism on how psychogenic
stressor may cause ED, so that treatment and prevention of psychogenic ED is still
unsatisfactory. In this study, the psychoneuroimmunology paradigm is introduced.
This relatively new study endeavors to explain the relationship between stress
condition and changes in the immune system via the autonomic nerve system and
endocrine system. Through this research it is proven that electric footshock (physical
stressor), which acts as a psychogenic stressor for rats, can cause immune response
modulation of the immune competent cells like Thl and Th2 cells in the internal
pudendal artery of those rats.

If the immune system is disturbed, damage of the internal pudendal arterial wall can
occur, which may further cause ED. Until 1993, the presence of lymphocyte-T in
atherosclerotic plaque is not yet clearly understood (Ross et al, 1993). This study may
explain the damaging role of those cells.

In this study wistar rats, Rattus Norvigicus are used as experimental animals,
because after the electric footshock, the animals must be terminated. The internal
pudendal artery is dissected for imunohistochemistry examination.

The stressor used in this experiment is “electric footshock®. There are actually other
physical stressors that can be used to elucidate psychogenic stressor, e.g.

“Electric tailshock, “Housing isolation, and “Sound stress“ (Keller, Schleifer,
1991). However, in this experiment, the “electric footshock™ is used mainly because

it is easy to use and because it is developed at the Institute for Technology (Institut

84
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Tehnologi Surabaya) here in Surabaya. The dosage of shock (amount of stressor X
amount of shock) has been established in previous experiments, so that it will not
cause direct injury to the rats, except for causing stress.

An EF, a physical stressor, which acts as a psychogenic stressor may give
various effects. Depending on the intensity and duration of the electric current, EF
causes different pathologic conditions. It may causes just fear, pain, or injury (burn
wound) with pain.

When the rats are only frightened by the EF, then this psychogenic stressor will
stimulate the brain and via the HPA-axis will cause a rise in cathecholamine and
cortisol and cause IRM.

However if the EF causes pain to the rats, then this pain-stimulus will lead via the
spino-thalamicus channel to the brain, before causing the release of cortisol and
cathecholamine via the HPA-axis and also IRM (Ludwig - Beymer, Heuther,
Schoessler, 1994)

It is said, that when animals feel pain, they will cry or beep. In a restless
condition we can observe that some of them will urinate or deficate. But it is indeed
difficult to know wether the effect of EF is only frightening or causes also pain. In
this research it seems that the predominant effect of psychogenic stressor is only a
restless condition, because none of the rats beep, but some did urinate during the
experiments and no lesion did appear.

In this research we used an EF exposure during 5 and 10 days. It is based on
previous investigations, which showed that when rats got an electric stressor, after 5
days there were already changes in immune response of the immunocompetent cells.
However when the stressor was continued during 20 days the function of the

immunocompetent cells recovered, because of adaptation (Keller, Schieifer, 1991).
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That is way it was decided to use an exposure during 5 days and 10 days period,

which was also proven in a prelimanary study that during this period an IRM already

oceurs.
Hypothesis that must be proven in this study are:
1. There is immune response modulation in the internal pudendal artery wall after
electric footshock exposure during the 5 day period.
2. There is immune response modulation in the internal pudendal artery wall after
electric footshock exposure during the 10 day period.
3. There are differences in immune response modulation after electric footshock
exposure during the 5 day and 10 day period.
The only research design used in this experiment is the “Randomized Post
Test only Control Group Design®, because in this animal experiment it is impossible
to use the same animal in the pre test to be followed up after the electric footshock.
For analysis of the data, a multivariate Wilks-Lambda analysis is used,
because an IRM is a biologic event, where many variables interact with each other. It
is proven in this research that after a multivariate analysis of the data an immune
response modulation did occur after electric footshock exposure during the 5 as well
as 10 day period (table 5-2; 5-3). The cathecholamine and cortisol levels increase after
5 and 10 days, followed by a decrease in IL-2, IFNy, IL-4, and IL-10 production. It is
well known already that stress (psychologic stressor) via the HPA-axis causes an
increase in cathecholamine and cortisol. Cortisol as well as cathecholamine then
suppress the activity of T-cells in their production of cytokines (Mc Cance, Shelby,
1994),
It is also proven from the multivariate analysis that there is a significant

difference in the immune response modulation after the electric footshock exposure
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during the 5 day and 10 day period. IL-2, IFNy, IL-4, and IL-10 all get more
depressed after being exposed to electric footshock during a 10 day period (table
5-4).
Adrenalin level declines, whereas cortisol level is still increasing. It is indeed proven
that adrenalin will rise suddenly in acute stress and then decline quickly. In chronic
stress cortisol will usually rise, which will depress more the production of cytokines.

The increase in adrenalin which is first seen at day 5 can be explained in that
short time stress or acute stress, through the sympathetic nerve system causes
adrenalin to be excreted instantaneously. But adrenalin activates macrophage to
produce IL-1, which consequently activates the hypothalamus and via the HPA-axis
stimulates the adrenal cortex to secrete cortisol (Dunn, 1995). VCAM-1 which
increases after 5 days, declines after electric shock of 10 days. Adrenalin which is first
secreted is also followed by an increase in VCAM expression at day 5 and adrenalin
will disintegrate quickly.
The increase in adrenalin at day 5 causes vaso constriction and the secretion of eNOS
by the ECs diminishes. When eNOS diminishes, NO production will decrease.
Lowering of NO causes endothelial dysfunction, and expression of VCAM-I.
Expression of VCAM-1 causes monocyte, lymphocyte and thrombocyte agregation to
the EC and migration to the subendothelial compartment.
The declining VCAM-1 expression at day 10 is probably caused by the decreasing EC
function, which is already exhausted and the decrease of adrenalin.

In order to clarify the pathogenesis of psychogenic ED through the damaging
process in the internal pudendal artery which is actually the main objective of this
study, it is important to find the differential variables (discriminating variables) that

play the main role in the pathogenesis.
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All variables influence each other but not all variibles have the same power to
conduct this interaction. For this purpose a multi ariate discriminant analysis is
applied.

The result of this discriminant analysis shows that 5 of the 8 variables do act as a
discriminant of the process They are cortisol, adrenalin, VCAM-1, IL-4 and IL-10.
(See table 5-5)

It can be seen in table 5-6 and figure 5-1 that after 5 days of stress, the role of
adrenalin is more prominent than that of cortisol. After 10 days of stress cortisol
shows to have more impact than adrenalin in imn une response modulation. The
condition is followed by the increasing role of IL-4 and IL-10 after 10 days of EF
exposure. It can then be concluded that after 10 days of exposure, Th2 is more
dominant and the hypothesis is proven.

If Th2 cells have a jnore prominent role, then the damaging process of the
vessels can be explained via the ADCC pathway. But the investigation of Law (2000)
shows that IL-10 may stimulate secretion of IFNy by the Thl cells, which may also
explain that the endothelial damage occurs via DTH and macrophage pathway.
However, in this research IFNy did not show up as a discriminant variable, implying
that the damaging process of the vessel is more probable via the ADCC pathway.

At the stage of 5 days, it can be explained that the damaging process may directly be
caused by the effect of an increasing adrenalin level. Adrenalin lower eNOS secretion
and NO production and the endothelial dysfunction that occurs causes leakage of

intravascular materials, so that it may cause further atherogenesis.
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The damaging process of the endothelium after a psychogenic stressor can be
explained by different pathways. Some of the possibilities are :

I The high contribution of adrenalin function in the IRM after 5 days EF exposure
in this research causes vasoconstriction, which in turn causes oxidative stress on
the epithelium. IFN-Bat decreases and as a consequence NKyB increases, which
causes the ex;;ression of VCAM-1 and MCP-1 (fig. 2-7). VCAM-1 causes
inhibition of NO production, so that endothelial dysfunction occurs.

2. Adrenalin binds to o receptor on the surface of SMC. It increases the activity of

membrane bound enzyme phospholipase C (PLC), which converts phosphotidil
inositol biphosphate (PIP) to inositol triphosphate (IP3) and diacylglycerol (DAG).
IP; liborates Ca ' from sarcoplasmic reticulum and DAG stimulates the enzyme
protein kinase C (PKC). PKC in turn open the L-type channel. The open calcium
channel, leadin'g to Ca'' influx into the cell. PKC also closes the potassium
channel. There will be a resultant rise in cytoplasmic Ca'" concentration, with
consequent SMC contraction (Eardly, Sethia, 1998) and causes ED.
Adrenalin also binds to oy receptor on the cell membrane, causes opening of
calcium channel and influx of Ca"" from extracellular compartment in to
intracellular compartment. Adrenergic B-receptor has in general not an important
role in the regulation of smooth muscle tone, becausee the present is only 1 : 10,
in comparison with the amount of adrenergic a-receptors (Eardly, Sethia, 1998).

3. The predominant contribution function of IL-4 and IL-10 in this research may
cause endothelial damage through the ADCC pathway.

The decreased eNOS production causes decreased NO, which caused [.DL
oxidation to become oxydized LDL. During this process lisophosphotidilcholin

molecule is liberalized (Wijaya, 1998). Lisophosphotidilcholin stimulates the
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production of superoxide radicals (O;), which in turn stimulates the production of
hydroxil radicals (OH’), according to Haber - Weis - Fenton reaction. Hydroxil
radicals cause DNA mutation of the epithelial cell and consequently causes
foreign protein expression (Tjokroprawiro, Sutjahyo, 1995; Tjokroprawiro, 1999).
The foreign protein stimulates, immune competent cells, in this research Th2 cells,
which elaborates 1L-4 and 1L-10, with the help of macrophage to activate plasma
cells to produce antibodies.
Antibody binds with its Fc region to NK cell, which then specifically binds with
the foreign protein and destroys the epithelial cell (ADCC).
The antibody that is produced may also directly binds to the foreign protein on the
cell membrane and stimulates complements activation for the distruction of the
cell. It may be assumed that after 5 days EF exposure, the epithelial damage
follows the pathway by direct binding of adrenalin with the a-receptors, while in
the chronic stress after 10 days EF exposure, the damaging process is via ADCC.
From this research is proven that immune response modulation occurs after
psychogenic stressor and from the pattern of the discriminating variables it is possible
to explain the pathogenesis of endothelial damaging in the internal pudendal artery,
which explains the cause of psychogenic ED. The main objective of this research is
thus confirmed.
The damaging process of the EC of the internal pudendal artery through the
the immune system in individual during stress condition has been explained in this
research. This is a new finding that explain the mechanism how an psychogenic

stressor may cause endothelial damage and potentially causes ED.
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Figure 6-1 New concept for the development of psychogenic ED
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CHAPTER 7

CONCLUSION AND RECOMMENDATIONS

7.1 Some conclusions can be made from this research:

It is proven by empirical study that immune response modulation indeed
occurs in the internal pudendal artery wall after a psychogenic stressor.
From this research it is possible to conclude that the mechanism towards
psychogenic ED takes the ADCC pathway through a damaging process of
the internal pudendal artery. This is a new finding provided via the
psychoneuroimmunology paradigm. Previously, the diagnosis of
psychogenic ED was assumed only when organic factors were excluded.
With short term stressor exposure (5 days) the damaging process of the
vessels may be explained by the direct influence of the sudden rise of
cathecholamine, which causes depression of NO production and
endothelial dysfunction. Endothelial dysfunction causes leakage of
intravascular material, which promoted atheroschlerosis and may cause

ED.

7.2 Recommendation

DISERTASI

A further investigation about the neural damage caused by stress condition
with the same paradigm is recommended, because the neural system has
also an important role in the pathogenesis of ED, besides it is not yet clear
which is involved first the vascular or the neural system.

Part of the research with animals can be continued in human subjects. The

immune response modulation that occurs in the vascular tissue has
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probably correlation with the changes in the blood serum. By examination
of the blood, an immune response modulation may be detected before ED
becomes apparent. However the application of this study in humans need
to take the behavioral and coping abilities of humans in consideration

This research may be continued for a longer period of stress exposure. It is
possible that longer stress condition might take another pathway to
develop damage to the vessels.

For the treatment of psychogenic ED, the management of stress may be
important to prevent vascular exchange.

Also pharmacotherapy to prevent immune response modulation might be

developed to stop the destructive process.
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Body Weight rats during 5 days exposure

Sample Before exp. After exp.
5 days 5 days
Al 140 125
A2 141 127
A3 168 159
Ad 139 135
AS 140 130
Ab 165 246
A7 145 128
A8 130 122
A9 135 121
AlQ 165 151

Body Weight rats during 5 days without exposure

Sample Before 5 days After 5 days
CAl 160 162
CA2 165 167
CA3 165 167
CA4 145 145
CAS 162 165
CA6 140 155
CA7 140 145
CA8 160 165
CA9 140 150
CAl0 140 142
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Body Weight rats during 10 days exposure
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Before exp. After exp.

Sample 10 days 10 days
Bl 153 165
B2 140 150
B3 151 109
B4 170 140

| BS 140 149
B6 115 131
B7 118 146
B8 129 156
B9 120 137
B10 105 117

Body Weight rats during 10 days without exposure

Sample Before 10 days After 10 days
CBI 210 205
CB2 195 195
CB3 190 199
CB4 223 229
CRBRS 220 225
CB6 197 200
CB7 220 225
CB8 203 200
CB9 207 205
CBI10 180 160
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Appendix 2. Statistic Body Weight

Title 'Differencies between 5 days and 10 days (EF)"

Cell Meana and atandard Peviations

Variable .. BWIl
FACTOR CAODE
GROUP S baya
GROUP 10 Daye
For entire mample
Variable .. pw
FACTOR CODE
GROUP 5 Daye
GROUP 10 Days
For antire sample
Variabla .., WETGHT
FACTOR CODE
GROWP 5 Dhaye
GROUP 10 pays

For entire =ample

Univariate F Lests with (1,18) D. F.

Variable

: 1
BRR
BERAT

Hypoth. &8
B06.45000 5420, 50000

96.80000 15550, 4000
344.45000 12709.3000

DISERTASI

Error £8 Hypoth., M8

Mean 8td. Dav. N

146,800 13.839 10

134,100 20.267 10

140450 18.103 20

Mean Btd. Dev, N

144, 400 37.819 10

140,000 17.250 10

142.200 28, 697 20

Mean Btd. Dev, N

-2.400 29.564 10

5.900 23.197 10

1.750 26.211 20

Error MS F Big.
B06.45000 301.13889 2.67800
96.80000 B63.91111 .11208
344.45000 706.07222 .48784

IMMUNE RESPONSE MODULATION...

95 pearcent Conf.

136.900
119. 602
131.977

95 percent conf.

117.346
127. 660
128,769

95 percent Conf.

~23.549
-10.694
-10.517

of F

119
.742
.4949

108

Intarval

156.700
148.598
148,923

Interval

171.454
152.340
155.631

Interval

18.749
22.494
14.017
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Title 'Differencies between controls 5 days and 10 days (EF)’
tell Meane and Standarcd Deviations
Variable .. BWl
FACTOR COnE Mean Btd. Dev, N 95 percent Conf., Tntarval
GROUP S Days 151.500 11.316 10 143.405 159.595
GROUP 10 Days 204,500 14.215 10 194.331 214.669
For entire sample 178.000 29.926 20 163.994 192 .006
Varisble .. BW2
FACTOR COoDE Mean Btd. Dav, N 85 parcent Conf. Interval
GROUP 5 Days 156,300 10.078 10 149.091 163,509
GROUP 10 Daye 203.400 20.414 1n 188,797 218.003
For entire sample 179.850 28.797 20 166.372 1923.328
Variahla .., WRIGHT
FACTOR CODE Mean Std. Dev. N 95 percent Conf. Interval
GRONP 5 Day= 4.800 4.541 10 1.551 B.049
GROUP 10 Daye -1.100 7.608 10 -6.542 4.342
For entire sample 1.850 6.8B0B 20 -1.336 5.036

Univariate F-testes with (1,18) D, F.

Variable Hypoth. S8 Error BS Hypoth. MS  Error Ms F gig. of F
BW1 14045.0000 2971.00000 14045.0000 165.05556 B5.09256 .0oo
;104 11092 .0500 4664.50000 11092 .0500 259.13889 42 .80349 .D00
BERAT 174.05000 706.50000 174.05000 39.25000 4.43438 .050
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Title 'Differencies between EF exposure 5 daye and controle 5 days

Cell Means and Standsrd Deviations

Variable .. BW1
FACTOR COnE Mean Btd. Dev. N 95 parcent Conf. Interval
GROUP Expor imen 146.800 13.839 10 136.900 156.700
GROIP Control 151.500 11.316 10 143.405 159.595
For entire rample 149150 12.537 20 143.282 155.018
Variabla .. BW2
FACTOR CODR Mean 8td. Dev. N 95 percent Conf, Interval
GROUP Expar iman 144400 37.819 10 117.346 171.454
GROUP tontrol 156,300 10.078 10 149.091 163.509
For entire aample 150,350 27.620 20 137.423 163.277
Variabhla .. WEIGHT
FACTOR COPE Mean Std. Dev. N 95 percent Conf. Interval
GROUP Experiman -2.400 29.564 10 -23.549 18.749
GROUP Control 4. 800 4.54) 10 1.551 a.0u4qa
For eantirs sample 1.200 20.915 20 -B.588 10.988

Univariate F-tests with (1,18) D, F.

Variahle  Hypoth. 88  Error 88 Hypoth. M3 Error M2 F 8ig. of F
BWl 11045000 2876.10000  110.45000 159.781333 .69125 417
BWR 708.05000 13786.5000 708.05000 765.91667 .92445 .34%
BERAT 259.20000 8052 ,00000 259,20000 447.33333 .57943 . 456
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Title 'Differencies betwean EF exposure 10 days and controls 10 days

Cell Meanz and Standard Deviationa
Varishle .. BWl

FACTOR CODE Maan £Std. Dav. N 95 percent Conf. Interval
GROUP Exper imen 134.100 20.267 10 119.602 148.598
GROUP Control 204.500 14.215 10 194.331 214.669
For sntira sampls 169.300 39.932 20 150.611 187.9689

Variable .., BWR

FACTOR CONE Mean Std. Dav. N 95 percent Conf. Interval
GROUP Experiman 140.000 17.250 10 127. 660 152.340
GROUP Control 203.400 20.414 10 188.797 218.003
For entire sample 171.700 37.365 20 154.213 189.187

Variablea .. WEIGHT

FACTOR CODE Mean Std. Dev. N 95 percent Conf, Interval
GROUP Fxperimen 5.900 23.197 10 ~10.694 22.494
GROUP Control -1.100 7.608 10 -6.542 q4.342
For entire gample z.400 17.181 20 -5.641 10.441

Univariate F-testa with (1,18) b, F.

Variable  Hypoth. 88 Error S5 Hypoth. MS Error MS F 5ig. of F
BWl 24780.8000 5515.40000 24780.8000 306.41111 B0.87435 .000
BW2 20097.8000 6428.40000 20097.8000 357.13333  56.27534 .000
BERAT 245.00000 5363.80000 245.00000 297.%PBBAY .B2218 377
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Appendix 3. Results Variables

TABLE DATA

group kel cort

adre noadre bhl

" bb2 il 2 ifn_g i1 _4 il_10 vcam

1 1 34z .68 2.75 140 125 7 R 3 5 5
1 1 229 B4 1.99 141 127 11 22 6 4 21
1 1 301 .99 2.63 168 158 9 13 ' 11 18
1 1 a11 93 2.32 139 135 6 12 4 7 18
1 1 303 .97 1.98 140 130 13 20 6 12 22
1 1 447 .95 2.67 165 246 9 19 6 8 12
1 1 312 97 2.42 145 128 6 18 14 10 12
1 1 214 B2 1.89 130 122 21 24 23 19 27
1 1 413 35 2.56 135 121 22 i 37 6 14 41
1 1 359 81 2.6F 165 151 15 17 9 10 29
2 1 298 .64 1.61 160 162 34 25 23 21 14
2 1 251 46 1.32 165 167 21 21 16 16 2
2 1 ani A8 1.41 165 167 26 27 22 19 4
Z 1 241 .39 1.28 145 145 34 28 21 10 8
2 1 229 51 1.33 168 165 34 28 24 23 10
2 1 22 .48 1.57 140 155 21 28 25 19 1
2 s | 216 .47 1.43 140 145 29 23 26 24 17
2 1 160 .61 .98 160 165 36 28 29 22 13
2 1 207 .52 1.28 140 150 42 38 24 29 17
2 | 221 .42 1.38 140 142 19 27 23 21 10
1 2 593 87 X.97 153 165 2 6 5 3 4
1 z 912 75 2.21 140 150 0 15 1 10 0
1 2 441 81 2.38 151 109 0 4 2 1 5
1 2 532 .82 2.36 170 140 6 3 1 6 4
1 2 519 .75 2.05 140 149 5 20 e 2 3
1 2 488 .B1 2.61 115 131 5 11 6 3 8
1 2 502 «12 2.52 118 1486 0 6 1 q 0
1 2 473 .79 1.98 129 156 4 9 2 4 11
1 2 398 .B2 2.43 120 137 0 6 1 3 0
1 2 364 .B% 2.3B 105 117 4 1 2 3 6
2 2 152 .59 1.28 210 205 q1 44 36 21 4
= 2 247 +5i .99 135 195 29 29 24 19 12
2 2 146 38 1.37 180 190 35 11 30 24 10
2 2 212 55 127 223 229 28 37 22 25 1
2 2 24n .47 1.43 220 225 32 29 25 23 8
2 2 135 .39 .89 197 200 32 54 29 31 6
2 2 199 .41 1.17 220 225 2B 37 19 28 11
2 2 223 .52 1.09% 203 200 38 37 29 29 9
2 2 130 .37 .96 207 205 21 36 27 22 7
2 2 113 .45 1.07 180 160 33 30 25 21 B
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Result Cortisol and Cathecholamine

No. Sampel Kortisol Adrenalin Nor-adrenalin
( nmol/L) ( nmol/L ) ( nmol/L )
1 aA1 342 0.88 2.75
2 aA2 229 0.84 1.99
3 aA3 301 0.99 2.63
4 aAd 411 0.93 2.32
5 aA5 303 0.79 1.98
6 aA6 447 0.85 2.67
7 aA7 312 0.97 2.42
8 aA8 274 0.82 1.89
9 aA9 313 0.95 2.56
10 aA10 359 0.81 2.67
11 Cat 298 0.64 1.61
12 Ca2 251 0.46 1.32
13 Ca3 301 0.58 1.41
14 Ca4 241 0.39 1.29
15 Cas 229 0.51 1.31
16 Cab 223 0.48 1.57
17 Ca7 276 0.47 1.43
18 Cas 160 0.61 0.98
19 Ca9 207 0.52 1.28
20 Ca10 221 0.42 1.38
21 B1 593 0.87 1.97
22 B2 472 0.75 2.21
23 B3 441 ] 0.81 2.35
24 B4 532 0.82 2.36
25 BS 519 0.75 2.05
26 B8 488 0.81 2.61
27 B7 502 0.72 2.52
28 B8 473 0.79 1.98
29 B9 398 0.82 2.43
30 B10 364 0.89 2.38
31 CB1 152 0.59 1.28
32 CB2 247 0.51 d 0.99
33 CB3 146 0.38 1.37
34 CB4 212 0.55 1.27
35 CBS 240 0.47 1.43
36 CcB6 135 0.39 ~_ 089
37 ce7 199 0.41 25 4
38 cBs8 223 0.52 1.09
39 CB9 130 0.37 0.96
40 CB10 113 0.45 1.07
/,(/\{E_/yf?f?!/ 8 L\j
Page 1 / ki / "-.:‘ *
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Appendix 5. Statistic Exposure 5 days and Controls 5 days

Title 'Differencies between EF exposure 5 days and controls 5 days'.

PRO IF (kel=1).
MAN cort adre noadre il 2 ifn g il 4
signif (all)/disc/desig.

20 ecases accepted.
) cases rejected because of
0 cases rejected because of
2 non-empty calle.
1 de=ign will be proce=sed.

CELL MUMHER
1 ]
Variable
GROUP X 2

©rll Means and Standard Deviations
Variable .., CORT

FACTOR CODE
GROUP Exparimen
GROUP Control

For entirm mample

Variable .. ADRE

FACTOR CODE
GROUP Experimen
GROUP Contrel

For entire sample

Variable .. NOADRE

FACTOR CODE
GROUP Experimen
GROUP Control

For antira mample

Variable .. IIL 2

FACTOR CODE
GROUP Experiman
GROUP Control

For entire sample

Variable .. IFN G
FACTOR CODE
GROUP Expariman
GROUP Control

For entire =ample

Variable .. IL 4

FACTOR CODE
GROUP Experimen
GRONP Contrel

For entire cample

il 10 vcam BY group(1,2)/pri cell (all)/pri homo (all)/pri

ont-of-range factor valusa,
miezing data.

Maan Btd. Dev, N 95 percent Conf. Interval
329.100 63.898 10 283.390 374.810
240.700 43.151 10 209,832 271.568
284.900 69.803 20 252.231 317.569

Mean Btd. Dev. N 95 percent Conf. TInterval

.911 .068 10 .863 .959

. 508 .0B1 10 -450 .566

. 709 .219 20 . 607 .A12

Mean 8Std. Dev. N 95 percent Conf. Interval

2.388 .326 10 2.155 2.621
1.358 .175 10 1.233 1.483
1.873 . 506 20 1.599 2.147
Maan Std. Dev. N 95 percent Conf. Intarval
11.900 5.840 10 7.723 16.077
30.800 6.477 10 26.166 35.434
21.350 11.403 20 16.013 26.687
Maan 8Std. Dav. N 95 parcent Conf. Tnterval
17.500 3.979 10 14.654 20.346
27.300 4.473 10 24.100 30.500
22.400 6.500 20 19.358 25.442
Mean Std. Dev. N 95 percent Conf. Interval
8.400 5.948 10 4.145 12.655
23.300 3.401 10 20.867 25.733
15.850 8.981 20 11.647 20.053
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Variable .. IL_10
FACTOR CODE Maan Btd. Dev. N 95 percent Conf. Interval
GROUP Experimen 10.000 4.422 10 13.163
GROUP Control 21.000 5.457 10 17.096 24.9014
For antire sample 15.500 7.430 20 12.022 18.978
Variahla .. VCAM
FACTOR CODnE Maan B8td. Dav. N 95 parcent Conf. Interval
GROUP Expar iman 20.500 10.190 10 13.211 27.789
GROUP Control 10.200 5.116 10 13.860
For antire sample 15.350 9.461 20 10.922 19.778
4 4 4 4 4 ANALYSYS OF  VARIANCE -~ DEBIGN T AN
EFFECT .. GROUP
Multivariate Tests of Significance (8 = 1, M=3 , N = 4 1/2)
Test Name Value Approx. F Hypoth. DF Frror DF Sig. of F
Pillain 97326 50.03184]3 8.00 11.00 .Doo
Hotelling= 36.39159 50.03043 B.00 11.00 . 000D
wilks .02674 50.03843 8.00 11.00 .000
Roye .87326
Eigenvaluee and Canonical Correlations
Root No. Eigenvalue Pet. Cum. Pect. Canon Cor.
1 36.39159 100, 00000 100.00000 .98654
Univariate F-tests with (1,18) D, F.
Variable  Hypoth. S8 Error S8 Hypoth. M3  Error M@ F 8ig. of F
CORT 39072.8000 53505.0000 39072,8000 2972.50000 13.144786 .002
ADRE .81205 .10045 .B1205 .00558 145.51328 .000
NOADRE 5.30450 1.23082 5.30450 .06838  77.56881 .000
IL_2 1786.05000 684, 50000 1786,05000 3B.02778 16.96690 .000
IFN G 480.20000 322.60000 480.20000 17.92222 26.79355 .0oD
Im_4 1110.05000 422.50000 1110.05000 23.47222 47.29207 .000
II,_10 f05,00000 444,00000 {0O5,00000 24.666K7 24.52703 .DDO
VCAM 530.45000 1170.10000 530.45000 65.00556 8.16007 .010
Averaged F-test with (8,144) p. F.
VARIABLES Hypoth. B8 Error £8 Hypoth. M8 Error M8 Big. of F
1to A 43590, 66R55 56550,03137 5448.83332 392.70855 13.87501 .0on

4 4 4 4 4 ANALYSIS OF VARIANCE -- DESIGN

EFFECT .. CONSTANT

1 ¢ 4 e

Multivariate Teste of Significance (8 = 1, M =3 , N = 4 1/2)

Tast Nama Valua Approx. F Hypoth. DF Error DF Big. of F
Pillais .99745 538.29621 8.00 11.00 . 000
Hotellinags 191.48815 538.29621 8.00 11.00 .000
Wilks .00255 530.29621 a.00 11.00 .000
Roya .99745
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Eigenvalues and ranonical Correlations
Root No. Eigenvalue Pct. Cum. Pct. Canoh Cor.
1 391.480815 100, 00000 100,00000 .99873
Univariate F-tests with (1,18) D. F.
Variabla  Hypoth. 88  FError B8 Hypoth. M8 Frror M8 F 8ig. of F
CORT 1623360.20 53505.0000 1623360.20 2972.50000 546.12622 .000
ADRE 10.06780 .10045 10.06780 .00558 1804.08626 .000
NOADRE 10.16258 1.23092 70.16258 .06838 1026.00194 .000
IL_2 9116.45000 684.50000 9116.45000 38.02778 239.73134 .000
IFN G 10035.2000 322,60000 10035.2000  17.92222 559,93056 .000
IL A 5024.45000 422.50000 5024, 45000 23.47222 214.05941 .000
IL_10 4A05.00000  444.00000 4805.00000 24.66667 194.79730 .000
VCAM 4712.45000 1170.10000 4712.45000 65.00556  72.49303 .0oD
Averaged F-test with (B,144) D. F.
VARIABLES Hypoth. S8 Error 88 Hypoth. M8 Error M8 F sig. of F
1toB 1657133.98039 56550,03137 207141.74755 392.70655 527.46941 .000
DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana
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Appendix 6. Statistic Exposure 10 days and Controls 10 days

Title 'Differencies belween EF Exposure 10 days and Control 10 days’

PRO IF (kmel=2).
MAN cort adre noadre il 2 ifn g i1 A4
signif (all)/disc/desiqg.

20 casnz accepted.

0 casas rajectad hecansa of
1} caces rejected becauze of
2 non-empty cella.

1 design will ba processad.

ELL NUMBER
1 2
Varisable
GROUP 1 2

Ce)ll Means and Btandard Deviations

Variabla ., °ORT
FACTOR CODE
GROUP Exparimen
GROUP Control

For entire sample

Variabla .. ADRE

FACTOR COLE
GROUP Expear imen
GROUP Control

For entire mample

FACTOR CODE
GROUP Experimen
GROUP Centrel

For entira sample

Variable .. IL 2

FACTOR CODE
GROUP Experimen
GROUP Contrel

For entire sample

variable .. IFN G

FACTOR CODE
GROUP Exparimen
GROUP Control

For entire sample

Variable .. IL 4

FACTOR CODE
GROUP Expar imen
GROTP ontrol

For entire sample

DISERTASI

il_10 vcam BY group(1,2)/pri cell (all)/pri homo (all)/pri

out-of -rangs factor values,
mireing data.

Mean 8td. Dev. N 95 percent conf, Tnrerval
478.200 66.101 10 430.915 525.485
179,700 49,751 10 144,111 215.289
328,950 163.371 20 252.490 405. 110

Mean Std. Dev. N 95 parcent Conf. Interval

.B03 .053 10 . 765 .Ba1

.464 L0777 10 .409 .518

.633 .185 20 . 547 .720

Mean Std. Dev. N 95 percent Conf. Interval

2.286 .225 10 2.125 2.447
1.152 .182 10 1.022 1.282
1.719 . 615 20 1.431 2.007
Mean Etd. Dev. N 95 percent Conf. Interval
2.600 2.459 10 .B41 4.359
31.700 5.658 10 27.653 35.7147
17.150 15.520 20 9.886 24.4914
Mean 8td. Dev. N 95 percent Conf. Interval
B8.700 5.293 10 4.914 12.486
37.400 7.677 10 31.908 42.892
23.050 16.061 20 15.533 30.567
Maan Std. Dev. N 95 percvent Conf. Interval
2.500 1.841 10 1.183 3.817
26.ROD a.742 1in 23.208 29.992
11.550 12.849 20 B.536 20,564
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Variable .. IL_10
FACTOR CODE Maan Btd. Dav, N 95 percent Conf. Interval
GROUP Experiman 3.800 2.514 10 2.101 5.699
GROUP Control 24.300 3.917 10 21.498 27.102
For entire sample 14.100 10.944 20 8.978 19.222
Varisbla .. VCAM
FACTOR CODE Mean FEtd. Dev, N 95 parcant Conf. Tnterval
GROUP Expar imen 4.100 3.635 10 1.500 6.700
GROUP Control 8.200 2.394 10 6.487 9.913
For entire sample 6.150 3.660 20 4.437 7.861
4 4 4 4 4 ANALYAETIB OF VARIANCE -- DERIGN x R A
EFFECT .. GROUP
Multivariate Tests of Significance (8 = 1, M= 3 , N = 4 1/2)
Tast Name Valus Approx. F Hypoth. DF Error DF Sig. of F
Pillais .8BR7AD  111.308B66 A.0D 11.00 . D00
Hotellings 80.95175 111.30866 8.00 11.00 .000
Wilks .01220 111.30866 8.00 11.00 .Doo
Roye .8a7a80
Riganvalues and Canonical Correlations
Root No. Eigenvalues Pect. Cum. Pct. Canon Cor.
i B0.95175 100.00000 100.00000 .99388
Univariate F-tests with (1,18) D. F.
Variable Hypoth. 88 Frror 88 Hypoth, M5 Error M8 F 8ig. of F
CORT 445511.250 61599.7000 445511.250 3422.20556 130.18249 .000
ADRE .57461 .07845 .57461 .00436 131.8B4056 .000
NOADRE £.42978 . 15160 6.42978 .D4176 153.98624 .000
o 2 4234.05000 342,50000 4234,05000 19.02778 222.51%942 .000
IFN G 4118.45000 782.50000 4118.45000 43.47222 94.73751 .0D0o0
1L 4 2904.05000 232.90000 2904.05000 12.93889 224.44354 .000
IL_10 2080.80000 195,00000 2080.80000 10.83333 192.07385 . 000
VCAM B84.05000 170.50000 84.05000 9.47222 8.87331 oo
Averaged F-test with (8,144) Dp. F.
VARIABLES Hypoth. 88 Error 88 Hypoth. M8 Error MS F Big. of F
1to8 458939.65439 £3323.93005 57367.45680 439.74951 130.45485 .00

¢ 4 & & 4 ANALYSIS OF

RFFECT .. CONSTANT

VARIANCE -- DESIGN

1 ¥ ¢+ & ¢ @

Multivariate Teste of Significance

Test Name Valua Approx. F
Pillais .99784 634.62802
Hotelling= 461.54765 634.62802
Wi lke L,00216 R34, 62802
Foga .ea7R4

DISERTASI

(8=1, M=3, N= 4 1/2)

Hypoth. DF Error DF Big. of F
a.00 11.00 .000
B.00 11.00 . 000
A.00 11.00 Ralsl]
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Bigenvalues and Canonical Correlations

Root No. Flaanvalue et

1 161.51765 100, 00000
Univariate F-teats with (1,18) D, F.
Variable Hypoth. 88 Error 88 Hypoth, M3

COPT 2164162 .05 61599 7000
ADRE B.02641 .078145
NOADRE 59.09922 . 75160
Im 2 5082 .45000 342, 50000
IFN_G 10626.0500 782, 50000
1L A 4234,05000 232.90000
IL_10 3976.20000 195.00000
VCAM 756,.45N00 170, 50000

Averaged F-test with (8,144) D,

VARTABLES Hypoth. BS
1 to A 2189704, 375k6
DISERTASI

Cum. Pet.

100,00000

Error M8

2164162.05 3422 ,.20556

8.02644

50.09922
5802 . 45000
10626 .0500
4234.05000
3976.20000
756, 45000

F.

Error 88

63323 ,93005

.0D436
.DA176
19.02778
43.47222
12.93889
10.83333
9.47222

Hypoth. M8

273713.04696

Canon Cor.

.99692

F B8ig.

632.38809
1841.63202
1415.36205

309.15066

244.43310

327.23444

367.03385

79.85902

Error M8

439.74951

IMMUNE RESPONSE MODULATION...
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.000
.Doo
.000
.000
.000

.00
.non

F

622.42545

sig. of F
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Appendix 7. Statistic Different Control 5 days and Control 10 days

Title 'Different between control 5 days and control 10 days’

PRO IF f{group=2).
MAN cort adre noadre il 2 ifn g i1 _4 il_10 vesm BY kel(l1,2)/pri cell (all)/pri homo (&ll)/pri signif
(all)/disc/desig.
20 casep= acceptad.
casns rajacted hecausm of out-of-range factor values.
casas rajacted beacause of missing data.
non-empty cnlle.
design will ba procesasd.

= ma 30

CELT, NUMRER
1 ?
Variable
GROUP 1 2

Call Meane and Standsrd Deviations
Variable ,. CORT

FACTOR CODE Mean 8td. Dev. N 95 percent Conf. Interval
GROUP 5 Days 240,700 43.151 10 209.832 271.568
GROUP 10 Daya 179.700 45,751 10 144.111 215.289

For entire sample 210,200 55.079 20 1684.422 235.978

Variable ., ADRE

FACTOR CODE Maan 8td. Dev. N 95 percent Conf. Intarval
GROUP 5 Days . 508 .081 10 .450 .566
GROUP 10 Days .464 077 10 .409 .519
For entire sample L4886 . 080 20 . 448 .524

Variabls .. NOADRE

FACTOR CODER Mean Btd. Dev. N 95 percent Conf. Interval
GROUP 5 Days 1.358 .175 10 1.233 1.483
GROUP 10 Days 1.152 .182 10 1.022 1.282
For antire sample 1.255 .203 20 1.160 1.350

Variabla ,. TI_2

FACTOR CODE Mean 8td. Dev. N 95 percent Conf. Interval
GROUP 5 Daysa 30.800 6.477 10 26.166 35.434
GROUP 10 pays 31.700 5.658 10 27.653 35.747
For entire sample 31.250 5.937 20 28.471 34.029

FACTOR N CODE Moan 8td. Dev. N 95 percent Conf. Interval

GROUP 5 Days 27.300 4.473 10 24.100 30,500
GROUP 10 DPays 37.400 7.677 10 31.908 42.892
for entire sanmple 32.350 8.015 20 28.599 36.101

Variahle .. IL 4

FACTOR CODE Maan gtd. Dev. N 95 percent Conf. Interval
GROUP 5 Daye 23.300 3.401 10 20.867 25.733
GROUP 10 Days 26.600 1,742 10 23.208 29.992

For entire sampls 24.950 4.359 20 22.910 26.9%0

- i
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Variable .. IL 10
FACTOR COPE Mean  Std. Dev, N 85 parcent conf. Interval
GROUP 5 Pay= 21.000 5.457 10 17.096 24.904
GROUP 10 Days 24.300 3.917 10 21.498 27.102
For entire sample 22.650 1.923 20 20.346 24.954
Variable .. VCAM
FACTOR CODE Mean Std. Dev. N 95 percent Conf. Interval
GROUP 5 Days 10,200 5.116 10 6.540 13.8f0
GEOIP 10 paya 8.200 2.394 10 6.487 9.913
For entire zample q.200 4.021 20 7.318 11.082
A 4 & & ANALYSIS OF VARIANCE -- DESIGN s T L A B
EFFECT .. GROUP
Multivariate Tests of Significance (8 = 1, M =3 , N = 4 1/2)
Test Name Value Approx. F Hypoth. DF Error PF H8ig. of F
Pillais .54262 1.63125 a.00 11.00 .222
Hotelling= 1.18636 1.63125 A.00 11.00 .222
Wilks 45738 1.63125 f.00 11.00 .222
Roys .58262
Eigenvalues and Canonical Correlationa
Root No. Figenvalue Pet. Cum. Pet. Canon Cor.
1 1.18636 100, 00000 100, 00000 .73663
Univariate F-testg with (1,18) D. F.
Variable  Hypoth., S§S  Error SS Hypoth. M3  Error MS F 8ig. of F
CORT 18605.0000 39034.2000 1A605.0000 2168.56667 8.57940 .009
ADRE .ONSEB .11240 .D0YE6R .00624 1.55018 .229
NOADRE .21218 57192 .21218 .03177 6.67793 .019
Im_2 4.05000 665.70000 4.05000  36.98333 .10951 . 745
IFN G 510.05000 710,50000 510.05000 39.47222 12.92175 .002
mo._4a 54.45000 306.50000 54. 45000 17.02778 3.19772 .091
IL_10 54.45000 406,10000  54,45000 22.56111 2.41344 .138
VCAM 20.00000 287.20000 20.00000 15.95556 1.25348 .278
Averaged F-test with (8,144) p. F.
VARTIAHLES Hypoth. 88 Error B8 Hypoth. M8 Error M8 F Big. of F
1toh 1924R.221R06 41410, BR432 2406.02773 287.57559 B.36659 .nno

$ 4 4 4 4 ANALYSIS OF VARIANCE -~ DESIGN 1 ¢ 4 + 4 @

EFFECT .. COMSTANT

Multivariate Tests of Rignificance (8 = 1, M= 13 , N = 4 1/2)

Test Name Value Approx. F Hypoth. DF Error DF 8ig. of F
Pillaie .99430 239 45281 /.00 11.00 000
Hotellings 174.51113 239.95281 B8.00 11.00 .D00
Wil 00570 239, 495281 B.00 11.00 .0o0
Roye .99430
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Eigenvalusn and Cancnical Correlations
Foot No. Eigeanvalue Pt Cum, Pct, Canon Cor.

; 174.51113 100, nNonn 100, 00nonn .99715

Univariate F-test= with (1,18) D. F.

Variable Hypoth. B8 Error B8 Hypoth. M8 Error MS F Big. of F
CORT BB3I6B0.6800 39034.2000 BAIAB0O.B0OD 2166.56667 407.49533 .00o
ADRE 4.72392 .11240 4.72392 .00624 756.49964 .00
NOADRE 31.50050 .51192 31.50050 .03177 991.41317 .0no
m_2 19531.2500 665.70000 19531.2500 36.983331 528.10851 .00oD
IFN_G 20930.4500 710.50000 20930.4500  39.47222 530.25771 .000
TL_4 12450.0500 1306.50000 12450.0500  17.02778 731.16117 .0oo
IL_10 10260.4500 406.10000 10260.4500 22.56111 454.768478 .000
VCAM 1692 .80000 287.20000 1692.80000  15.95556 106.09471 .ooo

Averaged F-test with (8,144) p. F.

VARIABLES Hypoth. 88 Error 88 Hypoth. M8 Error M8 F
1to@ 24A85682.02442 11410.88432 118572.75305 287.57559 412.31857
DISERTASI IMMUNE RESPONSE MODULATION...
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Appendix 8. Statistic different Exposure 5 days and Exposure 10 days

Title 'Different between EF exposure 5 days and EF exposure 10 days

PRO IF (group=1}).
MAN cort adra noadre i1 2 ifn g i1 4 i1 10 veam BY keal(1,2)/pri cell (all)/pri homo (all)/pri siagnif

(all)/disc/desig.

20 cases accepted,

0 casas rejactad bacausa of out of-range factor values.
0 casee rejectad because of miesing data.

2 non-smpty cells,
1 de=ign will be proceased.

CELL NUMBER
1 2
Variable
GROUP 1 2

Call Maans and Btandard Deviationa

Variahle .., CORT

FACTOR CODPE Mean Btd. Dav. N 55 parcent Conf. Tntarval
GROUP 5 baya 329.100 63.A98 10 283,390 374.A10
CROUP 10 paye 478.200 66.101 10 430.915 525.4R5
For antire sample 403 . K50 99.267 20 357.192 450,108
Variable .. ADFE

FACTOR CODE Mean Std. Dev, N 95 pearcent Conf., Interval
GROUP 5 Days .911 .n6a 10 .B863 .959
GROUP 10 pays .B803 .053 10 .T65 .B41
For entire sample .857 .081 20 .819 .895
Variable .. NOADRE

FACTOR CODE Mean Std. Dev. N 95 parcent Conf. Interval
GROUP S bays 2.388 .326 10 2.155 2.621
GROUP 10 Pays 2.286 .225 10 2.125 2.447
For entire sample 2.337 21 20 2.207 2.4867
Varisble .. IL 2

FACTOR CODE Maan Std. Dev. N 95 percent Conf. Interval
GROUP 5 Days 11.900 5.840 10 7.723 16.077
GROUP 10 paye 2.600 2.459 10 .84 4.359
For entire sample 7.250 6.463 20 4,225 10.275
Variable .. IFN G

FACTOR CODE Mean Std. Dav. N 95 percent Conf. Interval
GROUP 5 Days 17.500 3.979 10 14.654 20.346
GROUP 10 Days B8.700 5.293 10 4.914 12 .486
For entire sample 13.100 6.415 20 10,098 16.102
Variable .. IL_1

FACTOR CODE Mean 8td. Dev. N 95 parcent Conf. Intarval
GROUP 5 Daye 8,400 5.948 10 4,145 12.655
GROUP 10 Days 2.500 1.841 10 1.183 3.817
For entire sample 5.450 5.246 20 2,985 7.905

DISERTASI
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Variable .. IL_10
FACTOR CODE Maan Btd. Dev. N
GROUP S Days 10.000 4.422 10
GROUP 10 pays 3.900 2.514 1n
For entirm sample 6.950 4,696 20
Variable .. VCAM
FACTOR cong Mean Etd. Dav. N
GRONP 5 Days 20.500 10.1%0 10
GROUP 10 Daye 4.100 3.635 10
For entire sample 12.300 11.235 20
* & 4 & & MNALYSIS OF VARIANCE -- DESIGN I B
EFFECT .. GROUP
Multivariate Teste of Significance (S =1, M= 3 , N = 4 1/2)
Tamt Name Valum Approx, F Hypoth, DF Frror DF 8ig. of F
Pillais .A67A2 9.02785 6.00 11.00 .001
Hotallinga 6.56571 8.n2785% 8.00 11.00 .o01
Wilke .13218 a9.02785 8.00 11.00 .0o1
Roys .BETB2
Eigenvalueas and Canonical Corrmlation=
Root No. Eigenvalue Pct. Cum. Pct. Canon Cor.
1 6.56571 100. 00000 100, 00000 .93157
Univariate F-temte with (1,18) D. F.
Variable  Hypoth. 83 Error 88 Hypoth. M3 Error M3 F sig.
CORT 111154,050 76070,5000 111154,.050 4226,13889  26.30156
ADRE .05832 .DERSD .05832 .D0369  15.78586
MNWOADRE .05202 1.41060 .05202 .07837 .66380
IL_2 432.45000 361.30000 432.45000 20.07222 21.54470
IFN_G 387,20000 394, 60000 387,20000  21,92222 17.66244
IL_4 174.05000 348.90000 174.05000 19.3B8333 B.97936
IL_10 186.05000 232.90000 186.05000 12.93889 14.37913
VCAM 1344.80000 1053.40000 1344.80000  58.52222 22.97931
Averaged F-test with (B,144) D. F.
VARIABLES Hypoth. A Errer BB Hypoth. M8 Error M8
1te B 113670.71034 78463.07710 14209.83879 544.88248
¢ 4 % & ¢ ANALYEIE OF VARIANCE -- DEBIGN o e L
EFFECT .. CONBTANT
Multivariate Tests of Significance (S - 1, M= 3 , N = 4 1/2)
Teat Name valum Approx. F Hypoth. DF  Error DF 8ig. of F
Pillais= L9982 797.56170 B.00 11.00 .000
Hotallinge S80,044A7 797,56170 8.00 11.00 .00D
Wilka 072 797,510 g.0n0 11.00 .oon
DISERTASI IMMUNE RESPONSE MODULATION...
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95 percent Conf. Tntarval

6.837 13.163
2.101 5.699
4.752 9.148

95 parcent Conf. Tntarval

13.211 27.789
1.500 6.700
7.042 17.558

of F
.000
.001
.426
.000
.001
.0o8
-.001
.oon
F fig. of F
26.07872 .0oo
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Figenvaiues and Canonical Correlations

koot No. Eigenvalue Pk

1 580,04487 100, 000n0n
nivariate F-teata with (1,18) n, F.
Variable  Hypoth. 88  Error 88 Hypoth. Mg

Cum. Pct.,

100, 00000

Error M8

3258666.45 4226.13889

CORT 32508666, 45 T76070.5000
ADRE 14.6BA9A 06650 14. 60898
NOADRE 108,23130 1.41060 109,23138
1,2 IN51.25000  361.30000 105125000
IFN_% 3432.20000 394, 60000 3432.20000
I 1 594.05000 348,.90000 59405000
10 H66.05000 232 .,.90000 96K, 05000
VUAM 102580000 1053, 40000 2N2 5, AONNO
Avaraged F-tast with (A,144) D, F.
VARIABLES Hypoth. 88 Error 88
1to8 1267859 72036 78463 .07710
DISERTASI

.00369
.01837
.07222
.22222
.38333
.93889
.52222

Hypoth., M3

4084682, 46505

Canon Cor.

.99911

F Sig.

771.07415
3975.96430
1393.84%998

52.37337
156.56260
30.64746
74.66252
51.70344

Error M9

544 868248

IMMUNE RESPONSE MODULATION...
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.0oD
.000
.000
.0no
.000

.onn
Qoo

F

749.67076
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Sig. of F

.000
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Appendix 9 Statistics Changes Exposure 5 days and 10 days

Title 'Differencies changes EF exposure 5 days and 10 days’

PRO IF (group=1).
MAN cort adre noadre il 2 ifn a i1 4 i) 10 veam BY kel(1,2)/pri cell (all)/pri homo (all)/pri eignif
(all)/diac/de=ig.

20 casns accapted.

0 cazee rejected becaueer of out-of-range factor values.
0 cases rejected becausa of missing data.

2 non-empty cells,

1 de=ign will be procesaad,

CELL NUMRER
1 2
Variable
GROUP 1 2

Cell Meane and Standard Deviations

Variahls .. CORT
FACTOR CODE Mean Std. Dev. N 95 percent Conf. Interval
GROUP 5 pays -B6 . 400 77.027 10 -143.502 -33.2960
GROIP 10 Daya -298.500 62.443 10 -343.169 ~253.831
For entire sample -193 . 450 127.569 20 ~253.154 ~113.746
Variable .. ADFE
FACTOR CODE Mean Etd. Dev. N 95 percent Conf. Intarval
GROUP S Days -.403 .106 10 -.479 -.327
GROUP 10 pays -.339 .085 10 -.400 -.278
For entire sample -.3M .0og 20 -. 817 -.325

Variable .. NOADRE

FACTOR CODE Maan 8td. Dev. N 95 percent Conf. Interval
GROUP 5 Days -1.030 .226 10 -1.191 -.B69
GROUP 10 Days -1.1314 .348 10 -~1.3083 -.885

For entire sample -1.082 L2080 20 -1.218 -.946

Variable .. IL 2

FACTOR CODE Mean 8td., Deav. N 95 percent Conf. Interval
GROUP 5 Dbays 18.900 6.839 10 14.008 23.792
GROUP 10 Days 259.100 5.607 10 25.089 33.111
For entire eample 24.000 8.026 20 20,244 27.7156

Variable .. IFN_G

FACTOR CODE Mean &td. Dev. N 95 percent Conf. Interval
GROUP 5 Daye 9.800 6.356 10 5.253 14.347
GROUP 10 Days 28.700 10.709 10 21.039 36.361

For antire sample 19.250 12.9491 20 13.194 25.306

Varisble .. TL 4

FACTOR CODE Maan Std. Dev. N 95 percent Conf. Interval
GROUP S Days 14.900 4.458 10 11.711 18.089
GROUP 10 pPaye 24,100 3.872 10 21.330 26.A70
For entire eample 19,500 6.2208 20 16.585 22.415
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Variable .. IL 10
FACTOR CODE Meaan 8Std. Dev, N 95 percent Conf, TInterva)
GROUP 5 hays= 11.000 5.617 10 6.982 15.018
GROUP 10 Days 20.400 5.211 10 16.672 24.128
For mntire pample 15.700 7.146 20 12.356 19.044
Variahla .. VCAM
FACTOR CODE Maan Std. Dav. N 95 percent Conf. Intarval
GROUP S Pays 10.300 10.563 10 -17.856 -2.711
GROUP 10 Dbays 4.100 4.909 10 .588 7.612
For entire eample ~3.100 10.901 20 -8.202 2.002
& & & 4 4 ANALYETIH OF VARIANCE -- DESIGN + O SN AR L S
EFFECT .. GROUP

Multivariate Teete of Significance (8 = 1, M=3 , N = 4 1/2)

Test Name Valua Approx. F Hypoth. DF Frror DF 8ig. of F
Pillaism .A40133 7.23657 B.00 11.00 . 002
Hotellings 5.26295 7.23657 A.O0 11.00 .D02
Wilks . 15967 T7.23657 A.0n 11.00 002
Roye .BAN33

Eigenvalues and Canonical Correlations
Root No. Figanvalna Pt Cum. Pet. Canon Cor,

1 5.26296 100 _nonon 100, 00000 .91670

Univariate P-teats with (1,18) D, F.

Variable Hypoth. 88 Error 8¢ Hypoth, M8  Error MS F Sig. of F
CORT 220710.050 BB490.9000 220710.050 4916.16111 14.892180 .000
ADRE .02048 .16570 .02048 .00921 2.22974 .153
NOADRE .05408 1.54624 .05408 .08590 .62955 .438
IL_2 520.20000 703.80000 520.20000 39.10000 13.30435 .DD2
IFN_G 1786.05000 1395.70000 1786.05000 77.53889 23.03425 .boo
IL 4 423.20000 313.80000 423.20000 17.43333 24.27533 . 000D
Im_10 441.80000 528.40000 441.80000 29.35556 15.04996 .001
VCAM 1036.80000 1221.00000 1036.B80000 67.83333 15.28452 .001

Averaged F-test with (8,144) p. F.

VARIABLES Hypoth. B8 Error B8 Hypoth. MS Error M8 ¥ 8ig. of F
1toB 22491R0.17456 82655.31194 28114.77182 643.43967 43.69450 .000
4 % 4 4 ANALYSIS OF VARIANCE -- DESIGN = L L A

EFFECT .. CONSTANT

Multivariate Tests of Significance (8 = 1, M=3 , N = 4 1/2)

Tast Name Values Approx. F Hypoth. DF Frror DF 8ig. of F
Pillais .99188 168.02635 A.0oD 11.00 .000
Rotelling= 122.20088 16B.02K35 B.00 11.00 . 000
Wilks .ONB12  16B.D2K35 A.00 11.00 .Doo
Roys LRaaR
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Eigenvaluas and Canonical Correlations

Root No. Eiganvalue Pct., Cum., Pct. Canon Cor.

1 122 .20008 100, 00000 100, 00000 .995493

Univariate F-tents with (1,18) D. F.

Variable Hypoth. 88 Error S8 Hypoth. MS Error M8 F 8ig. of F
CORT 748456 .050 88490.9000 748458.050 4916.16111 152.24441 .000
ADRE 2.75292 . 16570 2.75282 .00921 299.038%8 .D00
NOADRE 23.4144R 1.54624 23.411%48 .0a580 272.57130 .Doo
m_2 11520.0000 703 .BO000 11520.0000 39.10000 294.62916 .DoD
IFN & T7411.25000 1395.70000 7411.25000 77.5318R9 95.58107 . 000
I 4 THOS.0O000N 313 . 80000 T605. 0NODO 17.43333 436.23327 .00o
II,_10 4929.p0000 S528.40000 492980000 29.35556 167.93414 .D00
VAN 192.20000 1221.00000 192 .20000 67.833133 2.83342 .110

Averaged F-test with (8,144) p. F.
VARTAHLES Hypoth., B8 Error AR Hypoth. M8 Error M9 F fig. of F

1toB 700142.46730 92655.31194 97517.80841 643.439867 151.55704 .000
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Appendix 10. Discriminant Analysis

Title 'Differencies changes EF exposure 5 days and 10 days’

PRO IF (grounp=1).
dac group kel(1,2)/VAR cort adre noadre i1 2 ifn g i1 4 11_10 veam /met rao/PIN=D.5/POUT=9.5/ana
all/stat all.

----- - - = - = - = - PDITBCRIMINANT ANRLYBIB =~ =« ===« =« ==
On groups dafined by GROUP

20 (unwaighted) casss were processed.

0 of theea wore excluded from the analysie,

20 (wnweightnd) cases will be used in the analysis.

Number of f‘asee by Group

Numbar of Casnsa

GROUP tnweighted W ighted Label
1 1n in.0 5 Hari
2 10 10.0 10 Hari
Total 20 20.0

Group Means

GROUP CORT ADRE NOADFRE IL_2 IFN_G In_Aa IL_10 VCAN
1 -88.40000 -. 40200 -1.03000 18. 20000 a.80000 14.90000 11.00000 -10.30000
2 -298.50000 -.33900 -1.13400 29.10000 28.70000 24.10000 20, 40000 4.10000
Total -193.45000 ~.37100 -1.08200 24.00000 19.25000 19. 50000 15.70000 -3.10000

Group Standard DPeviations

GROUP CORT ADPE NOADRE IL_2 IFN_G L_4 InL_10 VCAM
1 77.02698 .10605 .22568  6.83862  6.35610  4.45845  5.61743  10.56251
2 62.44331 LT T .34767  5.60654 10.70877  3.87155  5.21110  4.90918
Total 127.56855 .09A99 .29022  B.02627 12.94065  6.22812  7.14585 10.9009%

Wilks' Lambda (U-statistic) and univariate F-ratio

with 1 and 18 degrees of freedom
Variable Wilka' Lambda F gignificance
CORT .28619 44.R9 .oooo
ADRE .Aanno 2.225 .1531
NOADRE .96621 L6296 .A4379
Im_2 .57500 13.30 .0018
IFN_G 43866 23.03 0001
IL 4 .42578 24.28 .0001
m_10 .54463 15.05 0011
VCAM . 54079 15.28 .0010

————————————————— DISCRIMINANT ANALYBIB == === =====~ =
on groupz defined by GROUP

Analysis number 1

Stepwize variable aelection

Salaction rule: Maximize Rao's V

Maximum number of etepe. . . ... .0onuenoean- 16
Ninimm Toloranee Leavel. .. .ovevesencaansn LON100
Maximun signiticance of F to enter, ., .. .. . S0000
DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana
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Minimum significance of F to remove...... . 50000
Minimum increase in Rao'as V.. ............ . 00000

canonical Diser iminant Functiona

Maximum numbar of functions. .............

Minimum cumulative parcent of variance... 100,00
Maxirmm significance of Wilks' Lambda.... 1.0000

Prior probahility for each group is 50000

------------------ Variables not in the analymis after step 0 -—----c=--cee——en

Minimum Signif. of

Variable Toleranca Tolerance F to anter Rao'a V
CORT 1.0000000 1, 0000000 .0onn 44,89480
ADRE 1.0000000  1.0000000 .1531 2.224744
NOADRE 10000000 1. 0000000 . 4379 . 6295530
L 2 1.00n0000 1. 0000000 .on18 13.30435
IFE*G 1.0000000 1.0000000 .0o01 23.03425
ILFQ 1.0000000  1.0000000 .non1 24.27533
IL_10 1.0000000 1, 0000000 L0011 15.04996
VCAM 1.0000000 1,0000000 .D010 15.28452

4 & 4 4 4 4 4 A & A A A A A A A A A A A A A A A A A A A A e A A A e R A A e A e e

At step 1, CORT wa= included in the analy=is,
Paaraes of Freedom Signif. Batwaan Groups
Wilke' Lambda .2R619 1 1 18.0
Egquivalent F 44.8948 1 18.0 .Dono
RAO'B ¥ 44 89480 1 L0000 (APPROX.)
————————————————— Variables in the analysis after atep 1 ————-—-mmee————
Signif. of
Variable Tolerance F to remove Rao's ¥V
CORT 1.0000000 .nnon
---------------- Variables not in the analysis after step 1 ——=-cc-com—mmmme
Minimm Signif. of
Variable Tolsrance Toleranca F to enter Rao's V
ADRE .9823813 .9823613 .2286 50.66530
NOADRE L99830770 .99831070 L7909
ImL_2 .9879889 . 9879689 1460 53.48461
IFN G . 7650960 . TES0960 .3692 48.04281
IL_14 .8918577 .B918577 .1521 53.21219
I._10 .9952058 . 9952958 .0372 63.81058
VCAM LB770617 LOT7T0617 L0191 69.71319
F atatistica and significances batween pairs of groups after step 1
Each F statietic has 1 and 18.0 degrees of freaedom.
Group 1
5 Daye
Group
2 10 Days 14.6895
.0ooo

“« 4 & & 4

@ & & a

-

4 4 4 & 4 4 & 4 4 4 & 4 & 4 & 4 & b AN ad e

At step 2, VCAM was included in the analy=ie.
Pegres= of Freedom Bignif. Petween Groupse
Wilk=s' Lambda .20521 2 1 18.0
Equivalent F 32.92m 2 17.0 .booo
RAD'S V 69.71319 z .0000 (APPROX.)
----------------- Variables in the analysis after step 2 e —————
Bignif. of
Variable Tolarance F to remove Rao's V
CORT LATINR17 Lonm
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VCAM 87170617 L0191

———==—-=-—--eev=-= Variabhlam not in thea analymie aftar step 2 e
Minimum  Signif. of

Variable Tolerance Tolerance F Lo enter Rao's V

ADRE LAT6R6TY LRZRTAO 3917 73.85305

NOADRE L9961360 .974A61A LanNng

Im 2 .AT20R15 LAR2A165 . 5855

IFN G LT13821°71 1382371 .25R1 77.31143

1,4 LBANT7RO2  RRI1NGD .3318 75.20335

IL:lﬂ .9793509 L9A14009 .1289 A3.766A7

F etatistice and gignificances between paire of groups after step 2

Each F statistic has 2 and 17.0 degress of freadom.
Group 1
5 Daya
Group
2 10 page 32.920
.0nong 0

4@ 4 4 & 4 & 4 & 4 4 4 & a

At step 3, TL 10

& & 4 4 & & A& & & A & & 4 4 % 4 4 & 4 & & & 4 4 A 4 & A 4 4 & 4 4 4 A K R
was included in the analysis.

Pagrea= of Fraesdom EBignif. Betwaen Croups

Wilks' Lanbda . 17687 3 1 18.0

Equivalent F 24.8198 3 16.0 .0000

RAO'S V¥ 83.766687 3 .0000 (APPROX.)

---------------- Variablen in the analyeie after step e ————————
Sianif. of

Variable Tolerance F to ramove Rao's V

CORT .9747041 .nong

IL_10 . 9793509 .1289

VCAM .9614089 L0657

—====---=----w-- Variables not in the analyasis after atep 3 ---—-cseocanmnao
Minimum  Signif. of

Variable Tolerance 'Tolarance F to entar Rac's V

ADRE 97337187 .2549509 .3987 A6.88683

NOADRE L9687946 .9522790 L9006

Im_2 L616564 LA564719 L7337

IFN G LETIN264 L5710264 .BT773

o 4 .Bl13ie887 .A136887 . GDAB

F statistice and gignificances between pairs of groups after step 3

Each F atatistic has 3 and 16.0 degrees of freedom.
Group 1
5 Days
Group
2 10 bays 24.820
. 0000

CEE B T T T T T T T T R T U U T U T R T R T R I R T T T T R T DR I I B D BT D O DT D BT I O R I I ]

At step 4, ADRE was included in the analysis.

pegrees of Freedom Signif. Batwaan Groups

Wilks' Lanbda .16840 1 1 18.0

Equivalent F 18.5181 4 15.0 . 0000

RAD'E V AA.BAARAT 4q .0DDD  (APPROX. )

——ermmwemimemnew Variables in the analysis after step § wermmm————————
Signif. of

Variable Tolerance F to remove Rao'= ¥

CORT -1 DT R nons

ADRE 9733787 . 349R7

o 10 LOTHRA5T6 .13A0

VOAM _a54a5n a7
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-— Var inhle= pot in the analy=i= aftey atep L) - - - -
M i mom Aignif. of

Variable Teleranve Teleranece F Lo entmr Ran'a V

MOADRE LARI2TRT ART2 TR anin

T 2 LASAMNT1] BARDI R LTnR3

IFN & . 5254722 .52547122 .5211

11, 4 L1619945 .TR1ARAS LAR2 G2 ARSSA

F atatiatices and aignificancas hatwann paira of aroups aftar step 1

Each F gtatiet ic hae 1 and 15.0 dagreee of freadom.
froanp 1
5 Paya
=y anp
?2 1N pay= 1R.518
L nnno

At stap S, 1. A4 waz included in the anpaly=is,
Nagreaa of Fraadom Rignif, Fatwaan Croups

Wilks' Lambrla 16211 5 1 1.0

Equivalent F 14,4409 5 14.0 .0ooo

RAGE W a2  anass6 5 L0O0n (APPROX. )

- - - -~ Varishle= in the analyeie after step e S
Signif. of

Variahla Tolerance F to remove Fan'e V

CORT .A445632 .nnag

ADRE L2109410 .13IR6

T 4 .7R14945 LAz

1m0 .angfR1an .2516

VCAM .999R648 . 1425

—mmmemme e e=ewe—— Yariables not in the analyeis after step § mmmncrrem——n————
Minimum  Signif. of

Variable Toleranca Tolerance F to enter Rac's V

HOADRE 0462231 1270772 L7944

Im_2 .hIBEIRG .BERT415 .9BR3

IFN & . 4913469 .A4913469 . 6506

F mtatistice and significancea hatwaen pairs of groups aftar atap 5

Each F atatistic has 5 anel 14.0 degrees of freecdom.
Group 1
5 Daye
Group
2 10 Daya 14,419
L NOon

F level or tolecance or VIN insufficient for further computation.O O

Sunmary Table

At ian

Vara Wjlka' Changa
Step Entered Pamoved mn Lambda aig. Rao'=s Vv 9ig. in v gig. Lahel
1 CORT 1 L28/190  _n0D0 14 89480 .0000 44.89480 0000
Z2 VAN 2 L2N521  .nomn 9.T71319 .DOND 21.A1839 .0000D
£ I & O L] 1 LATRETT O onnn A1.766AT 000D 14.05368 0002
4 ADFE 1 16AAN 00NN AA.ARAAZ . Noon 5.1199 0237
5 1.1 5 AR23% . onnn Q2 .AASKA . NOOND 1.99A73 . 0455
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tlasaification Funetion roafficiante
Diecr iminant Funet fons)
1 2
5 Dayn 10 Diaga
LIS IIAE N L_4snqa7ar N
+315.20A52 422.095Nq
L5h39699 LAN8136
2734687 L55N55654
L. 154931054 . TI29A2NE-NY
+14.25460 420 . ARAT?
fanonical Niscriminant Funetiona
Pareant of Cumilat ive  Canoniral AMter
Funclion Figenvalus Varianea Pereent Correlation @ Function Wilks' Lambda Chi-amquared D.F. #ignif
3 n . 1623285 28,101 5 L onnn
5.1A/071 fLATADRTA] FEATRINATH] 9152114 .

* marke

Standardizad Cancniral

CORT
ADRE
II. 4
I, 10
Vi AM

the

Fimie 1
.74511
L293I03
RITTY
-3487)
-43711N

Structure Matrix:
Poolad within-groups corralations batwenn discriminating variables

Miser iminant

I canonical discy iminant functionm remaining in the analy=ie.

Function Coafficients

and canonical dizcriminant functions

(Variahle= ordered by mire of corralation within function)

CORT
w_4
VCAM
1nL_10
IFN_G
n 2
ADRE
NOADRE

nm groups definad hy apoup

FuNe 1
- . 9522
.51122
. 40565
LAN253
. 39951
.37424
15476
-, NNANR]

Analymia mmher 2

Direct method:

Canonical

DIBCRIMTINANT ANALTYS® IS - e e = e e = ==

All variahles passing the tolerance teat are sntersd.
Minimum Tolerance Lovel. .

PR e G s 00100

Dimcriminant Functione
Haximm niher of functione............ 5% 1
Minimum cumlativa percant of varianca... 100.00
Haximmm aignificanca of ®Wilka' Lamhea,.,. 1.0000

Prior probability for esach group ie

_Snnnn

Claseification Fanction Coafficiente
(Fiahar's Linesr Diacriminant Fonet jons)

GROUP =

1
5 Nary

DISERTASI

2
1 Hara
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CORT LRI EOUESE N1 103I6TAR
ADRE ?21.4R319A8 K. 773367
NOANRE 41 . 9551 43.65737
2 1.737529 1.725575
1FN 7 1L.oe2nrin 1.5205 0
L1 - 5852005 . Ta1ean7
10 CTTI0220 9914122
VCAN -1.0200818 -. 7689234
(conat ant ) 52.8121 RT1.47112
“anonical Diescriminant Functions
Porceant of Camulative Canonical After
Funtticn Eigenvalua Variance FPeareent Correlation : Fupcticon Wilks' Lambda Chi-squared D.F. Signif
- 0 . 1596689 25.685 ] .12
i 5.26204 100, 00 100, 0n .B1R6050
* markes the I canenieal dacy iminant fanctione remaining in the analyeins,

St andardized Canonical Diecriminant Funetion Confficiente

Fume 1
CORT - . REONDA
ADRE RELED
NOATRE nn257
m_2 S 01717
IFN G 20272
n 4 20116
m_1n 27433
VEAM _ATBR?

~ - - PTRCRTITMINANT ANALYSIS - - -« - - - - - - S
o ogroups definad hy cronp

Analyziz number. . 1

Nunber of Canonical Discriminant Functions. . 1

List of the 5 Variahleas uaed.,

Variable Tahel

No. of Predicted Group Mewbership
Actual Group Camns 1 2
Group 1 p Lo mn 0
S Day= 100 Ny .N%
Sroup 2 1n n 0
10 Paye 0% oo, 0y

Parcent of "grouped" casea correctly clasaified: 100,00%

Claseification Proceasing Summary
20 cases woare processad,
N Canan wara ayeluded for missing or out-of-ranges group codes.
1 Casam had at least one mieceing diecriminating variable.
20 Cagaa ware wead for printed eontpar,
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TSR TMINANT AN ALTYS IS S L -
tm groups definsd hy cpoup
Analymin numbar . . 2
Numbnr of Canonical Piecriminant Fonet ions, . 1
List of the H Varinhlee need. |
Varinble Lahel
CORT
ADPE
MOADTE
nl_z
1¥H 6
1. 4
IL 10
VCAM
rlas=ifirat ion Pe=sulte
M, of Prodictad Group Mewbership
Actnal Group Canns 1 2

Group 1 10 10 n
5 Daym 100, N% Ny
Group 2 n 0 10
10 Daye AL 100.0%
Parcent of "groupad” casee correctly classified: 100.00%
Clapeification Processing Swmmary

20 Casne ware processed,

0 Cases were excluded for mie=ing or out-of-rangs group codes,

0 Casns had at least one mizaing discriminating variable.

20 Cases were umed for printed ontput.
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Appendix 11 Statistic Reliability Researcher & observer

T-Test
Paired Samples Statistics
Std. Std. Error
Mean N Deviation Mean
Pair  Researcher 2,90 20 2,22 50
1 Observer 3,10 20 2,15 A48
Paired Samples Correlations
N Correlation Sig.
Pair 1 Researcher & Observer 20 961 ,000
Paired Szamples Test
Paired Differences
Std. Std. Error Sig.
Mean Deviation Mean t df (2-tailed) |
Pair 1 Researcher Observer -,20 62 14 | -1,453 19 ,163
Corrciations
Correlations
_ Researcher| Observer
Researcher Pearson Correlation 1,000 9611
Sig. (2-tailed) y ,000
N 20 20
Observer  Pearson Correlation L961* 1,000
Sig. (2-tailed) ,000 !
N 20 20
**. Correlation is significant at the 0.01 level (2-tailed).
Curve Fit
MODEL: MOD 1.
Dependent variable.. PEN Method.. LINEAR

Listwise Deletion of Missing Data

Multiple R . 960RRA
R Square , 92328
Adjusted R Sqguare 21902
Standard Errer , 63228
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