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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 tirnbulnya 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 sehab-sehab organik disingkirkan. 

Untuk mengungkap patogenesis DE psikogenik, digunakan penelitian dCllgan 

paradigma psikoneuroimunologi (PNI). PNl adalah ilmu pengetahuan dengan model 

berfikir, bahwa suatu stresor, apapun macamnya, fi sik 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 

(MRJ)(Ader, 199 1; Putra, 1999). 

Pada peneIitian ini digunakan desain penelitian Randomized COl/trol Group 

Pos((est only Design, yang dipakai unluk pereobaan adalah tikus putih Rattus 

Nervigieus strain Wistar. Empal puluh tikus dibagi seeara aeak (random ass ingment) 

dalam 4 kelompok. Kelompok I (kelompok kontrol 5 hari), kelompok IJ (kelompok 

eksperimen 5 hari ), kelompok IJ] ( 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 li slrik (electric Foofshock = EF) dipakai untuk menimbulkan 

stresor psikogenik , sebagai varia bel indedenden. Setelah tikus mendapat paparan EF 

selama 5 dan 10 hari . dibunuh, lalu dideseksi a pundendus internusnya dan diproses 

untuk diperiksa secara imunohistokimia dengan menggunakan antibodi monoklonal. 

Lalu diamati adanya MRI. ya ng tereermin dalam perubahan sel endotel penghasi l 

VCAM-I dan limfosi t penghasil ; itokin IL-2, [FNy, fL-4 dan IL-IO pad. dinding 

arteria pundendus internus, pembuluh darah utama unluk ereksi. Kemudian diperiksa 

juga keadaan korti sol dan katekolamin didalam darah sebelum dan sesudah 

eksperimen. 

Unluk menganali sa data digunakan analisa multivariat , oleh karena pada suatu 

perubahan biologik merupakan inleraksi anlara beberapa variabel. Hasil yang didapat 

setelah 5 hari EF menulljukkan peningkatan kadar kortisol, adrenal in, noradrenalin 
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dalam darah; peningkatan jumlah sel endotel penghasi l VCAM-I dan penurunan 

jumlah limfosil penghasil IL-2, J:FNy, J:L-4 dan LL-I 0 menurun banyak. Pada renjatan 

li strik 10 hari didapatkan peningkatan kadar kortisol. Kadar adrenalin juga meningkat 

tetapi lebih sedikit. Endotel penghasil VCAM-I berkurang dan limfosit penghasil 

lL-2, IFNy, IL-4 dan IL-I 0 lebih berkurang. 

Untuk menjelaskan mekanisme diperlukan kontribusi fungsi setiap variabel 

lerhadap kejadian DE. Berdasarkan ana lissis di skriminan hanya 5 variabel (yaitu 

kortisol , adrenal in, VCAM- I, LL-4, LL- I 0), yang mempunyai kontribusi berperan pada 

MR!. Setelah 5 hari EF didapatkan peningkatan peran adrenal in, tetapi penurunan 

peran korti sol. Peran VCAM-l meningkat dan peran LL-4, LL-lO juga meningkat. 

Selelah 10 hari EF didapatkan peningkatan peran ~ortiso l , telapi penurunan peran 

adrenal in. Peran LL-4, IL- I 0 menjadi lebih rnwningkat dan peran VCAM- I menurun. 

Dapat disimpulkan bahwa setelah 5 hari EF, peran adrenal in dan peran 

VCAM-I meningkat berdasarkan kerangka konseptua! menyebabkan disfungsi 

endoli!. yang seeara potential dapat menyebabkan kerusakan pembuluh darah arteri , 
pudendus internus, dan selanjutnya menyebabkan DE psikogenik. 

Setelah 10 hari EF peran kortisol yang lebih meningkat menyebabkan peran 

IL-4, IL-IO lebih meningkat. Keadaan yang menunjukkan sel Th2 lebih dominan 

berperan dapal potensial merusak pembu luh darah arteria pudendus internus lewat 

proses ADCC (antibody dependent cell cytotoxicity) dan selanjutnya menyebabkan 

DE psikogenik . 

Ini ada lah suatu penemuan baru yang dapat menerangkanmekanisme timbulnya 

kerusakan endotel pada a pudendus internus dan potensial menimbulkan DE. 
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AOSTRAc r 

It has long been stated that psychogenic stressors like anxiety, depression, and 
stress may cause Erecti le 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 strcsso rs had not Been understood. 

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

Forty male rats, Rattus Nervigicus of Wistar strain were used and at random 
di vided into 4 groups often rats. Group I (control group for 5 days experiment), group 
" (5 days experiment group), group III (control group for 10 days experiment), group 
IV ( 10 days experiment group). The rats were 3-4 months o ld and had a body weight 
of 150-200 gr 

An electric footshock (EF) was used as a psychogenic stressor (as independent 
variab le) exposed to the rats. 
The dependent variables observed were Immune Response Modulations (TRM) of the 
neurohormonal changes expressed in cort iso l, cathecholamines (adrenal in, 
noradrenalin) blood level, amount ofVCAM-l expressing endothelial cells (ECs) and 
amount of IL-2, IFNy, IL-4, IL-IO producing lym phocytes in the internal pudendal 
artery wall , the main artery for erection. A multi variate 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- I expressing ECs increased 
and amount of lL-2, rFNg,. TL-4, I"L-I O producing lymphocytes decreased. 
After 10 days of EF exposure cortisol, adrenal in and noradrena lin blood levels also 
increased; amount ofVCAM-1 expressing ECs decreased and amount oflL- I, TFNg, 
IL-4 , IL 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 anal ysis, on ly 5 variables 
(cortisol, adrenal in, VCAM- I, IL-4, TL- I 0) have contribution in IRM pattern. 
It showed Ihat after 5 days of EF exposure, fRM caused an increased adrenal in 
function, but a decreased corti so l function. VCAM- I expressing ECs and lL-4, IL-IO 
producing lymphocytes functions were increased. 

After 10 days of EF exposure there was a prominent increased cortisol 
function, but a decreased adrenalin function. rL-4 and [L-I O producing lymp hocytes 
functions were more increased whereas VCAM- I expressing ECs funct ion was 
decreased. 

In conclusion: the increased adrenalin function after 5 days of EF exposure 
and increased VCAM-I expressi ng Ees function (according to the theoritical 
fTamework) may cause endothelial dysfu nct ion and potentially may cause endotheli al 
damage in the internal pudendal artery wa ll, and hence causes psychogenic ED. 

After 10 days of EF exposure cortisol funct ion increased, which consequently 
caused increased IL-4 and IL- IO function. This condition, where Th2 cell s are 
dominant may cause endothelial damage of the internal pudendal artery wa ll through 
ADCC (antibody-dependent cell-cytotoxicity) process, and hence may cause 
psychogenic ED. 
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1.1 I{cscarch Background 

CHAPTER I 

INTROD UCTION 

Psychogenic condition has long been slated as one of the causes o f Erecti le 

Dysfunction (ED). Many clinical studies have shown the relationship between 

psychogenic conditions (like stress, depress ion, anx iety) and the development of ED. 

Howeve r, 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 morc sophisti cated diagnos tic tools have 

made better diagnosis poss ible. So more and more organic causes were identified. 

Karacan found in 1970 after the development of Noctu rnal Penile Tumescene test 

(NPT) organic causes in more than 50% of the pa tients. More sophisticated 

invest igations li ke pharmacodynamic studies are able to e lucidate that more than 80% 

of ED patients have a speci fic organic background, such as a vascular. neurological 

andlor endocrinological d iseases. In 1988, Melman, Tiefer, and Pederson concluded 

from ep idemiological stud ies that causes of ED were 40% purely psychoge nic, 25% 

organic and psychologica l, and in 29% the cause was purely of organic origin. With 

the present diagnosti c procedures, it is possib le indeed to differentiate more organic 

causes, but sometimes it is still difficult to know whether on ly organic factors do play 

FiI!t , T'. ! JJ 
~w I ,f .. · .. .dJl 
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a role in the development of ED or do also psychogenic factors playa role. According 

to Watkins ( 1993), psychological factors may aggravate ED caused by organic 

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

the pathogenesis of ED. 

Unti l recently, psychological factors are assumed to be the cause of ED i f all 

organ ic factors have been excluded. Organic causes of ED are class ified as vascular, 

neurological and/or homlonal impairment (yuwana, 1994). Damage to the main 

artery, the intemal 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. 111e androgen honnone testosterone has not a direct influence on the 

physiology of o!redion, but may improved libido and the quality of erection (Thomas 

et ai, 1992). 

The pathway of how psychological factors can cause ED is not clear yet. 

Psychological ractor can not be diagnosed by an interview or a psychomctric 

assessment alone. There must be more objective metJlOd to diagnose psychological 

causes. 

At the present time, the therapy for ED is symptomatic, it implies that the 

condition is treated only, when symptoms are already cvident. Several treatment 

options such as vacuum assisted device, intracavemous pharmaco injection (Yuwana, 

1993), as well as reconstructive vascular and penile prosthesis operations (yuwana, 

1998) are performed when ED is already there. Also ora l, topical and even 

intraurethral drugs convey a symptomatic therapy. To be able to reduce the 

prevalence of ED, it is necessary to find changes berore symptoms are apparent. Some 
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counts for 50% of OM complications (Tjokroprawiro A, 1996 and 1997), only by 

regulat ion of the blood sugar level is not successful. Also. prevention of the growth of 

atherosclerosis, which may cause ED. by the treatment of ri sk factors such as DM. 

dyslipidcmia , smoking and al cohol abuse, presents no good resuils either. It might be 

poss ible that psychological factors li ke stress have a role in the development of ED 

and therefore, the prevention is not suffi ciently managed by treating the organic 

causes alone. 

As previously stated , the mechanism 011 how stress (psychogenic condit ion) 

can cause ED is not yet known. It is , however. already known that stress condi tion 

may relate to the developmen t of sc'vera l di sease conditions, when the normal immune 

responses o r the human body decrease. (Ri ley, 198 1; Jacobs et ai, 1970). The sc ience 

that tri es to explain the relationship between stress and the immune system is 

nowadays called psychoneuroimmunology (PNI), which deve loped very rast in the 

last rew years (Putra, 1998; 1999a). Many investigat ions have already shown that the 

re lationship 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 sys tem, effecting the immune system . This channel 

is ca ll ed the Hypothalamic-Pituitary-Adrenal-axis (HPA-axis) (Dunn, 1995). The 

adrenal g land s.ecretes cort iso l rrom the cortex after a s timulat ion by 

ad renocorticotropic hormone (ACTH) rrom the pituitary gland and cathecholamines 

are secreted by the medulla under the influence or ad renergic autonom ic nervous 

pathways. 
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These enzymes may change the illumine system. If the immune system is disturbed, 

the homeosta tic mechanism of the body is impaired also; and consequent ly it may 

damage several organs. From the above concept, we can assume that stress may also 

damage the vascul~u 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 Th 1m2 paradigm how the immune 

system may contribute to the damage of several organs and causes diseases. This 

theory is based on studies that immune-competent T-cells are able to polarize into 

Th 1 and TI12 subsets depending on the environment and genetic factors. TIle 

damaging mechanism depends on which type of lymphocytes will dominate. When 

Th 1 cells dominate, then the process is through Delayed Type Hypersensitivity (DTH) 

and macrophages, .whereas when Th2 cell s dominate, the damaging process can be 

explained through an autoimmune or Antibody-Dependent Cell -mediated 

Cytotoxicity (ADCC) process. TIlere is no study a~out the polarization ofTh cells in 

the vascu lar wa ll after stress. If this assumption is happening then the damaging 

process which mostly the deve lopment of atherosclerosis in the arterial wall can be 

explai ned by the TIll I 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 intcmal 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 V13 the sympathetic nerve to secrete 

cathecholamines (Dunn, 1995). Cathecholamines (adrenalin and noradrenalin) cause 

vasoconstriction and increase intravascular tension. 111en cause "Shear stress" and 

shear stress results in endothelia l dysfunction (Khder el ai , 1998). Endothelia l 
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dysfunction can be recognized by decreasing NO-level, endothelial Nitric Oxide 

(eND) produced by endothelial cell s. Before endothelial dysfunct ion occurs, adhesion 

molecule as Vascular Cell Adhesion Molecule-l (VCAM-l) is expressed on the 

surface of the endothelial cells (Khder et ai, 1998). Endotheli al 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 wi ll difTerentiate into Th I and Th2 cell s. 

Therefore, it is important to prove that there will be a polarization of Th cel ls in the 

arterial wall after expression of VCAM-I on the endothelial cells before vascu lar 

damage occurs, which wi ll rise to atherosclerosis. The expression of VCAM-l on the 

endothelium and the polarization ofTh l and Th2 cells will be studied before and after 

giving a st ressor. Rats are chosen for these experiments because this allows easy 

dissection of the internal pudendal artery, which can be processed to study the 

endotheli al changes (Carter, Bazim, 1979). The presence of VCAM-I can be 

demonstrated by immunohistochemistry ([HC) using monoclonal antibody (m AB) 

staining. 

The polarization of Th I and Th2 cell s is shown by the production of cytokines. 

Interleukin-I (IL- I), LL-2 and Interreron-y (~ IFNy) are products or Thl and 11-4, 

IL-5, IL-IO an IL-12 are made by Th2 (Staines, aroscon, James, 1993a; Romagnani, 

1997). These cytokines can also be demonstrated by immunohistochemistry sta ining. 
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1.2 Identification or 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 obst ruction 

appears. 

Stress causes decreased production of eNO and consequently expression of 

VCAM- I on the ECs of the blood vessels. This causes endothelial dysfunction and 

when endothelia l dysfunction occurs then Th lymphocyte migrates from the 

intravascular into the subendothelial compartment. In this subendothelial 

compartment the process of polarization of lymphocytes into Th I and Th2 cell s starts. 

If this cont inues, destruction of the vascular wall wi ll 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 011 previous experiments that after five days IRM already 

take place. 

From the above statements we raise the following questions: 

1. Would fRM occur (presented as changes in : cort iso l and cathecholamine blood 

level; ECs expressing VCAM-I , and Thl cell secreti ng IL-2, IFNy & Th2 cell 
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secreting 1L-4, IL- J 0 polarizat ion) in internal pudendal artery wall of rats in stress 

condition after exposure to an "electric footshock" stresso r of 5 days? 

2. Would lRM occur (presented as changes in cort isol and cathecholamine blood 

level; ECs expressing VCAM- I, and Thl cell secret ing IL-2, lFNy & Th2 cell 

secreting rL-4, IL- J 0 polarization) in internal pudendal artery wall o f rats in stress 

condition after exposure to an "electric rootshock" stressor of 1 0 days? 

3. Are there any differences in LRM 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 Objeclive 

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

in rats through IRM produced by "electric footshock" stressor for 5 and I 0 days, and 

to exp lain the possible mechanism of psychogenic ED. 

1,3.2 Specific Objectives 

I. To prove that there IS an lRM (presented as changes in cortiso l and 

cathecholamine blood level ; ECs expressing VCAM- l and Thl cell secreting 

IL-2, IFNy, and Th2 cell secreting IL-4, IL-IO polarization) in the internal 

pudendal artery wall of rats with st ress condition caused by exposure to "electric 

footshock" stressor for 5 days. 

2. To prove that there is an IRM (presented as changes in corti sol and cathecholamine 

blood level ; ECs express ing VCAM-I and Thl cell secreting IL-2, LFNy, and 

Th2 cell secreting [L-4, IL-IO polarization) in the internal pudendal artery wall of 
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rats with a st ress 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 wa ll 

through IRM in rats with stress conditions caused by "elect ric footshock" stressor. 

1.4 S ign ifi c~mce 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 locali zed cytokines play a role in the pathogenesis of ED, probably 

pharmacotherapy against these cytokines may stop this phenomenon. 
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CHAPTER 2 

LITTERA TURE STUDY 

2.1 Sexual Dysfunction, Impotence and El'cctile Dysfunction 

Male Sexual dysfunction may involve the following disorders: 

I . 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 

J. ImpOlentia Coeundi means not capable to have an erection 

2. ImpOlentia 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 

wi ll be used in this research . 

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

9 

IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana



10 

2.2 FlInctioll~1 Anatomy or the Penis 

2.2. 1 Corpus CnvernosuDI, Corpus SpongioslIm, and Glans Penis 

The erect ile part of penis is called Corpus Cavernosum eCe). 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 dista l 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 coll agen and elastic fibers, 

which can accommodate to the elongat ion 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 ti ssue 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 

easi ly by the stretching of the tunica during erection. 

Within the tunica are numerous sinusoids among the interwoven trabeculae of 

smooth muscles support ing connect ive 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 periphcral sinusoids and the blood gas levels are similar to those of 

venous blood. During erection the rapid entry of arteria l blood to both the cen tral and 

peripheral si nuso ids alters the intracavernous blood gas values to those of artcrial 

blood. 

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

sinu soids are larger in diameter and the covering tunica is much thinner in the CS and 
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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 ofT branches to the perineum. The three branches of the penile artery are the 

dorsal artery. the bulbo-urethral artery and the cavernous artery (Fig. 2-1 aJ . 

The cavernous artery enters the corpus cavemosum 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 it s course it gives ofT 

many helicine arteries that supply the trabecular erecti le ti ssue 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 trabecu lae between the tunica and the peripheral 

sinusinoids for some distances to form the subtunical venular pexus before they exit 

as the emissary vei~s (Lue and Tanagho, 1988). 

The majority of these veins exit dorsall y to join the deep dorsal vein or laterally to the 

circumplex veins, some exit ventrally to join the periurethra l veins. In the proximal 

CC and the crura, these emissary veins empty in the cavernous veins and the crura l 

veins. These in tum join the urethral veins to fonn the interna l pudendal vein (Fig. 2-

Ib). 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, the origin of the deep dorsal 

vein. Along its course, the deep dorsal vein receives several circumplex vems; 

together these ascend behind the pubic bone to become the periprostatic plexus. 

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

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

vein. 

a. 

b. 
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Figure 2·1 a. Arterial supply b. Venous drainage (Lue TF, 1994) 
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2.2.4 Neuroall:1tomy and Neurophys iology or Peni le Erectioll 

The penis is innervated by two sets of nerves. The autonomic nerve system 

(Sympathetic and Parasympathetic) and somatic nerve systems (Sensory and Motor), 

From the neurons in the sp inal cord and peripheral gang lia . the sympathetic and 

parasympathetic nerves merge to form the corpus cavernoSllm nerves. which e nter the 

corpus cavernosum and corpus spongiosll m to regulate fhe neurovascular events 

during erection and detumescence , The somalic nerves are primarily responsible for 

sensation of the penis and contracti on of the bulbocavernosus and ischiocavernosus 

muscles. 

:1) Autonomic Pathways 

The parasympathetic nerve ' fi bers to the penis arise from neurons in the 

intermediolateral cell co lumns of the second , third and fourth sacra l spina l co rd 

segment s in man. The preganglionic nerves enter the pelvic plexus. where they are 
, 

joined by sy mpath~tic nerves from the hypogastric plexus. 

Branches of thi s plexus innervate the rectum, bladder, prostate and splincters. The 

cClvernosus nerves 'are branches of the pelvic plexus to innerva te tI~e penis. Thei r 

relationship 10 the urinary tract is as follows: Posterolatera l to the apex of the prostate 

(5 and 7 o'clock positions): latera l to the membranous urethra (3 and £) o 'clock) and 

anterior to the bulbous urethra (I and 11 o'clock), where they enter the hilum o f tile 

penis (Lue et al. 1984). An understa nding of the course of these nerves is essential in 

the prevention of iatrogenic impotence during prostate and urethral surgery (Wal sh 

and Donker. 1982), 

Sympat hetic nerves originate from the eleventh thoracic to the second lumbar 
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spina l segments and descend through the preaorti c plexus and abdominal chains to the 

superior and inferior hypogaslic plexuses. Branches from these plexus communicate 

with parasympathetic nerve fibers (Bumslock, 1986) to form the cavernous nerves. 

Stimulation of the pelvic plexus and the cavernous nerves in animals induce 

erect ion, where as · stimulation of the hypogastric nerve or the sympathetic trunk 

causes detumescence. This clearly implies that the sacral parasympluhelic nerve is 

responsib le for tumescence and the thoracolumbar sympathetic pathway for 

detumescence. 

Some patients with sacral spinal cord injury however, retain psychogenic erectile 

abi lity even if renexogenic erection is abolished. The psychogenic erection IS 

mediated via the ~lypogastric nerves and thoracolumbar pathways. A study of 

paraplegic patients by Chapelle and associates (1980) demonstrated that psychogenic 

stimuli evoke minimal rigidity whereas tactile sti mulation produced an erection of 

better quality in the corpus cavernosum and spongiosum. This observa tion suggests 

that rigid erection requires interaction between separate erectile pathways and that the 

sacral parasympathetic pathway is the primary erectile center. 

b) Somatic Pat hways 

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 dorsa l roots 

of the second to fourth nerves to the spinal cord. 

Acti vation of these sensory receptors sends messages of pain. temperature and louch 

via the dorsal and pudendal nerves. spinal cord and spinothalamic tract 10 the 
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thalamus and sensory cortex fo r sensory perceptions. 

The motor pathway. Onufs nucleus is the center of somatolllotor penile 

innervation (Dnur. 1900). These nerves travel in the sacral nerve to the pudendal 

nerve. to innervate the bulbocavernosus and ischiocavernosus musc les. Contracti on of 

the i schi ocaverno~us muscles produces the rigid erection by compressing the 

engorged corpora cavernosa and increasi ng the inlracavernous pressure to several 

hundred millimeter of mercury (mm I-Ig) Rithmi c contraction of the bulbocavernosus 

muscles expels the semen down the narrowed urethral lumen and results in external 

ejaculation from the meatus. 

Inferior 

lumbllf 
splllnchic nerve 

\ 

Sympathetic 
chain 

_...L--"*---o'" 

~_-t'---ou 

HYPogastric 

Dorsal nerve of penis 

Figure 2-2 Nerve supply of the penis (Lue TF. 1984) 
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c) Ncurotrnnsmitters for Erection and Detumescence 

The neurotransmitters responsible for erection and detumescence are still 

under investigation. Achetylcholine is recognized for ganglionic transmiss ion (by 

nicotinic receptors) and vascu lar smooth musc le relaxation (by muscarinic receptors). 

Cholinergic nerves have been demonstrated within the human cavernous, smooth 

muscle and surrounding penile arteries. (Me CormeJl et aI, 1979) and ultrastructural 

examination has also identified terminals containing cholinergic vesicles in the same 

area (Sleers el ai , 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 Ham ill 1989). Direct injection 

of acetylcholine into the corpus cavemosul11 induces a transient mcrease of 

intracavernous pressure (Stief et ai, 1989). All the above supports the role of 

acetylcholine in penile erection. However, intravenous or intracavemous injection of 

atropine fails to abo li sh erection induced in animals by electrical neurostimulation 

(Carati et aI., 1987: Stief et aI., 1989) and in men by erotic stimul i (Wagner and 

Uhrenholdl, 1980). 

1l1erefore the role of acetylcholine in affect ing 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 hum~n 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 relaxat ion by st imulating guanalate 

cyclase (= GC), resulting in increased levels of cyclic guanosine monophosphate (= 

cGMP) in smooth muscle ce ll s (Hoffman, 1985). Endothelial cells can also synthesize 
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other potent vasodilators. such as prostacyc1ine and a potent vasoconstrictor. 

endothelin (Saenz 'ele Tejada ct aI., J989b). 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 aI., 1984). 

Other investigators believe that vasoactive intestinal polypeptide (VIP) may be 

one oflhe transmitters responsible for erection. V1P·immunreactive nerve fibers have 

been identified within the cavernous trabeculae and surrounding penile aneries. Ultra 

structural studies have shown that VIP immunoactive vesicles are located within 

varicocities containing presumably cholinergic vesicles (Steers "ct a!, [(84). 

Achetylcholine and VIP appear to be local ized in parasympathetic pathway. they may 

act synergistically to initiate and maintain erection. Other possible neurotransmitters 

are calcitonin·gene·related peptide (Stierel ai, 1990) and prostaglandins. 

Penile detumescence may also involve several neurotransmitters. Adrenergic nerve 

libers and receptors have been demonstrated in the cavernous trabeculae and 

surrounding the cavernous arteries (Benson et al.. 1980). Neuropeptide-y. which has a 

vasocontrictive propeny, has also been demonstrated in penile erectile tissue (Carrillo 

et el.. 1(89). Endothelin. a potent vasoconstrictor produced by the endothelial cells. 

has also been suggested to be a transmitter ror detumescence (Saenz de Tejada ct al.. 

1989b). 

b. Spinal nnd Sup rn Spina l Pa thways 

a ) Spina l Pnthwnys 

Tectile stimulation orthe external genita lia produces penile erection in normal 

men and patients with supra sacral spinal cord lesions. but not patients with sacra l 

injury. The pudendal afferent fibers rrom the penis terminate in the medial dorsal horn 
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and dorsal comlmssure of the sacra l spinal cord in the cat and ra!. Second order 

neurons, the anterolateral spinothalamic tract, relay the message 10 the brain or 

activate parasympathetic neurons to initiate erection, Axon studies in several species 

ha ve shown the sp rnal erection centers to be located in the inter mediolateral column 

of tile sacral cord. 

h) Supra Spinal Pathways 

Studies in primates and rodents have identified the medial pn:optic area 

(MPOA) as an irnponant integration center for sexual drive and penile erection 

(Perachio et ai, 1979, Sachs and Meisel, 1988). Electrical stimulation of this area in 

animals produces erection, lesions at thi s si te limit the ability for copulatioll. Etlerent 

pathways from MPOA enter the medial forebrain bundle and the mid-brai n tegmental 

region . Pathologic processes in these regions such as Parkinson's disease or Stroke 

are associated with impotence. 

A variety of neurotransmitters, including dopamine, norepinephrine. and serotonin, 

have been identified in the MPOA (Simerly and Swanson. 1988). Recen t 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 

hypotha lClmic nuclei to the lumbosacml autono mic erclion centers, The neuro ns In 

these hypothalamic nuclei contClin peptidergic neurotransmitters, including oxylO.xin 

and vasopressin, which may be involved in penile ereclion. (Sachs and Meisel, 1(88) . 
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2.3 Physiology of Erection 

2.3.1 ~feeh~ni s ll1 of'Er,ect ion 

19 

In order ro have a better understanding of the pathogenesis in pen ile erection 

problems. a knowledge of the current concept about the mechanism of peni le erection 

is nee<.led 

Local sensory s!im~llation of the genital organs initiates penile Cfectton (reflexogenic 

erection). Erect ion -can also be a consequence of central pSY'chogenic stimuli received 

by or generated within the brain (psychogenic erection). The mechanism acts 

synergistically (Dc Groat and Steers. 1988). In the delUmescem state, penile smooth 

muscle is kept contracted. probably by release of ~oradrenalin (1\'A) acting on 

post junctional a -adrenoreceptors in .rhe cavernous and helicine arteries and trabecular 

smooth muscle . .-\ contribution Qf myogenic activity and additiona l contractant factors 

can nOI be exclt:ded (Anderson et a1 .• 1991) 

:\~cording to th~ ( urrent Concept (Lue and Tanagho. 1987), erection tallows when 

the sinusoids anj the cavernosal and hel icinal arteries dilate with subsequent increase 

in bloodtlow ofrhe lacunar spaces of the corpora cavernosa. It is bel ieved that this is 

achieved partly by a decrease in NA mediated wne. but also throUhrh the release o f 

re laxing non-adrenergic. non-cholinergic transmitters ,f"r<>rn nerves and from the 

endothelium. 

As the trabecular smooth muscle relaxes, the sinu5()ids wi ll be tilled with blood and 

compress the .plexus Qf the subtunical venules against .rhe tunica albuginea. The 

"veno-oclusive mechanism" reduces venous out{1Q\v from the lacunar spaces. 

increases [he pressure within the corpora and makes the penis rigid (fig. 2-3). 

When the penile oontractile tissue ("esumes its contract iie state. (jetumescence IS 

produced. Thus as tone of the het icine arteries and (he trabecu lae is increased. arteria l 
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inflow is reduced, the pressure within the lacunar spaces de<:reases, venous outflow 

inc reases, and the penis becomes fl accid. Detumescence is achieved by acti vation of 

the sympathetic nerve. 

2.3.2 Neurogenic and Endothelium Mediated Control of Penis Smooth Muscle 

r.Iany investigations have been perfo nned to ·elucidate the mechanism of neurogenic 

and endothelial control of the toqe ofpenite blood vessels. 

Histochemical studies of the cavemosal and helicine arteries have demonstrated the 

presence of adrenergic nerves, aceti!chotinesterase·containing (probably cholinergic) 

nerves, as well as vasoactive intestinal polypeptide and neuropeptide y 

immunereactive nerves (Kimoto, Ito, 1987). 

Adrenergic nerves, constrict corporal smooth muscle via norepinephrine acting on 

a!pha-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 (V£P), 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, NA!'J'C-mediated relaxation in rabbit corpus cavernosum 

was shown to retease nitric oxide and simultaneously causes the accumulation of 

cGMP 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 inhibitor." resoonses. Furthermore. nitric oxide svnthase has been . . . 

localized in the peripheral autonomic ner.'es of se\'eral organs which contain smooth 

muscle (Bredt. Huang. Snyder, \990). [n preparations of-human corpus cavernOSUnl in 

which the endothelium has been removed. the \fANe neurogenic relaxation IS 

inhibited by substances that interfere with the synthesis or the etlec[s o f nitric oxid~ 

T ... n.Cl 31 lb·i , ,,;eJ I ..... . 
:''"l"I ,Ssai . \:elr: j 

a b 

Figure 2-3 a. Cavemosal sinusoids during flaccidity b. Cavernosal si nusoid during-

penile .erection (Lue TF. 1989) 

Such evidents strongly suggest that a Nitric Oxide-l ike 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 siress) 1"equtres the presence of functiona l endothelium. 

This phenonlellon. first described by FurchgoH in the rabbit aorta. also has been 

<iemonstrared in {he corpus cavemosum vascular bed (Furchgou and Zawadski . 1(80). 
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In the human !,;Or-pus cavcrnosum. the endothelium·dcri vcd relax ing facfOrs (EDRF) 

released by acetylcholine h<tve the chemical propenies as it ric Oxide, which is 

proposed to be the EDRF in va rious vascular beds (Pidlller, Fcrrigc and J\ \oncada. 

1987) 

Ni tric Oxide stimulates Guanylate cyclase with accumu lat ion of cycl ic Guanosin 

f"hlilophosphn\c (cGMP). which then leads 10 smooth muscle relaxation. This second 

Illcs~cngcr pnlhway is thought to be of key importance for trabecular smooth mu scle 

rda:.:a tiull, because Nitric O:xide mediates both endothelium and nerve-mediated 

rclClxa ti on 

2'" P;l1hOgl' II Cs is of EO 

2 ... . 1 I's)'f hogc lli r ED 

Impulses from the brain send both facilita to!)' 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 i1 very st rong inducer of erection and can also enhance the erection induccd bv 

gcnilal still1ul<ltioll (reflexogenic erection). 

Other stimuli such as anxiety or depress ion, religious inhibitioll. se:wa l phobias or 

deviation, obsessive compulsive personality (Lo Piccolo. 1986) or a traumatic past 

experience, can also send strong messages from the brain to the spi nal erection center 

to inhibit or terminate erection. 

The exact mechanism of psychogenic inhibition is still speculative 11 can be a resu lt 

of direct inhibition from the brain to the spinal centers or of increased peripheral 

ca tccholam ine leve ls that render the cavernous smooth musc le less responsi \'e to 

neu rot ransm itt ers. 
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2.4.2 NCUI'ogcnic ED 

Because erection is a neurovascular event, erectile dysfunction can be caused 

by diseases or dysfunction of the brain, spina l cord. cavernous and pudendal nerves, 

and receptors in the terminal arterioles and cavernous smooth muscles. Among these. 

~pinill disorders are probably the mosl common cause. Bors and Comarr (1971) 

rcpnrlcd that about 95 percent of patients with complete lJppCr cord lesions are 

capable of erection (re flexogenic erection), whereas on ly 2S percent of those with 

complete 100vcr cord les ions can attain (psychogenic) erection. It is believed that the 

thoracolLJInbar sympathetic pathway may carry implIIscs for psychogenic erection. 

Ilowcver, because onl y 25 percent of patienls are able 10 achieve erection through the 

sympatheti c pathway, sacral parasympathetic neurons are obvioLlsly the most 

important erectile pathways. 

Lesions afTecting the brain (e.g. Cerebrovascular accidents, Parkinson' s or 

Alzheimer 's disease, tumor, injury) cause erectile dysfullction through a derangement 

of the hypothalamic center or overinh ibi tion of the spinal center. Dysfunction at the 

spinal level (e.g. spina bifida, disc hemiation, syringomyelia, tumor and multiple 

sclerosis) may affect eit her the afTerent or efferent nerve pathways. Neuropathy. such 

as seen in alcoholism. vitami n 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~( H allscl1 

-<01 "I. 1089). 

Sensory ED (from dysfunction of somatosensory nerves) is characterized by the 

inability to maintain a rigid erection despite normal nocturnal erect ions and an 

initially normal response 10 sexual stimulation. In au tonomic ED (from disruption or 

dysfullction 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 ofneurogellic EO. 

2A.3 Artcriogc,Il !C ED 

A manifold increase in arterial now via the cavernous arteries is required to 

initiate erection. Therefore. di seases of the terminal aorta or the hypogastric . 

pudendal. or penile arteries Can result in erectile failure . The cavernous artery. the 

helicine arterioles, and the intercellular and intracellular architecture and fun ction of 

the penile erectile ti ssue call also be affected by diminished inflow. Michal and 

Ruzbarsky (1980) found that the incidence and age at 01set of coronary disease and 

U) arc parallel. 

Al though trauma or a congenital anomaly may cause arterial insuniciency. in the 

ll1ajority of the cases arteriogenic ED is a component of a generalized atherosclerotic , 

process. Associated risk fact ors include, hypercholesterolemia. cigarette smoking. 

diabetes, radiat ion, hypertension, and perineal trauma. A study of penile segmental 

pulsatile blood fl ow during nocturnal erection showed that the amplitudo was lower in 

potent hypertensive patients than in normal controls and lowest in impotent 

. hypertensive patients (Karacan et ai, 1989). A histologic study of diabetic men and 

men over 38 years old revealed a high incidence of fibrotic lesions of the cavernous 

'Incry. with initial prolireration. ca1cilication and luminal slenosis (Michal and 

Rtl zbarsk y. 1980). 

The initial symptoms orarteriogenic impotence are delayed onset ofereclion, 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, cigarene smoking, 

and psychologic overlay, can also aggravate erecti le failure. 

2.4.4 VC llogcllic 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 dorsa l 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.S Hormonal ED 

Diabetes mellitus is the most common endocrinological cause of ED, but the 

impairment is not a result from the hormone deficiency alone, bu t vascular, 

neurologic and psychologic factors play also a role (Forsberg et ai, 1989). Duplex 

ultrasonogrnphic studies clearly indicate a high incidence of vascular disease in 

patients with both hypertension and diabetes (Lue et ai, 1989). Diabetic patients have 
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also been reported to have a lower heart rate response to deep breathing and abnonnal 

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 ai, 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 ai, 

1979). 

Therefore, androgen replacement therapy is indicated only in hypogonadal patients. 

Any dysfunction of the hypothalamic-pitutary-gonadal aXIS can resu lt 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. 

I-Iyperprolactincmia, 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. Hypenhyroidism 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 vascu lar 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 tcnn arteriosclerosis: 

I. 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 globa l distribution which is signi fica ntly 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 int ima, 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 morc numerous, sometimes covering the entire circumferences of severely 

an1!cted arteries . As the plaques increase in size, they progessivcly encroach on the 

lumen or 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 

inju ry, but in large arteries they are destructive, weakening the affected vesse l wall 

causi ng an aneurysm or rupture of the thrombosis . Moreover, extensive atheromas are 

friable, onen 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 

(Neaten and Wenwolh, 1992, Tjokroprawiro, 1997). 

2.5. 1 Path ogenesis of Ath eroschlerosis 

There are historically two hypotheses for atherogenesis, which are dominant. 

One enphasized cellular proliferation in the intima as reaction 10 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 fOfm of endothelial dysfunction without necessary denudation, which 

increases permeability to plasma constituents, including lipids, and permits blood 

monocytes and eventua ll y platelets to adhere to the endothelium. Monocytcs adhere 

and subsequently enter the intima, transform into macrophages, and accumulate lipid 

to become foam cells, contribut ing 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 

syn thesis of extracellular matrix components by SMC's, leading to the accumulation 

of collagen and proteoglycans. Single or ~,hort- 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 or E ndothelia l 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 o f morphologically intact endothelium. Thus some form 

of endothelial dysfunction is thought to initiate the process. 

Three manifestat ions of such dysfunction appear to be most important: 

Increased endothelial permeability, increase monocyte adhesion, and increased Ee 

rep lication. All of these are early events in experimental hypercholesterolemia. 

13I00d monocyte adherence to Ees is probably mediated by induction of specific 

recepto r molecules on the surface of activated ECs. Indeed, the expression of vascular 

cell adhesion molecule (VCAM-l), the EC-Ieucocyte adhesion molecule was noted as 

an early molecular marker of lesion prone areas a response to experimental 

hypcrcholesterolemia in rat s. In humans, intercellular adhesion molecule (ICAM-l) 

and VCAM- I expression is increased in the endothelium of atherosclerosis plaques. 

Ri sk fac tors such as hypertension and cigarette smoking may also cause endothelial 

damage or increased endothelial permeability. Endothel ial alteration induced by 

hemodyna mic forces (Shear stress and turbulent now) 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 fac tors cause 

induction of endothelial leucocyte adhesion molecules and other changes in the 

endothelium are currently being explored. One postulated common pathway is related 

to inj ury- induced activation of a specific family of transcription factors (NFK.B) that 

regulate expression ofinducable EC genes. 

IJ. Role of Mncrophagcs a nd other Innru n matory I lmlilunologic Mechanism 

Following adherence to endothelium early in the course of experimental 

hypercholesterolcmia, Illonocytes emigrate the intima and subsequently accu mulate 
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LDL The migra tion of l11ollocytes into the subendothelial space is presumably in 

respunse 10 chemotact ic factors producej in Ihe int ima including ox id ized lipids, 

fragment s of tissue matrix proteins or innammalory cytokines such as monocyte 

chemotact ic protein-l (MCP- I) and macrophage colony stimulating factor (MCSF). 

Macrophages also proliferate in the intima. 

Most importantly, however, macrophages ingest lipid to produce foam cells. Although 

1ll01locytcs I Ilmcroplmges express the LOL receptor, the rate at which they take up 

native LDL is too low, to generate foam ce lls. They can, however, take up a modified 

fOfm of LDL. 110t recognized by the LDL receptor. The speci fic receptor on 

macrophages for ox idi zed LOL is call ed 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-deri ved 

foam cells. 

The precise stimuli for recruitement and the role of the T-Iympohcytes (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 thai they playa role in the progression of atherosclerotic 

lesions. for example, macrophages produce IL-l and TNF (which increase adhesion 

of leukocyte) as well as chemotactic factors for leukocytes (e.g. MCP-l 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 macrophagcs (PDGr, Fer and TGF-P) may modulate the 

proli feral ion of S11100t h muscle cell sand t he deposition of extracellu lar mat ri '< . 
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c. Role of Smoolh Muscle Ce ll ProlifcrntioJl 

In addition to lip id accumulation, SMC proliferat ion and extra cellular mat rix 

deposition in the inti ma are the major processes that account for the progressive 

growlh of at herosclerotic lesions. The proliferating SMCs o rigi nate frolll the media 

and possibly also in some cases from pre-exist ing miointima cells . A number of SMC 

milogcns and chemotactic age nts derived from cells and found in atherosclerotic 

lesions or scn llll have been implicated in slIch prolife ration . Principal among these are 

platelet derived growth ractor (POOF), present in the platelet alpha granules and 

released aner 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- l , and 

transforming growth fac tors alpha (TGl'7a). 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-p 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 ri se to the foam cells in 

the plaque. 

d. Role of Hyperlipidemia 

All lipids in plasma circulate in combination with protein. The plasma 

li poproteins are complex.es of lipid and protein assembled as globular particles, each 

consist ing or a core or neutral lipid (primarily trigliccride and cholesterol esters), 

surrou nded by a coat composed of polar lipids (phospholipid and free cholesterol) and 
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apolipoprotcins (also called apoprotcins) . Lipoprotein transpol1 is also controlled by 

the lipoprotein process ing proteins (Lecithin-cholesterol acyltransferase [LeAT], 

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 " lithe genes that code for these proteins ha ve been i~\llalcd. 

sequenced, and I1m pped in the human genome: abnormalities in them may explain 

premature athclUscicrosis in su rne cases. 

The abnormality common to mosl syndromes of premature atherosclerosis is 

hyperlipoprotcill c111ia. A number of genetic and acquired derangements influence both 

exogenous and endogenous pathways of cholesterol metaboli sm and can resu lt in 

hyperlipoproteinemia. I-I yperlipoproteinemia can be due to either primary genet ic 

defects in lipid metabolism or secondary to some other underlying di sorder, sllch as 

the nephrotic syndrome. alcoholism, hypothyroidism or diabetes mel litus. Four types 

of lipoproteins abnormality are frequently found in the population: (I) 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 genetical ly induced hyperiipoproleinemia 

causi ng 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 

associa ted with Ilyperlipoproteinelllia and ,lccelerated atherosclerosis. 

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

;n lesion formation : 

• Increased in plasma levels of LDL or some component of hyperlipidemic serum 
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may increase the role of lipid pcnelrati0ll inlo 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: (I) It is chemotactic for 

circu lating mOllocytes. (2) It increases monocyte adhesion. (3) It inhibits the 

Illortility of macrophages already in lesions, thus favoring the recruitment and 

retention of macropilages in the lesion. (4) It st imulates the release and growth of 

growth factors and cytokines. (5) It is cytotoxic to Ees and SMCs. (6) II is 

imlllunogenic. This suggests that antioxidants (e.g. Vitamin E) might be 

enicacious in preventing atherosclerosis by reducing LDL oxidative modification. 

• Hyperlipoproleinemia may directly alter EC function, without leading to 

denudation, through focal EC death, increased permeability, increased replication 

or increased monocyte adhesion. 

e. Role or Thrombosis 

Thrombosis is a complicat ion of late-stage atherosclerosis. and organiziltinn 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 

apolipoprolein 8- 100 p0l1ion or LDL linked 10 apolipoprolein (al (opo[a]) itselr a 

large glycoprotein molecule sharing a high degree of structural homology to 

plasminogen (a key protein in fihrinolys is). 1,(a) could he alhcrogcnctic by ViII iuus 

11Iechanism, including interference wit h both LOL and plasminogen metabolism or 
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promotion of SMC proli feration. Epidemiological studies have shown a signifi cant 

correlation between increased blood levels of L(a) and coronary and cerebral vascular 

di:-;casc, indepcndcnt of llw Il~vd of lol<ll chnlc:-; ter<ll {It" I.DL. 

r. OtherThcodes or Atherogenesis 

The development of atheromatous plaque could al so be explained if SMC 

prol iferation were in (hct the primary event . For example, the monoclonal hypothesis 

of atherogenesis was baseo on the observation that some human plaques are 

Illonoclonal or at the most oligoclonal. This was interpreted by Benditt (1977) as 

evidence that plaques may be equ ivalent 10 benign monoclonal neoplastic growth 

(such as k iolllYOlllHS), PCI h;II)S induced l,y c~ogcll {) tl S chemical (e.g. cholesterol or 

some or its ox idized products) or an oncogenic virus. Although the universa l 

monoclonal nature of plaques has been questioned, there is evidence in animals that 

certain vimses (e.g. the agent of Marek's disease in chicken) cause plaques in the 

a011a, and both herpes vim s and cytomegalovirus have been detected in human 

atheromatous plaques. 

The summarized major proposed mechani sm of atherogenesis is as follows : 

The current trend is to consider that atherosclerosis is a chronic inflanlllHltory 

response of the vascular wa ll to a variety of initiating events that can occur early in 

lire. Mulliple pathogenic mechanism contributes to the plaque formati on 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 l'syc iloncufOim mullologicn l lllJIJrOnch ror ED 

The mechanism how stress (psychogenic factor) may cause ED is until 

recentl y not yet clear. The diagnosis of psychogenic ED is still subjective and is 

made aOcr all organic factors have been excluded. 

Many investigations explain only the role of v3!;cular, neurological , 11011111111<11 

disorders and the cont ractile tissue of the penis as the main factors causing organic 

ED. Studies to prove that st ress may also cause changes in the main artery (internal 

pudendal artery) or the penis and develop ED is so far not yet been performed. 

It is already proven that stress Illay alter the immune system in human through the 

endocrine and the autonomic nerve system and consequently damage several organs 

(Ader, Felter and Cohen, 199 1) 

The questions are: Does stress also cause changes in the main vascular system to the 

pt'lli ,,'} I\nd doe~ the dan1:1!-!ing process al ~o involve lill' immune system'! 1\\1 these 

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 st ressors. 

In mammals th is runction is carried out in part by the hypothalamus· pituitary-adrenal 

(1-II'A)-axis (Akil, Morano, 1995). 

This syst(':111 inlcgmlcs vilrioll s inputs illdicalivc til' stICSS, convergIng 011 t\ final 

COllllllOIl path in the brain, the neurons of the medial parvocellular division or 

para vent ricular neuc1eus or the hypothalamus (mp PVN). These neurons synthesize 

corticotropin-releasing ractor (CRF) and arginin vasopressin (A VP). and project to the 

external layer or the median eminence. Activation by stressors leads to release or 
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pcplidcs into the peri feral blood, carrying these secretory products to the anterior 

pituitary. 

In turn eRr and A VP receptors on the anterior pituitary are responsible for the release 

into the tota l circulation, of adrenocorticotropic hormone (ACTH) and related 

peplidcs derived frol11 the common precursor pro-opio-melano-cortin (POMe). 

ACTII activates the biusynthes is and release of glycocorticoids, corti costerone 111 

rodents and cortisol in primates by the cells of the adrenal cortex. 

These steroids possess extremely broad actions mediated by specia li zed 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 thai 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 neuroendocr ine 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 imp0l1ani signals Ib r 

the nervous system. This chem ical messengers can account for a va ri ety of 
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Figure 2-4 Interact ion between the nervous system, the endocrine and Immune 

system (Dunn, \995) 

The dogma that st ress suppresses immunity is to some extent based on the 

"well established" immuno suppressive effects ofglucocorticoids. In fact , endogenous 

glucocorticoids at physiological doses are 110t uni versally immunosuppress ive and 
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actuall y Illny enhance immune function (fig. 2-5) . 
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Figure 2-5 Relationship between brain, HPA-axis and immune cell s (Dunn, 

1995) 

Furthermore, glucocorticoids may not even be the major mechanism by which stress 

suppresses immune fu nction. More recent studies have suggested an important role 

for the circu lating cathecholamines derived from the sympathetic nervous system and 

the adrenal medulla, in the chronic studies. 

2.6.2 Stress concept Hnd Ps),choneuroimmunology 

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 slich agreement would make research on stress and the subsequence of 

cnectivc stress management strategies dimcult. 
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Cox in 1995 concluded from several reviews of the literature that there are essentially 

three dilTcrent but overlapping approaches to the definition and study of stress: 

I. Ellgineeril1g Approach 

111C engineering approach has treated stress as a stimulus characteristic of the 

person's environment, usually shown in tenns of the load or level of demand on the 

individual or as some aversive or noxiolls element orthat environment (Cox, 1990). 

Occupational stress. for example, is treated as a property of the work environment, 

,lilt! nsunlly as an objectively measurable aspect oflhat environment. Stress is a sct of 

causes not a set of symptoms. According to this approach, stress was said to produce a 

strain reaction which, although often reversible, could on occasions prove to be 

irreversible and d(IIlHlgillg (Sutherland and Cooper, 1990). TIle concept of a stress 

threshold grew lip from this way of thinking and individual differences in thi s 

threshold have been used to account for differences in stress resistance and 

vulnerabi I it y. 

In this approach stress is treated as an independent variable, the environmental cause 

of ill he.lth . 

2. Metiicophysi%gicaJ 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 Ilon·specific physiological response syndrome. For many years, the 

stress response was considered as the activation of two neuroendocrine systems, the 

anterior pituitarY·:ldrcno cort ica l system (PAC) and the sympathetic-adrenal 

mcdullnry system (SAM) Cox .nd Thirlaway (1983) . Selye (1956) said th.t this 
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I. In volving:111 l1111i,1I ala rlll stage (s), lllpnthctic-adrcna l1lJcdlll1 nry <1clivation), 

2. Followed by .. slage of res istance (ndrcno-c0I1ical activation) 
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J. Giving way under some ci rculll stances to a fin .. ! stage of cxlmllsliol1 (ter11linal 

rCClcli va tioll orlhe sympathctic-adrcnalmedull ,lrY system). 

Sclye (1956) stated ti l'" sln:ss response can sign! fi cantl y contribute to pllys ica l 

pathology. 

This was truc whell the response was freq uent. of long duration or seve re . The disease 

that htld sHch i1 sIrcsS-re l<l led aetiology is termed "disease of ada ptation" by Sclye . A 

parndox<ll sitmllioll flri scs whell the stress response lmd evolved as adaptive in the 

short time. jm; rensing the ,lIIi 11l31 ' 5 (or person's) ab ility to respond tlcti vely 10 an 

nve rsive or nox ious environment. However. in the long term it could contribute to the 

di sease process. 

i'utra ( I 999a) s t ate~lll la t a stressor causes tliC "triad" of "general aciaptntiOll synd ro nl" 

(GAS) e. g: I, The alarm stage, 2. Adaptat ion stage or, 3. The slage of ex haustion 

In this approach stress is treated as a dc pendent variable, as a particular physiological 

response to a threatening or damnging environment. 

J Physiologicaloppronc/I 

The thi rd approach to the defin it ion and study of stress genera ll y 

conceptuali zes it in terms of the dynamic interaction between the person and the ir 

ellvironment. When studied stress is either in fe rred from the existence of difficult 

per~on-en virolllllcnl interaction or measured in terms of the cognitive and emotional 

processes thllt underp in those interactions. This approach has been termed as the 

"psychologic .. 1 model" , Variants of this psyehologic:lllllodel dominate contelliponiry 

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

The former focuses on the stmctural features of the person's interaction with their 

environmenl , whereas the latter is more concerned with the psychological processes 

underpinning that interaction. Transactional models are primarily concerned with 

cogni tive 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 Illuch to the work of .Lazarus (1966) and his nolion of 

"cognitive appraisaP'. 

11,e "medicophysiological approach" of stress is the basic paradigm for 

psychoneuroimmunology. Whatever the sort of stressor, it causes a 110n specific 

alteration 111 the biological system (eg the Immune system III 

psychoneuroimmunology) in response to a wide range of aversive or noxious stimuli. 

Hans Selye in 1996 stated that response against stressor might be manifecled as a 

biological stress but not a psychological condition. 

Psychoneuroimmunological basic concept, is a sc ience with distinct paradigm, Illal is 

a model of thinking which is focllssed 011 the observation of stress immune 

modulation. The stressor does not depends 011 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 Response 

It is already known that stress via the stress axis causes changes in response of 

the neuroendocrine and immune system, which disturb the homeostas is and might 

cause several diseases. 

Some metabolic changes include the metabolism of ca thecholamine, cortisol, 
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nnd other hormones like: cndo rphine, growth hormone, prolactin and tcstostcron 

(Se(by J. Me Conee KL, 1998). 

2.6.4 The Role of l.-Y11lphocytcs in Imlllune ilcSllOlISC 

The imp0l1<lllt role of lymphocytes in the immune response of the body is wel l 

known. We di stingui sh two sets of lymphocytes; ~ lymphocytes and T lymphocytes, 

both o ri gi nating from Stem ce ll s in the bone marrow. 

U cells IIwturnte in the bone marrow itself before they enter the blood 

circulat ion. When a II cel l is exposed to an Ilnligcn it differentiates frolll ,111 antigen 

re .. clive n cell either into an antibody secreting ce ll which becomes a plasma ce ll , or a 

memory ce ll. The combination of antigen with the anti body receptor all the cell 

stir race of the B cell generate signals inside the ce ll 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 cell s which start secreting ant ibody of 

the same type as that expressed originally on the surface of the parent ce ll . This 

antibody combines with the antigen, initiating a chain of events lending to the 

destruction or neutra lization of the antigcn. Most of the daughter cells die afier a few 

weeks. A proportion oflhcm, 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 expo~ed again to the same antigen they rapidly become activated and 

make more antibody. In this way secondary imlllune 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 'l1ltigen. 111is happens because more antigen react ive 

cells exist as a result of clonal expression and because they go through rcwcr 

dev isions hefon.' they secrele ilnlibody. These enhances spec ific secondary responses 
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are said to demonstrate immunological melllolY. 

Clonal expression provides a highly eflicient way to produce large amounts of 

antibody without the necessity of initial1y 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 afdifferent antibodies. 

The maturat ion process of T~cell s occur in the thymus before they enter the blood 

ci rculat ion. T -cells do not make antibodies or secrele 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 funct ion of other lymphocytes. It is recognized 

that there are different types of subsetts of T -cells that serve different function by 

vi rtue of the different cytokines they produce. Furthermore T -cel ls express particular 

accessory molecules on their cell surface that are important to their fUllction, but 

which incidenta lly are very useful to immunologists as an aid to identify and classify 

them. 

Thus T-helper cell s (a lso known as Th2. cell s) express st ructures known as CO-4 

molecules on their surface. T-heJper cells are important in helping B-ce ll s make 

antibody responses by synthesizing and secreting cytokines that promote the 

activation, growth and differentiation of B-celJs. Other cells also known as T­

suppressor cells express CDS molecules on their su rface, and counterbalance the 

effec ts ofT-helper cells and suppress immune responses. Therefore T-cells control the 

act ivity of each other and other cell s of the immune system through making cytokines. 

The measurement of T-cells expressing either CD4 or CD8 has become clinically 
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imponant as changes in the natural balance between helper ami suppressor cells which 

may be an indication of challgcs ill Ihl! hl allhy fUllctioning or lhe imillullc system In 

AIDS, fo r example the COS popUlation dominates in the peripheral blood, indicating 

that immune fUllction is compromised. 

However not all T -cell s are regulatory. Some of the C0 8+ cells kill other cell s and are 

known as T-cytotoxic cells. They are primaril y re sponsible for destroying cell s o f the 

body that have been infected with viruses. Some C0 4- T -cells arc important in certain 

types of hypersensitivity reactions. 

They arc known as T dlh cells or Thl cells, (DTH means: delayed-type 

hypersensitivity) and they are invulved ill the cell-Ill l:d iated immune response. Such 

as the destruction of intracellular bacteria, some types of delayed hypersensiti vi ti es, 

auto-immune diseases and the rejection of organ transplant. Although the T-cells that 

help B-cell s make antibodies (1'112) and the T-cell s that are involved in delayed-type 

hypersensi ti vity (DTH) all have CD4 molecules, they differ from each olher in the 

types of cytokines thaI they make. Il is this that enables them 10 different efiecls 

(Stainess, BroslolT, James, 1993a). 

2.6.S The Th ltl'h2 Pnradiglll 

The Th If rh2 paradigm provides a useful model lo r uml t.! rslanding the 

pathogenesis of several di seases, as well as for developing new immunotherapeutic 

st rategies. Sergio Romagnani (1997) examines Th I(I"h2 polnrizarioll in the context of 

associated pathophysiologic,JI conditions. 

In the past few years considerable evidence has shown the existence of functionally 

polarized responses by the CD4 T helper (Th) and the CDS T cytotox ic (Tc) cell 

subsets, that depend on the cytokines they produce. 
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Th 1 cells produce interferon y (lFN-y) and tumor necrosis factor P (TNF-P), which 

activate macrophages and are invo lved in delayed-Iype-hypersensitivity (DTH) 

reactions. By contrast Th2 cells produce interleukin 4 (LL-4), lL-5, lL- 1O and IL-13, 

which are responsible for strong antibody responses, including IgE production, and 

inhibits severa l macrophage functions. 

In general , activated C08-T cells ex.hibit a Tel cytokine profile but, In some 

pathologica l condition, CDS - T cells with Te2 profi le can also arise: 

Furthermore, Thl and Th2 are not the on ly cytokine pattern possible. T cell s 

expressing cytukines of both patterns have been designated as ThO and additional 

patterns have been described among long term clones. ThO cell s represent a 

heterogenous population of partially differentiated effector cell s compris ing multiple 

discrete subsets that can secrete Th I on Th2 cytokines. 

Polarized human Th I on Th2 cell s 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 C030 (a member of 

the TNF receptor family) is mainly expressed in Th2 or Th c2 like cell s, whereas 

lymphocyte activation gene 3 (LAG-3) a member of the immunoglobulin super 

family, is preferentially associates with Thl-like cells. 

The functional meaning of Th I-LAG-3 and Th2-C030 association IS not being 

clarified. 

The factors responsible for the polarization of the specific immune responses into a 

predominant Thl and Th2 prolile have been extensively invest igated in mice and 

humans. Sirong evidents suggets that Th I and Th2 do not derive from ditTerent 

lineage, but rather develop from the same Th-cell precursor under the influence of 

environmental and genetic f"clors aCling at the level of antigen presentation. Among 
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the environlllental factors , a role has been demonstrated for the route of the antigen 

entry, the phisica l form o f antigen, the type of adjuvant and the dose of antigen. The 

genetic mechanisms that occur in controlling the type of Th-cells differentiation 

rcmain elusive. 

The environmental and genetic factors innuence Thlrrh2 differentiation 

main ly by determining the predominance of a given cytokines In the 

microenvi ronment of the responding Th cell. The early presence of IL-6 is the 1110St 

potent stimulus for Th2 differentiation, whereas IL-1 2 and IFN favour Thl 

development. The mechanism respons ible for the early IL-4 production involved in 

the diffcrentiation of naive Th cell s into Th2 effectors as well as the source of IL-4 

remain unclear. 

Ullder certain circumstances, one such source may be a small subset of CD4 ' NK I, \. 

cells capable of recogni zing antigens presented in association with the non­

polymorphic 2-microglobulin-associated molecule COL However, naive Th cell s 

themselves are able to produce small amount of IL-4 from their initial activation and 

the concentration of 1I-4 that accumulates at the level of the Th cell response, 

increases with increasing lymphocytes activation. 

The inducing effect of rL-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 IL-6 derived from antigen-presenting cells is 

able to polarize naive Th cell s to effector Th2 cells by inducing the initial production 

of 11-4 in CD-4 T cells. Prostaglandin E, has also been suggested to favor the 

development of Th2 responses by inhibiting both the production of lL 12 by dendritic 

cel ls and the production oflFN -y by T cell s. 

The molecular mechani sms by which IL-4 and IL-12 promote the development of 

- ------- -
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naive Th cells into Th2 or Th I effectors are also being clarified. The binding of 

cytokines to their receptors typica lly results in rapid tyrosine phosphorylation of 

signal transducers and activators of transcription (STATs). Of these, STAT-4 appears 

to be sensitively activated by IL- 12 and targeting of the STAT4 gene results ill the 

inhibition of Th I 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 di sease like Insulin Dependent Diabetes Mellitus (lOOM), it IS 

obviolls tim 1 '1'111 plays an imp0l1ant role in the development of the disease. 

Depending on which imlllune responses are dominant, Th 1 or 1112, the following 

diseases (li ke in the diagram) Illay be developed. 
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a. Early production of IL-1 2 and lFNs by cells of the it-mate immune system 

promotes the development of Th I cell s, which induces the production of 

opzo nizing antibodies and the activation of MtfJ (i . e. a DTH reaction). Th 1 
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responses, together with frequently CTL activity are highly protective against 

infections caused by intra cellular parasites and are responsible for ant i allograft­

rejection, but may result in organ specific autoim mune di sease and other immuno 

pathological disorders . 

b. AutonomOLIs IL-4 production by naive Th cel ls, possibly stimulated by APe-

derived IL-G or early production of IL-4 provided by the CD4 NKI.1 subset, 

promotes the development ofTh2 cells, which stimulate high antibody production 

(i ncluding Ig E), eosinophil and Illast cell s act ivity and inhibit (indicated by the 

minus sign) Th 1 cells and macrophages. Th2 responses are protecti ve against 

metazOa n parasites and hamper the rejection of the fetal allografi , but can be 

responsible for reduced resistance agai nst several infectious agents, including 

t-II V, as well as development of atopy and other immunopathological disorders. 

2.6.6 Delayed Type Iiypersellsilivily (Type IV) 

Hypersensitivity react ions in immune responses arise from the usual adaptive 

immune responses and the way they work depends upon immunological memory for a 

particul ar antigen or all ergen. 

The problem with these reactions is that they are exagerated or inapproriate 

forms of adaptive responses co incidentally 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 hypersensitivit y react ions happen when antibody or T cells are 

di rected aga inst antigens of one 's own body as in the so-call ed autoimmune di seases. 

lI ypcrscnsitivity reactions are classified into four types according to their 
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mechanisms: 

I. Atopy and Anaphylaxis type I 

2. Cytotox ic Hypersensitivity type II 

3. Imlllt1 llC Complex Hypersensitivity type III 

4. Delayed Type hypersensitivity Type IV 

The first three Iypes are mediated by antibody, the fourth being antibody·independent 

and mediated by T cell s 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 ha ve 

become specifi ca ll y sensitized to the particular antigen by previous encounter, and 

they act by recruiti ng other cell types to the side of reaction. Mostly it appears to be 

CD4 Tdlh cell s (also known as Th 1 cell s) that secrete selected cytokines such as IL2 

and lFNy, that calise the typical lesions of delayed hypersensitivity. The act ion of 

these ce ll s is probably controlled by other CD4 T cells (known as Th2 cells) that 

secrete ILA and IL· l0. So the balance between protective and damaging immunity 

partly renects the way in which different lymphocyte populations interact with each 

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

2.6.7 Anlibody·Dcpelident Cell·Mediated Cytotoxicity 

A number o f cells that have cytotoxic potential express membrane receptors 

for the Fc region of the antibody molecule. When antibody is speciall y bound to a 

target cell, these receptor·bearing cells can bind to the antibody Fc reg ion, and thus to 

the targel cell s and subsequentl y cause lysis of the target cell . Allhough these 

cytotox ic cel ls arc nonspecific for antigen, the specificity of the antibody directs them 
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to speci fi c target cells. This type of cytotoxicicity is referred to as antibody-dependent 

cell -mediated cytoxicity ( Al)CC). 

Among the cell s Iha t can mediate ADCC are NK cell s, macrophages, 

Illonocyles, ncutrophil s and eosinophil s. 

Target-cell killi ng by ADCC does not involve complement-mediated lysis, but 

appears to ill volve a number of di fferent cytotoxic mechanislll. When macrophages, 

neutrophils, or eosinophil s bind to a larget cell by way of the Fe receptor, they 

become rnorc act ive metabolica ll y; as a resu lt , the lyti c enzymes in thei r cytoplas mic 

lysosomcs or granules increase. Release of these lytic enzymes al the sile of the Fe­

mediated conlact may resul t in damage to the target cell . In addition, activated 

monocytcs, macrophages, and NK cell s have been shown to secrete tumor necrosis 

factor (TNF), which way have a cytotoxic effect on the bound target cell , Since both 

NK cell s and eos inophils contain perforin in cytoplasmic granules, their target·cell 

killing al so may involve perforin·mediated membrane damage (Goldsby, Kindt, 

2000), 

2.7 Endothelial Dysfunction 

Endothel ial dysfunction is genera ll y defined as a decrease in the synthesis, 

release and / or acti vity 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 varioll s biological functions in regulating vascular homeostasis, 

including vascular rhyt hm, local cell growth, and the protection of vascular damage as 

a consequence of thrombotic aggregation and of circulating cells or molecules 

adhesions. 

Conditions whi ch arc generall y associated with ri sk factors III atherogenesis, li ke 
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smoking, hypertention, hypercholesterolaemia, hyperhomocysteinemia, bacterial I 

vira l inrection, result in a diminishing release of NO in the arterial wall . 

The decrease in the 3TllOLIIlt and activity of NO is a result of the synthesis impairment 

and excessive oxidat ive degradiat ion. 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 vascu lar cell adhesion molecule (VCAM-l), intra cellular 

adhesion molecule (JCAM-l) and E-Selection, which cause adhesion of leucocytes 

rrom the circulation to the endothelium. Monocyte adhesion to the vascular wall and 

their difTerentiation into macrophages are important factor for the development of 

foam cell in atherosclerot ic plaques (Peter et ai , I 997). 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 e.g ri sk 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 Endotheli:ll Dysfunction and Atherosclerosis 

Atherosclerosis in the vascular system is related to vasomotor dysfullction, 

because the absence or the decrease in NO bioactiv it y. Unt il recently it is not yet 

clear, whether endothelial dysfunct ion is a marker for atherosclerosis or is an 

important contributor for the process of atherogenesis. 

Oul it is accepted that NO has an anti-atherogenetic and anti-inflammatOlY effect. As 
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is already mentioned the absence arNO, because the decrease in it s synthesis as well 

as the inactivation by superoxidc anion, results in the di sturbance of vascular 

relaxation, in increased thrombocyte aggregation, smooth muscle cell pro liferation 

and endothelia l leukocyte interaction. It is therefore clear that NO has an important 

role in the sllpprcssion ofalherogenesis. 

Some studies have shown that endotheli al dysfunction is an earl y 

manifestation of the presence of at heroscleros is, even if it is not yet evident on 

angiographic examination. 

That is why earl y restoration of endothel ial funct ion is an important step III the 

preve ntion or at herosclerosis th rough the modification of risk faclors. 

II is already known that there is a close relat ionship between risk factors of coronary 

hea rt di sease and endothelia l dysfunction. For example LDL, especially oxidized LDL 

is a strong inhibitor for endothelial funct ion. The mechanism how LDL inhibits NO 

acti vity. invo lves the declining expression of "endothelial Nitric Oxide Synthase" 

(eNOS), the decreasing release of NO, which is influenced by the receptors and 

inacti vation 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 

ox id ized LDL and inhibit NO bioact ivity, which implies endothelial dysfunction. One 

of the mechanism how oxidat ive stress may contribute to the process of atherogenesis 

is through the induction of pro inflammatory mediators. 

Activation of pro in fl ammatory transcription factors like "nuclear factor-kappa 

I)" (NF-kO) , " Protein Act ivator" (PA)- l , and " Early Growth Factor" (egr- I) occur 

through "oxidant sensiti ve" mechani sm, which involves hydrogen perox ide (l-h02). 
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Adhcssiolls molecules like VCAM-l > ICAM-\, E Selection, as well as some cytokincs 

and Growth FactOl:s like "Monocyte Chemoattractallt Protein (Mep)", "Macrophage 

Colony St imulating foaclor (MCSr)" are stimulated by acti vat ion of this transcription 

factor NF- k13 for their expression which occurs in ECs and SMCs in the arteria l wall. 

It is attracti ve thot NF-kB activation may be blocked by antioxidants and anti 

inflammatory drugs like salicylate and glucocorticoid. 

These findin gs showed that atherosclerosis is all inflammatory process, initiated by an 

oxid <llive stress. The presence of cytokincs and inflammatory mediators in the 

atherosclerotic vll sc ll lar wall s'uggcst the speculative theory that atherogenesis is a 

COIISCqllCI1 CC of c.:hnmic.: infcc.:\ioll, like duodenal ulcer which is caused by the 

Hclicobactef pylori Illicroorganism. 

lllis is also showll by the presence of a chronic innalllll1atory marker li ke C-react ive 

prote in (eRP) alld amyloid-A serum protein, which are increased in the 

atherosclerotic patients. SOllie viral and bacterial infection, which is proven to have 

their role in the process of atherogenesis is Herpes Virus (HSV), cytomegaio virus 

(CMY), Hclicobactcr pylori and Chlamydia pneul1loniae. Tjokropmwiro in 1998 

summarized that oxidat ive stress in "HDL syndrome", improves the NFkB 

express ion, which ill tum causes VCAM-l expression and also of MCP-I. Both are 

serum mnkers ror atherosclerosis (Fig. 2-7) 
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Figure 2-7 Scheme of Oxidative Stress and VCAM- J & Mep- I Production 

(Tjokroprawiro, 1998) 

2.7.2 The role of NO in Endothelial dysfunction and Atherosclerosis 

Nitric ox ide (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 rew yea rs 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 

IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana



57 

signaling molecules that it s specifici ty is not controlled by the distribution of 

membrane receptors The activity of NO is controll ed by its rates of production and 

the reaction with Ihe target molecules. 

NO is synthesized from L-Argin ill by a group of enzymes, known as "Nitric Oxyde 

Synthase" (NOS), which arc expressed in a wide range of tissues. 

The enzymes responsible for the production of EDRF is called "Endothel ial Nitric 

Oxyde synt hase" (eNOS or NOS3) 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 tonc. III atherosclerotic artery, EDRF (NO) 

activi ty decl ines, which is easi ly detected ill the early stage of the disease, even in 

hypercholesterolaemia patient, without arterial changes (Jessep, 1996). 

Three kinds of NOS isoforms are identified, NOS originall y 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 difTerent genes, 

respecti vely NOS I, NOS 2 and NOS 3. 

Varioll s cell s in the ca rdiac muscle may express one or more oflhe 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 0 2 consumption in the cardiac muscle through paracri nally 

produced NO. eNOS is also expressed in cardiac myocytes from rodent and human, 

where it autocrinally counteracts the inotropic action of catccholamines aOer 

muscarinic cholinergic and beta-adrenergic receptor stimulation. 
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iNOS-genc transcription and protein expression happens in all cell types, after 

exposure to a variety of innammatory cytokincs. Besides il s role participating in the 

immune defence aga inst intracellular microorganisms and vimses, 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 acti vation of cGMP 

dependent protein kinase and cGMP modulated phophodiesterase. Other mechanisms 

nul depending 011 the cGMP elevation may work through the interaction between NO 

and heme proleins, nOll-heme iron or free Ihiol residues 011 target signaling proteins, 

enzymes, or ion channels .. 

When consideri ng the various expression of NOS isofonns in the cardial muscles and 

the potential molecular targets for the produced NO, a tight molecular regulat ion 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: 
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Figure 2-8 NO Biomolecular Pathways (ljokroprawiro, 1998) 

2.7.3 VCAM-I :md 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 

afe mediated by adhesion molecules at the EC membrane. They belong to two protein 

fam ilies: Seleclin al1<.1 immu noglobulin superfamily adhesion molecules. 

To the first group belongs E·Selectin and P-selectin and the second group includes 

Intercellular Ashesion Molecule-} (teAM·}) and Vascular Cell Adhesion Molecule· \ 

(VCAM-I). Their expression is found on various cell s, constituting atherosclerotic 

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

VCAM. \ is a kind of protein expressed on activated EC's and is found in an 
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ea rly stage of atherosclerosis. Some of these proteins arc released in the circulation 

and can be detected also ill the peripheral blood plasma. VCAM-I leve l has a strong 

con"elation with the severit y of atherosclerosis. 

It is not yet completely clarified about the pa thophysiology whose stimulus 

Illay cause expression o f adhesion molecules. Lisophosphatidilcholine (a component 

of oxidized ~ LDL) and Advanced Glycosy lation End-product (AGE) has been 

mentioned 10 be ab le to increase the VCAM- I level. Meanwile it is also proven that 

antioxidants, scvcrtll ratty Clcids n-3 or Nitric Oxide Illay select ively decrease VCAM­

I expression. 13ascd 0 11 the above evidence it !IIay be proposed,lhal the regu lation of 

VC'AM- I can become a selective prevention for atherogenesis, in comparison with 

other adhesion molecules, which are not select ive. 

2.7.4 Eva lu:tt ioll of Endotheli al Dysfu nction 

Endothe lial cell s produce vasoactive materials in response to environmental 

factors, like changes in blood fl ow, hemodynamic pressure ("Shear Stress") and 

receptor stimulatioll. 

Because Endothelial dysfunct ion is an early sign of atherosclerosis and IS a 

consequence of several ri sk factors, like hypercholesterolaemia, hypertention, 

smoking and hyperhomocysteinaemia. free radicals and others, therefo re, prevention 

through modificati"on of those factors is important Decreasing cholesterol levels, 

administration of antioxidants and anli.inflammatory drugs are alternatives to be 

concidered. 

Endothelial dysfunction assessment through measurement of the vascular diametre is 

less reliable ill indicating the presence of endothelial dysfunction . 

The present of inOammat ion, the increase of endotheli al permeability, LDL ox idation, 
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platelet aggregation, IIlcreaSlI1g coagulatio n acti vit y. fibrinolysis di sturbances are 

better assessed by biochemical and immunological parameters. 

niochenm;aJ parameters which are commonl y used for Endothelial 

Dysfunct ion assessment are: 

For the presence of innammation: VCAM~ I, lCAM-I , E·Selection. 

2. Parameter for ,,, 'alclel aggregations and procoagulen activation : von Wildehrand 

factor (vWF), thromholllodulin (sTM). 

3. Parameter for fibrinol ysis di sturbances: Plasminogen Activator Inhibitor- ! (PAI-

I). tissue - type Plasminogen Activator (tAP). 

4. I>aramcter for endot helial permeability increasenwnt : mikroalbuminuria. 

5. Parameter for oxyd izcd LDL: F2-isoprostan 

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

can be detected by imlllunohistochemistry, even before morphologic changes appear. 
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TI IEORET ICAL FRAMEWORK AND IIYI'OTlIESIS 

From the above literature study il is evident that stress stimulates the 

hypothalamus in the brain and through the sympathatic nerve system causes release of 

cal hccholaminc (llorepincpllrill =NE) by the adrenal medulla. 

Cfllhccholaminc in the ci rculation causes vasoconstriction and haemodynamic 

changes on the vascular wa ll If this happens continuollsly may results in endothelial 

dysfullction. When endothelial dysfunction occurs, Illonocyles and platelets adhere to 

the Ee, and there arc increascmcnt in permeability and rep lictioll of Ee's. 

The adherence of mOl1ocytes and thrombocytes is mediated by the expression of 

VCAM-Ion 

EC's Lymphocytes T (C04 and CDS) then migrate from the intravascular to the 

subendothel ial compartment. This is followed by the polarization of lymphocyte T 

into Thl and Th2 cell s. IfTh l is dominant, then the disease process is via the DTJ-I 

and macrophage mechanism, whereas on the otherhand if Th2 is dominant, then the 

di sease process is via the ADCC mechanism. 

Furthermore T lymphocytes toget her with macro phages and monocytes proceed Ihe 

atherogenesis process in the internal pudendal artery as according to the "respolls to 

injury hypothes is". 

lr atherosclerosis occurs III 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 out lined in a scheme (see Fig. 3- 1). 
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3.2 lIypoth('sis 

Imlllulle response modulation occurs in the interna l pudendal artery wa ll 

(presen ted as changes in cortisol, cathecholamine blood level ; ECs expressi ng 

VCAM- I and Thl cell secreti ng IL-2, IFNy & Th2 cell secreting lL-4, lL- IO 

polarization) in rat s with stress condi tion caused by electric footshock stressor 

exposure during 5 days. 

2. Immune response modulation occur in the internal pudendal artery wall (presented 

as ch'lIlgcs in cortisol. cathecholamine blood level; ECs expressing VCAM-l and 

Tit I ce ll secreting IL-2 , IF Ny & Tlt2 cell secreting lL-4, IL- IO polarization) in rats 

with stress condition caused by electric footshock stressor exposure during 10 

days . 

3 There are difTerences III immune response modulation in the internal pudendal 

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

exposmc during 5 or 10 days. 

I 
I 

I 
I 
I 
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CHAPTER 4 

RESEARCH M ETHODS 

4.1 n cscac ll Ors igll :lIId [x l}('I"imcntal Chart 

I . Thi s reseach is an experimental animal reseach using a "Randomized PastIest only 

Control Grollp Design". 

2. Experimental chart. 

GrA-S-- R 

Grl~S--R 

P = I>opulatioll 
S = Sample 
R = Random 

Figure 4· 1 Experimental chart 

EFS - ~ C ---7) 
5 days 

Cathecholamine 

(adrcnalin, 

noradrenalin) 

VCAM- I 

Thl (IL-2, IFNy) 
Th2 (IL-4, IL-I O) 

Cathecholamillc 

EFS . VCAM- I 
E ) 

5 days 

EFS -
C ------7) ~::::::_ __ _ 

10 days 

EFS+ 
E ------7) ~~_ 

10 days 

C = Control 
E = Experiment 
EFS = Electric Foot Shock 

65 

Thl (IL2, LFNy) 
Th2 (IL-4, IL- IO) 

Cathecholam inc 

VCAM- I 

Th I (IL-2, IFNy) 
Th2 (LL-4, IL-I 0) 

Cathecholaminc 

VCAM-I 

Thl (IL2, IFNy) 
Th2 (IL-4, IL- I O) 
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After termination of the animal the following are examined: VCAM-I 

IL-2. IFNy 

IL-4. IL-10 

Cathecholall ii 

l1e 

The Stressor used. IS an "Electrical foot shock" with the following application 

schedule: 

Day Amount of shock Session 

4 2 

2 8 2 

J 10 J 

4 12 J 

5 14 4 

6 16 5 

7 18 5 

8 20 6 

9 22 6 

10 24 6 

The time bet ween two shocks = \-2 minutes 

The time between two session = 4 minutes 
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4.2 I'opuh.tion, salllille and sample size 

4 .2. 1 r opulat ion: 

67 

The animals fo r experiment arc rats Ratt us Norvigicus st rain Wistar, bought 

from the breeding laboratorium in Malang, Bandung, Yogyakarta. 

4 .2 .2 Sample: 

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

well as the control group. 

Incl ut iol1 Criteria : 

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

Exclusio n Criteria: 

Sick and disabled rats 

4 .2 .3 Sample Size: 

The sample size according to Daniel fo rmula ( 1987) is 

(Za + Z 1-P)' X d' 
n = 

d' 

Za ~ 1,96 d 

Z 1-P ~ 0,842 a 

~ O,05 

n ~ 

n = 8 

1-P 

( 1,96 + 0,842)' X (0,05 )' 

( 0,05 )' 

~O,05 

~O,05 

~O,80 

= 7,85 

For this experiment s arc used 10 rat s in each group. 
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4.3 Vnrillblcs, CI:issificlltion of variables and Operat ional definition 

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_ Cathccholamincs 

Arc Ihe hormones adrenalin and nor·adrenalin secreted by the adrenal 

medulla in the blood scmm, expressed ill nmol/L. 

Scale = Ratio. 

2. C0I1iso i 

Is a hormone secreted by the adrenal cortex, expressed in Illllol/L. 

Scale = Ratio 

3. VCAM-l 

Is adhesion molecule, expressed in amount on endothelial cell s. 

Scale = Ratio. 

4. lL-2, IFN-y, lL-4, lL- IO 

Arc cytokines secreted .by Th I and Th2 lymphocytes, expressed III 

amount. 

Scale = Ratio. 
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Operational defi nition of variables. 

Stressor 

69 

Stressor, is given as an artificia l shock, using a electric footshock apparatus, 

with a current power of 0,3 mA. 

The shocks are given with an increasing frequ ency and session. 

VCAM-I is an adhesion molecule expressed on the endothelium of the 

internal pudendal artery after stress, can be detected by immunohistochemistry 

examination using monoclonal antibody (111 AB), The amount of ECs is 

concordant to the amOllnt of theiT VCAM-I . 

IL-2, IFN-y, IL-4 and IL-IO are cytokines secreted by Th lymphocytes (Thl 

and Th2). They call 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-IO. 

Changes of lhe amount before and after given st ress 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 

4.4.1 Experimental Animal 

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

weig ht 150 - 200 gr. 
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4.4.2 Rat Boxes 

The rat s lived in plastic boxes, 30 x 20 x 15 em, covered by woven metal wire 

and the boltom covered with straw. 

4.4 3 Electric Foot Shock Apparatus 

Thi s instrument is a basin made from transparant glass, measured 30 x 20 x 15 

em. The boltom is laminated by meta l plates, which conduct electrical curren\. 

The conducted electrical current can be regulated by an ampere meter. The instrument 

is made in cooperation with the "The Institute of Techllology Surabaya", 

4.4.4 Rats Foods 

The rats arc fed with standarized pellets made by Characan Pokhpound 

Indonesia Factory, Mojokerto East Java (Indonesia) 

4.4.5 A Sct of Chemicals, reagents for Immunohistochemistry examination consist of 

Acetone 

Dacapen 

H20 2 

PBS 

Primary Antibody 

4.5 InstruUlen ts 

Light microscope to count the VCAM- J and cytokines expression. 
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4.6 LOC:llioll for CXIJcrimcnls 

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 Immunohistochemistry examination. 

3. Laboratory of Biochemistry Department for caring the experimental rats (animals) 

and dissect ing. harvesting the blood and ti ssues. 

4. "Makmal cndokrinologi" Laboratol), fo r examining the cathecholamine and 

cort isol. 

4.7 Procedures orData Collection 

The rats arc taken by random assignment from the boxes and divided into two 

groups, group A and group D. Group A get a sequence of shocks during 5 days, and 

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

Harvesting the speci men. 

Aner fini shing the procedure. 

I . Rats are di ssected 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 corti sol examination. 

2. The len and right internal pudenda l artery are dissected, using a loupe, a segment 

are taken and put in a steri le small specimen boule. These specimens are deep 

frcezed (-4d') for further immunohistochemistry examination (Green, 1959). 

IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana



71 

Processing the specimen 

The blood serum samples arc further processed for cathacholamincs examination 

usi ng the fo llowing method. 

I. Cathccholamillc is examined by RIA method, using Kit: kat-combi RIA (Cal No 

RE 2929 1) I BL-lmllluno- l3iological-Laboratories, Hamburg. 

2. COI1i50\ is examined by IRMA method, lIsing Kit: Cool-A-Count and ope USA 

(Cal No TK CO I). 

The internal pudendal arteries speclilIcns arc further processed for 

immunohistochemistry examination of VCAM-I, IL-2, IFNy and IL-4, IL-IO lI si ng 

purified mouse an ti fat monoclonal antibody staining. 

Three Frcczed coupe sl ide arc made from three places of each desected artery for 

staining. 

Evaluating the data resul ts 

The results arc 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-l and 

the lymphocyte with secreted LL-I , IFN-y, 11-4 and 11-10. The total amount of cells 

counled frolll 3 microscopic fields for each slide is recorded. 

4.8 Data Analysis: 

l. For analys is testing normality of the data a Kolmogorov-Smirnof test is 

used. 

2. To tcsllhe reliabilit y a "paired T-lesl" 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 cont ribution to the immune 

respolls modulation a discriminant analysis is used. The size of the 

cont ribution as ca lculated by Fisher discriminant runction. Further a 

pattern of the discriminant is made, to help explain the mechanism of the 

imlllune response modulation caused by electric rootshock. 
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CHAPTER 5 

R('silits and Statistica l Analysis 

5.1 fl eS H It s of the dat:l: 

Some examples of data, obtained by (He staining of internal pudendal artery of rats. 
P -:= Posi tive N = Negati ve 

Figure 5- 1 Rat internal pudendal artery IHe stain ing with VCAM- I m AB. 
Control group (LM photograph : x 100) 

rigurc 5-2 Rat internal pudendal artery !He staining with VCAM- l III AB . 
Experiment group. (LM Photograph : x 100) 
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Figure 5·3 Rat internal pudendal artery. tHe staining with IL-2 III 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. IHe staining with IL- IO rn AB 
(LM photograph : x 450) 

Figure 5-6 Rat internal pudendal artery IHe staining with lL-4 In AI) 
(LM photograph : x 450) 
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5.2 S(fltislic~1 Analysis 

The following stat ist ical analysis are used: 

1. 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 fro m an at random taken 20 samples. 

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

No Variables Researcher Expert 
I VCAM 9 9 
2 VCAM 0 I 
3 VCAM 2 2 
4 VCAM I 2 
5 IL2 I I 
6 IL2 6 6 
7 IL2 0 0 
8 IL2 4 4 
9 IFNg 4 4 
10 IFN" 3 4 
II IFNg 2 2 
12 lFN. 2 2 
13 IL4 2 2 
14 IL4 4 5 
IS llA 2 2 
16 IL4 6 5 
17 IL10 I I 
18 ILI O 4 5 
19 IL1 0 2 3 
20 IU O 3 2 

t s;, - 0. 163 (P>0.05) 

There is no diITercnt between the data compi led by the researcher or the expert 

(second obsclver) (see appendix 11). 

2. All data have been tested for liON (Identically, InDependent, and Nomla lity) 

before further stati sti cal analysis may be performed. It shows from the stati stical 
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ana lysis, that all data fulfill those criteria (see append ix 4) . 

a. Identica ll y is tested by making a Time Sequence Plot Graphic, to know the 

va riation of each group during time. The result is that there is nearly no 

variat ion In fluctuation of the data . This means that although the mean IS 

different but it has relatively the same SO. 

b. InDependency is tested by making an Estimated Autocorrelation Graphic, to 

prove the independency observation of the researcher. Observation of the 

second sa mple 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 

aUlcorrellat ion line. Our data show within the independency of carr elation. 

c. Normality is tested by making a Nonnal Probability Plot Graphic. If the 

distribution shows a linear line then the distribution is normal. Our result show 

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

3. Comparison analysis test between groups. 

a. 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 multiva riate 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 (S days). 
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Table 5-2 Mean and SD variables of experimental groups and control groups 
during 5 days EF 

Grouo 
Variables Contr 5 0 Exp5 D 

Mean SD Mean SD 

Cortisol 240,700 43 ,151 329, 100 63,898 
Adrcnaiill 0,508 0,08 1 0,9 11 0,068 
Nor-Adrenalin 1,358 0, 175 2,388 0,326 
VCAM- I 10,200 5, 11 6 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- IO 21,000 5,457 10,000 4,422 

Wolks 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 arc 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 

Gro~ 
Variables COlllr 10 D Exp \0 D 

Mean SD Mean SD 

Cortisol 179,700 49,751 478,200 66, 101 
Adrcnalin 0,464 0,077 0,803 0,053 
Nor-Adrenal in 1,152 0, 182 2,286 0,225 
VCAM-I 8,200 2,394 4,100 3,635 
IL-2 31,700 5,658 2,600 2,459 
IF Ny 37,400 7,677 8,700 5,293 
IL-4 26,600 4,742 2,500 1,841 
IL-IO 24300 39 17 3900 2,514 

. , Wilks Lambda 0,000 (I < 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 arc 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 dClyS, 

multivariate Wilks Lambda analysis is used. 

The resu ll is 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 lI11mune 

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

d. To prove the differences in Immune response modulation, between the 

experiment group 5 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 

imlllune response modulation in the experiment group 5 days and 10 days (see 

,able 5-2 and lable 5-3). 
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c. Although between the experiment group 5 and 10 days arc signilkn nt 

differences ill imlllune response modulation, nearly and between control group 

5 and 10 days is statistically signi ficant, hOlllogen, it is impossible that the 

means of both control group are the same. That is way it is important to 

calculate the delta (5) between the experimental group 5 days substracted by 

the control group 5 days and the delta (0) between the experiment group 10 

days subst racted by control group 10 days to prove that the different of 

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

lable 5-4). 

Table 5-4 Mean and SD ofdilTerences (5) of variables between the experimental 
group and control grouP. both at 5 and 10 days exposures 

Grouo 
Variable 50 100 

Mean SO Mean SO 

Cortisol +88,400 77,027 +298,500 62,443 
Adrenalill +0,403 0,106 +0,339 0,085 
Nor-Adrcnalin + 1,030 0,226 + 1,134 0,348 
VCAM-I + 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 
IL-4 - 14,900 4,458 -24, 100 3,872 
11-1 0 - 11,000 5,617 -20,400 5,2 11 

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

To know the difference of the immune response modulat ion between the 

experiment group 5 days and 10 days, which is purely caused by electric footshock a 

multivariate Wilks Lambda analysis is used for 0 (E-K) 5 days and 6 (E-K) 10 days 

The resuli is Wilks Lambda = 0, 002 (I' < 0, 05). 
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This means there is a significant dilTerencc in imlllune response modulation purely 

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

4. Dicriminanl Analysis 

A discriminant analysis is used to know the differential variables (discrim inats) that 

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

fool shock. 

From the (5 variables examined in this research it shows Qut that there arc 5 

dinerential variables (discriminants) those are corti sol, VCAM·l. LL-IO, adrenalin, 

and IL-4. IL-2, IrNy were not discriminants (see table 5-5). 

Table 5-5 SUlllmary Table 

Action Vars Wilks' 
Step Entered remove In Lambda Sig 

CORT 0,286 19 0,0000 
2 VCAM 2 0,20521 0,0000 
3 !L-IO 3 0,17687 0,0000 
4 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 - I 2 
5D IOD 

CORT -0,7534718E-03 +O,4504974E-OI 
ADRE +35,20852 +22,04504 
IL-4 -0,5639694 -0,8094136 
IL-I O -0,2734687 -0,5505554 
VCAM +0, 1543054 -0,7 129820E-0 I 

li cOl1 slant ) + 14 25468 +2666872 
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To know the power of the role of the various variables in each group (5 days and 10 

days electric foolshock) in immune respons modulat ion a calculation of the Fisher 

linear mode l times the original data (5) is needed. 

The results gives the fo llowing pattern of vari ab les (Fig. 5-7). 

"r------.-----.-- ;~---------------------------__, 

10 .-

• 

.. 
-. .~ .. -- -.. ---- ----- --

_'. L-~~;_--_:-::~----~~----~~----~~~ 
CORT180l ADR£N 1l.4 Il . 1C VCA .. 

1a.447 7 .• 75 11.607 n .aal 0 .282 
• .... 1 14."" 8 . 40S • . 001 1. ••• 

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

The graftc 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 

DlSSCUSSION 

As stated before, the objective of this research IS to elucidate the 

pathobiogenesis orED in stress condition (psychogenic ED). 

There are until recently no studies that explain the mechanism on how psychogenic 

stressor llIay cause ED, so that treatment and prevention of psychogenic ED is slill 

unsati sfactory. In thi s stud y. the psychoneuroimmunology paradigm is int roduced. 

This relati vely new stud y endeavors to explain the relationship between stress 

condition and changes in the immune system via the autonomic nerve system and 

endocri ne system. Through this research it is proven that electric footshock (physical 

st ressor), which acts as a psychogenic stressor for rats, can cause immune response 

modulation of the immune competent cell s like Tltl and Th2 cells in the interna l 

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-Tin 

atherosclerotic plaque is not yet clearly understood (Ross et ai, 1993) This study may 

explain the damaging role of those cells. 

In this study wislar rat s, Rattus Norvigicus are used as experimental animals, 

because after the electric footshock, the animals must be terminated. The internal 

pudendal artery is dissected for imunohislochemist ry examination. 

The st ressor used in thi s experiment is "electric footshock" . There are actually other 

physical stressors that can be used to elucidate psychogenic stressor, e.g. 

"Electric tai lshock", " I-Iollsing isolat ion", and "Sound stress" (Keller, Schleifer, 

199 1). However, in thi s experiment, the "electric footshock" is lI sed mainly because 

it is easy to use and because it is developed at the Institute for Technology (Institu t 
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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 st ressor, which acts as a psychogenic stressor may give 

variolls effects. Depending all the intensity and duration of the elect ric current , EF 

causes dilTcrcnl pathologic conditions. It may causes just fear, pain, or injury (burn 

wound) with pain. 

When the fats are only frightened by the EF, then th is psychogenic stressor will 

stimulate the brain and via the IIPA-axis wi ll cause a rise in cathecholamine and 

cortiso l and cause IRM. 

!-Iowever if the EF causes pain to the rat s, then this pain-stimulus wi ll lead via the 

spino-tha lamicus channel to the brain, before causing the release of cortisol and 

cathecholamine via the HPA-axis and also lRM (Ludwig - Beymer, Heuther, 

Schoessler, 1994) 

It is said, that when an imals fee l pam, they wi ll cry or beep. In a restless 

condition we can observe that some of them wi ll urinate or deficate. But it is indeed 

diffi cult 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 st ressor, afier 5 

days there were already changes in immune response of the immunocompetent cells. 

However when the st ressor was cont inued during 20 days the funct ion of the 

imillunocompetent cell s recovered, because of adaptation (Keller, Schleifer, 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 ill a prelimanary study that during this period an IRM already 

occurs. 

Hypothesis that must be proven in this study are: 

I. 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 

elect ric 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 onl y research design used in this experiment is the "Randomized Post 

Test only Control Group Design", because in this an imal experiment it is impossible 

to usc the same animal ill the prc test to be followed up afler the electric footshock . 

ror 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 

rcsponse modulation did occur after electric foot shock exposure during the 5 as well 

as 10 day period (table 5-2; 5-3). The cathecholamine and cortisol level s increase after 

5 and 10 days, followed by a decrease in IL-2, IFNy, lL-4, and lL-1O production. It is 

well known already that stress (psychologic stressor) via the I-Q>A-axis causes an 

increase in cathecholamine and cortisol. Cortisol as well as catilecholamine then 

suppress the activity of T-cells in their production of cytokines (Me Cance, Shelby, 

1994) . 

It is also proven rrolll the Illultivariate analysis that there is a significant 

dilTcrctlce in the im1l1une response modulation aOcr the electr ic footshock exposure 
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during the 5 day and 10 day period . lL~2, IFNy, IL-4. and IL-IO all get morc 

dep ressed afier being exposed to electric footshock during a 10 day peri od (table 

5-4). 

Adrenalin level declines, whereas cortisol level is still increasing. It is indeed proven 

that adrenal in wi ll ri se suddenly in acute stress and then decline quick ly. In chronic 

stress cortisol wi liuslia ll y rise, which wi ll depress m OfC the production of cytok ines. 

The increase in ad renalin which is fi rst seen at day 5 can be explained in that 

short lime stress or acute stress, through the sympathetic nerve system causes 

adrenalin to be excreted instantaneously. But adrenali n activates macrophage to 

produce IL- I, which consequent ly activates the hypothalamus and via the HPA-axis 

stimulates the adrenal cort ex to secrete cort isol (Dunn, 1995). VCAM-l which 

increases after 5 days, declines after elect ric shock of 10 days. Adrenalin which is first 

secreted is also followed by an increase in VCAM expression at day 5 and adrenalin 

will di sintegrate quickly. 

The increase in adrenali n 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-1. 

Expression ofVCAM- 1 causes monocyte, lymphocyte and thrombocyte agregation to 

the EC and migration to the subendothelial compart ment . 

The decl in ing VCAM-I express ion at day 10 is probably caused by the decreasing EC 

function, which is already exhausted and the decrease of adrenal in . 

In order to clarify the pathogenesis of psychogenic ED through the damaging 

process in the internal pudendal artery which is actually the main objecti ve of this 

st ud y. it is important to find the di fTerential variables (discri minating variables) that 

play the main rule in the pathogenesis. 
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All variables innuence each ot her but not all vari lbles have the same power to 

conduct this interaction. For this purpose a multi' ariale discriminant analysis is 

applied. 

The result of this di scriminant analysis shows that 5 of the 8 variables do act as a 

discriminant of the PlllCl'SS They are cortisol, adrcnalin. VCAM-l, IL-4 and IL-IO. 

(Sec 'able 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 corti sol 

shows to have more impact than adrenal in in imn une response modulation. The 

condition is followed by the increasing role of IL-4 and IL-IO after 10 days of EF 

exposure. II can then be concluded that after 10 days of exposure, Th2 is more 

dominant and the hypothesis is proven. 

If Th2 cells have a Inore prominent role, then the damaging process of the 

vessels can be explained via the ADCC pathway. But the investigation of Law (2000) 

shows that tL~IO 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 lFNy did not show up as a discriminant variable, implying 

that the damaging process of the vessel is more probal1le 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 adrenal in 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 aner a psychogenic stressor can be 

explained by ditTerent pathways. Some of the possibilities are : 

The high contribu tion of adrenal in function in the IRM after 5 days EF exposure 

in th is research caLl ses vasoconstriction, which in turn causes oxida ti ve streS!i on 

the epithelium. IFN-kBa decreases and as a consequence NKkB increases. which 

causes the expression of VCAM-I and MCr- l (fig. 2-7). VCAM-I causes 

inhibition of NO production. so that endothelial dysfunction occurs. 

2. Adrenalin binds to a l receptor on the su rface of SMC. It increases the acti vi ty of 

membrane bound enzymc phospholipase C (PLC), which converts phospholidil 

inositol biphosphate (PIP) to inositol triphosphate (JP,) and diacylglycerol (DAG). 

IP.l liborates Ca " from sa rcoplasmic reticulum and DAG stimulates the ell7.yme 

protein kinase C (PKC). PKC in turn open the L-type channel. The open ca killlll 

channel, leading to Ca" innux into the cell . PKC also closes the potassiu m 

channel. There will be a resultant rise in cytoplasmic CaH concentration, with 

consequent SMC contraction (Eardly, Sethia, 1998) and causes ED. 

Adrenalin also binds to a2 receptor on the cell membrane, causes opening of 

calcium channel and influx. of en -H from extracellular compartment in to 

intracellular compartment. Adrenergic p-receptor has in general not an important 

role in the regulation ofsl11ooth muscle tone, becausee the presenl is only I : 10, 

in comparison with the amount of adrenergic a-receptors (Eardly, Sethia, 1998). 

3. The predomina'llt contribution function of IL-4 and IL-IO in this research may 

cause endothelial damage through the ADCC pathway. 

The decreased cNOS producti on causes decreased NO, which caused I. DL 

ox. idation to become oxydized LDL. During this process lisophosphOl idi lcholin 

molecule is libera li zed (Wijaya, 1998). Lisophosphotidilcholin stilllulates the 
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production of superoxide rad icals (02"), which in turn stimulates the production of 

hydroxil radica ls (01-1 ), according to Haber - Weis - Fenton reaction. Hydroxil 

radica ls cause DNA mutat ion o f the epitheli al cell and consequently causes 

foreign protein expression (Tjokroprawiro, Sutjahyo, 1995; l Jokroprawiro, 1999). 

The foreign protein stimulates, immune competent cell s, in this research Th2 cells, 

whi ch elaborates lL-4 and IL-10, with the help o f macrophage to activate plasma 

cell s to produce antibodies . 

Antibody binds with its Fe region to NK cell , whi ch then specifically binds with 

the foreign protein and destroys the epithelial cell (ADee). 

The antibody Ihal is produced may also directly binds to the foreign protein on the 

ce ll membrane and stimulates complements activation for the distruction of the 

cell. It may be assumed that after 5 days EF exposure, the epithelial damage 

fo llows 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 conlirmed. 

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 th is 

research. This is a new finding that explain the mechanism how an psychogenic 

stressor may cause endothelial damage and potent ially causes ED. 
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Figure 6· \ New concept for the development of psychogenic ED 
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CIIAPTER 7 

CONCLUSION AND RECOMMENDATIONS 

7.1 Some conclusions elln be lII~de fl'olll this research : 

I. It is proven by empirical study that immune response modulation indeed 

occurs in the internal pudendal artery wa ll after a psychogenic stressor. 

2. From this research it is possible to conclude that the mechanism towards 

psychogenic ED takes Ihe ADCC pathway through a damaging process of 

the internal pudendal artery. This is a new finding provided via the 

psychoneuroimmullology paradigm. Previously, the diagnosis of 

psychogenic ED was assumed only when organic factors were excluded. 

3. With sholt term stressor exposure (5 days) the damagi ng 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 RccommcndAtion 

I. 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. 

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

imlllu lle response modulat ion that occurs in the vascular ti ssue has 
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probably correlation with the changes in the blood serum. By examinat ion 

of the blood, an immune response modulation may be detected befo re ED 

becomes apparent. However the appl ication of this stud y in humans need 

to take the behavioral and coping abilities of humans in consideration 

J. This research Illay be continued for a longer period of st ress exposure. It is 

possible that longer stress cond ition might take another pathway to 

develop damage to the vessels. 

4. For the treatment of psychogenic ED, the management of stress may be 

imponant to prevent vascular exchange. 

5. Also pharmacotherapy to prevent immune response modulation might be 

developed to stop the destructive process. 
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Appendix 1. Body Weight Rat 

Uody Wei ght rats during 5 days exposure 

Sample Before exp: After expo 
5 days 5 days 

AI 140 125 
Al 141 127 
A3 168 159 
M 139 135 
AS 140 130 
A6 165 246 
A7 145 128 
AS 130 122 -
A9 135 121 
AIO 165 151 

Body Weight rats during 5 days without exposure 

Sample Before 5 days After 5 days 
--

-
CA l 160 162 
CAl 165 167 
CA3 165 167 
CM 145 145 
CAS 160 165 
CA6 140 155 
CA7 140 145 
CAS 160 165 
CA9 140 150 
CAIO 140 142 
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Body Weight rats during 10 days exposure 

Sample 
Before expo Alter exp, 

10 days 10 days 

BI 153 165 
B2 140 150 
B3 151 109 

~4 170 140 
I B5_ 140 149 

86 II; III 
87 118 146 
88 129 156 
89 120 137 
810 105 117 

Body Weight rats during 10 days without exposure 
-, "-

Sample Before 10 days After 10 days 

.. 
CBI 210 205 
CB2 195 195 
CB3 190 190 
CB4 223 229 
CB5 220 225 
CB6 197 200 
CB7 220 225 
CB8 203 200 
CB9 207 205 
CBIO 180 160 

" 

IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana



Appendix 2 . Stat i stic Body weight 

Title 'OitferenCies between 5 days and 10 days (EF) I 

Cf! II """ I.\rl~ l\flt! ~ ! Aml!l r d " ,-v i <!lt i o n!! 
Variable •. 111111 

GIIOUP 
CROUP 

r o t" ""'t;p' nMflpl" 

v a riabll!! .. nlll2 
U C1'QR cOil e 

GROUP 
GROU~ 

f or An t ire "' ,"",pl l!! 

5 D<!17' '' 
10 Ua:llS 

V ... d.nl .. . . W-Tf; HT 
fll"'I'Q R COD I: 

GROUP 5 "":II I!! 
GROUP 10 Days 

ror ~ nt;[t' " ""'1'1 " 

uni v ad ate f .. e e t a . ith 11 . 101 D. f . 

"' .. Ald . Dev . 

146.BOO 1l . B19 
13 4 . 100 20. 261 
140. 450 18. 10 1 

..... Btd. Dev . 

lH.~OO 37.B19 
140 . 000 17. 250 
142.200 2B.691 

"",lin S t d . " ev. 

- 2 . 400 29 . 56 4 
5 . 900 23 . 197 
1. 1 50 26.%1 1 

Va ... i ab l e Hypoth . 88 Erro r S8 Hypo th . Ie , ... ... 
nUT 

8 0 6 . 4 5000 5 420 . 50000 
96 . 8 0000 ) 5550 . 4000 

3 44 . 450 0 0 1270 9.30QO 

0 0 6. 4S000 
96. 6 0000 

1 44 . 45000 

301 . 1) 0 09 
06] . 91111 
106 .07222 

2 .67000 
. 1120 5 
. 48104 

N 9S percent 

10 136 .900 
10 11 9 . 602 
20 131 . 977 

N 9S pe rce nt 

10 117 . H 6 
10 127 . 660 
20 126 . 7 69 

N 9S percent 

10 - 23.549 
10 - 10.694 
20 - 10 . 517 

8 i9 ' of , 
. 119 
. 142 
. 494 

108 

Cont . Int erv a.l 

1 56. 1 00 
14B.596 
140.92 3 

Conf . I nterv(II.l 

171. 4 S ~ 

152 . 340 
155 . 6Jl 

Co nL I nt. e rvAI 

10 . 7 49 
22 . 494 
14 . 017 
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Ti tl e ' Dif f erenoi e s between oontr o ls 5 day. and 10 days (EF) I 

Cell He .. n!! 8nd fltandlou;ri nevi8l ie nl! 
v • .,Jabllt .. .W> 

''-'CTOR COil,. ,.,," Std. nolV. • 9 5 pe"cent. Clln f. 1:n t e"vAI 

GROUP 5 [lays 1 51.500 11 .316 10 14l. 405 ]59.595 
GROUP 10 [lays 204.500 14 .215 10 194 .111 214.669 ,,, entire I!<nmple 1"18.000 29.926 20 161 . 994 192 .01)6 

- - - -
v.dAbI .. . . . .. 

f,, ""I'QP ('C'!'': H,,"" Std. nov. • 95 perce nt. Co nt. Inte r v .. 1 

GROUP 5 P",:I'''' 156.100 10.016 10 149.091 1 63.509 
GROUP 10 DRY'" 201.401) 20. 414 10 188 .191 He.OO) 

' 0' omtire !!I(lmp II! 119 . 650 26.197 " 16 6.11Z J93.328 

- - - -
V"rl[llhl" .. lOt: Tr:1!'T' 

' ACT':'P (· .... I'E HOBO St.d . I>ev . • 95 percent Cont. 1nterv.'l1 

.. POUP 5 n",y!< 4.BOO 4 . 5 41 10 1. SSt 8.049 
GJlOUP W DIIYI'" - 1 .100 1.600 10 - 6.542 4 . ) 42 

' 0' ent ire !'I6lnIp II. 1 .850 6.806 " - 1 . 1l 6 5.0)6 

- - - - - - -
un i vllri l'l t" F- t e:!l:! . itn 11,16) o. r. 

Vari.Rblo HI'Pot h . " r. r r or " lIy po th . ... Error; '" r 8ig. of r 

'Wl 140 45 .0000 2911 .00000 14045.0000 165.05556 85.09256 .000 , .. 11092.0500 46 6 4 .50000 11092 .0500 259.11669 42 . 60349 .000 
El£RAT 11 4. 05000 706.50000 114.05000 39. 25000 4 .43 439 .050 
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Ti t le 'Oifferencies between EF expo .ur. 5 day. and o ontro l. 5 day. 

cel l I¥tlm, ~"d St~nd"ld lIevitttion!!t 

vari.ble . . '"" 
rA{"Tf"lP """ 

CROUP tX I'(! ~ i_" 
" II Ollr' Co nttO I 

r or "nl .i , e rAmpl" 

VAt;abl~ .. S~ 
r A("'J'{'p 

Gno up F. x l'~r in"' n 
;;POUP COlltlol 

r o r ",,'i , ~ r<"ml'l~ 

Vllrilthle .• W':1f:IIT 
rA<::TOP <::00& 

.. PQUI' r.x"",· j,~n 
(:,"C'II I' e"", '"0 1 

t o r " " li.o IJ'l/IIpl .. 

u" i v,.ri"'t .. r - l f's t !!t _ith (1,18' D. r . 

VAriAble " ypo th. 88 

146.800 
IS1.500 
149 . 150 

11 . 839 
11. 116 
12.5]'1 

...... ~ n St d . Dev. 

144. 400 
156.)00 
JSlI.150 

1"1. !J19 
10.0"18 
27. fi20 

!'tel'n 9ld. Dev . 

-2. 400 
4 .800 
1 .200 

29.564 
4 .541 

20.915 

Err o r 1'1) 

,w. 
"" SF-RAT 

110 . ~ S!)Or) 20-''; . 10000 11(1. 45000 159. "18)]) 
700.05000 11 "l86 . SQOO 708.05000 "165.91667 
259.200008052.00000 259.20000 447 . 33)33 

N 

10 
10 
20 

N 

10 
10 
20 

N 

10 
10 
ZO 

116.900 
143 . 405 
141. 282 

156.700 
159 .595 
155.0lfJ 

95 pete ent Cont. l n tervA I 

117.3 46 
119. 091 
1n . " 2l 

171. 45 4 
16).50 9 
163 .2"/"1 

95 petc.nl Con ! . IntervAl 

- 23.549 
1. 551 

- 8.586 

18.149 
8.049 

10 .968 

t 8i9. o{ r 

.69 125 

.924 45 

.5"1943 

. 417 

. )49 

. 456 
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Title ' Diffe r e nei e . bet •• en SF expo .ure 10 day. and contro ls 10 days 

Call 1'tI1an9. and Standard Day i ati o n3 
Va r:ihble .. BIIft 

FACTOR 

GPOUP r. ~ pe . i men 
GROUP Contr o l 

Fo r entl l e> " "",,,ple 

V ... ri ... b l l! • • illC1 
F ACTOR COI)l': 

Gllour r. xpe. boon 
GROUP t ontl. o l 

F~r ent ir~ " ... mple 

Va.-i/ilil" .. ICIf; JI" 
FACTOR CODE 

GROUP r. lI pe r lman 
GROUP conu:o I 

Fo r entir e ~nmp l e 

HoJan Std. Dey . 

114 . 100 
204.50 0 
169 . 100 

20.267 
14.215 
39 . 912 

l18an Std. nay . 

HO.OOO 
201.400 
171.700 

17.250 
20.414 
37. Jl'i5 

""an Std . Dav. 

5.900 
- 1.100 

2 . 400 

23.19'7 
7.608 

17 . 161 

N 

10 
10 
.0 

N 

10 
10 
20 

N 

10 
10 

•• 

9'5 .. arcant Conl. Interval 

119 . 60 2 
194.)31 
150.611 

148.598 
214.669 
187.989 

95 percent Cont. Intarval 

127.660 
188.797 
154.213 

]52 . 340 
2111.001 
169.167 

95 parcar,l Coni. Interval 

- 10.694 
-6.542 
- 5.641 

22.494 
4.342 

10.441 

variable "fPo th . SS [rror SS ~rpoth. ~ r Gig. of r 

.'" ... 
SERA" 

24 780 . 6 000 5 515 . 40000 247 6 0 .6000 
20097 .8000 6428.40000 20097.8000 

245 .000 00 5163 . 80000 245.00000 

106.41111 
J5?UlJ1 
297.98889 

80.67435 
56.2'1534 

.BlU8 

. 000 

.000 

. 371 
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Appe ndix 3 . Re sults Variables 

TABLE OA..TA. 

-------
gcoup keJ cort adre noa d[p. bbl bb' i1_ 2 j[n_9 i1 <1 il 10 vearn 

I 1 342 · Be 2.i5 140 125 1 13 3 5 5 
1 1 229 .B. I.oq HI 127 11 22 6 4 21 
1 1 301 . 99 2 . 63 168 159 9 13 7 11 18 
I 1 411 .93 2 . 32 139 135 6 12 4 7 18 
1 1 303 .9 7 1. 99 140 no 13 20 6 12 22 
1 1 4.7 .95 2 .67 ] 6S 2 46 9 19 6 8 12 
1 1 3 12 . 97 2 .<1 2 145 128 6 18 14 10 12 
I 1 2 '14 . 82 1. B9 DO 122 21 2 4 23 19 27 
1 1 JJJ • !,,~, 2 . 56 l JS 121 22 17 6 14 41 
1 1 359 .B! 2 . 67 165 15 1 15 17 9 10 29 

, 
1 298 . 64 1. 6 1 160 162 )4 25 2) 27 14 L 

2 1 , 5 1 . 116 l. 32 165 167 27 21 16 16 2 
2 I 301 · sa l. <1] If';1j 167 26 27 22 19 4 
2 1 24l . 39 1. 29 145 145 34 2B 21 10 8 
2 1 229 . 51 1. 3 1 160 165 34 2B 24 23 10 
2 I .2 23 .48 1. 57 14" ISS 27 2B 25 19 7 
2 1 276 . 47 1.43 140 145 29 23 26 24 17 
2 1 160 .61 .98 160 165 36 2 8 29 22 13 
2 1 2 07 .52 1. 28 140 150 42 3 8 24 29 17 
2 1 2 21 . 42 1.39 ]1 0 142 19 27 23 21 10 

I 2 593 . 87 1. 91 153 165 2 6 5 3 4 
I 2 472 . 75 2 . 21 140 150 0 15 1 10 0 
1 2 441 .81 2.)5 15 1 109 0 4 2 1 5 
1 2 532 .82 7. .36 170 140 6 ) 1 6 4 
1 2 519 . 75 2 .05 140 149 5 20 4 2 3 
1 2 488 . 81 2 . 61 115 131 5 11 6 3 8 
1 2 S02 . 72 2 . 52 118 146 0 6 1 4 0 
1 2 473 . 79 1.98 129 156 4 9 2 4 11 
1 2 398 . 82 7. .43 12 0 137 0 6 1 3 0 
1 2 364 .89 2.38 105 117 4 7 2 3 6 

2 2 152 . 59 1. 28 21 " 205 41 44 36 21 4 
2 2 ) 41 .51 .9 9 195 195 29 2 . 2 4 19 12 
2 2 11 6 . 3 8 1. 37 190 190 35 41 3" " 10 
2 2 2 12 . 55 1.27 223 229 28 3 7 22 25 7 
2 2 240 . 47 1.11"" 220 225 32 29 25 23 8 
2 2 .lJS . 3 9 .80 197 2 00 32 54 29 31 6 
2 2 199 . 41 1.11 220 225 2B 3 7 19 2B 11 
2 2 223 . 52 1. 0 9 203 200 38 37 29 29 9 
2 2 DO . 37 . 96 20 7 205 21 36 27 22 7 
2 2 113 .45 1. 01 180 160 33 30 25 2 1 8 
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Sheet1 

Result Cort isol "l1d C., th cr.:: holallline 

No. Sam pel Kortisol Adrenalin Nor-adrenalin 

( nmo/lL) ( nmo/lL ) ( nmolll ) 

1 aA1 342 0.88 2.75 

2 aA2 229 0.84 1.99 

3 aA3 301 0.99 2.63 

4 aM 411 0.93 2.32 

5 aA5 303 0.79 1.98 

6 aA6 447 0.85 2.67 

7 aAI 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 Ca 1 298 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 Ca6 223 0.48 1.07 ---- --17 Ca 7 276 0.47 1.43 
18 Ca8 160 0.61 0.98 
19 Ca9 207 0.52 1.28 
20 Ca10 221 0.42 1.38 

21 B1 593 0.07 1.97 
22 B2 472 0.75 2.21 
23 B3 441 0.81 2.35 
24 B4 532 0.82 2.30 
25 B5 519 0.75 2.05 
26 B6 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 CB l 152 0.59 1.28 
32 CB2 247 0.51 0.99 
33 CB3 146 0.38 1.37 
34 CB4 212 0.55 1.27 
35 CBS 240 0.47 1.43 
36 CB6 135 0.39 0.89 
37 CB7 199 0.41 1.17 
38 CB8 223 0.52 1.09 
39 CB9 130 0.37 0.96 
40 CB10 113 0.45 1.07 

. 

Paye 1 
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Appendix 5 . statistic Expos ure 5 days and Contro ls 5 days 

Title 'Differencies between EP' exposure 5 days and controls 5 day! '. 

PRO If (lte-! - I) . 
HAN cort 'Irlrf' f'lo tldre 112 if.n_ y il _ 4 11_ 10 VClUII Il T gr:oupfl,2)/prl cell (lIIII/pei homo lal ll / pri 
111gnit: 'o1 l ll/dl!lc/doa:ig:-

20 CRee s flCCl'lptflfi. 

U CIUII!H'. reject.ed becaU'H' o f out-o t -ran9~ facto.: v8L uel. 
o ceses reject ad because of mio.lng data. 
1 no n - elllpty ('1'1 J I, . 
1 de~ j9n .ill be rro('~~~ed. 

Cr.LL NUHllr.~ 
1 , 

VII[ ish I .. 
CJ<otl ft , , 

Cell ... "'''~ l'Iud !l ttlmltlrd I'evi "tion., 
V"riilbl ll .• CORT 

r l CTQR c"nr. 

GROUP R>tpBri_n 
CROUP Co nt r o l 

for .nth .. ,,~npl .. 

vllri6Lble .• APRr. 
r. '''r'l)p 

GPOIJP 

GROUP 

r. J( per irnen 
Control 

Variable .. NOl DRE 
fACTOR CODE 

CROUP £xp8~iwen 
GROUP Cont ~ol 

r nr: !"nt.le .. ",.,IIp]" 

VIlT i&bh! . . n,_2 
U C'fOR 

GROUP 

cO<>, 

E~p!!ri ... n 
GROUP Cont~o 1 

Foc I!'nll~e i'1lU11p J e 

- - - -
vad&blf! n. 0 

,-,croP. COOt 

GROUP Expe[ i,...n 
MI(tIJP Co ntrul 

Fo c ent ire sNll'p le 

- - - -
V.!u: lable .. 0._ • 

FACTOR CO DY. 

GROUr Ekpe~ j pr'lOn 
r.R(>UP "'on' ' '0' 1 

Co c "nt in' r:""'p l'" 

~lIIn Btd. Dev. 

329. 100 
240 . "100 
ZB4.900 

. 9\1 

.soe 

. 109 

6J .B9B 
4].151 
69 .803 

.068 

.081 

.219 

"'.1'1 atd. nev. 

2 .388 
1. 358 
1. 81J 

.32 6 

.115 

.566 

HQan Std. [lev. 

11.900 
30.800 
21 . )50 

..... 
17 . 500 
21 , 300 
22 . 400 

5.840 
6.4.,.' 

11.403 

Std. Dev. 

3.919 
4.413 
6.500 

""H in Std. D!!v. 

8 . 400 
:n . ]00 
15.0 'iO 

5.940 
] . 4('1 
8.gel 

H 

10 
'0 
'0 

• 
'0 
'0 
'0 

H 

'0 
10 
20 

• 
'0 
10 
20 

• 
10 
1. 
2. 

• ,. 
'0 
'0 

95 petCent con t . Xnteev~1 

283.390 
209 . 812 
252 . 231 

374.810 
211. 568 
]11.569 

95 perce nt ConL r.ntetvI"1 

9S 

.863 

.450 

. 601 

2 . 155 
1.233 
1.599 

patcent 

1.123 
26.166 
16 . 0ll 

95 petcent 

14 .654 
24 .100 
19.158 

. 959 

.566 

.812 

2 . 621 
1.483 
2. 141 

Cont . Xnter:va l 

16.0n 
35.434 
26 . 681 

Co nf. Interval 

20 . )45 
30 . 500 
25 . 4. 2 

95 percent Cont . Xntarval 

4 .1 4 5 
20.861 
1 t . 641 

11. • 655 
25.1]) 
20 .05] 
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- - - - - - - - - -
V",ri.ble .. n 10 -

f,l,("''r01I cnill': 

GROUP E:>cpedllO!!n 
GROUP Contto l 

' 0' IIntir. I'II'JI')I' tit 

- - - -
V ... r i .nlf! .. yeA" 

fAf: TOR 

GROUP 

GROUP 

for I'Inlil' . IU''''pio 

1'011£ 

J: xpat i_n 
Control 

HM. 

10.000 
21.000 
15.500 

..... 
20.500 
10 . 200 
15.]50 

Bt<1. D.IV . 

4.422 
5. 45"1 
1. 41 0 

St.d. bev • 

10.190 
S.116 
9. 4 61 

H 

10 
10 
'0 

H 

10 
10 
'0 

••• •• . U I.U ,Y!llB OJ' VAR J ANC E w_ DESICN 1 • • • • 

r.rrreT .. GPOUP 

H\ll livArilllte ~"t9 of Bignific8nce If' .. \, " " 1 • N . 1 1/2 1 

~1It.N_ value IoPJI'fox. , Rypoth. " "'tI: Ot 0 ' Big. of , 
"illlooi" .97326 50.01041 •. 00 11.00 .000 
)lote ll in9'5 16 . J9159 50.01041 •. 00 11.00 .000 
wilke .0261 4 50.0164) 8.00 11. 00 .000 
RO'9 .91326 

l:ige nvalulIB .. nd Cllno n; ceJ Corr.e l", t,jone 

Root Ho. Eigenvalue Pet . c" .... Pet.. C.non CO". 

1 J6.)9159 100.00000 100.00000 .98654 

Univflrhte F- teete . ith 11,181 •• , . 
V.",i~le Hypot.h. " E"l:o", aa Hfpot.h. '" Er ",or I'IJ , aig. 

eOIlT 39072.8000 53505.0000 39072.8000 2972 .50000 1l.14476 
ADRE .81205 .10045 .81 205 .00558 145.51328 
)lO,.DIIC 5.J0450 1. 23092 5.30450 .06838 77.56881 
n._' 1786.05000 684.50000 1186.05000 18.02178 46 .96698 
l.f'N_C 4eO.20000 322 .60000 480.20000 17.92222 26 .79]55 
n._ 4 1110.05000 422.50000 11 10 .05000 23. 4722 2 47. 29 201 
D,_10 605.00000 44 4 .00000 605.00000 24.66667 24.52103 
Ve A,. 530. 45000 1170.10000 530. 45000 65.00556 8.16001 

V.UI.I:ULCe Hypoth . se 11:£1: 0 1: ES Rfpoth. !'III 

1 to 8 41 59Q.66655 56550.0]1 ]7 5448.83132 392.70855 . . . ~AL '9:r9 or VARI ANCE - - DESIGN 

F.FrECT •. COO9T.t.NT 

1t1lltiv .. d.ttl Teete of SignificlOnce IS ., I, ,. ., 3 , N ., 4 1/ 21 

Teflt N_ V,due Arrroll. , "froth. " Ilrror or Siq. of , 
pj 11.1 8 .99145 538.2962 1 •. 00 11 .00 .000 
Rotel ling" 191. 413815 518.2962 1 8 .00 11 . 00 .000 
W;! U .00255 510.2962 1 •. 00 11 .00 .000 
ROfe .997 45 

'" 

" JlIII:(:ent Coni . Int.lI l:vlOIi 

6.837 13.163 
11 .096 2 4 .904 
12.022 \8 .918 

95 per:O;:lInt CQnf . l:nt."v",' 

ll.211 21.71)9 
6.540 13.860 

10.922 19 .7'16 

of , 

.002 

.000 

.000 

.000 

.000 

.000 

.000 

.010 

, 8ig. of r 

11 .81501 .000 
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Roo t No . Eigenv.!O lue Pet. C\\l'Il. Pet . Cllnon Cor . 

191. ~0015 100.00000 100.00000 .998'13 

Univ • .:hte F- ttlstl! . ith 11,161 D. r. 

VedlOble Jl11'01 h . ,. r,rror Illl HYI)oth. .., ';[1: 0 1" l'fi , B i ",. of , 

CORT 1621360.20 53505.0000 162])60.20 2972.50000 546.12622 .000 
.LDRE 10.06760 .100 45 10.06700 .OOSSB 1604.08626 .000 
NOADRe 70. 162 58 1. 23097. 70. 1 62 58 . 06838 1026 .00194 .000 

n._' 9 116 . 4 5000 684.50000 911 6.45000 38 . 02116 239.73114 .000 
lFN_ G 100)S.2000 122.60000 100l S. 2000 17 . 92222 559.91056 .000 
D ,_ .. SOl 4 . 45000 47.2 . 50000502 4 . 45000 23 . 47222 214 . 05941 .000 
IL_l0 4005.00000 41 4.00000 4805.00000 24.66661 19 4 .797]0 . 000 
VCI.K 47 l Z. 45000 1170 . 10000 4712 . 45000 65.00556 72. 49303 .000 

Aver"ued F- tl:lllt. d th fa,1.11 0 . t . 

VAlUABLES ",po th . SS Kypot h . Pe l z:tOf MEl , 81 9 _ o f F 

1 to 6 16511]3.98039 56SS0 . 01117 207141.741,55 392.70655 52.1. 46941 .000 
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Appendix 6 . statistic Exposure 10 days and Contro l. 10 day. 

Til)e ' OJ ( r ('! [ e nr ict: be twef' 11 EE' Expo s ure 10 days a nd Contr-ol 10 day r,' 

PRO rr fbl " 2 ). 
"AN cort .. dr'!' no .. ,,"'18 il 2 ifn 9 iI 4 il_ lO vcl!Om IIY gr o uJlI1.1) J pd cell , .. I l l/rid homo , .. II)/pd 
!lJgni f (AII) f rl hu;f dO!li q-:- -

20 CIlf!. ... !1 Af"Cflpt .. rl . 
o ell!!"" t"lljl'lcliI'Hl h"lc.9U!I '" o( out o f - r:l!Onge f8Clor. V./IO\ Uflll . 
\\ ('Al!:ee .. ... jf!cted b~C" \I!'Ifl o f mield nq C!ll lfl . 

2 non- e"'pty c .. ll lI. 
-I dOl<; gn .; I I b "ll proc .. osed. 

V .. ri.!ohle 

(; F. tJ. NU tm£R 
2 

GROUP 2 

C" ) I I1o! l'n~ .. tid R~ .. m l eu: rI /''' v i ti l, i <:,nl!!= 

V"rj .~bl" .. ""nT 
rArTQR rn~r. 

GROUP F.~p~r.i~n 

GROUP ("('nt "0 I 

For. enl;re 'Oi''''loIe 

- - - -
v. dahl .. · . l DPF: 

r.(· 'I""tP COlof': 

GROUP hper illW'n 
GROUP Co n t r o l 

'0' entire .... mph. 

- - - -
Variwle · . NOAIJR!! 

F.CTOR COll I! 

GROUP Ilxpedmen 
GROUP Conlrol 

' 0' entJre IJ AAlpte 

- - - -
Vadllh l " · . n. 2 -

F.CTOR CODE 

GROUP Experi"",n 
CROUP Control 

'0' entire ~AAlple 

- - - -
varillble l rN_ G 

'.CTOR COOl 

CROUP £xper i_n 
GROUP Contro l 

' 0' entire .""'P l • 

- - - -
Variable · . n. , -

PACTOR C"'" 

GROUP Expor ;,"en 
(:P"''''' Co ,,, (0 t 

Fo< onlin) I'IQ.mple 

"'''li n IRd. Dev. 

41 "1. ~OO 66.101 
179.700 49 .751 
326.950 163.37 1 

""an Std . Dev. 

. 601 

. 46 4 

. fill 

. aS] 

. 077 

.165 

l'IIIan Sld. Dev. 

2.266 
1 . 152 
1.119 

" .. 0 

2.60 0 
11.1oo 
17 .150 

" "0 
6 .100 

31 . 400 
21. 050 

"'"0 
2.500 

26.';00 
1~.550 

atd. 

. 225 

.162 

. 615 

nev. 

2. 459 
5.656 

15.520 

Std. Dev. 

5 . 293 
7.671 

16.061 

SLII. nev . 

1 .841 
4.742 

12.6Q9 

• 
10 
10 
20 

• , . 
10 
20 

• 
10 
10 
20 

• 
10 
10 
20 

• 
10 
10 
20 

• 
10 
10 
20 

• S percent <:on( • Intlt[v.(ll! 

430.915 .<;25.465 
H4 . 111 215 .2119 
252 . 490 40S. 41 0 

95 per cen t Conf . Interval 

.5 

.S 

9S 

.1 65 

. 409 

.5n 

2 . 125 
1. 02 2 
1 . 411 

percent 

.641 
21 .65] 
9.686 

peu:"nt 

4 . 914 
11 . 906 
15 . 5]] 

percent 

1. lSl 
21. 20e 
a.S]6 

. e41 

.51 9 

.720 

2 . '47 
1 .262 
2 .001 

cont: . Intll rval 

4 .159 
]5 . 141 
24 . 414 

Co nt . I nt .rvIIl 

12 . 466 
42 . 692 
]0.567 

Cont. rnterval 

l.S11 
29 . "92 
20.564 
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- - - - - -
v .. ri.,l@ . . 0. 10 -FACTOR CODE "'". ar.tI. Oey. • 95 pet'cent Conf . Intarvllli 

CROUP Cxper imen 3.900 2.51 4 10 2.101 5.699 
GP.OUP Contro I 24 . 100 3. 9 17 10 21. 496 21.102 

' OJ lint if II IItmlp l a 14.100 10.944 •• 8.978 19.222 

- - - -
V.ri..blfl .. ve AH 

r.(''1'(',,, ('(,VI: ~ .. Iltd . nev. N " p.,tcenl Co nt . Tn terv!ll 

GPOUP Exp,,'( 1"", 11 ". tOO 1.615 10 t .SOO 6 . 100 
GROUP Contr o l B.2oo 2 . 19~ 10 6 . 487 9 . 913 

' OJ ent iro luu'I'pla 6.150 ) .660 .0 • . n1 7 .861 

. . . . • ANAt.YOl8 V ARH.NCC -- ntlHe N 1 • • • • • 

tfrECT . . CRo ur 

" ultivarililLe Te"ts of BiqlliticlOnce \9 · I, l'! " ) • H • " 1/ 21 

TBst Name V.luG .!"proK. , Il y poth. " Ert'or DF Big. of , 

Pilltoi~ . 98780 111 . J0866 6 . 00 11 . 00 .000 
Hotell i"95 00.95115 111.)0666 0. 00 1l.00 . 000 
Wjlu . 0 122 0 111.108 66 0. 00 1].00 . 000 
Roy .. . 9A180 

Ei~ .. nv801uea and Canoni cal Cott;ltiati o n!! 

Root No. r:igenv"lu .. Pe t. c ..... . Pc t . 

1 80.95175 100 .00000 100.00000 .99366 

Univa~iate F- tests with 11,18) D. F. 

Vadtoble MJ)l()th . •• r.~r()~ B9 RJP()t h . "" I:r~()~ re , 8J9· of , 

eORT 445511.250 61599.7000 H 5S11.250 3422 .20556 130.18249 .000 
ADRE .57461 .0764 5 .57 461 . 00416 131.64056 . 000 
NOADRE 6.42916 .15160 6. 41916 .04116 15l.96624 .000 
0.' 4214.05000 1 42 .50000 4234 . 05000 19 .02776 222.51942 .000 
n.o 411 8 . 45000 lB2 . 5OOO0 4116 . 45000 41 . 41222 94 .13151 .000 
0._ , 2904 .05000 232.90000 2904.05000 12.93009 224.44l54 .000 
D._ l0 2060.80000 195.00000 2 080.80000 10.e311l 192.01l85 .000 
Vel" 6 4 .05000 110 . 50000 B4.05000 9.41222 8.87)31 .008 

lve~aged V- teet .i th le.144) D. r . 

VARIABLES "ypoth. 88 t:r~or 88 MJpoth . re 11~~or 1'13 , Big. of , 

1 to B 458939.65439 63123 . 93005 57161.45680 439 .1 4951 ll0 . 4 5 485 .000 

•• ••• lHALlBIS 0 ' V ARl ANCE -- DEStGN 

IrJ'CCT . . CQoIST.t.UT 

l'fIlltivaril'l l e ~l!It !l 0 1 Significanc e IS " 1 , 1'1 ~ 3 • N " 4 1/2) 

Tes t N_ Valu'l .I. PI' [·oo: . , MJJlo th . " Error " Big. of , 
pi lh.i s . 99"B~ 6)4 . 62.602 6.00 n.Oo .000 
Mo l"ll i""", 461 .5 4165 6H . 6260 2 8.00 11. 00 .000 
wi 1 k l! . 0021 6 614 . 62f10 2 e . oo 11 . 00 . 000 
PQ 1' ~ . <>c;. 7 fl4 
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ROOl No . l: iq'H'VAI" .. Pet.. Cure. Pel . 

46 I . 54765 100.001)00 100.00000 

Univ8r:i ... le F - le!ll" .ith (1, 1 6~ D. r . 

" ,pot h . 99 r.~ro. Sf! HYI'0th. t.:I Ert or. ~ 

C(,PT 
AliRe 
NOAtlPE 
n ,_ 2 
IFN_G 
n. , 
.LL_ I O 
y e AH 

21641 62.05 
8 . 0?'64~ 

59.0<1922 
'i(\02 . 4 5001) 
10626.0500 
42]1\.05000 
3976.2 0000 
7'i6. ~ sn('n 

6159~.?(l"" 

.07845 

. 75160 
112 .50000 
792.500('0 
232.90000 
195.00000 
170.50000 

2164162 .053 17.2.20556 
8.016~4 

5~.09922 
5A02 . 4 5000 
10626.0500 
4234 . 05000 
1976.'"0000 

756 . 450('1) 

AVP'rAqetl r - ti' f!. t . ith (8. 144 ) D. r . 

VAR l AtJl,I:9 "ypo th . SS Err o r 88 

1 to 0 21S9?0 4 . n5"6 unl . ':.I] OO<; 

.004)6 

.0~ 1?6 
19.02170 
13.47222 
12.91889 
10.8]3]3 

9 . 17222 

",po th . He 

27]711.04696 

CRnon COl. 

.99892 

r sit;!. of r 

632.3BB09 
IB41 . 63202 
1415.36205 

J09.1 5066 
244 . 4131 0 
127.23444 
J6?01J85 
79.65982 

.000 

.000 

.000 

.000 

.000 

. 000 
. 000 
.000 

419. 7 4 951 622 . 42945 

122 

gjg . o f r 

.000 
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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 11' igrollp=2). 
IUN c:oz:t IIIdn r.ooore il_2 ifn~g iI_~ iI_ IO vcmn itT 1t&111,21/pd c.ll i.II )/pd hol\'lO '" III/pd llignit 
(11111) / d i "c:/ da~d 9. 

20 c:~~~~ 8ccepted. 
f) CIIIU'S f"lljRCI er1 hllClIl1!lR or out. - or - ulnge r.etor VII!UOIl. 

o C.!I69 18ject.&d b .,clllu!le of m; ... sing d.tlll . 
2 non- elftpt J r .. II ". 
1 de "ign . il l be ptocelilled . 

CELl, NUIVlF,R 
I 2 

Val"i1lble 
GROUI' 2 

Cell """ ne ond Stend81d Doevi8tion" 
Vlll f" iable •• CORT 

FACTOR COD P' 

GROUP 5 DIII,9 
GROUP 10 DAyB 

FOlC enti..::e I!-"mple 

v ... i.bl •.. AVRE 
fACTOR COTl J: 

CROUP 5 Daj~ 
I;RQIJP 10 D.ys 

f o r entltCl SAmpht 

V8ti.ble .. NOADRR 
FACTOR 

GROUP 5 De, ... 
GROUP lU 118Y" 

For 'lntltfl "~"'l'lfi 

V.rj8hle ,. LL_Z 
FACTOR 

r,POUP 
GROUP 

Fot entite swmple 

Var:illble .. lTH_G 
FACTOR COD! 

GROUP S bill ,,, 
GROUP 10 lI.ys 

I'D .. anti .... &IIIp I. 

'ladah l l!! .. LL_4 
FACTOR COD E 

GROUP 5 D~l. 
GROUP 10 D.,.s 

For .nti ... sample 

""an Btd. Dow . 

240.100 
119.700 
210.200 

.500 

. 464 

.~66 

43.151 
49.75t 
55.019 

.Oi!!] 

.071 

.060 

H.utn Bt.d. Dey. 

1. l58 
1.152 
1. 2SS 

.175 

.192 

. 201 

""an std. Dev. 

)0.800 
1 1.700 
31.250 

27. JOO 
]7.400 
32.350 

6. 47? 
5.658 
5.9J1 

4 . 473 
1.617 
8.0lS 

",,8n Stl.!. Dey. 

21.)00 
26 .600 
24.950 

J.401 
4 .7 42 
4 .359 

• 
I. 

" 2. 

• 
I . 

" ,. 

• 
" 10 
20 

• 
10 
10 
20 

• 
10 
10 ,. 

• 
10 
I. ,. 

95 p.Z:CAnt Con I . XntA~v.1 

2 0!L8JZ 
144 .11 1 
18~. 422 

211.568 
215.289 
235.978 

95 pe .. <;: .. n t ca nf . lnt .. ~v" I 

... 50 

.409 

. 44 B 

.566 
. .519 
.524 

95 r,,[ c .. n t Cnn( . Xnt .... v~1 

1.2]) 
1.022 
1 .160 

1. 4B3 
1. 282 
1..350 

95 pe[c .. nt Conf. :Intez:v81 

26. 1 66 
21.651 
28 . 471 

lS.41 4 
3S.147 
]4 .02 9 

95 p.z:cent Con!. Int8~v81 

24.1 00 
)l.~ 

28 . 599 

30.500 
4Z . 8!l2 
16 . 10 1 

95 p .... cen t Conf . :Inte~Y81 

20.867 
23.208 
22.910 

2S.7)] 
29 .992 
26.990 
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V" d nb le .. il, 10 
'ACTQIl COll I'! "';'In std . Ilev. N 9S p"rc e n t Cont. Tlll er v ",\ 

GROUP 5 I'",!! 21.000 5. ~ 57 ,. n .09fi 24 .904 
GROUP I. DfI,!1 24 . ]00 3.917 I . 21.4 98 21. 102 

,", " nt iT e !!I_p ie 22.650 '1 .9ZJ ,. 20 . 346 2 '1 . 9 5 4 

- - - - - - -
V.riablfl .. Ve A" 

' ACTOR COO l! ... . n Std . D.v. N 95 p 8u:tln t Co nf . Int.rev.1 

CPOUP 5 Day,. 10.1.00 5. 116 I. 6.5 . 0 11.860 
GPOUP 10 De,!!! 8.200 2. )9 ~ , 0 6. 4e1 9.911 

' 0' "ntire e fl,mple 9.200 •. 021 ,. 1.3 16 11.082 

. . . . U J Al. YB I B 0 ' VARn,PlCI -- llY.A'J.Ctl 

!:Ffl:CT •. GP.OUP 

ttu ltivadate TelltS ot 8i9nirit-lIInc!!I IS • 1, H · J , N '" 4 l/Z) 

T e .. t N IOme V#t lue Ap p r: Olt. , Hypot.h . " Er ror " a ig. o ! , 
p i J I " ; !I . 5421>2 1. 6H2S '.00 1 1. 00 . 222 
Ho:.t.!!Ill ing!l 1.10616 l.61 I H '.00 11.00 .222 
IIli l u .45736 1.63 125 8.00 1 1. 00 .222 
ROJ!'! .SU6? 

Root NO. I': i g .. nv a l u .. Pct. CUIII. Pe t . Ca no n CO[ , 

, 1. 18636 100.00000 100.00000 . 7 3663 

Un iv"d s te F- t.eet.. wit.h 11. 18) D . F . 

Vari ab l . " f pot h . ,. Er r. or SS Hy poth. "' I rr or H9 , Bi g . o ! , 

CORT l B605.0000 J9014.2000 18605.0000 2 168 . .5 6667 8 . .579 40 .000 
" DRE . 00968 .11 240 .00968 .0062" 1 .5501 8 .229 
"lO A ORE .2 1218 .57192 . 21218 . 031?"1 6 . 61793 .019 

D._ ' 4 . 0 5000 665. '/0000 4.05000 1 6. 98 133 . 10951 .14 5 
:ltN_G 5 10.05000 7 10.50000 .510. 0 5000 39. 41222 12 . 9 2175 .002 
D._ ' 5 4 . 45000 306 . 50000 5 4 . 45000 1'1 . 0 2178 3 . 19712 .091 
D._t O 54. 405001) 406 . 1QOOQ 54. 4 5000 22.56111 2 . 41J44- . U 6 
VC A" 20.00000 2B7.2oooo 20.00000 15 . 95 556 1 .2 5)4B . n8 

Aver sged F- re~t . ith le,1 4 4) D. r . 

H.,voth . aa Erro r SS " , poth . It3 Error 118 , Bi g . o f F 

1 t o 6 1924 FJ . 22HHi 41410.604)2 2406.0t?7J 2B7. 5755 9 6 .] 6 659 .000 

. . . . ANALYSIS or VARI ANCE -- DE9:IG.N 1 • • • • • 

EFFECT •. C(.flSTMIT 

I!Ul tiv"Iri"t " ,....,.t~ of ai<J .. ifir-.. nce (8 • 1 , " • ) • N · 4 1/2) 

TaB' 11_ Va l ue AJlr rox. , "f Jlot h. " Er r or " Big . of , 
pillAi .. . 9~4J0 2l9 . Q52B I 8 .00 11.00 .000 
Hot.el i ings 174 . '>tl II 1.19 . 9'>28 1 '.00 1 1.1)0 .000 
Wi 1)UOO • ("OOS' IO 21"' . <1526 1 '.00 11.00 .00. 
PD,." . "9UO 

IR – PERPUSTAKAAN UNIVERSITAS AIRLANGGA

DISERTASI IMMUNE RESPONSE MODULATION... Rudi Yuwana



125 

ligetlval"'ltI ", ,,d C8IJlon;c",1 COl:rel .. ti o n" 

lIoot No. r .... t . c um. Pet. Canon Cor. 

174 .'> 110 100. 'J!lOI)O 100.00000 . 99115 

V",l"iMh! " ypat h . s. r:rro 't f.lH "rpo th . ... J:r(or I'E , 8ig. o f , 

COPT 601660 .600 ]9014.2000 661600.600 2161'J .56661 401. 49513 .000 
l URE 4 .12J92 . 11140 4 . 12392 .0062 4 156 . 49964 .000 
NOADIIF. 3 1 .50050 .5'1192 ] 1. .5005 0 . 0ll11 991.41311 .000 

]].-' 195)1 . 2500 665.10000 19511. 2500 36.9BJJ1 526.10951 .000 
IrN_ G 20910 . 4500 110.50000 20!UO . 4500 19 . 41222 530.25111 .000 
11,_ 4 "'7. 450.0500 106 .501,)00 12450.0500 11 .02?1A "'31.16111 .000 
IL_ I O 101.60. 4500 40 6 . 10000 102 60 . 4500 22.5611 1 454. "'641 6 .000 
VCA" 1 6~Z. 60000 281.20000 1692 .80000 1 5.95556 106 .094"'1 . 000 

AVe(l!'Yl!d F- Ulln with 16, 144 ) II . r . 

VARI A8T,I S Krpoth . SS Erro( SS Mypoth. MJ , siV. o t F 

1 t o 6 946562.02442 4141 0.684]2 116512.15305 261.51559 412 .11651 .000 
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Appen di x 8 . S t a ti s tic di ffer~tn t Bxpo llu r e 5 d.ay. and B][p o llure 10 d.ayll 

Title ' Differe nt be t ween SF e xp o sure 5 d ay. and SF expos ure 10 days 

PRO Jf 11\11 oup" 1) . 
lUN cot:l "'rim nOllriu il _ 2 ifn _o U ~ j] 10 veMl lIT lLe l {l,2) / pd cell 1.ll) /pri hOIl!!) (a l .l)/"ri signif. 
(al1)/di.t/d~Rig. 

20 (:"""0,", 1O('1:8pted. 
o C"1I"I1I rosjected "lie"'''""" o( out o f - nmgll Vliet-or va l ues, 
II 1'1'I~"' 1\ r: .. j~rt~rl o"" .. ,,"'!! o { mil'<eing dill .. , 
2 nOIl-~mpty cellf!. 

de ", i~n . i II bl'l proC:-.. lIsed. 

VatialJle 

c eLL NUNlIER , , 
CROUP 2 

C .. ll Ho'o ,u,,,, ... "d Rt ""rt ... rrl j'8vi"t i n,," 
Vllrlablt' .. CORT 

r ",',.,.,p "ODE 

r,poup 5 Day!! 
CROUP 10 Il"ye 

For entlra 1I~lJlle 

V"r l<th Ie .. "PPE 
' ACTOR CO[lr. 

C!>.QUI> 
CROUP 

S Days 
\1> Days 

For ent ire lI~ple 

- - - -
Vui""ble .. NO"f'ltr. 

' ACTOR COD E 

CROUP , bll7R 
CROUP . 0 DaYII ,., II n ti,,;. I!IlIIfJI Je 

- - - -
vlldtlble .. IL , -' ACTOR CODE 

CJlt OUI' , D3Y8 
CROUP " Da,.., ,.< enti o;e e .... pl. 

- - - -
Var 11lh l it .. IrN_G 

FACTOR CODE 

CROUP S 0.,.. 
CROUP 10 D.y. ,., .nlire ItAII'IpI. 

- - - -
VOIdable .. 1], , -

UC1'OP CODE 

CROUP 5 [lilY'" 
GROUP 10 Day~ ,.< OInt ire 8"'.ple 

~"O Btd. D~v. 

129 . 100 6) • 8913 
418.200 66.101 
401.650 99.261 

.... 0 Std. Dev . 

.9 11 .068 

.e01 . 05) 

.851 • 081 

"'"0 Std. Dev . 

2..188 . 126 
2.2:86 . 22S 
2 .))1 . 2"11 

""0 Std. Dev. 

1 1.900 5.8 40 
2.600 2 . 459 
"1.250 6.46J 

HIla" Std. DBV. 

11.500 3.919 
a.1OO 5.193 

11 . 100 6.4 15 

""'"n atd. Dev. 

8 . • 00 5.9 48 
2.500 1.841 
5 . 450 5.2 4 6 

N 9S p. re.nt Conf. Tnt .. ,,,,, I 

,. 2f11.1!tO 374.010 
I. 410 .915 525.485 ,. 15"1.192 450. 108 

N 9S pere"nt conf. lnterv.1 

" .86J .959 
I • .165 .fl4 1 , . .819 .895 

N 9S pereent ConC Xnteo:val 

, . 2.155 2 .621 

•• 2 .12S 2: . 441 , . 2.2:0"1 2 . 461 

N 9S pBrcent Con!. lnte,v •• 

,. 1.12J 16 .01"1 

" .8 n 4 . 1 59 ,. 4 .225 10 . 2:15 

N ., percent Cont. lntB£vs! 

" H .654 20 . )46 ,. 4 .914 12 . 486 ,. 10.098 1 6.102 

N ., p"reBnl Cont: . tnte"".-I 

" 4 . 1 45 12.655 ,. 1 . 183 3. an ,. 2.995 ""/.905 
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- - - - - -
Va(;,.},l. .. Th >0 

r l eTOP co." ..... Btr!. D .. v. N " p .. .,c .. nl Canf . Jnl.u·v .. t 

GIIOUP 5 1I.!I1'" 10. 000 ~ . q12 >0 6.837 1l.1 6J 
GPOUI' 10 I1"y,. 1.900 2 .51 4 I. Z.10 l 5.699 ,., enl iul BAnlI'le 6.950 4.696 ,. 4 . 752 9.148 

- - - -
vlui .. hl .. ye A" 

FAC,....." rr·r. ,; "' .. Std. to"v. N 9S pe(cf!nt Conf. Tntltt:vel 

';110111' 5 D"'Y!l 20.500 10.190 I . 1.1.211 27.789 
<OROUP I. tlllY!!! 4.1 00 3.615 I. 1.500 6.700 .. , anti,-.. !'IJampla 12 .300 11.215 ,. 7.042 17.558 

• • • • • .I.IIU TSIS or VART.oK"£ _. D&!llGH t • • • • • 

ErrEt T •• GROUP 

KultivlU i.ttl Teete of Significance IS ,. 1. M " 1 • N .. 4 tl21 

Tflel .- V .. JU8 Approll . , Hypot h . " Ru"or " Sig. •• , 
pi 118;s .86782 !L ones 0.00 11.00 .001 
JlOlltl I i ngB 6.'>6571 9.02785 8.00 11. 00 .001 
wilM .132 18 9. 02765 6.00 11.00 .001 
R0 1 S .86182 

Root tlo. I!igenvalue Pel . CUln. Pet. c.non cor. 

1 6.5657 J 100.00000 100.00000 .93157 

uni variAte r - telltl'l .ith (1,18) n. P. 

Variable IIfpot h . .B r.rror 99 1i1Poth . '" Error I't] , 91V· .f , 

CORT 111154 .050 16Q70.5000 111154 . 050 4226.n669 26.3015 6 .000 
ADRE .0581 2 .06650 .058n .00369 15.1e586 .001 
MO l ORE .05202 1 . 41060 .05202 .0781"7 .66180 . 426 
D._' 432 . 45000 161.)0000 432. 45000 20.01212 21.5 4410 .000 
lTN_G :lS7.20000 394.60000 )67.20000 21 .92222 1"1.66244 .001 
Th_' 1"14 . 05000 3 46 . 90000 174 .05000 19.,e3JJ e.97936 .008 
tt._ lO 166.05000 232.90000 186. 0 5000 12.9J689 14.3"7913 .001 
VC AK 1344 .80000 105_1 . 40000 1144.80000 58.52222 22.979)1 .000 

Averaged T- tellt .ith (e,144) n. T . 

VAR:rABLJ:8 IlfJloth . OS t n :or so Iifpoth. M8 Sig. 0 1. r 

1 to a 113670.11014 7046}.077Io H209.0Je7g 54 4 .882 48 26.07812 .000 

• • • •• Ul/lLYSIS OT VARIANCE -- DESIGN 

ErTECT .. ("~lBTANT 

MUlliv~u' iate TPlfts of Significance (S "f" 1, M = 1 • N '" -4 I/21 

Test IlRIToIl Va l lie .lrprox. , Hypoth. " Error " Big. .t , 
toilhi", . 99021'1 797.56170 0 .00 !l .00 .000 
Ho t ellintllJ <;81).044Al 7Qi.<;6170 6 .00 11 . 00 . 000 
!IIi] k!l . nn171. "~07.Sf;n') £l.On 11. (t("l .000 
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Ror" .99828 

"OOl '10. I'r l . c,:" .... PCI. C" " OIl (;Or:. 

500.0 41\07 100.00000 ·100.0ooQO .9~·914 

V.tiMI" IIYI,OI h. '" Fo,"cor '" Hypolh. '" fort: ol:: '" 
, Bi g . ., , 

COIl1' 12'18666.45 7{'070.51)00 )25866(,.'5 4226 . 1)889 771.07.15 .000 
AtlR r. 14.68690 .06650 1 • . ~O090 .(0)69 )915.96UO .000 
NOADlU: 109.211)0 1 .• 1061) 109.23116 . 0 ·IB37 139) .0499B .000 
l.,_l I t)'i I . , 'iO(l1l Hd • 111'1')0 In\ • • l'inoo 20.01'-22 52.31lJl .000 
IFN_G HlZ.2001l0 1.,1 .60000 ).)2 . 20000 21.~2222 156.56260 .000 
n. • 594.0500(\ 3"8.90000 594.05000 19 .183]) 10.64146 .000 -n. \0 966.n51)0') 23l. "I)nno 9';('.051)0n 12.91809 11.662SZ .000 -
Ye AI'! 1 !Il 'i . f\ll(l(l{l 11'51 . 1\001'0 ln25.~OOOO Stl.SUU SI .10H 4 .000 

Ave' ''g''d r til'" .i,1l ,~,1'"1 fl. r. 

Y All.! "'II,F.S lIypoth. SS Erro r 58 "ypot h. Kl 1":[1::01:: It3 r Big . o f F 

1 to e JU,1859.120}f; 18"63 .07110 109482. 46505 541.88248 1 49 .b107£ .000 
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Appendix 9 S ta t i stics Ch a nges Exposure 5 day. and 10 days 

Title ' Di f fer encie8 c h a nge s KF exposure 5 day. and 10 day.' 

PRO 1 F (g,'ollp- 1). 
JUN COrl Qdu MAdre il 2 itn_ 9 II ~ 11 _ 10 VC8tll BY k.eJjl,2)/pTi c"l1 ,all) / pd hoftOO 'alll/pd I!IignU 
'_I I I Idier/tllt!'! ;g. 

20 C 8 51':11I aCC"I ll t8d . 
o rll""!!' I: .. j .. c t .. d h"I""""" o f olu - o f - r llnge {/OctOI[ v.lytle . 
o caB •• rejected bllc.ue ... o f ~1 !l8 Ing data . 
1 no n- emply celie . 

deal gn .i ll he pr oce ••• d , 

Vltti"bl_ 

GPOUP 

CEL L llUHfl£R 
1 , 

1 2 

cel l ~,.na .n~ Standard Deviationa 
Vllri~hl • . . r~T 

'ACTOR ('(>1') I: 

GROUP S olOys 
CPOUP 10 OAYB 

'0' ent i r" 811nlp II" 

- - - -
var iAhle .. AI'P I: 

FACTOR COf1 F. 

GIIOUP S nA Y!! 
G • . OOP 10 Da ys 

' 0' enti re """'pi e 

- - - - - - -
Vad ablll .. NOADRE 

FACTOR COOl 

GROUP 5 nAyS 
CROUP 10 n"1"11 

' 0' entire e amplA 

- - - -
vadnble .. II , -F l CTOR '00' 

GROU P S DaY9 
GROUP 10 neys 

'0' entire II..-.p le 

- - - -
Variable .. IFN_G 

FlCTOR COil E 

CROUP 5 !l1l1. 
CROUP ,. DillY· 

' 0' ",nti .. " "'"''''''Ie 
- - - -

Vari"<blll .. D • • -Fl CTOR COl\E 

(: lIooP 5 n .. ., .. 
CRour •• n.ys 

' n, .. nt " .. ... ml,l " 

~ .. 
- 09.400 

- 1.98.500 
- 193. 4 50 

~ .. 
-. 403 
-. ]39 
-. 3'11 

~ .. 
- 1.030 
- 1 . 114 
- 1 . 0 8 2 

..... 
10 .900 
29.100 
24.000 

~lIn 

9.800 
28 . '100 
19 .250 

..... 
14.900 
2 4 . 100 
IQ.C;OO 

Std. OllV. 

17.021 
62. 443 

121.569 

Std . Dev, 

. 106 

.065 

.099 

Std. Dev. 

. 226 

. H6 

.2 90 

Std. Dav . 

6 . 619 
5.60'1 
8.026 

aLd. Dtlv. 

6 . 156 
10 . 109 
12 . 941 

St.d . DIIV • 

4 . 4 56 
].0'12 
6.2)1:[1 

• OS p .. r c fln t Cont . ) 'ntervAI 

10 - 141 . S02: - )3.290 ,. - 343 . 169 - 253.831 
20 - 25] . 15'1 - 1l1 .1 4 6 

• 9S per c ent Cont. l:ntecv,.d 

. 
10 -.4'19 - . 12 '1 
10 -.400 -. 2'16 
'0 - . 41'1 - . 325 

N 95 peccent Con!. l:n terval 

10 - 1 . 191 -, 969 
10 - 1 .303 - .605 
20 - 1. 216 -. 946 

• " percent. Con.r. . l:nt.acval 

10 14 .006 U . 192 
10 2!L069 33.111 ,. 20 . H4 21. '156 

N 9S p.r cent. Cent . Inta rvIIl 

10 5 . 253 14 . 14 '1 
1 . 21 .0]9 ]6.361 
2. 13 . 19 4 25.306 

N " p.rcent Cont . Int • .:-.... l 

10 11 . '1 11 16 .069 
10 Z 1.1)0 26 . 070 
2. 16.585 22. 41 5 
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v"rillbl~ XL W 
'ACT'OII con p; 

.,,,OU P , 
""Y" 

GROUP 10 I'AY" 

'" ' " "l I r" IH\l~ple 

- - - -
VariAb18 .. VCAH 

'ACTOR rOD II; 

GROU P , I'''VB 
CROUP 10 Ilays 

'"' ent il e I" Nnp\e 

•••• • AJUJ.fsur o r VAR'lAIICr. -- I)EBIGN 

Il rrECT .. O:;POUP 

~." 

It .QQO 
20 .400 
15.700 

.... " 
· 10.JOO 

4.1.00 
- 1.100 

Att!. D"". 

5 . 617 
5.211 
7. 14 6 

!ltd. D8V . 

10.5 61 
... 909 

10.901 

I'fllili " "riAle T~el!'l or ai gnif icClnce IS " 1. ", .. J • N " 4 1/2 1 

Teet N_ Villi"" Appeoll. , ltrpo!. h. " r.r[o[ " BiO· 

P j J I " ;,, .040 lJ '1.2)657 6 . 00 11 .00 
"0. "11;"9" <; .1.1\2 96 7.23(;57 " .00 1l . 00 
Wi I lls . I ~,)67 7 . 23657 O.on 11.00 
Roy8 . Qq!nJ 

l:ig"""/III ' '''8 "nd C"" o ni(,lIIl ('l'rre\Ati o ne 

Root /;Iu. P"1. • Cum. Pct. 

N 

10 
10 
20 

N 

10 
10 
20 

of , 

.002 

.002 

.002 

5 .2 62% 100.0000U 1oo.0U(I(l0 .91670 

var:iAble HJpath . SO • a :ror sn Hypot h . ... £r;ro[ MI , gig. 

CORT 220710. 050 66490.9000 220710.051') 4916.16111 44 .69460 
ADRF. .020 46 . 16570 .020 48 .00921 2.22414 
NOADR£ .05406 1 .54624 .05 ~ O8 .08590 .62955 
1]._' 520.20000 10). BOI)oo 520.20000 39.10000 1l .30 U 5 
IrN G 1786.05000 1)95 .70000 1786.05000 71.Sl6B9 2] .03425 
1]._' 4:n .2oooo 3U.80000 42 3 . 20000 17 . 4Un 24 . 275)) 
D._l0 44l. f!OOOO 5Z8.~OOOO 441.80000 29.]5556 15.04996 
VC.l.K 1036.90000 1221.00000 1036.60000 61.6lln 15 . 28. 52 

H?po th. 88 Err;or; 8S Hy po th . Ie Error; M3 

1 to 8 22491f1 . 17456 Q2655.l1194 2811 • . 17162 641. 43961 

• • • • • AJl.I.LY8l:S o r VlRYAJICE -- DF.E YC"," 1 • • • • • 

rrraCT .. CCWST.l.NT 

IfUlti variate Te~t!l o f Slqnifi e 8nee (a " 1. 11 '" 1 • N • 4 1/21 

To", N8MU V ... lue App. Oll. , ",pot h. " r,r ror; " 8ill· ot f 

Pi 118\" . 9916" 1"''' . 026]5 ' .00 11.00 .000 
HotellinQI!I 122.20096 168 . 02635 6.00 11.00 .000 
.ri I),), .00612 161L026J5 ' .00 11. 00 .000 
II Q"~ • Il<;l H.lft 

!JU 

" perc·en!. Cont. .rnt" r-"(li 

6.962 15 . 016 
16.672 24.1?8 
12 . J56 '9 .04~ 

9S per;cent Cont . fnt.tr;vel 

- 17.056 -.2. 71~ 
.580 7.612 

- 8.202 2 .002 

of f 

.000 

.153 
. 438 
.002 
. 000 
.000 
.001 
.001 

f 8ig. of' l' 

43 .69450 .000 
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ROOl No. r.igenvelue Pet. CUll!. Pet. Cenon cor . 

122.20096 100.00000 100.00000 .99593 

Un lv8d.t." ' - t."""tfl . :lth (1, l SI D. F . 

VIU iAbI .. Hypo! h. '" [rror llS HYPOlh. '" r.cror I'f'l , !Iig'. ., , 
C()f!T 740456.050 08490.9000 740458 .050 4916 . 16111 152.244 41 .000 
AIlII I! 2.15262 .16510 2.15262 .00921 299.03896 .000 
NOAtiRE 23. '11'140 1.54624 23. 4 1440 .00590 212 . 57130 .000 
D._' 1 1520.0000 10J.600oo 11 520.0000 39 . 10000 29 4 .62 916 .000 
lFN_ r. 7'111 . 1,51)01) 119<;.10000 1'1' 1 . 25000 77 . 51669 95.581 07 .000 
.LJ, _ 'I 7"'(1'i . onI1<)l') ] 11 .01.)001) " 605 . 001)00 11.41)]] 436.2]]21 .000 
D,_10 4929.00000 528.40000 4929.60000 29.]5556 161.9]414 .000 
ve lH l Q2.20000 11. 2 I .1)'lI'}l)l) 1'J2.1.00Q0 61.81U3 2.8])'12 . 110 

AverlOged F- tf",,,t . ith \8,144) D. F . 

Error 811 "frot h . ~ Erro r ~ , 8;g. o.f F 

1 to 0 700142.467JO 92655. J 11 94 97517.60841 643.43967 151.55704 .01l0 
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I J2 

Appendix 10 . Disc riminant Analysis 

Ti tl e ' Differencies c hanges EF expos ur e 5 days and 10 days ' 

PRO Jr igroup- l) . 
d llt: 9[oul ) plll,lj / VAP r o rl IIclr .. n., ... dr .. 11_2 i!n_ 9 11 _ 4 11_1 0 VCIIII'II / ?te l 'l';ao/PIN=0 . 5/POITr=-f).S/an. 
a ll /"tal.11. 

1)1.f:lCII] !1 ] NANT A N A LYfl18 

On 9 ("OU 1'8 d .. l inert by CROUP 

20 ,,,ue,, .ight,,rI) C"""'" een' pro"""sprl. 
I,) o f the!''' ." r" "xc\mtf!(\ fr om t he "n~dJl!lie. 

20 I"". ";qh!orl) c .o:.e .. e lll h e uaed In t.bll 8n8\J,!d •. 

.'o.mhll r 0 1 (:a~"" hy (; r o"p 

NUI.her o f C"S "!! 
GROllI' I'n ... ight ed ",. ighled Label , \0 , ,. 

Tol,,1 ,. 
Group 1'te" " !1 

GROUP COPT AOPI': 
1 -66. ~OOOO -. 40300 , - 296.50000 - . ]]900 

Tot.l - I!:ll. 4S000 -. nlOO 

Group Stendard Deviations 

GR.OUP COPT 
1 '7'7.02698 
2 6L44Hl 

Tol.I 12'7 .56855 

ADP I: 
.10605 
.00465 
.09699 

10.0 5 
10.0 ,. 
20.0 

NOADP.£ 
- 1.0)000 
- 1 . tHOO 
- 1.06200 

NOAOPE 
.U566 
. 1476'7 
.29022 

H",d 

Ht" '- i 

TI._' 
16 . 90000 
29.10000 
24.00000 

"'-' 6.63662 
5.60 654 
6.02621 

D'N_G 
9 .60000 

26 . 10000 
19.25000 

IFN G 
6.15610 

10. '70611 
12.94065 

Wi I ks' LllItbda 
_!t h 1 Iillld 

!u -utAtiBtic) Iil nd univariate F- ratio 
18 degree. o f freedom 

v.dabl., wi Ikn' 1,.,niJd . , Sig nific.nce 
-------- ------------- ------------- ------------
CORT . 26619 .. 4 .69 .0000 
ADPt .89000 2. ?2S . 1531 
NQ,l. OR£ . !t6621 .6296 . 4379 
TI. -' .57500 1] .30 .0016 
UN -' . 4 1666 2].03 .0001 
II. , .42510 24.26 .0001 -
II. ,. .5 44 6) 15 .05 .0011 -
VCA" .54019- 1 5.28 .0010 

n. , 
14 .90000 
2 4 . 1 0000 
19. 50000 

n. , 
4 . 45645 
1. 6 n55 
6 . 2.2612 

AN A LYSIS 

On gr oup. detinad bf GROUP 

Seleclion rille: ,"Mimi ~e R"o· .. V 
"-"ximum nuri.!.r o f· nte r n........... 16 
" ini",''"' Tol ar ... nr .. 1 ... v .. I.................. .00100 
Ma xi",,,,,, l'Ii Qnificlllnr- e of ,. lo enler....... .50000 

n._1O 
11 .00000 
20 . 40000 
15.10000 

It_ l0 
5.U?43 
s .uno 
'7. 14585 

Ye AH 
- 10. )0000 

4 .10000 
- 3 . 10000 

YC AH 
10.56251 

4 .90918 
10.90099 
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Mi nimum ~i9ni{;cAnc8 of F 
Mini~ IncreA~8 in ~ao ' ~ v ............. . 

CalIo n ;,·",) nl"wrl", ; n ... nt I" um:tion"l 

", ,,, inN'" 1I •• ..to .. r o f ( ,me l ;Oll!'! •••••••••.•.•• 

" jni"""" c ..... u\ IIt ive p8~ cllnt o f VllrillflC .. .. . 
""xi ........ lIi gnif icanee o f Wi]~.B · T ... ..todl!l ... . 

Prior pro bAh i lit, fo ~ each ytouJ' ill .50000 

.50000 

.0000 0 

, 
100 .00 
1 .0000 

---------------- Var;abJ,,,, nut i n the IInll l , s is after stllP 

Variah l ll 'f1)lerance 
CQRT ] .1l000l10 0 
AUPI': 1 . 01.100000 
NOArl PJ: 1 . 1l0rllllllll) 
U Z l .(",}n()<")f)f"l -
l:m_G 1 .OtlQOOOO 
n • t .OMOOOO -] -1,_ 10 1.0llOOOOO 
Ve A" · QO' lf"lQI)O 

" in;mwII 
Toler.anclI 
1 .0000000 
I.oonoooo 
1 .001.)0000 
I .On ()f)I)nO 
1.0000000 
1 .0000000 
] .0000000 
1 .0000000 

S igni ! . of , <- IIntll t 
.<>000 
. 1511 
. 41"1<) 
.0rB S 
.0001 
.000 \ 
.0011 
.0010 

~O 'II V 

44 .89480 
2 . 2247 44 
.6295530 
U.3005 
23.01425 
2 4 .27 53) 
1 5.04996 
1 5.28452 

113 

o ----------------

. . . . . . . . . . . . .. . . . . . . . . . . . . . . 
At. step 

wi llu!: I LII..n<i1l 
Kquiv ,;d ellt. F 
P10'S V 

'''I ~ inc luded in the I!In .. IJ~i !!. 

.?86 \Q 
44 .t.i948 

44 . 89 ~ eO 

Degrl's&- o f 
, I , , 

Fresdolll signH . 
16.0 
HI .O .0000 

.0000 

Betwesn Groupa 

\APPROX. ) 

1 -------------- --

varil:.ble 
CORT 

TtlJeranca 
1 .1')01')001J0 

Signi f. o f 
F to relllOve 

.0000 
lL"lo'c V 

---------------- Vlu·iablll!! ""' '" co. .na l,,,'" 

" ;nh ....... 
Varl...tl l e To I"r .. nee To Ie [fl' nCII 
ADRE . 982381) ,9823813 
NOAHIlE .99030"10 .998 1070 

n._' .9879889 .9879889 
XFN < · 7fi50~60 .7650960 
n. • .89 18577 .89185"17 
n._'0 · q~5" q58 . q95295a 
ve nl .9"170617 .9"1706 17 

F I!I te t i s ti cs and 
Elle h r atl!lti e ti c 

!ligni f ;cAncIIS 
hAS 1 lind 

Gr o up 

Group 

gignl! . o f , t o enter 
.2286 
.7909 
.1460 
.3692 
.1521 
.0)72 
. 01.91 

blltseen .... iul o f 
1 0 . 0 dp.gt:eaB 

Z 10 DOYB 44 .895 
.0000 

.fter etep 

"'''0'. v 
50.66530 

53 . 48461 
48 . 04281 
53 . 2J219 
6J.81058 
69.7]]19 

g t:oupe .. ftu: 
of ft:eedo lll. 

1 ----------------

ste p 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
At I!I t .. p Z, Ve AH 

iii I ~. L llnbtl ... 
Equ i val ont r 
R.AO'S v 

• ". inc l ude d in t he "nalJ.i •. 

. 20521 
J2.9201 

1;9 .71119 

TI"!J ..-e" l!!' o f 
, 1 , , 

r rBed o," 
18 .0 
17 .0 

v"r:labl!l. In the ",nalysh .. ft.et at.ep 
BiclIlif . 0.( 

1'o 1"r/Onre 
· ~?71l1'17 

F t o r"" ..... v e 
."(\"1 

' ''0' 8 V 

Blgn!! . 

.0000 

.0000 (APPIII)X.) 

~ ----------------
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ve AH .911061" .0191 

in I h ..... n .. I,.," if' a(t .. r "t"p " ----------------
Ki n!","", 

VfIIl ifllbll!! Tv I .. , ... ,we ToIe-Plnc O! 
.lURE · ~" 666 11 · Qf,7IHOO 
HOAP!>!. . 99 61HI) .91UlftlO 

n_' .612(>fi l S . Elfi2 ~165 

U N G .?16U·/1 · ")62)"/ 1 
Do • . (If)''',fin 2 · f'l61 '\f)Q O 
n. 10 · '.17'))509 .9f'i H!'6'l 

r ~t .. ti2 tj CS. 1111[1 
Esch F :!It.t i lltic 

I!I lynifi c"IIC'f' S 
h,,§ 2 .. lid 

GtO UP 
r:; Il IIY" 

Group 

~i gnir. o f , '" .. "t"!r 
. J9 n 
.9')Oft 
. 50';5 
. 2<;61 
.H IB 
. 11:09 

bl'.t _e "n PAirl!< o f 
1"1.0 dag£!t"!!1 

2 10 rWi'!': J2 . ~2l' 

.OOOf"{) II 

P,,-o'i!I V 
1J.65305 

71 .11141 
,5 . 2 0335 
01.76687 

c;l r oups Af t .. r: 
ot t r e.do", . 

2 

134 

· . . . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
At !It.p 1. U. 10 

Wi lks' LMbd. 
Equiv.l e nt F 
RAO'S V 

_'"1 ;nciud .. d in the fIInfil i,.!1 is. 

. 1"7661 
: 4 .0 198 

8) .16681 

(1 .. 91' .... ,. o ( 

, 1 
J , 

rr:""do", 
IB.O 
1 6.0 

Sign!!. 

.0000 

.0000 I AP PROX . I 

v., i AhIf'fJ ill t.ht! . nflll,..lis "ftll r otllP 1 ------- ---------

V.r i llbl .. 
CORT 
IL_ IO 
VeA" 

TQl",r .. nc: • 
. 914104 1 
.91 9)509 
.96H 089 

Signif. o f 
F t o rOlIl'lOVIl 

.000' 

. 1289 

.0651 

11. .. 0'. V 

------------ ••.• - Vui .. blrs flo t in the fI"" I,. IIill aft.flr: IItep ) ----------------
l'I i "illtU'" gign;!. 0' 

Vflri!'obl .. Tul" r llolc e ~ I" r"n c:e , t o enter R!'o o '!I V 

APRE .9.,n"EI" .!lS 4950 4 .1!l8'1 88.BOti83 
NOADR£ .960 '19'1 6 . 957.2790 .9006 
n. 2 .(\610564 .fl5M 7 19 . 7] 31 
IFN_G · '>7 W2 Ii4 · <;111)2M . 677) 
n. • .1n1688'1 . El136881 .6008 -
r " tfl t· j ",t j .. " 8tul 
E8Ch r ~t!'oti~ti .. 

Bi'Jnifjcauce~ t, .. t e e e n p"i r .. o f 
16 .0 degree s 

gro upe !'oft"r 
of (r"edolll . 

s tOlP , 
ha~ land 

, 

24 .820 
.0000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
It step 4 , APRE 

Mi lu' LIIolltldllo 
Iquiv .. lent F 
RAO'S V 

e llll tnc 1o.H:led in t he lUlal,."III. 

. 160 40 
18.5181 

'tEl.Belial 

Pe gr""tI otc 
• 1 

• • 

Fuo.doN 
18.0 
15.0 

Vllriabl". In the IIn!llysiFl Rfter lItep 
8 ilJu i t . 0 '-

v " dlOble To I I'",m .. " , <- r .. ,""v" Rn O':8 V 

CORT .9<;<;0541i .nons 
APft! • '17))"' 1"1, • ) <10'" 
n. 10 .0150<;36 . 1)1)1) -yeA" · " S4fl,;n 4 . n .... .., 

Signi t . 

.0000 

.0000 tAPPROJl . ) 

4 - -- - ------------
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1"1 . ,Ii ""'''' fl' qn i f . ,, ' 
'I ..... i .. hl,. Ttl ,,., .. ", . .. Tn l .. ,,,,,. · .. ,. <" "lit '" 
OOlIJPl: .Afll? ·/f./ . AA "/1"//;"/ (1'11" 
:1:1, , · n r, Afl"/ 11 . n~nnl';4 · "/nfn -
J.rN r; · '>;>54"111. . <;:O:'>4"ln .51. 11 
ll. • ,'o; H<"I" o; • 7 1'.1 ~ <"\~.., · " "1 1 -
r ,0",. ;1'<1..;,:" ,,,,,I .. , II" i ' ,.-; ... "'· .. .. hnt ... .,,, rn"f' of 

15.{l fi"u " I!"~ r. ..... h r et .. t i,.t'''' h .. ,.. ~ ... mi 

t:' 'l ''r 
~ 1" f'''ye IfL.., UJ 

.0(100 

R .. ~ ' lO V 

'"'1.flAS';#; 

tj' 0 " 1' " ,, (I '3 ' 

o { {I:.,t!doll'l. 

1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
S, JT. ~ 

IVi n..s' L " ,,",lftll 
£q,dvtl le nt r 
Pl(, '!i '1 

.Jf.2H 
1'1 . H nn 

q1..00$';'; 

V" .. iAbl .. .. in Ih" 
Ai oni t. ., 

vl'I~ilfhl .. 'T'n l ....... " ..... , .. '''''''''1'' 
<;QI'T . 6 H<;r.n , nn"' • 
Abl'lr. . .. ltv,,,, O .1]11(> 
n. • · Uti 4"14 '; · 4" 12 -n . 10 ,9046\41) . 2 S}f; -
VC AI'I .9 4~fl6 ' ''' · 1425 

,,,.g .. ..... 0' r ... • .. ' lo'" fll~:ud r . 11.1.. _","" cl:o ur" , I 16.0 , 14.0 ,0000 , , 0000 \ AP I'R('X, ) 

"n" l,.~ i .. I'Irt .. ~ ,.1 " P S ---_.-----------
P .. o· ... V 

5 ---- ------------

l'Ii ..,i_ 
Vtldah le TolfHtlnce Toler:anc .. 
!I(,I.llIl.C .a~[l22]] . "/279772 
Do , , 1)1661F16 ,566"/ .] 5 -
IFlI_ C . 4911 4 69 .4911469 

r .. ... ti .. , Ie", "'''\ s iuuifi ...... " " .. '" 
f:Ae h r "tAt-i-tie htls 'j 1I1ld 

r,~ ou p 

Group 

8iqnit . . ( , to ente ~ 

,79 4'1 
,9861 
· 65~1' 

h"t . " " n Jllli,' ''' of 
14 . 0 d~gree!l 

2 H.l I''''"" ''' , 419 
. ')QUO 

I'ItlO'S V 

g rour !l ", H e r 
o f {["{'sllol'll. 

s 

r I "vO!t I 0 .. t o lp[flnefO 01: vnl i'l!lufrieiellt 1 0 1' fur: t hef computat ion.O 0 

Sur ........ ry To'Ib le 

h " inn V ... ro. IIi 1 ~. ,.' (; h"ng& 
9tf'Or r.ntf'Ol:"fi P~ .... .>v~tl '" 1, """JII" ~ ig . Ptl O ' .!! , S ig . ;" " 1 ("OPT 1 .286 1<1 .('('110 4~ .e"' 4eO .0000 H .e~4eO , V'" M'I , · '-,,'>1. 1 . nnl)ll 1) <I .7 111Q . .",.,. 2 '1 ,8 1819 

J '" no · I "lf;fli • {lrln.) fJ 1 • "/!i~R "I .OOQO 14 .05168 -, AUP.,. • I l;n1" .,),,"n fIA • (11) o;rn • no!}! ) 5. 11 996 , J\. • , · 11'.111 I"Innn <'12 . nfl5Sf. ,Iln{lll J . qqA'1l 

gig. 
. 0000 
.0000 
• t"lOtl2 
.023 1 
.0455 

Lahe l 
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'· ]tI",,.i f if·'u ion r"n ... 1 ;I)n ,·(' ''tfir;''',, ' '' 
( F i .... ], •• ~ ' " r" ",,,,, "i .. t- ,;'~i" '",, r ""' t .,.l" .... ] 

r.POtlJ' , 
5 ll"?,,, ". ['''.I'"' 

,..(,1'''' .1SHllIlr .. , '. ~ C;Il~"I'I r 0, 
AI'P F. - ~'> . 1,jn,,;7. ·7.2 .'11 Stl ~ 

n . • . ,>l;l<'\~q~ . fl')91, 11'; 
n . 00 - .7.'1J 1f;OI .c;sns ,,;s ~ 

Ve ll'! ". ' 5411)'i ~ fll a 'lln,. 0, 
(ra nr! not] -"'.l C; '1~O 17fo. f.t;~"7 

r ill"',,,,, , ,,,, ""0 .. ,,,(1 ,,,, 
, . S. ' Ii' )} I 11)'1.')" 

Ute- I:­
Fun ... ' ion 

" 

lH . .. "<l""di",,,t/ r"',,"ni .. . ~1 "i ,..-, ;min",,, ' r " .... ' io n ("o"'fi.-i .. ,,t fl 
rllllf' 

":OR'I' 
l lllU: 
l\ . 4 
D . 10 
VI' ''''' 

. ' / 4 ";11 
.2<> 101 

. 7r1n 

. H J)l l 

. 41 11t1 

Stnwt""o t\,tr ill:: 

111'. ' ~ 1" I.""t)""" 
. 167:1295 

Poo] .. tl .. ;'hi " -~H O"P" (;0 , ,<)I>I'; U" 9 hfl ' ..... '" di set:im in"till9 v""r;i,,b l e ll 

" nt! rA'H)ni e A] rli!!lrrimi"l'n t runetion" 
Iv,ui .. blell orcl ... ~ .. d b r lIil' '' n f ,·o r r .. l. .. ti on . it.hi" f nnct.ion) 

Vlm e 
CORT -. J;~S1.2 
Do -• .5 1 122 
VC ll'! . 40565 
10. 00 .~11;>'53 

l:FN_ r: .39951 

Do' .1"142 4 
l DR E . 154"16 
N'O ~ PPP;; _ .llnA(} , 

D l.Rt; P1'HIN lN' T AN ALT a!!) 

Anlll]y"j" J>>n<'b"t l 
llir .... t method: All vA r i A),] .... 1''''''';n<1 tit .. t o l'!!rnnC' .. te~ t ... re ente ,· .. d. 

M;n;m ..... To l er""c:e !, .. ve l .... , ......... " ... 00 100 

(' ''n 'Jnic .. ] n i er r it. in"n' F' ... rl ion .. 

" in;",,,m CUhII,IAtive perC'''nt a f vAr ... "" .. .. . 
"""im'.m ";'l"i t; " "f)"'" t'f liiIfit~ ,,' ].nml-l, ' .. .. . 

Pr iQr rr ('hl>hilit7 t Ol ",,'1, q-roll l' il." . <;nnn(l 

(,:J ...... . .f, .. ", '0 " r ""f· ' It'" {·",. ff 'ri" ,,'~ 
IF;"' '''Ir'., 1.1""'''' ' oj" .. , ;", i " .,.". r,,,,,.., i nn" , 

GPour 
<; ,,~, 

, 
'fl n"1 ; 

1(10 .00 

l . \Innn 

e hi -I'qunr",] 
llJ.10 1 

II. F . 

5 

I 1(, 

Ri V,, ; f 
. " Ili'(' 
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COf'T . (· 2 f, .... ' . !.1; n, l n 1r."l"A 
AU"!': ;>1.~AlnA - r. . TH 1 1';> 

' I"AUPF. 1J r."';<;l 1 1.'i'i1l1 

XL , 1 . ?17C,lQ I .n",;? ,> -
lftl ' : , •• ;>.n/l 1 . ';;>"'> I" 

" • .sa'jt INS • '« " "''''1' 1 -
O. '" "l'1 11I;>;>n . ",ql ~ " ;> 

veAH - 1.01.0010 -. 76f1!:!~H 
Iro" ,. , "n') " 1'0" 11 I'01. ~ 1 1I ' 

t"""OnirA I I>,,,,rl iI.dn,.,n t r ... nctione 

!'<'u .. ", ~ f (· ..... "IAli v .. 
r"l1e ' ion l:io"Il' .... III" vtlTi"m: " rnrr:'!,,' 

" 
)0)0 . (10 J t,n. (\1) 

• IlIA. ~ft • II .. 

('''''>(I,drAt 
r'otl~IA ' i nn 

. "'66~SO 

HI .. r 
r 'Jnrtioll 

o 

filAltd".d,,, .. d .... ,."""i .... 1 f\;·o;r,,,,,,,,,,,t r,,"." iOll '·" .. f{i ci .. "t .. 

Flit!" 
CtlRT - . f;1,(>I1" 

Anp !,! . ,,~;>r. 
W"A I' P E ""7. ~ 'I 
n. , .1)1717 -1ftl Co .~n2n 

-
Do , .;> " 1 110 
n , Q ."nl -
ve AM . 1\ Ir.f,Z 

wi I k..e' 1.8.rrhd8. 
.lS~66e9 

I> I '" ,. 11 I ., , PI ANT ,.. N ,.. T. T fI 1 S 

On groupo; du , IIl"" hi' r.lfn tll' 

" ulttler o f Csnonic .. l Dil!tcr;",in .. nt r unctiQn"l . 

I " !lt of lh" ... V"r;>Ul'''!' u" .. " .. 

Vadabl .. LAhel 

COPT 
AliRE 
n , , 
D,_ HI 
VCAI" 

, 
In 

J'T .. dieted 
1 

1" 
11)11 . '" 

Q 
.0\ 

G(nup J1lo,tt1er. llhip , 
n 

." 
10 

100.0\ 

l'e , l;'l'lnt o f "q"ouped" rtl!O ,"S c<> n .. ct ly r'''''!1; fi ed: 1 00,00\ 

C: l • .,,, Hlc .. ti cn rn't:,",,~lng !'Iu""',''Iq' 
20 case!': .O(f' rr ocossod. 
') c~" .. " ... ,A <:Irel.,.j ... " h,,- "'1 .... \" ... a, o''' 'o f , ... n9~ gcoup cad~". 
o c .. P .... h ... , ", h.".,.. nn .. "" .. p;no rli!'cr .i ",;n ... t;nQ v"risbl~. 

7.Q CA .... !I _I)PI "" 'ul f "r J1r In' ".1 "." 1'''' . . 

"h; -fl'1\13~ed 
25.695 

D, r. 

• 

137 
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"' ''' Pll1 1t' A~' 'l' A"A LTSIR 

I. i 1"1 0 r 1 I,,. 

v,ui .. bl(' )."hl' , 

,',oPT 

'-I'P It 
t '''UI'r. 
1l.J 
1ft! ,; 

lI._ ~ 

IL H' 
V'" API 

Act. " .. 1 
~~~--.-, 
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Palre d Samples Statistics 
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Me an N Deviation Mean 
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3.10 

20 2.22 
20 2.15 

amples Correlations 

I N Correlation 5i . 
Pair 1 Researcher & Obs erver 20 ,961 ,000 
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!3alred Sa~ples Test 

Paired Differences 

Std . 
Mean Deviation 

SId. Error 
Mean 
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esearcher Observer 
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N 20 20 
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5ig . (2·tailed) ,000 
N 20 20 .. 

Correlation Is signifi cant allhe 0.01 level (2-tailed). 

Curve Fit 
MODEL : 1100 1. -

.50 

.48 

.1,453 

Dependent variable .. PEN Method .. LINEAR 

Listwise Del-etion 

Multiple R 
R Square 
Adjusled R Square 
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,%MB 
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, 919 0 2 
,63229 

df 
19 
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2-tailed 
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