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fivm aî  type of computer primer. 

The quality of this reprodnctioa is dependent upon the quality of the 

copy submitted. Broken or indistinct pr  ̂colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not said UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, b înning at the upper left-hand comer and 

continuing from left to right in equal sections with snudl overlaps. Each 

original is also photographed in one aq>osure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are avaflable for any photogr^hs or illustrations 

appearing in this copy fisr an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell bfimnadon Conqnny 

300 North Zjodo Road. Ann Aibor MI 48106-1346 USA 
313/761-4700 800/S21-0600 





EFFECTS OF DEHYDROEPIANDROSTERONE SUPPLEMENTATION IN 
AGED HUMANS AND C57BL/6 MICE 

by 

Mohsen Araghi-Niknam 

A Dissertation submitted to the Faculty of the 

GRADUATE INTERDISCIPLINARY PROGRAM IN NUTRITIONAL SCIENCES 

In Partial Fulfillment of the Requirements 
for the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 7  



UMI Number: 9806800 

UMI Microform 9806800 
Copyright 1997, by UMI Company. All rights reserved. 

This microform edition is protected against muuthorized 
copjing under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



THE UNIVERSITY OF ARIZONA @ 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

2 

read the dissertation prepared by~~-M_o_h_s_e_n~_A_r_a~g~h_i_-_N_1_·k_n~a_m~~~~~~~~ 

entitled Effects of dehydroepiandrosterone supplementation in aged 

humans and C57BL/6 mice 

and recommend that it be accepted as fulfilling the dissertation 

the Degree of Doctor of Philosophy 

oZI~ ~ 
Date 

7 - -::L-( - 7 7 
Date 

~I .JlJL qz 
Cleamond D. Eskelson, Ph.D. Date 

lUv·l- fo>J2., 

Harris Bernstein, Ph.D. 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
ion and recommend that it be accepted as fulfilling the dissertation 

Ronald Ross Watson, Ph.D. 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for an advanced 
degree at the University of Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special permission, provided 
that accurate acknowledgment of source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or in part may be granted by the 
head of the major department or the dean of the graduate college when in his or her 
judgment the proposed use of the material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the author. 

SIGNED: ~ls 



4 

ACKNOWLEDGMENTS 

The achievement of earning a PhJD. has been accomplished with the help and support of 
many people. I owe a debt of thanks to E)r. Ronald FL Watson and all those with whom I 
worked in his laboratory in the Department of Family and Community^ Medicine. I would 
also like to express my sincere qjpreciation to Dr. Watson for supporting, guiding and 
encouraging me throughout my scholastic experience at the Universi^ of Arizona. I express 
my appreciation to Dt. Cleamond D. Eskelwn and Dr. Maria L. Fernandez for valuable 
insights and teaching. I express my appreciation to Dr. Chuck P. Gerba and Dr. Harris 
Bernstein for serving as members of my committee. In addition. Dr. Charles Webber, and 
Cleamond D. Eskelran provided me with special insights for which I will be indebted. 

My sincere thanks to my wife Ms. Samira Sadat Saber (Cashi, my children Sepeedeh, 
Muhammad Hussien and Mohammad Amin who sacrificed and supported me throughout 
my schooling. Also to my parents, Mr. Hassan Araghi-Niknam, Ms. Hajieh B. BChoie, my 
brothers: Mr. Kazem, Mr. Reza, Mr. Mohammad, My sisters: Ms. Fah^eh, Ms. Alaam, 
Ms. Aazam and my Mends Mr. Seyed Hashim Mirlouhi and Mr. Faysal Yousefi who have 
helped, svipported and encouraged me through out my life. 



5 

DEDICATION 

This dissertation is dedicated to late scholar and philosopher in Islam Shahid Seyed 

Mojtaba Nawab Safavi (RA) who gave me and many others courage and spiritual insight 

on Islam, through his teaching to serve all human being with pride and dignity and expect 

mercy only from Allah, all mighty (the most merciful, the most compassionate). 



6 

TABLE OF CONTENTS 
Page 

LIST OF HGURES 12 

LIST OF TABLES 15 

ABSTRACT 16 

PROBLEM STATEMENT 18 

CHAPTER I; LITERATUR EVIEW: DEHYDROEPIANDROSTERONE AND 
DISEASES OF AGING 19 

SUMMARY 20 

INTRODUCTION 22 

DHEA and Aging 22 

Smoking, Vitamin Supplementadon and DHEA 25 

DHEA and Osteoporosis 25 

DHEA and Cancer. 27 

DHEA and Immunomodulation in the Aged 30 

Dementia and Cognition 35 

DHEA and Diabetes 36 

DHEA: Atherosclerosis and Hypercholesteremia 38 

Are Discoreas (Yam Extracts) a Source of DHEA? 40 

CONCLUSION 41 

CHAPTER n: ANTIOXIDANT ACTIVITY OF DIOSCOREA AND 
DEHYDROEPLfliNDROSTERONE (DHEA) IN OLDER HUMANS 42 

SUMMARY 43 



7 

INTRODUCnON 44 

MATERIALS AND MET 45 

Experimental Design of Subjects and Supplement 45 

Dehydroepiandrosterone-Sulfate Assay 46 

Detennination of Conjugated Dienes and Lipid Fluorescence 47 

Determination of Lipid ProfQe 47 

Triglyceride Assay 47 

Determination of Phospholipids 48 

Determination of Total Cholesterol 48 

Lipid Solubilization 49 

Statistics 49 

RESULTS 50 

Modification of Serum DHEAS Levels by Dietary DHEA and 

Dioscorea 50 

Serum Lipid Peroxidation 54 

DISCUSSION 56 

CHAPTER in: MODULATION OF IMMUNE DYSFUNCTION DURING MURINE 
LEUKEML\ RETROVIRUS INFECTION OF OLD MICE BY 
DEHYDROEPIANDROSTERONE SULFATE (DHEAS) 60 

SUMMARY 61 

INTRODUCTION 62 

MATERL\LS AND METHODS 63 
Animals and Murine AIDS 63 



8 

ELISA assays for Cytokines 64 

Measurement of DHEAS 65 

Mitogenesis of Splenocytes 65 

Statistics 65 

RESULTS 66 

Body Weight 66 

Mitogenesis of Splenocytes 69 

ThI Cytokine Production by Splenocytes 71 

Th2 Cytokine Production by Splenocytes 73 

DISCUSSION 76 

CHAPTER IV: DEHYDROEPIANDROSTERONE (DHEA) SULFATE 
PREVENTS VITAMIN E DEFICIENCY AND INCREASED LIPID 
PEROXIDATION DUE TO RETROVIRUS INFECTION OF OLD MICE 80 

SUMMARY 81 

INTRODUCTION 82 

MATERL\LS AND METHODS 83 

Reagents 83 

Animals and Murine AIDS 83 

Measurement of DHEAS 84 

Determination of Conji^ated Dienes and Lipid Fluorescence 84 

Determinations of Phospholipid 84 

Determination of Total Cholesterol 85 



9 

Determination of Triglycerides 85 

Detennination of Vitamin E and A 85 

Statistics 86 

RESULTS 86 

Effects of DHEAS supplementation on the body and spleen 
weight, and serum DHEAS (Table 4.1) 86 

The Cardiac and Hepatic Vitamin E and A Levels (Fig. 4.1 
and 4.2) 88 

The Cardiac and Hepatic Lipid Peroxidation (Fig. 4.3 and 4.4) 91 

The Cardiac and Hepatic Total Cholesterol (Table 4.2 and 4.3) 94 

The Cardiac and Hepatic Triglycerides (Table 4.2 and 4.3) 97 

The Cardiac and Hepatic Total Cholesterol/phospholipids Ratio 
(Table 4.2 and 4.3) 97 

The Cardiac and Hepatic phospholipids (Table 42 and 4.3) 98 

DISCUSSION 102 

CHAPTER V: CYTOKINE DYSREGULATION AND INCREASED 
OXIDATION PREVENTED BY DEHYDROEPIANDROSTERONE IN MICE 
INFECTED WITH MURINE LEUKEMLV RETROVIRUS 103 

SUMMARY 104 

INTRODUCTION 104 

MATERIALS AND METHODS 105 

Animals and Retrovirus Infection 105 

ELISA for Cytokines 105 

Mitogenesis of Splenocytes 106 



10 

Determination of Conji^ated Dienes and Lipid Fluorescence 107 

Determination of Phospholipid 107 

Determination of Total Cholesterol 107 

Determioation of Vitamin E and A 107 

Statistics 107 

RESULTS 107 

Body Weight and Food Consumption 107 

Mitogenesis of Splenocytes 108 

Thl Cell Cytokine Production by Splenocytes 108 

Th2 Cell Cytokine Production by Splenocytes 111 

Hepatic Lipid profile and Vitamin E and A 114 

Hepatic Lipid Peroxidation 116 

Hepatic Total Cholesterol 116 

Hepatic Phospholipid 116 

DISCUSSION 119 

CHAPTER VI: MODIHCATION OF PHYSICAL ACTIVITY IN C57BL/6 MICE BY 
RETROVIRUS INFECTION AND DHEAS SUPPLEMENTATION 123 

SUMMARY 124 

INTRODUCTION 125 

MATERIALS AND METHODS 126 

Animals and Treatments 126 



11 

Activity Measurements 127 

Statistics 128 

RESULTS 128 
Effect of Age on Physical Activity 128 

Effect of Retrovirus Infection on Activity in Young Mice 134 

Hormone Replacement and Physical Activity in Young Mice 134 

Hormone Replacement and Physical Activity in Old Mice 135 

DISCUSSION 135 

CHAPTER VH: THE SIGNMCANCE OF THE FARNESYL TRANSFERASE IN 
CELL GROWTH AND CARCINOGENESIS 138 

INTRODUCTION 139 

Cholesterol and Cancer Risk 139 

HMG-CoA reductase, LDL-receptor and famesyl pyrophosphate 

synthetase 142 

Gene regulation in cholesterol biosynthesis 143 

Role of cholesterologenesis in cell growth 145 

The Ras-GTP 147 

The Famesyl Transferase Activity 150 

Famesyl Transferase Inhibitors 150 

CONCLUSION 152 

OVERALL CONCLUSION AND DIRECTION FOR FUTURE STUDIES... 153 

REFERENCES 157 



12 

LIST OF FIGURES 

Figure 1.1. Synthesis and Metabolism of DHEA and Related Steroids 23 

Figure 1.2. Age related decline in DHEA-suIfate in humans 24 

Figure 13. Mechanism of immimomodulation by DHEA in aging and older leukemia 

patients 2S 

Figure 1.4. Overall summary of the biochemical and physiological changes that could be 

associated with the loss of DHEA production with aging 34 

Figure 2.1. Serum DHEAS Level 51 

Figure 2.2. Plasma Lipids of Elderly People 53 

Figure 23. Senrai Lipid Peroxidation in Elderly People 55 

Figure 3.1. Effects of administration of DHEAS on spleen cells and weight 68 

Figure 3.2. Effects of administration of DHEAS on splenic lymphocyte mitogenesis... 70 

Figure 33. Effects of administration of DHEAS on Thl Cytokine response 72 

Figure 3.4. Effects of administration of DHEAS on Th2 Cytokine response 74 

Figure 3.5. Effects of administration of DHEAS on serum IL-6 and TNF-a ...release by 

splenocytes 75 

Figure 4.1. Modification of cardiac (right panel) and hepatic Geft panel) vitamin E levels 

in uninfected and infected old mice by deyhdroepiandroserone sulfate 

(DHEAS) 89 

Figure 4.2. Modification of cardiac (right panel) and hepatic (left panel) vitamin A levels 

in uninfected and infected old mice by deyhdroepiandroserone sulfate 90 

Figure 43. Modification of cardiac (right panel) and hepatic (left panel) lipid fluorescence 

levels in uninfected and infected old mice by deyhdroepiandroserone sulfate.92 

Figure 4.4. Modification of cardiac (right panel) and hepatic (left panel) conjugated 



13 

LIST OF FIGURES - continued 

dienes levels in uninfected and infected old mice by dehydroepiandroserone 

sulfate (DHEAS) 93 

Figure 5.1. The effects of DHEA administration on Thl cytokine production by 

splenocytes are displayed. 110 

Figure 5.2. The effects of DHEA administration on Th2 cytokine responses by 

splenocytes are displayed 112 

Figure 53. The effects of DHEA administration on serum IL-6 are displayed 113 

Figure 5.4. The effects of DHEA administration on hepatic vitamin E(A) and A (B) 

levels are displayed 115 

Figure 5.5. The effects of DHEA administration on hepatic lipid peroxidation (panel 

A and B) are displayed 117 

Figure 5.6. The effects of DHEA administration on hepatic phospholipid (panel A) and 

total cholesterol (panel B) levels are displayed 118 

Figure 6,1. The effects of DHEA and MLT administration on ambulatory time (Sec)in 

young uninfected, retrovirus infected, and uninfected old mice are 

displayed. 129 

Figure 62. The effects of DHEA and MLT administration on average speed (Inch/Sec) 

in young uninfected, retrovirus infected, and uninfected old mice are 

displayed 130 

Figure 63. The effects of DHEA and MLT administration on distance traveled (Inch) in 

young uninfected, retrovirus infected, and uninfected old mice are 

displayed 131 

Figure 6.4. The effects of DHEA and MLT administration on resting time (Sec) in young 



14 

LIST OF FIGURES — continued 

uninfected, retrovirus inf^ed, and uninfected old mice are displayed. 132 

Figure 6^. The effects of DHEA and MLT administration on stereo time (Sec) in young 

uninfected, retrovirus uninfected, and uninfected old mice are displayed... 133 

Figure 7.1. Cholesterol Biosynthesis 141 

Figure 12. Sterol regulatory elements 144 

Figure 73. The role of DHEA in Carcinogenesis 149 



15 

LIST OF TABLES 

Table 3.1. Intake of DHEAS and water with modification of serum DHEAS 67 

Table 4.1. Intake of DHEAS and water with modification of serum DHEAS 87 

Table 4.2. Modification of cardiac lipid profile by DHEAS, aged and retrovirus 

infection. 95 

Table 4J. Modification of hepatic lipid profile by DHEAS, aged and retrovirus 

infection 96 



16 

ABSTRACT 

Aging is a decline of biological functions leading to loss of resistance to disease. 

This increase risk of diseases is directly related to the decrease in immune responsiveness. 

Dehydroepiandrosterone sul&te (DHEAS) is an adrenal hormone whose low levels are 

related to agings greater incidence of various cancers, immune dysfimction. atherosclerosis, 

and osteoporosis. It has significant role in preventing oxidative damage and certain 

autoimmune diseases. DHEA production is directly age-related, with 85% of it being 

produced by adrenal cortex. However adrenal Cortisol secretion is constant throughout life. 

DHEA-3 beta-sulfate (DHEAS), the principle adrenal gland steroid, is converted into 

DHEA by macrophage enzymes for immune activity. Dehydroepiandrosterone and DHEA-

sulfate are steroids, synthesized from cholesterol. Tumor incidence increases with e^ing, 

growth of tumor promotion due to loss of cancer resistance, immime senescence, may be a 

significant factor. Low DHEAS levels in the aged with elevated Cortisol levels of young 

adults should result into facilitating tumor growth. Immunosenescence can be viewed to as 

a dysregulation in cytokine production since they modulate immune fimctions. IL-6 

secretion by cells from uninfected and retrovirus infected mice supplemented with 18.66 ug 

DHEA/mouse/day was reduced by over 75% compared to similar unsupplemented controls. 

DHEA loss correlates with the progression towards human AIDS. Immune dysfimction of 

T-helper (Th2) cells yielding high levels of interleukin-6 (IL-6) . This phenomena is highly 

correlated with an immune dysfimction in aged mice. Suppression of Thl cells' cytokines, 

IL-2 and interferon-gamma (IFN), by high levels of Th2 cells' cytokines weakens cellular 

immunity. This may cause a loss of tumor and disease resistance in HTV infected and aged 

humans. DHEA may exert its effect by blocking the action of Cortisol as well as regulating 

cytokine production by lymphocytes. In aged mice and or retrovirally infected ones 
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developing leukemia and murine AIDS, DHEA supplementation reduced excessive Th2 

cell cytokine production and increased the low secretion of Thl cytokines. Decline of 

DHEA with aging may be caused by intra-adrenal block during DHEA-Sulfate synthesis, its 

metabolic clearance, or secretion of a postulated pituitary corticoadrenal stimulating factor. 

Clearly age, retrovirus infection, and supplementation with immunoregulatory hormones 

affect physical activity in mice. Oncogenic activation of Ras contributes to significant 

percentage of himian cancers. DHEA act by blocking famesylation in cholesterol synthesis 

pathway and therefore inhibits the Ras oncogenic function. Inhibiting Famesyl transferase 

is therefore a novel way to both inhibit cholesterologenesis as well to induce apoptosis in 

Ras-transformed cells. 
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PROBLEM STATEMENT 

Aging is a progressive deterioration of biological functions causing increased 

susceptibili^ to disease. One possible mechanism is a decline in the effectiveness of 

immune responses with age that is suggested to be under influence of hormonal imbalance 

such as dehydroepiandrosterone (DEIEA). 

Since serum DEIEA and DHEAS prevent oxidative damage and enhance the 

immune response they may provide beneficial effects in disease prevention. Thus, the 

purpose of this work was to determine if the immune system could be enhanced with 

dietary supplementation of DHEA or DHEAS. Immunological changes were evaluated in 

young and old mice with control and 0.005, 0.1% DHEAS, 0.02. and 006% DHEA diet. 

Also, aged individuals were supplemented daily with a placebo and 5 mg DHEA pills and 

antioxidant activity and lipid analysis were determined. 



CHAPTERI 

LITERATURE REVIEW 

DHEA and Diseases of Aging 
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SUMMARY 

DHEA (dehydioepiandrosterone) is a major adrenal hormone, with knwon accepted 

flmction. In both animals and humans low DHEA and DHEA-sulfate levels are associated 

with a number of problems in the aging: immunosenescence, increased mortality, increased 

incidence of several cancers, loss of sleep, decreased feelings of well-being, osteoporosis, 

atherosclerosis and premature death. DHEA homione replacement in aged mice 

significantly normalized immunosenescence suggesting that this hormone plays a key role 

in aging and stimulating immune regulation in mice. Similarly osteoclasts and lymphoid 

ceils, were stimulated by DHEA replacement which should delay osteoporosis. Recent 

studies do not support the original suggestion that low serum DHEA levels were associated 

with Alzheimer's and other losses of mental Unction in aged people. As DHEA modulates 

energy metabolism low levels should affect lipogenesis and gluconeogenesis, increasing the 

risk of diabetes and heart disease. 

Most of the actions of DHEA restoration are hjrpothesized fixim epidemiological or 

animal model studies and need to be tested in human trials. Those conducted in humans 

show essentially no toxicity of DHEA treatment at levels restoring serum DHEAS levels 

without evidence of altering some aging physiological systems. Thus DHEA is a steroid 

whose deficiency could facilitate development of some diseases common to the aged. 

Dehydroepiandrosterone (DHEA) and DHEA-sulfate (DHEAS) are steroids, synthesized 

from cholesterol (Fig. 1.1). While DHEA is secreted primarily by the adrenal gland in larger 

quantities than any other adrenal steroid including Cortisol, the precise functions of DHEA 

and DHEAS in humans are not known (1-5). Nevertheless research and public interest in 

this hormone is dramatically increasing. DHEA is produced under stimulation of 

adrenocorticotropic hormone during circadian and stress-related stimulation-
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The decline of DHEAS levels during aging is parallel to development of 

immunosensecence, an inability to conserve protein, a ph3^cal &ailty, decreased muscle 

mass, an increased fat mass, decreased ability to cope, disrupted sleep patterns and 

increased incidence of disease. Thus DHEAS serves as a marker of aging in humans. 

While the precise biological functions of DHEA and DHEA.S are not known, both animal 

and human studies suggest some hypotheses while dispelling others. Therefore key 

physiological dysfunctions are investigated here to determine biological relationships which 

participate in the declining blood levels of DHEA with age. 
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INTRODUCTION 

DHEA and Aging 

DHEA production is directly age-related, with 85% of it being produced by adrenal 

cortex. However adrenal Cortisol secretion is constant throughout life. Such chaises prove 

the basis for a relative excess in Cortisol activity compared to its regulation and moderation 

by DHEA. The adrenal gland produces 15 mg of DHEAS every day, while the testes and 

ovaries account for only 5% of DHEAS entering the circulation. Serum DHEA and DHEAS 

are interconverted in peripheral as well as adrenal tissues. DHEAS is water soluble and is 

easily transported by attaching to albumin. It is present in humans at 500-1000 times the 

level of DHEA and fimctions as an inactive reservoir. A small fraction of DHEAS and of 

DHEA in circulation are metabolized and converted into testosterone, estrone and estradiol 

(Fig. l.l). 

DHEA also acts as precursor for testosterone and estrogens with only some little 

androgenic and estrogenic activities. While female and male humans have similar amounts 

of DHEA at puberty, levels decline more females than in males with age (Fig. 1.2). The 

increased production of DHEA and DHEAS at puberty is due to greater overall andrenal 

hormone synthesis. 
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Figure U. Age related decline in DHEA-sulfate in humans 
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Smoking, Vitamin Supplementation and DHEA 

A varieQr of external parameters which modify the body's physiology, besides 

aging, may affect DHEAS levels or be affected by them. In a study of male physicians less 

than 60 years old, smoking was positively correlated with age-adjusted DHEAS levels (6-7). 

In the very old (>60 years) the differences due to smoking tend to disappear. Current 

smokers had the highest serum DHEAS concentrations which were higher than past 

smokers as well as those that had never smoked. There was no statistically significant 

relation between the number of cigarettes smoked and DHEA levels although those 

smoking >30 cigarettes/day had 24% more DHEAS than those smoking <10 cigarettes/day 

(7). Vitamin supplementation was negatively correlated (7) with DHEA levels. However 

we recently found no effect of high intakes of antioxidant vitamins on serum DHEAS levels 

of elderly women (unpublished data). 

DHEA and Osteoporosis 

Genetically programmed skeletal size and mass requires adequate calcium intakes. 

Osteoblast-mediated new bone formation dominates in the first two decades of life. 

Decreases in skeletal mass (as a result of osteoclast dominance) begin in the third decade 

and are not reversed by adequate calcium intake. Gonadal hormone replacement with 

adequate calcium intake was required to delay postmenopausal osteoporosis (8). Such 

treatments may be applicable to normalization of the andropausal state in men (9). Post 

menopausal steroid (10-12 )replacement suggests that DHEA may also protect against 

osteoporosis by development of an androgen envirormient as found in young adults. Low 

levels of DHEA (II) are associated with boneloss in older women, suggesting that 

maintanence of DHEA levels of young adults might slow bone loss. 
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Osteoporosis is bone mass loss as a result of osteoclast dominance (bone resorption) over 

osteoblasts activity (bone formation). Corticol (dense) shafts of long bone renew 

themselves totally about every 10-12 years. In contrast, trabecular bone, ends of long bones 

and vertebrae, has a faster turnover rate, 2-3 years. As a result progression of osteoporosis 

can be detected in trabecular bone much earlier as can recovery fix>m osteoporosis (13). 

Bone mineral content at difiTerent sites may be related to different hormonal influences. 

While a significant relationship between bone mineral content of the spine and serum levels 

of DHEAS occurred after menopause in women (14), no significant correlation was found 

with femoral bone mineral content (14). A positive relationship between DHEAS and bone 

mineral density of the lumbar spine, femoral neck, and then radius midshaft (14) was found 

in women of a wider age range, 45-69 years old. DHEAS may have a non-estrogenic effect 

on bone as there was no significant differences in estrogen levels among women with 

different densities of bone (15). DHEA may be converted locally into estrogen, affecting 

bone resorption. Estradiol was found to be related to lumbar trabecular bone and DHEAS 

was related to bone mineral content of corticol bone (midradius) (10). A metabolite of 

DHEA and DHEAS, 4-androstene-3B, 17B-diol, has an aflBnity for estrogen receptors'"' 

and may be an antiresorptive as is estrogen. When DHEA was micronized and added to a 

lipid matrix to overcome some hepatic first pass metabolic effects, higher DHEA, DHEAS 

and testosterone levels were produced (17) in women. A very high dose of DHEA (1600 

mg/day) given for 28 days to women produced an increase in estrone and estradio (18). 

Stimulation of osteoblastic function is the main effect of gonadal hormone replacement 

(19). This may delay osteoporosis if osteoblastogenesis can be maintained at a rate 

characteristic of young people. As DHEAS supplementation normalized some immune 

flmctions in old mice it should stimulate activity of osteoblasts, lymphoid cells, lost during 

aging. Thus DHEA may act to help increase calcium absorption in Type II osteoporosis and 
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play a role in conservation of bone mass in the absence of ovarian estrogens. 

Cancer and DHEA 

As tumor incidence increases with aging, growth promotion due to loss of cancer 

resistance, immune senescence, may be a significant Victor (Fig. U). Low DHEAS levels 

in the aged with elevated Cortisol levels of yoimg adults should result in facilitating tumor 

growth (Fig. 1.4). Animal studies regularly show that DHEA supplementation in those with 

normal DHEA levels, young adults, slows development of several cancers. Animal studies 

need to be evaluated carefully as (a) animals are often given very high doses of DHEA or 

DHEAS relative to their body weight (25-100 times what humans receive in supplements), 

(b) injection and especially feeding of extremely high levels of DHEA in animals leads to 

food aversion with weight loss which can be immunosuppressive, and (c) rodents make less 

DHEA, and produce corticosteroid in place of Cortisol. 
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Mechanism of immunomoduJation by dehydroep1androsterone (DHEA) in the elderty and in patients with leukaemia. The 
wonang hypothesis120J is that (i) hormones (DHEA, cortlSOI. tes1DSterone and prostaglandins) influence the immune system: and (ii) 
DHEA deficiency leads to increased inteneukin (IL)-6 production, which in tum stimuJates malignant or aging B cells to proliferate 
and secrete greater quantities of autoantibodies. In addition, the increased levels of IL-6 suppress the activity of TH 1 cells, which is 
necessary to stimulate B cells to produce immunoglobulins (lg). Bacteria, TNF and1FN activate macrophages to produce more 
suHatase. which converts DHEA sulphate to DHEA. Abt>nwiations and S)'fflbcXs: IFN = interferon; LPS = lipopolysaccharide; TNF = 
tumour necrosis factor. i = increased. 

Figure 1.3. Mechanism of immunomodulation by DHEA in aging and 
older leukemia patients. 
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In F-344 rats testicular cancer developed spontaneously in all old animals, and was 

totally prevented by dietary DHEA (20). In the mouse two-stage skin tumorigenesis model 

DHEA inhibited tumor initiation, promoter-induced epidermal hyperplasia, and promotion 

of papillomas (21). In this model topical DHEA was postulated to prevent metabolism of a 

carcinogen which would inhibit tumorigenesis. Tumor development in various organs was 

reduced by DHEA supplementation in young animals at the initiation and prevention phases 

during experimentally induced carcinogenesis (22-23). DHEA improved the effectiveness 

of cisplatin and S'-deoxy-S'azidothymidine in treatment of colorectal carcinoma in mice 

(24). A drawback to these animal studies is that (a) they use doses which often cause some 

weight loss which can cause changes in immune systems and reduce tumor growth, and (b) 

doses of DHEA are 200 mg/kg or 50-100 times those given to humans. Use of an 

antiandrogen of the flutamide class significantly prolonged life in advanced prostate cancer 

patients (25). In premenopausal breast cancer patients there was no association with 

decreased DHEA and DHEAS levels, while there was in older ones (26). However women 

who later developed breast cancer had normal or higher DHEAS levels as did those that 

were smokers (28). This may reflect stimulation in DHEA production or delayed 

metabolism due to levels by smoking (7) and be unrelated to risk of this cancer. Increased 

DHEA levels in breast cancer patients may not be a cause of cancer as there is greater 

retention of supplemental DHEA in women with benign and malignant breast cancer (29). 

In vitro DHEA did (30-32) and did not (31) slow the growth of human breast cancer cells. 

This did not occur by the inhibition of glucose-6-phosphate dehydrogenase activity or 

displacement of estrogen fix)m the estrogen receptor, rather by activation of androgen 

receptors (32) in a human breast cancer cell line. Thus DHEA supplementation may not 

prevent breast cancer. Epidemiological smdies show that the risk of developing gastric (33), 

lung (34), and bladder (35)cancer in humans also decreased with increasing levels of DHEA 
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and DHEAS. In a cancer of the immune system, hairy-cell leukemia, patients had reduced 

levels of DHEA and DHEAS (38) compared to age-matched controls. Such an association 

has been postulated to facilitate growth of leukemia cells by loss of adrenal homione 

regulation (Fig. 1.4). 

As maintenance of DHEA levels is required for normal cellular immunity in mice, 

preventing its age-related decline, there should be greater cancer inamune defenses and less 

cancer. However in human prostate (36) cancer there was no dose-response association for 

DHEA or DHEAS. As DHEA metabolites including testosterone which amy interact with 

prostate tumor cells, lowering DHEA might remove its activities as a tumor growth 

promoter, distinct from other cancers. Similarly patients with endometrial cancer exhibit 

increased plasma levels of estradiol and estrone, supporting their hypothetical role in its 

etiology (37). These patients' increased levels conceptually could come from increased 

ovarian and adrenal secretion or conversion from androstenedione (37-38). However for 

most cancers, especially at early stages of growth when immune defenses are important, 

low DHEA levels in the elderly would be expected (Fig. 1.4) to permit accelerated growth. 

DHEA and Immunomodulation in the Aged 

The incidence and severity of infectious diseases increase with aging and immune 

senescence. Although there has been very little testing of the effects of DHEA 

supplementation in the elderly, decreased serum DHEAS levels occurred with increased 

mortality in aged men (39-41). DHEAS effects on T cells are compartmentalized in mice 

as those lymphoid organs containing cells with the greatest DHEA sulfatase activity 

produce the most DHEA (39). Although other factors may be involved local DHEA 

production from DHEAS, DHEA appears to regulate the immune system (39). and be 

immunomodulatory (39). While DHEA and DHEAS levels decline dramatically with age. 
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Cortisol levels do not, leaving the potential for greater suppression of cellular immunity 

without relief fix)m DHEA (Fig. 1.4). Immune dysflmction is highly correlated with (a) the 

increased incidence and severity of infectious diseases and cancers in the elderly and (b) 

higher levels of IL-6 and autoantibodies (39). 

Immunosenescence can be viewed to a significant degree as dysregulation in 

cytokine production as they modulate other immune flmctions. In animal models 

suppression of Thl (T-helper) cells' cytokine production explains the loss of disease 

resistance (42). Thl cells produce IL-2 and IFN (interferon-gamma) for activation of 

cellular immune defenses. Severe immunosuppression of cellular immunity in animals is 

necessary to permit persistence of opportunistic pathogens including Cryptosporidium (43). 

Old hamsters with immunosenescent Thl cells were more susceptible to Cryptosporidium 

than young ones (44). DHEA repletion of aged hamsters largely restored their resistance to 

Cryptosporidium (44). Normalization of resistance would be expected with immune 

restoration of Thl cell functions by DHEA in old mice (39). The increased susceptibility to 

opportunistic infections in patients with kidney failure (45) also supports this hypothesis. 

Patients that require chronic hemodialysis experience losses in circulating DHEA and 

DHEAS (45) which could induce immune dysfunction much as occurs during aging. 

Similarly immune dysfunction during thermal depression of adrenal androgen biosynthesis 

after bum injuries is preventable by DHEA supplementation (46). DHEA replacement 

similarly restored responsiveness to hepatitis B antigen in aged animals (47). DHEA has 

also shown significant immune regulation in normal, young animals. It increased their 

resistance to viruses while being without in vitro antiviral activity (48). Such disease 

resistance is characterized by alterations in cytokine production due to aging, and thus may 

be susceptible to DHEA normalization. 
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InterIeukin-6 (IL-6) is produced by Th (T helper) 2 cells. It stimulates B cells to 

multiply and produce immunoglobulin. IL-6 production increases as the immune system 

becomes unregulated, an ^parent "normal" consequence of advancing age (49). In young 

adult animals and humans IL-6 production is low enough that serum IL-6 is rarely detected 

unless there is a major infection. However substantial levels of IL-6 are found in the 

plasma of elderly mice (39). We postulated (51) that high IL-6 levels should contribute to 

pathological conditions that accompany old age including promoting progression to greater 

severity in B-cell cancers, myeloma and chronic lymphocytic leukemia (CLL) (Fig. 4). 

Lymphocytes from aged people and animals produce less Thl cell cytokines (IL-2. IL-3. 

GM-CSF) and more Th2 cell products (IL-4, IL-5, IL-6, EL-IO). DHEA applied in vitro to 

activated murine lymphocytes increased cytokine production by Thl cells, IL-2 and EFN 

secretion (51). IL-6 is a growth stimulator of certain B-cell neoplasms including 

plasmacytoma, hybridoma, and multiple myeloma, as well as Epstein-Barr virus 

transformed B cells (52). Dysregulation of lL-6 production may represent a major 

contributing factor to the pathogenesis of lymphoid malignancies (51). As expected there 

was a normalization (lowering) of IL-6 and autoantibodies (39) by DHEAS 

supplementation of aged mice. In aged mice as well as retrovirally infected ones 

developing leukemia and murine AIDS, DHEA supplementation reduced excessive Th2 

cell cytokine production and increased the low secretion of Thl cytokines. Normalization of 

cytokines synthesis by DHEA restoration in aged patients may not prevent continued 

production of CLL cells, but may slow immune dysfunction, as well as reducing 

autoimmune antibodies. As it takes between 7-12 years for 50% of diagnosed CLL pqtient!^ 

to progress to more severe leukemia and death, the continuing decline in DHEA with the 

associated greater loss in regulation of Th2 cells' cytokine production with increasing age 

should gradually accelerate malignant B cell production and functioning. The aging process 
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with its loss in DHEA and stimulation of B cell mitogenesis by increased cytokines &om 

Th2 cells may stimulate the increase in CLL patients of leukemic B cells enough to be 

recognized. 

Immime dysfunction in CLL patients, like that of the aging, may be preventable or 

retardable by normalization of DHEA levels. DHEA supplementation of aging humans at 

50 mg/day of DHEA for 3 weeks showed that DHEA was immunorestorative for natural 

killer cell activity, the only significant immune function measured (54). 

IL-2 is critical for proliferation of activated T cells, while IFN is needed for activating 

macrophages involved in pathogen destruction. In vitro DHEA overcomes the suppressive 

effects of Cortisol on IL-2 and IFN production by T cells (46,55-56). These changes should 

enhance disease resistance by down regulating production of IL-6 and other Th2 cytokines 

(Fig. 1.4). Cortisol suppression of cytokine secretion by Thl cells, with increased IL-4 and 

IL-IO production by Th2 cells (57), could explain the immime dysfunction induced by aging, 

AIDS, and leukemias. Thus DHEA or its metabolites may exert their effect by blocking the 

action of Cortisol and by regulating cytokine production. Cortisol serum levels were also 

elevated following viral infection. The authors speculated that Cortisol levels were 

responsible for involution of spleen and thymus and increased mortality in animals which 

were overcome by DHEA (58). Cortisol levels increase with stress in humans with 

suppression of DHEA (59) which should adversely affect immune function (Fig. 1.4) as 

with aging DHEAS levels and production decline while Cortisol does not (51). 
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Overall summary of the biochemical and physiological changes that could be associated with the loss of dehydro
epiandrosterone (DHEA) production with aging. A reduction in OHEA is assoaated with increased T H2 cell cytokines [induding 
interteukin (IL)-6) resulting in suppression of cellular immunity. This facilitates loss of resistance and increased infections, stimulating 
oxidation and free radical damage. Oxidation would activate NF-kB resulting in increased IL-6 release. Changes in cholesterol levels, 
either increased or decreased, increase the risk of hean disease and cancer, respectively. Thus, a partial solution would indude 
increasing supplemental antioxidants [e.g. tocopherol (vitamin E)] and replacing lost OHEA. However, an increased cholesterol levet 
is a direct lisk factor for cardiovascular disease (CVO), signified by increased levels of macrophage colony-stimulating factors 
(MCSFs), tumour necrosis factor (TNF) and IL-6. and higher oxidised low density lipoprotein (LDL). Increased levels of TNF would 
stimulate lipoprotein lipase (LPL) activity. leading to higher levels of triglycerides (another major cardiovascular risk factor). Reduced 
cholesterol levels. resulting from a breakdown in cholesterol synthesis. could then be associated with increased famesyt transferase 
activity. This would activate the RAS oncogene and thereby stimulate tumour cell proliferation and growth. 

Figure 1.4. 0 11 Summary of the biochemical and physiological changes that could 
vera · · h · 

be associated with the loss of DHEA production wit agmg. 
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Low DHEA levels may accentuate the immunosuppiessive effects of Cortisol increases 

during traxima or stress. Thus some immime deficiencies may be slowed by replacement of 

the age-associated loss of DHEA. In support of this concept most hairy-cell leukemia 

patients had reduced serum DHEAS and DHEA compared to age-matched controls (38). 

As DHEA up-regulates host immune responses, decreased adrenal androgen production 

should contribute to the immunological impairment during aging (51). 

Dementia and Cognition. 

A common condition of aging is the loss of cognition and development of dementia 

DHEAS in brain was higher (3.0 ng/g) than even the adrenal gland (2.9 ng/g) which is 3-4 

times higher than plasma. This suggests that DHEAS could be a neuroactive neurohormone 

or neurosteroid. If there are changes in brain DHEA levels due to DHEA supplementation 

it could explain people's reported feelings of well-being (60). The decreased DHEA 

production with increasing age suggests a possible association with the greater incidence of 

dementia and other mental conditions of the elderly. DHEA is the major adrenal hormone 

produced by brain cells and may also enter the brain from the circulatory system to be 

metabolized there. In nursing home DHEAS levels are inversely related to organic brain 

syndrome. DHEA and DHEAS enhance neuronal and glial survival as well as enhancing 

memory retention in adult and aging mice (61-62). Immediate post-training 

intracerebroventricular administration of pregnenolone, DHEA, DHEAS and other related 

hormones to male mice caused improved retention of foot shock active avoidance training 

(61) and in old mice (62). Adrenal hormones may act as precursors for steroid formation, 

ensuring near-optimal modulation of transcription of inmiediate-early genes required to 

achieve plastic changes of the memory process. 
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Serum DHEA and DHEAS levels were measured in Alzheimer's disease patients. Some 

studies (63-64). found low levels which they postulated contributed to the course of 

dementing diseases. In nursing home men plasma DHEAS was inversely related to the 

presence of an organic brain syndrome and to the degree of dependence in activities of daily 

living (40), The ratio of DHEAS/cortisoI was decreased in Alzheimer's patients, and 

particular in female ones (63) as Cortisol levels increased. As DHEAS has antiglucocorticoid 

effects it may protect against hippocampal degeneration caused by glucocorticoids and the 

higher rate of Alzheimer's disease in females (64). However the weight of evidence from 

recent studies does not strongly support a role of DHEA in Alzheimer's disease. The role of 

steroids including DHEA in dementia is still ill defined as to their contribution to the course 

of dementing diseases. Recently length and quality of sleep as was well-being were 

improved in aged men and women treated with 50 mg/day of DHEA for 3 months. Thus 

DHEA may affect the brain, but appears not be a cause of dementia or Alzheimer's disease. 

DHEA and Diabetes 

The aging process often includes progressive hyperinsulinemia and hyposecretion of 

the adrenal androgens (65-68). DHEA and DHEAS are the major circulating adrenal 

steroids in people which have hypolipidemic, antiatherogenic, antiobesitic, and 

antidiabetogenic effects (65-68). The effects of hyperinsulinemia on the androgen secretion 

are well established. A strong negative correlation between serum insulin and DHEA 

concentrations in mice suggests that insulin may act as a physiological regulator of DHEAS 

metabolism (69-76). Experimentally induced supraphysiological (77-78).and physiological 

insulinemia (79-81).acutely lower serum DHEA and DHEAS in men and women. 

However elevated DHEAS levels during chronic hyperinsulinemia in rats are in striking 

contrast (82). Persistent prolonged hyperinsulinemia may have a stimulatory effect on 
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androgen levels. The insulin-induced decline in serum DHEA and DHEAS may be 

explained by insulin's selective inhibition of adrenal 17^0 lyase activity in people, 

responsible for production of DHEA and androstenedione (83-85). The anti-diabetogenic 

activity of DHEA is mediated by its action on insulin (69-75). To determine whether the 

beneficial effects of exogenous DHEA on diabetes is mediated by lowering serum insulin 

levels and/or by improving peripheral insulin sensitivi^ (86-90), a pharmacological dose 

(1600 mg/day) of DHEA was given to postmenopausal women which induced insulin 

resistance (86). There was no effect by DHEA on insulin sensitivity in obese young men 

(87). Such clinical studies conducted with megadoses of DHEA for a short period of time 

may have induced an altered physiological action and cellular responses leading to an 

incorrect conclusion. A physiological replacement (50 mg/day) dose of DHEA for 6 months 

in old men and women did not alter insulin sensitivity (88). Older men and women (88) 

increase in lean body mass, muscle strength, and IGFl growth factor when treated with 100 

mg/day of DHEA for 6 months. There was a significant loss in fat mass in men. The results 

of DHEA administration on insulin levels in humans depend upon gender, age, dose of 

DHEA, and extent to which DHEA is converted to the more potent androgens. DHEA and 

testosterone have opposing actions on insulin sensitivity (91-92). While DHEA increases 

insulin sensitivity by enhancing insulin binding, testosterone reduces insulin sensitivity by 

inhibiting insulin binding (96). The ratio of DHEA to testosterone may be a more important 

physiological regulator of insulin sensitivity than an individual androgen level (91-92). 

Increased testosterone and DHEAS were associated with increased insulin sensitivity in 

men, while increased androgenicity was related to insulin resistance and hyperinsulinemia 

in women (93-96). Increased insulin binding by DHEA with inhibition of glucose-6-

phosphate dehydrogenase may be a partial explanation. There is an inverse correlation 

between serum insulin and DHEAS. Serum DHEAS is reduced in men with insulin 
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resistance and hyperinsulinemia (79). There is an increase with age in insnlin resistance and 

insulin, when DHEAS levels decrease. DHEAS levels in serum may serve as a biomarker 

for insulin resistance. Therefore it may be preferable in elderly to reduce insulin to raise 

DHEAS physiologically. Low DHEAS levels may indicate undetected, early insulin 

sensitivity problems. Although the beneficial effects of DHEA and DHEAS on diabetes 

during the aging process are extensively studied, the mechanisms of their action remain 

poorly understood. Furthermore, due to the inconsistent findings related to gender and age 

differences, more studies need to be done to determine the biologic action of DHEA and 

DHEAS on insulin levels and resistance in diabetes. 

DHEA: Atherosclerosis and Hypercholesteremia 

Aging is associated with immune senescence, lowered hormonal secretion, 

decreased hepatic metabolism, decreased body lean and bone mass, and increased body fat. 

These body composition changes are accompanied by a decline in adrenal gland secretion 

of DHEA, DHEAS and insulin like growth factor-1 with increased degenerative disease 

including cardiovascular disease. Although major risk factors for cardiovascular disease 

include: aging, hypertension, hypercholesterolemia, cigarette smoking, diabetes mellitus, 

obesity, diet, and lack of exercise (97), DHEA may also play a role in pathogenesis and 

prevention of cardiovascular disease. Cardiovascular disease rates in both sexes increases 

with age (98-99). While it was speculated that the racial differences in DHEA may play a 

role in cardiovascular disease no direct relation has been found. Among Caucasians males 

and black males, and Caucasian and (Asian) Japanese females, Caucasians showed higher 

plasma DHEAS (lOO-lOl). 

In vitro studies of DEIEA on fetal fibroblasts at high concentrations showed 

decreased cellular fibroblast proliferation, differentiation and inhibited fat synthesis. The 
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enzymatic activity of glucose-6-phosphate dehydrogenase which reduces NADPH, was 

inhibited in tissues by DHEA. The ett^^ne's activity in red blood ceils was indirectly 

related to urinary DHEA excretion and ^^en DHEA was given orally to people there was a 

decrease activity of red blood cells' glucose-6-phosphate dehydrogenase activity (104-105). 

Production of this en2yme decreased by 60% when adrenal homogenates are incubated with 

DHEA and glucose oxidation decreased by 25%. These findings are important because 

NADPH is involved in cell division, and the synthesis of the fatty acids, cholesterol, 

phospholipid and steroids (102-104). As DHEA may play a role in regulation of cholesterol 

or fatty acids synthesis it cotild influence cell proliferation, limiting atherosclerosis. If 

NADPH production was blocked, which is used to synthesize fatty acids, fatty acid 

synthesis was lowered, and production of VLDL's and its conversion to LDL and LDL was 

greatly reduced. As a result of lowered LDL level in arterial circulation, less LDL is 

oxidized and less atheromas are formed. Serum lipid concentrations, a cardiovascular risk 

factor, are related to DHEA and DHEAS serum and urine levels. In people there also was a 

direct relationship between HDL and LDL cholesterol with the serum DHEA levels (106). 

However after restoration of serum DHEA and DHEAS in women, HDL and LDL 

cholesterol were not changed significantly (107). Although serum DHEA levels in mature 

and premature myocardial infarction were inversely related to triglyceride concentrations 

with direct association with LDL cholesterol, they had no association with total cholesterol 

and HDL cholesterol. There was also a direct relationship between body fat and DHEAS 

levels (108) in women with DHEA supplementation inhibiting atherosclerosis development 

(108). Although DHEA may delay development of arteria atherosclerosis (101), it is not 

involved in progression of atherosclerosis or nonfatal myocardial infarctions in men (111-

112). Even though blood pressure and cholesterol did show an increase in men with 

coronary artety diseases, there still was no correlation with DHEAS serum levels (113) in 



40 

men. 

DHEAS may have a role in risk for some premature myocardial infarctions (114). 

The DPIEAS level correlated with triglyceride levels and blood pressures, and was 

negatively related to HDL level (115). The urinary DHEA had no association with 

triglycerides and was inversely related to total cholesterol (116-117) and was decreased in 

hyperlipidemic patients (118). DHEA has proved to be effective in modifying and reducing 

cardiovascular disease risk factors (LDL, HDL, total cholesterol, and triglycerides) (109). 

As DHEA inhibited the glucose 6-phosphate activity in the pentose phosphate cycle it 

reduced NADPH activity. Since NADPH is involved in cell division fatty acid synthesis, 

cholesterol, phospholipid and steroid production are afTected by DHEA which may indeed 

prevent atherosclerosis and hypercholesteremia. Clearly DHEA and DHEAS levels are 

associated with changes in serum lipids that may be important in atherosclerosis . 

Are Discoreas (Yam Extracts) a Source of DHEA? 

As DHEA was a controlled substance in the USA till 1995 and not recommended 

for treatment of any disease, it is difiQcult to obtain, requiring a doctor's prescription. Thus 

there has been public interest in a potential natural precursor of DHEA, wild yam extract 

Yam's genus, Discoreae, includes 600 species of tropical and temperate plants used for food 

and medication (119). Some contain diosgenin and are a source of steroid sapogenins. 

Mexican yams are high in glycoside saponins as byproducts of partial synthesis of steroidal 

saponins, primarily diosgenin. Discorea Mexicana has been used to produce cortisone and 

progesterone from diosgenin (120). Yam extract have been used to synthesize cortisone, an 

anti inflammatory drug (120). As estrogen activity in yams differs in different crops, use of 

yams in daily estrogen replacement can yield causii^ anorexia, nausea, diarrhea, and 



41 

thrombosis (122). 

Although yams extracts have been investigated in animals extensively there is still no 

published information on their conversion into DHEAS in humans or animals. Therefore 

we fed a commercial wild yam extract to 7 aged people for 4 weeks and found no increase 

in serum DHEA. 

CONCLUSION 

DHEA and DHEAS decline with increasing age concommitently with increases in 

some diseases. We recently found that DHEAS supplementation prevented development of 

immune dysfunction in murine AIDS as well as enhanced cellular immune defenses in old 

and young mice. While not enough is known to draw firm conclusions for treatment, 

enough is known to suggest that DHEA is a safe, relatively non-toxic, and possibly 

effective agent to moderate some effects of aging (123). DHEA replacement may prevent 

and even reverse age-associated conditions (diabetes, heart disease, cancer, 

immunosensence, sleep loss, etc) (123). Thus DHEA replacement in the elderly should be 

carefully and aggressively evaluated in additional animal and human studies. 
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SUMMARY 

Dioscorea is a yam steroid extract used in conuneicial steroid synthesis and 

consvimed by people. DEIEA is a steroid which declines with ^e, but without known 

activity. This study was designed to determine whether dioscorea supplementation could 

increase serum dehydroepiandrosterone sulfate (DHEAS) in humans and modulate lipid 

levels in older people. The subjects were selected volunteers aged 65-82 years. The serum 

DHEAS level, lipid peroxidation and lipid profile were assessed. Three weeks of dioscorea 

supplementation had no affect on serum DHEAS level. However DHEA intake of 85 

mg/day increased serum DHEA levels 100.3 %. DHEA and dioscorea significantly reduced 

serum lipid peroxidation, lowered serum triglycerides, phospholipids and increased HDL 

levels. Both DHEA and the steroid yam extract, dioscorea, have significant activities as 

antioxidant to modify serum lipid levels. 
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INTRODUCTION 

Aging involves reduced protein synthesis, decreased lean body and bone mass, 

impaired inunune fimction, and increased risk of chronic disease, oxidative damage, and 

risk of cancer (124). It is accompanied by a progressive hyposecretion of the adrenal 

androgen, dehydroepiandrosterone (DHEA). Serum DHEA and DHEAS (DHEA-sulfate), 

the major form in the blood, show progressive reductions from the young adult peak level 

(200-300 ug/dl) of 80% by the age of 75 (124,5). Low levels of plasma DHEAS correlate 

with high mortality rates (125). Anti-obesity (126-127), anti-cancer, antioxidant (21.22,128) 

and anti-diabetes (126.73) effects have been described for mice treated with DHEA. 

In animals, DHEA reverses immunosenescence which should prevent arthritis and 

related autoimmune disease, as well as restore cancer immunity (129,50,130). However the 

biological role in human has yet to be elucidated. 

Free radicals such as superoxide (Oj), hydroxyl (OH), proxy (ROj), alcoxy (RO), 

oxides of nitrogen and thiyl (RS) and reactive oxygen-containing species (ROS) such as 

smglet oxygen (Oj), hydrogen peroxide (HjOj), and hypochloric acid (HCI) serve very 

important biological functions (131). They are useful in intracellular signaling and cell 

growth regulation. However at high concentration free radicals and ROS are able to start 

adverse chain reaction such as lipid peroxidation and damage other molecules like lipids, 

proteins, carbohydrates and DNA. Thus free radicals have been implicated as contributing 

factors to aging and progression of chronic diseases such as cancer and heart disease (132-

136). Endogenous antioxidants such as NADPH, Fe-catalase, Se-glutathione peroxidase 

(GSH), ubiquinol-10 (reduced coen2yme Q,o), Mn, Cu, Zn-superoxide dismutase and uric 

acid may become activated by either DHEA or yam extract 

A postulated dietary precursor of DHEA is the steroid extract of wild yam. One of 
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the steroid sapogenins, diosgenin, was isolated fix)m Mexican yam {Dioscorea). 

Doiosgenin was used commercially to produce steroid hormones such as cortisone, 

estrogen, and progesterone by in vitro chemical modification (137-139). Although wild yam 

extract, dioscorea, has been postulated (140) to be converted into DHEA in humans, this 

hypothesis has not been tested in humans or animals (140). Therefore, DHEA and wild 

yam extract dioscorea were given to aged humans to determine if they resulted in 

restoration of DHEAS to young adult levels, less oxidative damage and affect lipid 

imbalance. 

Materials and Methods 

Experimental Design of Subjects and Supplement 

Seven healthy subjects (6 females and I male) from Green Valley. AZ, over 65 

years of age were recruited. Their age ranged between was 65-82 years with the mean age 

of 73.5. Their health and medical histories as well as drug intake were taken. Healthy 

subjects who have no major illness and did not smoke or use alcohol qiialified as 

participants. As control for age reduced DHEAS changes blood samples was collected 

from 4 young (25-35 years) graduates students. Subjects were informed of the nature of the 

research study. Written informed consent was obtained prior to participation in this 

research study. This research study was approved by the Human Subjects Committee of 

University of Arizona. 

Dioscorea (commercial products in capsules) extracted from yams was used. 

Commercial dioscorea. Wild Yam, was purchased from EMPRISE (Grand Prairie, TX). 

This formulation is consumed regularly and postulated to increase serum DHEAS. It 
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contained the following components; wild yam extract (90%), with 10% as kola nut 

(standardized), country mallow (standardized), cellulose, atlantic kelp, cayeime pepper, 

silica, manapol (fireeze-dried aloe vera extract), and stearic acid. E>ehydroepiandrosterone 

(DHEA) capsules were purchased from Steven's Medical Pharmacy (Newport Beach, CA) 

and contained 85 mg DHEA/capsule. 

Subjects were given one placebo pill/day for 3 weeks with blood samples collected 

weekly. Then they were given 2 pills/ day for one week and followed by 4 and 8 pills/day 

for the next two weeks respectively. Blood samples were collected after each week of 

consimiption of dioscorea. The serum DHEAS level from all three doses of dioscorea are 

given together as no changes or differences were noted. Then a placebo treatment of one 

week was followed by 85 mg of DHEA/day for one week. Blood samples were collected 

weekly throughout the study. Blood plasma was separated, and stored at -70°C until the 

DHEAS was determined at the end of the 9 week study. Upon completion of the three 

treatment regimens, placebo, dioscorea (2, 4, 8 pills/day) and DHEA (85 mg/day), fasting 

blood samples were drawn for the lipid peroxidation assay and the plasma lipid profile. 

Ingestion of pills occurred between 7.00 and 8.00 AM daily. Blood samples were collected 

between 10.00 and 11.00 AM. Upon completion of the research study, all subjects were 

asked to fill out the DHEA health survey form. 

Dehydroepiandrosterone-Sulfate Assay 

DHEAS in serum was measured by radioimmunoassay (RIA) ('̂ I-DHEA-S04, 

Cota-A-Count DHEA sulfate. Diagnostic Products Corporation, Los Angeles, CA). 

Briefly. 50.0 ul of each subject's serum samples was added into DHEA-SO4 Ab-coated 

tubes. Then 1.0 ml of the tracer '̂ I-DHEA-S04 dispensed into each tube within 10 minutes. 

They were incubated for 30 min. at 37°C in water bath. The contents of all tubes were 
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decanted and allowed to drain for 2 or 3 minutes. Then the tubes were struck sharply on 

absorbent paper to shake off all residual droplets. Radioactivity was determined by a 

gamma counter. Data are presented as counts per minute (cpm) and calculated DHEAS 

concentration from a log-to-log representation of the calibration curve. 

Determmation of Conjugated Dienes and Lipid Fluorescence 

As described previously (141), briefly about 0J2 ml of serum was added into 5.0 ml 

of Folch's solution (2:1 V/V chloroformonethanol). It was centrifuged, 1.0 ml of 

supernatant was dissolved in Folch's solution and washed with double distilled water. The 

sample was dried in a steady flow of nitrogen gas in water bath at 55°C. The residue was 

redissolved in hexane and used to determine the conjugated dienes and lipid fluorescence. 

Conjugated dienes were determined by absorbency of the solution at 237 ran in a recording 

spectrophotometer (Shimadzo Japan) using an appropriate blank. Lipid fluorescence was 

measured in Aminco florescence spectrophotometer (Maryland) with a setting of 

florescence maximum at 470 nm and an activated wavelength of395 nm (142-143). 

Determination of Lipid Profile 

The lipid profile was measured as described previously (144). Cholesterol assay 

calibrator preparation (Indianapolis, In.) was about ICQ ul of calibrator were diluted with 

2.0 ml of 0.9% saline using a Hamilton autodiluter. Then dilutions of 1:21 of saline and 50 

ul plasma for total cholesterol and 1:1.6 of saline and 100 ul plasma was prepared for high 

density lipoprotein (HDL) and low density lipoprotein (LDL). Standards and reagents were 

purchased from Boehringer Mannheim Preciset Calibrators cholesterol/HP (Indianapolis, 

In.). Results were quantified on microplate reader (by Titer Teck, St. Louis, MO.) equipped 

with a 492 nm filter. Using H-S Cholesterol program by titer soft. Standard curves were 

computed at 99.9% accuracy. 
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Triglyceride Assay 

Preparation of Stock solutions: 1.1 ml stock serum sample from center for disease 

control (CDC) with known lipid profile values (stored at -SCC) was diluted into 1:5.5 with 

10 mM PBS. Then serum was diluted to 1:7.25 by adding 0.5 ml 10 mM PBS pH 7.4 into 

0.08 ml of serum (CDC- NHLBI Lipid Standardization program Atlanta, Georgia) as 

described previously (144). Triglyceride was determined using Triglycerides-G.B. reagent 

kit (Boehringer Mannheim Diagnostics, Indianapolis In,) in which See glycerol is 

eliminated in a reaction prior to the hydrolysis of triglycerides and color development 

Standard solutions of triglyceride and cholesterol, were prepared in 100 ml chloroform 

(HPLC grade), 10, 20, 50, 100, and 200 ug/ml chloroform. Soybean oil (Beatrice/Hunt-

Wesson, Inc., Fullerton, Ca., USA) was used as the primary triglyceride standard. 

Cholesterol was purchased from Sigma Chemical Co. (St Louis, Mo.). Each standard 

solution was stored in amber bottles at -20''C. 

Determination of Phospholipids 

The phospholipids content of the serum was determined by the method of Raheja, et 

al (145). It does not required the predigestion of the phospholipids. Briefly 0.3 ml of the 

folch's extract was dried by air and 0.5 ml chloroform was added and mixed well. Then 0.1 

ml coloring recent was added and placed in boiling water bath for 1.5 minutes followed by 

addition of 3.0 ml of CCI4. Phospholipids of homogenate were determined by obtaining 

absorbency of the solution at 710 nm in a Shimadzo UV 160 UV recording 

spectrophotometer (Shimadzo, Japan) using an appropriate blank. Dipalmitoyl 

phosphatidylcholine by Sigma (St Louis, Mo.) was used as a standard. 



49 

Detemiinatioii of Total Cholesterol 

Total cholesterol was determined using Cholesterol High Performance "Single vial" 

reagent (Boehringer Mannheim Diagnostics, Indian^lis, In.). Free cholesterol was 

measured using Free Cholesterol-C enzymatic reagent (Wako Pure Chemical Industries, 

Ltd., Osaka, Japan). All enzymatic reagents were prepared according to the manufacturers' 

instructions and were stored in amber bottles at 4''C. Triton X-IOO was purchased from 

Fisher Scientific (Fair Lawn, NJ.) (144). A working solution of Triton X-IOO was prepared 

as it has been described previously (142). 

Lipid Solubilization 

One ml of each standard solution (in duplicate) was transferred using volumetric 

pipet to 16 X 100 mm screw-cap tubes. An appropriate aliquot of sample extract was 

pipetted into similar tubes that provided an estimated mass of 100-200 ug triglyceride or 

total cholesterol. When the estimated mass of both triglyceride and cholesterol fell within 

this range, each lipid was measured from the same sample preparation. Otherwise, separate 

aliquots were prepared. One ml of the triton X-100 working solution was pipetted into each 

tube and into a blank tube. The solvent in each tube was dried under nitrogen at 45°C and 

the sides of the tubes were washed with chloroform in order to concentrate samples and 

standards at the bottom 

Statistics 

The Statistics tests were perfomied for comparison among groups finished in NCSS 

program (BCaysville, UT) using Friedman's Block/Treatment, followed by Duncan's 5% 

level multiple range analysis (146) between any two groups. Two-tailed Student t-test with 

unequal variances was applied to detennine differences among the means of the treatment 
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period. P<0.05 was considered a significant di£ference between each treatment 

Results 

Modification of Serum DHEAS Levels by Dietary DHEA and Dioscorea 

The average concentration of DHEAS in the elderly subjects (62.4 ug/dl) was 

significantly (p <0.05) lower than the average concentration of DHEAS in young subjects 

(298.4 ug/dl). DHEA supplementation (85 mg/day) increased mean serum DHEAS to 

845.3 ug/dl. However consuming dioscorea had no significant effect on serum DHEAS 

level (Fig. 2.1). The serum DHEAS levels remained unchanged following three weeks of 

dioscorea treatment at different increasing doses. However a significant change with 10 

fold increase in serum DHEAS was observed after consumption of 85 mg DHEA/day for 

only one week (Fig. 2.1). 
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Figure 2.1. Serum DHEAS Level. Subjects were given placebo for 3 weeks, 
dioscorea (at 2, 4, and 8 pills/day for a week), or DHEA pills (one 
week) each morning. Blood was drawn for serum measurement 
every week. DHEAS was measured by adioimmunoassay. The data 
are expressed as Mean ±SE. (n=7 for mean aged 73.5 years); (n=4 
for mean young 29. 7 years) 
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The Effects of DHEA or Dioscorea Supplementation on Lipid Profile and Lipid 

Peroxidations Dietary patterns remained relatively constant throughout the study as 

recorded by analysis of the questioners by each volunteer (data not sho^vn). Some 70% of 

the volunteers (5 of 7) reported of headaches, dryness in mouth, sleep difBculties after 

consuming 8 dioscorea pills per day for one week. However no adverse effects were noted 

with lower dioscorea consumption or after DHEA supplement Oxidation and free radical 

damage were evidenced by conjugated dienes and lipid fluorescence, which increase with 

aging (132). DHEA as well as dioscorea supplementation significantly (p<0.05) lowered 

both serum conjugated diene and lipid fluorescence levels (Fig. 2.3). 

The aged subjects showed a significant decrease (p<0.05) in their serum 

triglycerides and LDL levels after one week treatment of DHEA treatment (Fig. 2.2). In 

addition to changes in serum LDL cholesterol and a significant (p<0.05) decline in 

triglycerides levels, lipid peroxidation was remarkably decreased (p<0.05) after dioscorea 

treatment. 
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Figure 2.2. Plasma Lipids of Elderly People. Subjects were given placebo for 3 
weeks, dioscorea (at 2, 4, and 8 pills/day for a week), or DHEA pills 
(one week) each morning. After every week blood was drawn for 
serum measurement. Lipid profile was measured by 
radioimmunoassay. The data are expressed as Mean ±SE, (n=7 for 
mean aged 73.5 years) 
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Cardiovascular diseases are directly related to plasma total cholesterol, triglycerides, 

LDL and HDL. Subjects consumed three weeks of dioscorea pills showed no significant 

change in plasma total cholesterol. Consumption of 85 mg DHEA/day for one week 

significantly (p<0.05) in lowered serum triglyceride levels in aged subjects than dioscorea 

(Fig. 2.2). Serum total cholesterol levels during placebo, DHEA and dioscorea 

supplementation were not changed significantly (Fig. 2.2). However serum triglycerides 

and phospholipids levels were significantly (p<0.05) decreased following dioscorea and 

DHEA supplementation. There was an increase in serum HDL cholesterol level after 

dioscorea and DHEA consumption (Fig. 2.2). Plasma LDL-choIesterol and triglycerides 

levels were decreased following 85 mg DHEA pill for one week. There was no significant 

(p<0.05) change in serum total cholesterol and LDL-cholesterol levels following dioscorea 

consumption or serum cholesterol levels following DHEA consumption (Fig. 2.2). 

Serum Lipid Peroxidation 

After one week of DHEA 85 mg/day treatment, the subjects' serum had a 

significantly (p<0.05) lower lipid fluorescence and less diene conjugates than after 3 weeks 

of placebo consumption (Fig. 2.3). Interestingly, aged subjects who constuned dioscorea 

pills for four weeks showed less significant change in their diene conjugates or lipid 

fluorescence levels. Thus DHEA more effectively prevented oxidative damage than 

dioscorea. 
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Figure 2 J. Serum Lipid Peroxidation in Elderly People. Subjects were given 
placebos for 3 weeks, dioscorea (at 2,4. and 8 pills/day for a week), 
or DHEA pills (one week) each morning. After I week of use blood 
was drawn for serum measuremenL Lipid peroxidation was measured 
by lipid fluorometer and spectrophotometer. The data are expressed 
as Mean +SE, n=7 (mean aged 73.5 years). 
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DISCUSSION 

A review of DHEA recently concluded that it is a multifunctional steroid 

performing protective functions in many areas of cellular well being, with reduced level and 

functions in aging (124). Low serum DHEAS levels are associated with heightened ca 

rdiovascular morbidity and immunosensecence in old men (124). The mean serum DHEAS 

level in elderly subjects (62.4 ug/dl) was significantly lower than young ones (298 ug/dl). 

One week of 85 mg/day DHEA supplementation increased average serum DHEAS to 845 

ug/dl. Similarly two weeks supplementation of 50 mg DHEA/day m elderly people has 

resulted in normal youth's serum DHEAS level for following two months (88). It has been 

hypothesized that dioscorea, wild yam extract can be converted into DHEAS in vivo (147). 

However in our investigation no dioscorea conversion into serum DHEAS was observed 

(Fig. 2.1). 

Yam species rich in dioscorea, Dioscorea deltoidea, D. parazeri, D. macrostachya, 

and D. fluribunda (diosgenin containing) (137,138,148). As a diosgenin glycoside, 

formosanin-C, showed antitumor activity (149). Dioscorea may have some health benefits. 

Yams containing diosgenin, the predominant steroidal saponin, have been used to 

manufacture steroidal hormones such as progesterone, cortisone, and estrogen (139,121). 

Therefore it was hypothesized that these yam extracts containing steroids, dioscorea, would 

be DHEA precursors in vivo, (140) and would increase serum DHEAS levels. Diosgenin's 

estrogenic rather than progesterogenic activity in animals (149) may support the 

steroidogenesis action of diosgenin which has yet to be tested in humans or animals. 

DHEA, as the intermediate metabolite, promotes estrogen or androgen like effects 

depending on the hormonal milieu (150). Therefore measuring serum DHEAS would prove 
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the steroidogenesis of diosgenin. Our study, indicates no steroidogenesis yielding increased 

DHEAS or cholesterol by the diosgenin containing dioscorea. DHEA but not dioscorea the 

wild yzun extract increased dramatically serum DHEAS in older people. Thus although 

heavily promoted by health food stores and books (147) as a non-prescriptional way to 

increase DHEAS, dioscorea does not While elderly people may not metabolize diosgenin 

into DHEA or absorb it, the most likely explanation is that its steroids are not precursors of 

DHEA and its storage form, DHEAS, in humans. 

As to why most subjects had symptoms of headache, fever, vomiting, and upset 

stomach while receiving the highest dioscorea treatment (8 pills per day), the major site of 

toxicity for diosgenin may be the gastrointestinal tract (151). 

The gradual and modest increase in oxidation induces production of endogenous 

antioxidants therefore providing a feed back regulation mechanism (152). Excessive free 

radical and ROS production leads to oxidative stress that can cause cell damage(152). 

Moreover prevention of oxidative stress can play a significant role in good health and 

prevention of disease. The tissue levels of dietary antioxidant are affected directly by 

amount of diet and food consumption. Glutathione (GSH) may be directly affected by diet 

DHEA is suggested to reduce NADPH availability by inhibiting glucose-6-phosphate 

dehydrogenase activity. Also DHEA could play an important role in the prevention of 

cardiovascular disease. 

There are reports of an inverse association of plasma DHEAS levels and 

angiographically defined coronary atherosclerosis in men (109). DHEA protects liver 

microsome (153) from oxidative damage induced by carbon tetrachloride through its own 

antioxidant properties rather than by inhibiting the metabolism of the toxin 

(67,154,106,155,156,157). Our study confirmed the antioxidant properties of DHEA. There 

is little if any chemical evidence that DHEA is an antioxidant We therfore propose that this 
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hormone plays a significant role possibly by stimulatee or producing enzyme system which 

reduce oxidized-antioxidant a) glutathion, vitamin E and C, b) increase production of 

glutathione. This suggests s therapeutic role as an anticarcinogenic agent since it reduced 

oxidation burden in asbestos induced alveolitis of lower respiratory tract (128). Both 

DHEA and dioscorea consumption lowered serum phospholipids and triglycerides, and 

increased HDL cholesterol. HDL exhibits antioxidative effects, reducing peroxidative 

stress within LDL in the presence of both Cu^ and Fe^ (158). The availability of Cu** 

concentration level is closely related to tissue vitamin E level. DHEA protects against 

vitamin E loss in aged, uninfected as well as retrovirally infected aged mice (chapter 3). 

Thus DHEA diet supplementation in aged populations might protect them against 

the loss of vitamin E and Cu"* levels in serum and tissues. A replacement dose of 50 mg 

DHEA administered orally at bedtime to men and women of advancing age (53-57 years 

old) restored DHEA and DHEAS levels to those seen in the second decade of life (88). 

Treatment with the DHEA supplement for 8 weeks had a significant increase in serum 

HDL, but no significant changes in triglyceride and total cholesterol levels (118). 

Our results show that subjects given 85 mg DHEA/day for one week significantly 

lowered LDL, triglycerides, and senmi phospholipids levels and increased HDL. These 

changes contributed to lowering the level of conjugated dienes and occurred very rapidly, 

within a week. Post-menopausal women given 1,600 mg/day of DHEA produced an 

increased androgens and estrogens with a significant decline in SHBG, T4-binding 

globulin, total cholesterol, and HDL cholesterol. DHEA inhibits mammalian glucose-6 

phosphate dehydrogenase activity thus reducing tissue NADPH levels (157,128). 

Since NADPH is heavily involved in cell division as well as the synthesis of fatty 

acids, cholesterol, phospholipids, and steroids, DHEA may play a role in the regulation of 

these substances. Blocking of NADPH leads to lower fatty acid synthesis and consequently 
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lower VLDL and LDL. Less LDL is oxidized and less atheroma are formed. Thus there 

could be a direct relationship between serum DHEAS levels and a therapeutically beneficial 

alterations in the serum lipids (118). 

The DHEA serum level inversely correlated with triglyceride and blood pressure 

level and directly related with HDL in hyperlipidemic patients (159). Cholesterol affects 

cell membrane fluidity by its interaction with phospholipids, controlling membrane 

metabolic activity, membrane permeability, membrane electrical activity and expression of 

glycoprotein receptors. Almost 70% of cholesterol in plasma lipoprotein is esterified and 

30% is free sterol. The bulk of cholesterol in human is transported with LDL and HDL is 

the major mean for transporting cholesterol in rodents such as rats and other species. 

DHEA may prevent obesity in mice by reducing the availability of NADPH, thus 

inhibiting mammalian glucose-6-phosphate dehydrogenase (118,160). DHEAS 

supplementation lowered triglyceride levels in tissue of the old mice (unpublished data), 

and similarly plasma triglycerides and phospholipids are significantly reduced by DHEA in 

elderly subjects (118). Furthermore, dioscorea modified triglycerides and phospholipids 

levels as did DHEA. Although dioscorea was not converted to DHEAS as dioscorea 

supplementation did not alter plasma DHEAS levels of healthy, seniors, it may have a 

physiological role to play in helping to control body lipid composition. Further studies are 

needed to determine the mechanism by which substances such as dioscorea and DHEA 

lower and alter the composition of serum lipids. 
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CHAPTER m 

Modulation of Immune Dysfunction During Murine Leukemia Retrovirus Infection of 

Old Mice by Dehyroepiandrosterone Sulfate (DHEAS) 
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SUMMARY 

Aging, leukemia and AIDS are conditions with dysregulated cytokine production. 

As dehydroepiandrosterone-sulfate (DHEAS) restored normal cytokine production in old 

mice its effects on retrovirally infected old mice were investigated. Retrovirus infection and 

^ing induced immune dysfunction. Murine retrovirus infected old C57BL/6 female mice 

consumed 0.22 or 0.44 ug of DHEAS/mouse/day beginnii^ 2 weeks post infection for 10 

weeks. DHEAS largely prevented the retrovirus-induced reduction in T cell and B cell 

mitogenesis. DHEAS supplement prevented loss of cytokines (IL-2 and interferon-gamma) 

secretion by mitogen stimulated splenocytes representing T helper 1 (Th 1) cell phenotypes. 

It also suppressed the retrovirus-induced, excessive production of cytokines (IL-6 and IL-

10) by Th2 ceils. The highest dose of DHEAS reduced IL-6 production by splenocytes from 

uninfected old mice by 75% while increasing their IL-2 secretion by nearly 50%. Thus 

immune dysfunction induced by aging, even when exacerbated by murine retrovirus 

infection, was largely prevented by DHEAS. 
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INTRODUCTION 

Dehydroepiandrosterone (DHEA), a piecursor of sex honnones, possesses 

immunomodulatory activities (161). DHEA-3 beta-suliate (DUEAS), the principle adrenal 

gland steroid, is converted into DHEA by macrophage enzymes for immune activity. 

DHEAS concentration is low in human until 6-8 years of age and reaches its mayimnm 

level of 1-6 ug/ml of serum at 25-27 years, with a gradual decline thereafter (5,162). 

Circulating DHEAS has declined 80 to 90% by age 70 (5). Low serum DHEAS was directly 

associated with human immunodefiency virus (HTV) infection (163), increased mortality in 

aged men (125) cancer in animals and gastric cancer in aging humans (33). DHEA may 

regulate host defense to protect against infectious diseases as DHEAS production levels low 

in the very young and old occur when the immune system is somewhat dysfimctional or 

developing. It inhibits in vitro replication of HTV-l (164) DHEA loss correlates with 

progression towards human AIDS (156). Inmiune dysfimction of Th2 (T-helper 2) cells 

yielding high levels of IL-6 (interIeukin-6) is highly correlated with immune dysfimction in 

aged mice (165). Suppression of Thl cells' cytokines, IL-2 and IFN (interferon-ganmm), by 

high levels of Th2 cells' cytokines weakens cellular immunity (165). This may cause a loss 

of tumor and disease resistance in HIV infected and aged people. 

DHEA inhibits glucose-6-phosphate dehydrogenase (G6PDH) a rate limiting enzyme in 

production of NADPH for biosynthetic reduction of signal transduction pathway. NF-k8 is 

an inducible cellular transcription factor used in signal transduction capable of up-

regulating HTV-l gene expression by attaching to the long terminal repeat enhancer region. 

DHEA blocks Cytokine induced NF-K8 activation (166) by NADPH-dependent oxidative 

intermediates (167,168). Loss of CD4* cells along with a decline in serum DHEAS occurred 

during progression of human AIDS (169,163) and helps explain the attendant inmiune 
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dysfunction. 

Murine retrovirus infection of old mice was used to model chronic, high level 

antigen stimulation of cells facilitated during immunosenescence. In murine AIDS 

dysfunctional immune systems resulted in increased spontaneous and mitogen-induced 

Cytokine production by Th2 cells, IL-4, IL-IO, IL-5 and IL-6, with suppression of cytokines 

secretion by Thl cells, IL-2 and IFN-gamma(170-I73). 

Inhibition of the excessive Th2 Cytokine production prevented loss of disease 

resistance and immune dysfimction during murine retrovirus infection and HTV-I (171). As 

DHEAS sxipplementation increased serum DHEAS should be immimorestorative in 

diseases associated with elevated IL-6 and excessive B cell functions, murine AIDS and 

immunosenescence (174). To test these hypotheses old mice including retrovirally infected 

ones were given dietary DHEAS which prevented their immune dysfunction. 

METHODS AND MATERIALS 

Animals and Murine AIDS 

Female C57BL/6 mice, 15 months old, were obtained fixjm the Charles River 

Laboratories Inc. (Wilmington, DE). Animals were cared for as required by the University 

of Arizona Committee on Animal Research. After 2 weeks in the animal facility in the 

Arizona Health Science Center, half of the mice were randomly assigned to the infected 

groups. LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 ml with an 

esotropic titer (XC) of 4.5 log,o PFU/ml, which induces disease with a time course 

comparable to that previously published. Infection of old female C57BL/6 mice with LP-

BM5 leads to the rapid induction of clinical symptoms with virtually no latent phase (175). 

Uninfected, normal mice were injected with complete culture medium used for LP-BM5 
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virus growth as a control. Then mice were subdivided with 6-8 mice per group. 

Administration of DHEAS (dissolved in water) started two weeks after LP-BM5 infection 

and continued until the mice were sacrificed. DHEAS (dehydroepiandrosterone sulfate) 

powder was purchased firom Sigma (StXouis, MO.) and dissolved in water with the final 

concentration of 0.005% or 0.01% DHEAS. The mice were given water, or 0.005% or 

0.01% DHEAS in water. Water with or without DHEAS was available to the mice 24 hours 

per day. 

ELISA assays for Cytokines 

IFN (interferon-gamma), IL-2 (interleukin-2), IL-6, and IL-10 were produced by 

mitogen stimulated splenocytes in vitro as described previously (171). Briefly, spleens were 

gently teased with forceps in culture medium (RPMI 1640 containing 10% FCS, 2 mM 

glutamine, 100 units/ml penicillin and streptomycin, CM (complete medium)), producing a 

single cell suspension of spleen cells. Red blood cells were lysed by the addition of a lysis 

buffer (0.16 M ammonia chloride Tris bufifer, pH 7.2) at 37°C for 3 minutes. Then the cells 

were washed twice with CM. Cell concentration was counted and adjusted to IxlO^ 

cells/ml. Splenocyte viability was more than 95% as determined by trypan blue exclusion. 

O.l ml/well of splenocyte (1x10^ cells/ml) were cultured in triplicate on 96-welI flat-bottom 

culture plates (Falcon 3072, Lincoln Park, NJ) with CM. Splenocytes were then stimulated 

with concanavalin A (Con A, at 10 ug/ml, with 0.1 ml/well, Sigma) for induction of lL-2 

and IL-10 with 24 hours incubation, IFN (interferon gamma) with 72 hours incubation at 

37''C, 5% CO, incubator. Splenocyte were also stimulated by lipopolysaccharide (LPS, at 

10 ug/ml, with 0.1 ml/well Gebco, Grand Island, NY) for 24 hours induction for IL-6 

production. After incubation, the plates were centriftiged for 10 min at 800x g. Supernatant 

fluids were collected and stored at -70''C until analysis. They were determined by sandwich 
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ELISA as described previously (176). Rat anti-murine IFN, IL-2, IL-6, EL-IO hamster anti-

TNF-a monoclonal antibody, standard recombinant TNF-a rabbit anti-murine TNF-a 

serum,purified antibodies, rat anti-murine IFN, IL-2, IL-6, IL-10 biotinulated antibodies, 

and recombinant murine IFN, IL-2, IL-6, IL-10 were obtained from Pharmingen (San 

Diego, CA). 

Measurement of DHEAS 

Dehydroepiandrosterone-sulfate (DHEAS) in serum was measured by 

radioimmunoassay (RIA) as described previously (chapter 2). 

Mitogenesis of Splenocytes 

Splenic T and B cell proliferation was determined by ^H-thymidine incorporation as 

described previously (171). Briefly, splenocytes in 0.1 ml of CM (I x 10^ cell/ml) were 

cultured in 96-well flat-bottom cultured plates (Falcon) with Con A and LPS (10 ug/ml). 

They were incubated at 37°C, 5% CO, incubator for 20 hours for Con A-induced T cell 

proliferation and 44 hours for LPS-induced B cell proliferation, and then pulsed with ^H-

thymidine (0.5 uCi/well, New England Nuclear, Boston, MA). After 4 hours, they were 

harvested by a cell sample harvester (Cambridge Technology, Cambridge, MA). 

Radioactivity was determined by a liquid scintillation counter (Tri-Carb, 2200 CA, Packard, 

Lagvmahills, CA). 

Statistics 

The statistic tests for comparison among groups were finished in NCSS program 

(Kaysville, UT) using Friedman's Block/Treatment test (171), followed by Duncan's 

Multiple Range Test (146) between any two groups with p<0.05 considered a significant 
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difference between two groups. 

RESULTS 

Body Weight 

There were no significant changes in body weight, food or water consumption due 

to infection or DHEAS treatment (data not shown). Drinking water with 0.005% DHEAS 

resulted in intake of 0.22 ug/mouse/day while 0.44 ug/mouse/day was drank by mice 

consuming 0.01% DHEAS in water. Spleen weight was elevated and splenoc3^es/g of 

spleen were significantly (p<0.05) lower in the infected mice (Fig. 3.1). This indicated that 

infection had progressed towards murine AIDS (171). The cells/g spleen and spleen weight 

were not affected by DHEAS consumption (Fig. 3.1). Serum DHEAS in retrovirus infected 

old mice was about 50% lower than uninfected old mice (Table 3.1). Uninfroted old mice 

treated with 0.005% and 0.01% DHEAS had respectively about 10 and 20 times higher 

serum DHEAS than controls. Infected old mice consuming 0.005% and 0.01% DHEAS had 

5 and 10 times, respectively, more serum DHEAS than controls (Table 3.1). 
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Table 3.1. Intake of DHEAS and water with modification of serum DHEAS 

Treatments 

DHEAS 

None 

None 

0.005% 

0.005% 

n.0I% 

0.01% 

Consumed Actual 

Retrovirus 
Infection 

DHEAS 
/day/mouse(ug) 

0 

022 

022 

0.44 

0.44 

Water Serum DHEAS 
/day/ mouse (ml) (ug/dl) 

6.8 + 0.5 

6.0 + 0.4 

6.1+0.4 

5.9 + 0.4 

6.3 + 0.5 

5.7 + 0.6 

0.9+ 0.6 

0.7+ 0.2 

•11.6+022 

•4.9+ 0.75 

•19.7+0.62 

•11.8+ 0.53 

Results are mean of 8 obervations in amounts of DHEASa and water consumption. 
The serum DHEAS are resuls of duplicates reading from 4 mice per grooup by ANOVA. 
*P<0.05 significantly different from infected mice in same treatment group and untreated groups. 
N=8 mice per group. SE: Standard Error. 
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Figure 3.1. Effects of administration of DHEAS on spleen cells and weight. 
The bars are mean± SE for eight mice/group. p<0.05 compared to 
uninfected or retrovirus infected mice. 



69 

Mitogenesis of Splenocytes 

Proliferation of Con-A and LPS-treated splenocytes in vitro was significantly 

decreased (p<0.05) by murine retrovirus in&ction (Fig. 3.2). In old mice B cell proliferation 

was decreased during retrovirus infection as occurred in young infected mice (172). 

DHEAS consinnption substantially nonnalized T and B cell proliferation in infected and 

uninfected old mice. Excessive mitogenesis of B cells was significantly (p<0.05) prevented 

by DHEAS treatment while suppressed T cell proliferation was increased (Fig. 3.2). 

DHEAS treatment significantly (p<0.05) reversed suppression of T cell proliferation by 

infection and aging (Fig. 3.2). B and T cell mitogenic indices were similarly changed (data 

not shown). 
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Thl Cytokine Production by Spleno^es 

T helper I (Thl) cells produce cytokines which promote cellular immunity 

Production by mitogen or antigen-stimulated Thl lymphocytes is suppressed in human 

(178) and murine AIDS (171-173) and during aging (179). In vitro production of Thl 

cytokines, IL-2 and IFN, by Con-A stimulated splenocytes was significantly (p<0.05) 

inhibited in the retrovirus-infected mice (Fig. 3.3). DHEAS treatment significantly (p<0.05) 

increased IL-2 and DFN release by mitogen-stimulated splenocytes from uninfected mice 

compared to cells from infected mice which consumed unsupplemented water (Fig. 3.3). 

Retrovirus infected old mice consuming 0.44 ug DHEAS/mouse/day for 10 weeks 

increased Thl Cytokine production which was significantly (p<0.05) higher than those 

consuming 0.22 ug DHEAS/mouse/day (Fig. 3.3). Uninfected old mice which drank 0.22 

and 0.44 ug/mouse/day DHEAS for 10 weeks had 54% and 63% respectively increased IL-

2 production. They also had 73% and 76.9% respectively, more IFN production (Fig. 3.3). 

Moreover old, infected mice which consumed 0.44 ug DHEAS/day produced 

significantly more IL-2 and IFN than those old, infected mice that consimied 0.22 ug of 

DHEAS/day or drank unsupplemented water (Fig. 3.3). 



25 

20 --E -C') 
C 
-15 -
C 
0 .. 
(J 
::::, 

"C 10 0 .. 
n. 
N 

I 

..J 
5 -

0 

72 

20 · 
Treatment Treatment 

ONone 18 · 
ONone 

• 0.005%DHEAS - 16 • 0.005% DHEAS 
110.01% DHEAS E ii 0.01 % DHEAS - 14 C') 

1,2 C 1,2 - 1 
·
3 

4 5 6 1,2,3 
4,5,6 12 C 4,5,6 ' ' 

4,5 0 .. 10 (J 
::::, 

"C 8 · 0 .. 
n. 6 -z 
LL 

4 -

2 

0 
Uninfected Retrovirus Infected 

2 3 4 5 6 Uninfected Retrovirus Infected Old Mice 

1 2 3 Old Mice 4 5 6 

Figure 3.3. Effects of administration ofDHEAS on Thl Cytokine response. 
Every sample was determined in triplicate. The bars are mean ± SE 
for eight mice/group. cytokines were evaluated in 0.2 ml volume 
with 1 X 106 splenocytes. p<0.05 compared to uninfected or 
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Th2 Cytokine Production by SplenoQtes 

Th2 cytokines can suppress production of cytokines by Thl cells in murine AIDS 

(173). Release of Th2 cytokines, IL-6 and IL-IO, by mitogen-stimulated spleen cells was 

significantly (p<0.05) increased in the retrovirus infected old mice (Fig. 3.4) compared to 

uninfected controls. DHEAS treatment significantly (p<0.05) normalized IL-6 and IL-IO 

release by mitogen-stimulated splenocytes. Treatment with both doses of DHEAS for 10 

weeks (Fig. 3.4) significantly (p<0.05) decreased secretion of IL-6 and IL-IO compared to 

secretion by cells from infected and or untreated old mice fed unsupplemented water. TNF 

production by mitogen stimulated splenocytes and serum IL-6 level were increased by 

retrovirus infection (Fig. 3.5). Treatment with 0.44 more than 0.22 ug/mouse/day of 

DHEAS significantly (p<0.05) reduced serum IL-6 level and TNF-a production by 

mitogen-stimulated splenocytes (Fig. 3.5) of old mice and retrovirus infected old mice. 
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DISCUSSION 

Age (165) and retrovirus infection (171,178) lower host defenses by modulating 

cytokine production to alter T and B cell functions. Retrovirus infection in old mice 

significantly lowered IL-2 and IFN production while cytokine production by Th2 cells, IL-

6, serum IL-6, IL-10 and TNF-a, were remarkably increased. DHEAS treatment 

significantly reduced the excessive IL-6 and IL-10 production by mitogen-stimulated 

splenocyte from uninfected and retrovirus infected old mice. The reduction of IL-6 with 

increased IL-2 increased B cell mitogenesis so that it became more like that of cells from 

uninfected, young mice. IL-2 production was enhanced by DHEA in old mice to inhibit Th2 

cytokines secretion (180). Such aberrant cytokine production due to retrovirus infection by 

Th2 cells promotes progression to murine (171-173) and himian AIDS (181). In retrovirus 

infected mice (182), T cell proliferation and Thl cytokine production decline while Th2 

cytokine and immunoglobulin production increase. This helps cause severe 

immunodeficiency and loss of disease resistance in murine AIDS. When it was prevented 

by T cell receptor peptide inmiunization, immune dysfimction was also stopped (183). 

Similarly when IL-4 deficient (IL-4 gene knockout) mice, defective in a key Th2 cytokine 

response, were infected with LP-BM5 retrovirus, there was no lethality and development of 

T cell abnormalities was prevented (184). Administration of anti-IL-4 monoclonal antibody 

(171) to retrovirus infected mice also normalized the imbalance of Thl and Th2 responses 

induced by retrovirus infection by removing excessive (171). Similarly cytokine production 

changes due to age or retrovirus infection were prevented by DHEAS in dose-dependent 

manner, suggesting that DHEA/DHEAS was regulating Th2 cells. As DHEAS replacement 

in murine AIDS normalized cytokine production, DHEA deficiency in HTV infected 

patients may exacerbate then- cytokine dysregulation and immune dysfunction (163-164). 
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Retroviially infected old mice had 10 times less serum DHEAS than those in&cted and 

treated with 0.01% DHEAS which normalized in vitro TNF-a, IL-6, serum IL-6, IL-2, and 

IFN production. 

Immunosenescence dysregulates the immune system with suppressed Thl and 

stimulated Th2 cells (185). DHEAS in drinking water reduced the excessive cj^oldne 

release by Th2 cells while stimulating Thl cells from old mice. DHEAS increased IL-2 and 

IFN production while it reduced IL-6 and IL-IO secretion by mitogen stimulated 

splenocytes from iminfected old mice. DHEAS supplementation of animals enhanced the 

IL-2 and IFN production by unstimulated murine spleen cells (186). When supplementation 

was almost 100 times higher than used in our smdy and it caused significant hepatotoxicity 

(160) and mortality of old mice when refused to eat the DHEAS supplemented food and 

lost weight (unpublished). 

Dysregulation of IL-6 productions may be a major contributing factor to the 

pathogenesis of lymphoid malignancies and aging (165,187). IL-6 produced by Th2 cells 

stimulates B cell to multiply and produce excessive immunoglobulin as occurred in murine 

AIDS. Detectable IL-6 and IL-6 receptor are found in serum of early chronic lymphocyte 

leukemia patients more often than aged-matched controls (188). IL-6 is a growth stimulator 

of certain B cell neoplasms including plasmacytoma, hybridoma, and multiple myeloma, as 

well Epstein-Bar virus transformed cells (188). Its high levels may explain the ahnost 

universal development of lymphoma in murine AIDS (189) Supplemental DHEA may 

overcome the excessive secretion of cytokines by Th2 cells in human and murine leukemia, 

reducing their lymphoma development (190). IL-6 production also increases as immnne 

system become unregulated as apparent normal consequence of normal aging (165,187). 

Substantial levels of IL-6 production are found in the plasma of most elderly, but not young 

mice and humans unless chronically infected with pathogens (185). 
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Lymphocytes fiom aged animals and humans produced less Thl cell cytokines and 

more Th2 cell products (187). DHEA ^plied in vivo to activated lymphocytes increased 

IL-2 and IFN secretion (180). There was a normalizatioa, lowering, of serum IL-6 and 

autoantibody production after by DHEAS supplementation of aged mice (165). Especially 

at the highest intake level of DHEAS reduced the high 0.-6 production by mitogen 

stimulated cells from our old mice. IL-6 secretion was reduced by over 50% by cells from 

uninfected and retrovirus infected old mice treated with 0.44 ug DHEA/mouse/day 

compared to uninfected old and infected old mice drinking unsupplemented water. Elevated 

levels of IL-6 has been associated with the stimulation of HIV replication in macroph^e 

and T cells (156). DHEAS treatment reversed excessive IL-6 production, one of the 

prominent pathological feature of the immune system in the aged people including those 

with B cell leukemia (191)a well as mice which develop lymphoma due to retrovirus 

infection (182). IL-2 is an important growth factor for T cells. Its increased release during 

DHEAS treatment is in accord with restoration of T cell mitogenesis in both uninfected and 

retrovirus old infected mice. IFN has anti-viral activity and stimulate macrophage and 

cytotoxic T lymphocytes in HTV infected people (192). 

Increased IFN production by cells from old mice fed DHEAS should restore 

suppressed cell mediated immunity during aging or retrovirus infection. IFN inhibits 

cytokine secretion by Th2 cells and thus may explain the significant reduction of retrovirus 

and age-induced elevation in IL-6 and lL-10 production by DHEAS (174). Activated B 

cells from retrovirus infected mice(171-l74) produce high levels of IL-6 and TNF-a, as do 

with LPS-stimulated splenocytes. DHEAS treatment in old mice decreased B cell 

proliferation and lowered TNF-a production significantly correcting immune deficiencies 

associated with inununosenescenece and murine AIDS. 
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Prevention of imbalanced Thl and Th2 cytokine production by DHEAS treatment 

contributes to the normalization of entire immune response, thereby retarding the 

development of murine ADDS or aging (174,47,193). 
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CHAPTER IV 

Dehydroepiandrosterone (DHEA) sulfate prevents vitamin E deficienQ  ̂and increased 

lipid peroxidation due to murine retrovirus infection of old mice 
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SUMMARY 

The efifects of dietary dehydroepiandrosterone siilfate (DHEAS) supplementation on 

tissue antioxidants and lipids were investigated in retrovirus infected mice. DHEA is a 

powerful antioxidant and immunomodulator whose production declines with age. Twenty-

four females C57BL/6 mice, 15 months old, were uninfected. Twenty-four were infected 

with LP-BM5 murine leukemia, causing murine AIDS. Retroviral infection caused immime 

dysilmction and loss of hepatic and cardiac vitamin E and A resulting in increased lipid 

peroxides. Treatment with DHEAS at 0.22 or 0.44 ug per mouse/day for 10 week post

infection significantly (p<0.05) lowered lipid fluorescence and conjugated dienes in both 

heart and liver tissues. It largely prevented loss of the antioxidants' vitamin E and A. 

DHEAS treatment prevented loss of phospholipid in the hearts and livers in theses old 

uninfected, and infected mice. This study suggests that DHEAS supplementation reduces 

damage associated with elevated oxidation due to age as well as retrovirus infection. 
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INTRODUCTION 

Dehydroepiandrosterone sulfate (DHEAS) is an adrenal hormone whose low levels 

are related to aging, greater incidence of various cancers, immune dysfunction, 

atherosclerosis, and osteoporosis (Chapter 1). As these conditions frequently increase free 

radical damage the antioxidant activity of DHEAS may help to prevent oxidation-induced 

diseases (215). DHEAS levels in the blood also decline with progression of human 

immunodeficiency virus (HIV) infections (156). DHEAS is rapidly converted into lipoidal 

derivatives such as DHEA sulfide, a more potent inhibitor of glucose-6-phosphate 

dehydrogenase than DHEA (209). This is a possible mechanism for the inhibition of 

famesyl transferase in cholesterol pathway that promotes Ras oncogene protein (P '̂Ras) in 

plasma membranes (210). 

Murine acquired immune deficiency syndrome (AIDS) is strikingly similar to 

human AIDS, even though the infecting agent HIV, and LP-BM5 murine leukemia are 

different types of retrovirus (214). Murine and human AIDS are characterized by 

lymphadenopathy, splenomegaly, reduced T cell flmctions, loss of disease resistance, 

oxidative damage, and tissue vitamin E and A deficiency (213,170,203). 

Superoxide radicals, hydrogen peroxides, hydroxyl radicals, and other lipid peroxides are 

produced at high levels when immune defenses are suppressed. Then increasing exposure to 

bacterial toxins and mitogens stimulates macrophages to produce free radicals. These 

molecules should facilitate disease progression from HTV infection to AIDS (197) by 

reacting with immunomodulatory antioxidants, inducing their deficiency, and thus 

accelerating pathogenesis. Vitamin E is an important immune modulator in AIDS (197), as 

it reduces free radicals during development of immune dysfunction (211). Vitamin E 

supplementation slowed immtmosuppression and reduced lipid peroxides (212), retarding 
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murine AIDS. DHEAS treatment largely prevented the loss of immune fimction during 

murine retroviral infection (165) and £^g (165). Therefore dietary supplementation with 

DHEAS was investigated for its effects upon increased oxidation associated with aging and 

retrovirus infection. The current study determined that DHEAS supplementation on 

prevents immune dysfunction (194), oxidative damage, and vitamin E deficiency in old as 

well as retrovirus infected mice. It also reduced lipids for lower cardiovascular disease risk. 

MATERIALS AND METHODS 

Reagents 

Chemicals were purchased fixsm Sigma Chemical Co. (St Louis, MO, USA) or Eastman 

Chemical Co. (Rochester NY, USA) unless stated. 

Animals and Murine AIDS 

Female C57BL/6 mice, 15 months old, were obtained fix)m the Charles River 

Laboratories Inc. (Wilmington, DE). They were housed 4 mice per transparent plastic cage 

with a stainless steel wire lid. They were kept in the animal facility of the Arizona Health 

Sciences Center. The study protocol was approved by the University of Arizona Committee 

on Animal Research. The housing facility was maintained at 20 to 22°C and 60 to 80% 

relative humidity, with a l2-h light:dark cycle. Water and diet (Harlan Diet #7002, 

Madison, Wiscor^in) were freely available. The diet contained 0.64 mg of d-a-tocopherol 

per Kg of diet Food intake, fluid intake and body weight were measured every two day. 

Dehydroepiandrosterone sulfate (DHEAS) dissolved in tap water and made available to the 

mice in a 100 ml graduated plastic cylinder with a stopper. Half of the mice were infected 

on day zero. LP-BM5 Murine leukemia retrovirus mixture was administered 
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intraperitoneaily to mice in 0.1 mi minimum essential medium (MEM) with an esotropic 

titer (XC) of 4.5 Iog,o plaque fonning units x lO'̂ /L, which induces disease as previously 

described (Watson 1989). Uninfected mice were injected with 0.1 ml MEM used as 

controls. Infection of adult female C57BL/6 mouse with the retrovirus leads to the rapid 

induction of clinical symptoms without any latent phase (Watson 1989). After 2 weeks of 

housing, 8-mice were randomly assigned to 6 treatment groups. The groups were: 

uninfected mice, or LP-BM5 infected mice given unsupplemented tap water; LP-BM5 

infected or uninfected mice given 0.44 ug DHEAS/mouse per day in their drinking water; 

infected and uninfected mice given 0.22 ug DHEAS/mouse per day in their drinking water. 

The infection and treatment period were 10 weeks for all groups. Mice were sacrificed by 

scapula while under ether anesthesia. Aseptically subclavian blood, liver, heart, mesenteric 

lymph nodes, and skin samples were collected and stored at -TCC for future analysis. 

Measurement of DHEAS 

Dehydroepiandrosterone-sulfate (DHEAS) in serum was measured by 

radioimmunoassay (RIA) as described previously (chapter 2). 

Determination of Conjugated Dienes and Lipid Fluorescence 

Approximately 02 g of tissue was homogenised in 5.0 mi of Foich solution, 2:1 v/v 

chloroform: methanol, as described previously (chapter 2) (141). 

Determinations of Phospholipid 

The phospholipid contents of the livers and hearts were determined by the method 

of Raheja et al. (145) as described previously (chapter 2). 
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Determination of Total Cholesterol 

The total cholesterol of the liver and heart was determined by the method of Zack 

(216). Briefly OJ mL of Folch extract was dried under air at 70°C. Three ml of Zak's 

reagent were added and mixed thoroughly with 2 mL of suliuric acid. Total cholesterol was 

determined by measuring the absorbancy at 560 nm in a spectrophotometer using 

appropriate blanks and standards. 

Detemiination of Triglycerides 

The triglycerides of the liver and hearts were determined by the method of Brigges 

et al. (199). Briefly, 50.0 ul of Folch extract in a 15 ml test tube was dried under air at 70''C 

and then mixed thoroughly with 0.1 mL of 100% ethanol. Then 1.0 mL TG-GPO-trinder 10 

was added to each sample. Then triglycerides were determined by comparing the 

absorbancy at 540 nm in a spectrophotometer with appropriate standards of 

triheptadecanoin. 

Determination of Vitamin E and A 

Vitamin E and retinol (vitamin A) in liver and heart tissues were determined by the 

fluorometric method described by Dugan et al. (201). Briefly, approximately 02 g of tissue 

was homogenized in 5.0 ml of Folch extract Then 0.3 ml of the above Folch extract was 

dried under N, gas followed by adding 1.0 ml of ethanol and 0.5 ml of 25% ascorbic acid. 

One ml of ION KOH was added to the solution and the mixture was incubated for 15 

minutes at 70C. Five ml of n-hexane were added. To determine vitamin A level, 2.0 mL of 

the n-hexane layer were removed and measured at an emission of 430 nm and an excitation 

of365 nm in a fluorometer using an appropriate blank re^^ent. To the solution 0.6 ml (ION) 

60% sulfuric acid was added and then the mixture was vortexed for 30 seconds. It was 
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centrifuged at 100 rpm. Then the fluorescence intensity for vitamin E was determined at an 

emission of 340 nm and excitation maximimi of 295 nm. External standards of d-alpha-

tocopherol and all-trans-retinol were used for preparing standard curves. All vitamin levels 

were measiired by ug/g wet tissue. 

Statistics 

All results are expressed as the mean + S£.M. Data of lipid analysis and vitamins 

were analyzed by Chmcan's ( 146) multiple range test and contents of serum DHEAS were 

analyzed by Student's t-test. A value of P<0.05 was considered significant. 

RESULTS 

Effects of DHEAS supplementation on the body and spleen weight, and serum 

DHEAS (Table 4.1) 

Body weight was not affected by retrovirus infection nor by DHEAS consumption 

(data not shown). Fluid and diet intakes remained constant throughout the investigation 

(data not shown). Spleen weights (10 weeks post-infection) were significantly (PO 05) 

elevated in the infected mice. Spleen from uninfected mice weighted 0.122 + 0.03 mg 

significantly (P< 0.05) less than those of infected mice 0.61 + 0.6 mg . This indicates that 

the infection progressed towards murine AIDS (Watson 1989). DHEAS serum levels were 

significantly (P<0.05) elevated by DHEAS treatments of 0.22 ug (0.005% DHEAS) and 

0.44 ug (0.01% DHEAS) of DHEA/mouse per day (Table 4.1). Consequently, this lead to 

changes in lipid levels, vitamins E and A, and oxidative stress of cardiac and hepatic tissues 

caused by aging and/or retroviral infection. 
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Table 4.1. Intake of DHEAS and water with modification of senmi DHEAS 

Treatments Consumed 

DHEAS 

None 

Retrovirus 
Infection 

DHEAS 
/day/moasc(ng) 

Water 
/day/ 

6.8 + 03 

Senun DHEAS 
(ml) (ng«'dl) 

0.^ 0.6 

None 6.0 + 0.4 0.7+0.2 

0.005% 022 6.1+0.4 •11.6+022 

0.005% 022 5.9 + 0.4 •4.9+0.75 

0.01% 0.44 6J+0J •19.7+0.62 

0.01% 0.44 5.7+0.6 •11.8+0.53 

Results are mean of 8 obervations in amounts of DHEASa and water consumption. 
The serum DHEAS are resuls of duplicates reading from 4 mice per grooup by ANOVA. 
•P<0.05 significantly different from infected mice in same treatment group and untreated groups. 
N=8 mice per group, SB: Standard Error. 
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The Cardiac and Hepatic Vitamin E and A Levels (Fig. 4.1 and 4.2) 

Hepatic and cardiac vitamin E levels (Fig. 4.1) were significantly (P<0.05) reduced 

by retrovirus infection as found previously in young mice (Wang et al. 1994a). DHEAS 

treatment at 0.22 and 0.44 ug per mouse per day significantly (P<0.05) retarded loss of 

tissue vitamin A and E during infection. Infected old mice treated with the higher DHEAS 

supplement maintained hepatic and cardiac levels of vitamin E (Fig. 4.1) and A (Fig. 4.2) 

similar to those of uninfected, old mice. Uninfected mice fed DHEAS showed a large 

increase (P<0.05) in hepatic and cardiac vitamin E and A compared to untreated old mice 

(Fig. 4.1,4.2). Hepatic vitamin E was about 40% lower in retrovirus infected, old mice than 

in infected young mice and 250% lower than in uninfected, young mice (212). 
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The Cardiac and Hepatic Lipid Peroxidation (Fig. 43 and 4.4) 

Retrovirus infection significantly (P<0.05) increased hepatic and cardiac free radical 

reaction products; lipid fluorescence and diene conjugates (Fig. 4.3 and 4.4). DHEAS 

treatment significantly (P<0.05) prevented increased hepatic and cardiac lipid fluorescence 

and diene conjugates (Fig. 4.3,4.4). There was a dose effect relationship as both infected 

and uninfected old mice treated with 0.44 ug DHEAS/mouse per day had significantly 

(P<0.05) lower conjugated dienes and lipid fluorescence than old mice fed 0.22 ug DHEAS 

per mouse day of DHEAS (Fig. 4.3 and 4.4). 
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The Cardiac and Hepatic Total Cholesterol (Table4.2 and 43) 

At 10 weeks post-infection, mice showed an increase in total cholesterol levels 

(P<0.05) in both the heart and liver. DHEAS supplementation of uninfected old mice did 

not cause any significant change in total cholesterol (Table 4.2.4.3). Retrovirus infection 

significantly (P<0.05) increased hepatic and cardiac levels of total cholesterol (Table 

4.2,4.3). DHEAS significantly (p<0.05) prevented them and maintained total cholesterol 

levels similar to those of uninfected mice. 
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Tabel 4.2. Modification of cardiac lipid profile by OHEAS, age and retrovirus infection 

Treatments 
DHEA Retro Triglyceride Phospholip Total Choles Choiesterol/Phosphollpid 

Infect! (m mol/g ti (m mol/g tie (m mol/g tie (mol/ mol ratio) 

None -*0.043+0.00 *0.176+0.00*0.017+0.00 *0.05+0.01 

None *0.054+ 0.01 0.14+ 0.02 0.024+ 0.000 0.07+ 0.02 

0.005% **0-04+.002 *0.204+0.03 **0.016+0.0 **0.05+0.02 

0.005% **0.046+0.0 **0.16+0.02 **0.017+0.0 **0.05+0.01 

0.01% **0.04+ 0.00 **0-22+.023 **0.0139+ 0. *0.03+ 0.02 

0.01% **0.04+ 0.00 **0.187+ 0.0 *0.016+ 0.00 **0.04+ 0.02 

Values are means + SE; n=8 
Abbreviations used; DHEAS. dehydroepiandrosterone sulfate;-, uninfected; + retrovirus infected. 
*P<0.05 significantly different from infected mice. 
**P< 0.05 significantly different from infected groups and normalized 
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Table 4.3. Modification of hepatic lipid profile by DHEAS. age and retixsvirus infection 

Treatments 
DHEA Retr Trigiycerid Phosphoilpi Total Choles Cholesterol/Phospholipid 

Infec (m moi/g ti (m mol/g tis (m mol/g ttss (mol/ mol ratio) 

None *0.088+0.0 *0.41+0.005 *0.017+0.00 *0.415+0.06 

None 0.107+0.01 0.03+0.006 0.045+ 0.001 1.2+ 0.04 

0.005% **0.0804+ 0. **0.041+ 0.0 **0.016+ 0.00 **0.39+ 0.03 

0.005% **0.092+ 0.0 **0.04 + 0.00 **0.019+ 0.00 **0.47+ 0.04 

0.01 % **0.076+ 0.0 0.047+ 0.002 **0.016+ 0.00 **0.343+ 0.06 

0.01 % **0.089+ 0.0 **0.044+ 0.0 **0.018+ 0.00 **0.422+ 0.07 

Values are means + SE; n=8 
Abbreviations used; DHEAS, dehydroepiandrosterone sulfate;-, uninfected; + retivvirus infected. 
*P<0.05 significantly different from infected mice. 
**P< 0.05 significantiy different from infected groups and normalzed 
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The Cardiac and Hepatic Trigfycerides (Table 4  ̂and 4 J) 

Retrovirus inf^on significantly (P<0.05) increased hepatic and cardiac 

triglycerides (Table 42,4.43). DHEAS treatment reduced hepatic and cardiac triglycerides 

in uninfected as well as in infected, old mice (Table 42 and 4 J). DHEAS treatment at 0.44 

ug per mouse per day produced significantly less triglycerides in infected mice than did 

0.22 ug DHEAS per mouse day. 

The Cardiac and Hepatic Total Cholesterol/phospholipids Ratio (Tabie4.2 and 43) 

Retrovirus infection significantly (P<0.05) increased cholesterolrphospholipids 

ratios in cardiac (Table 4.2) but not hepatic tissues (Table 43). DHEAS treatment begun 2 

week's post-infection significantly (P<0.05) prevented increases in cardiac 

cholesterolrphospholipid ratios (Table 2). The old mice treated with 0.44 ug of DHEAS 

showed a significant (P<0.05) decline in cardiac cholesterol.-phospholipids ratio compared 

to levels found in unsupplemented, infected old mice (Table 4.2 and 4.3). 

The Cardiac and Hepatic phospholipids (Table 4.2 and 4 J) 

Retrovirus inf^tion significantly (P<0.05) lowered phospholipid levels in cardiac 

and hepatic tissues (Table 4.2 and 4.3). Infected and uninfected old mice supplemented with 

the higher DHEA dose showed significantly (P<0.05) greater phospholipid levels in both 

cardiac and hepatic tissues (Table 4.2,4.3). 
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DISCUSSION 

Retrovirus infection in old mice caused a severe loss of hepatic vitamin E and A, 

along with a significant increase in conjugated dienes, lipid fluorescence, and triglycerides. 

This is similar to the micronutrient deficiency caused by HTV infection (198). Cardiac and 

hepatic conjugated dienes, lipid fluorescence, triglycerides, and cholesterol levels were 

significantly lowered after DHEAS supplementation in uninfected as well as infected old 

mice. Thus, DHEAS treatment substantially reduced the oxidative stress due to age and/or 

murine retrovirus infection. 

Vitamin E and A loss were also prevented by DHEAS consumption in uninfected 

old mice. Such changes reduced some of their cardiovascular disease risk factors, increased 

lipids, and lipid peroxides. 

In vitro smdies showed that DHEA had more antioxidant activity than vitamin E, 

the biological molecule with the presumed highest antioxidant activities (208). All groups 

of mice consumed approximately 6.0 gram per day of the diet with 0.40 mg day of d-a-

tocopherol. Therefore, the amount of dietary antioxidants consumed, vitamin E or DHEAS, 

increased 50-100% in the DHEAS supplemented mice. An 150-450 % increase in dietary 

vitamin E only partially prevented the increased oxidation in retrovirus infected mice(211). 

DHEAS supplementation in mice may stimulate enzymes that reduce oxidized-antioxidants, 

increase production of glutathione activity, and/or prevent vitamin E loss. DHEAS reduced 

the increased lipid peroxidation associated with aging and murine AIDS. Thus it should 

increase cellular function that otherwise would be destroyed by free radical activity. Not 

surprisingly impaired immune function in aged or retrovirus-infected mice were partly 

restored by DHEAS (194,165). Increases in lipid peroxidation during aging could modify 

membranes by cross linking fatty acids with the proteins or other lipids to reduce membrane 
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fluidity (206). 

Malonadialdehyde alters membrane structure and function by cross-linking with 

amino groups. In addition 4-hydroxy-nonenal reacts with thiol compounds causing a nq)id 

loss of their reducing power thus inhibiting DNA and protein synthesis. DHEA. did not 

prevent the loss of enzymes that are impaired by CCL4 to cause liver damage rather it 

reduced lipid peroxidation (195). 

DHEA. also prevented loss of glucose-6-phosphatase and gamma-

glutamyltranspeptidase that are sensitive to peroxidation (200). The DHEAS supplemented 

old mice maintained vitamin E levels while reducing oxidative damage. As DHEAS levels 

decline with age, prevention of vitamin E and A loss may delay the aging process as well as 

slow the progression towards AIDS (205,207). Since rapidly proliferating cells of the 

immune system are susceptible to oxidative damage by peroxides and superoxides, 

enhancement by vitamin E is expected (207). 

Opportunistic pathogens increase as the inmiune system is dysregulated in murine 

AIDS and aging (214). They stimulate phagocytes to produce free radicals, increasing lipid 

peroxidation, and consequently, loss of vitamin E (202). 

Immune dysfunction induced by the retrovirus as well as age alters cytokine production, 

vital for immune regulation (204). They increase oxidative stress while decreasing tissue 

antioxidants (212). 

DHEAS prevented immune dysfunction (194) and this would be expected to 

prevent oxidation damage and loss of vitamin E. Reduced vitamins A and E levels in 

patients infected with HTV enhance retroviral replication by protein kinase C (204,213). 

The HTV coat protein Gp 120 induces protein kinase C activity in lymphocytes. This should 

result in transition from HIV latency to active replication in lymphocytes with upregulation 

of HTV replication in cells. Redox regulated HTV transcription is inhibited by antioxidants 
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that replenish intracellular glutathione (202). 

Thus, prevention of oxidative damage associated with murine AIDS should slow 

retrovirus development by preventing its action as well as its stimulation of immune 

dysfunction (207,213). 

Reduced tissue levels of vitamin E was not due to a lower intake during murine 

AIDS as food consumption was unchanged (212). During murine retrovirus infection, 

supplementation with high levels of vitamin E restored tissue vitamin E and A while it 

partially normalized immune dysflmction (211). 

Our current studies demonstrated, for the first time, that treatment with DHEAS 

significantly decreased oxidative stress associated with murine retrovirus infection while 

maintaining tissue vitamin E and A levels. 

Free radicals induce expression of HTV in human T cell lines by starting 

transcription of NF-kB (nuclear factor-kS). Maintenance of tissue vitamin E by DHEAS 

supplementation should block NF-kB activation by reducing oxidative stress, thereby 

inhibiting HTV replication. 

Reduced levels of antioxidants, including vitamin E and DHEAS correlated well 

with accelerated progression to human AIDS (207,156). Oxidative stress may also be a 

potent inducer of viral activation by causing DNA damage in infected cells. 

Increased superoxide dismutase activity in murine AIDS results in higher hydrogen 

peroxide production, more oxidative damage and loss of vitamin E. Plasma DHEAS 

declines with age while the incidence of cardiovascular disease and cancer increases 

(Chapter 1,2). 

Individuals aged 50-79 years with the highest DHEAS levels had the lowest risk for 

cardiovascular diseases (196). Elevated plasma triglycerides and cholesterol levels during 

aging, declined after treatment with DHEAS. 
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In summary, DHEAS supplementation provides protection against pro-oxidants and 

prevents lipid profile changes induced by aging and retrovirus infection. 
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CHAPTERV 

Cytokine dysregulation and Increased Oxidation Prevented by 

Deiiydroepiandrosterone in Mice Infected By Murine Leukemia Retrovirus 
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SUMMARY 

The effects of murine leukemia retrovirus infection was investigated on production 

of cytokines in mice fed different doses of dehydroepiandtosterone (DHEA). C57BL/6 

female mice were injected with LP-BM5 murine retrovirus or were uninfected controls. 

Two weeks later each group was divided into subgroups: unsupplemented AIN 93 diet 

as the control, 0.02% DHEA (6.2 ug/mouse/day), or 0.06% DHEA (18.66 ug/mouse/day) 

supplemented diets. The uninfected mice supplemented with 0.06% DHEA showed a 

significant(p<0.005) increase in IL-2 and IFN-y production, and hepatic vitamin E levels. 

Retroviral infection induced severe oxidative stress that was reduced by DHEAS 

supplementation in retroviral infected mice. DHEA supplementation prevented the 

retrovirus-induced decrease in B cell proliferation and loss of cytokines (IL-2 and IFN-

gamma) secretion by mitogen stimulated spleen cells. DHEA also suppressed the 

production of cytokines (IL-6 and TNF-") by Th2 cells which were otherwise .stimulated by 

retrovirus infection. Thus immune dysfunction and increased oxidation induced by murine 

retrovirus infection were largely prevented by DHEA. 
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INTRODUCTION 

IDehydroepiandrosterone (DHEA) and its sulfate(DHEA-S) play an important role in 

immunomodulation of animals (chapter 3) and humans (217). They are the most abundant 

adrenal secretory products in himians, yet their biological functions are not well defined. 

DHEA levels are decreased during s^ing and retroviral infection. DHEA has important 

immunoregulatory roles as its levels decline in HIV infected people concomitantly with 

lowering of CD4^ cell numbers (218). DHEA has significant immunomodulatory activities 

in old mice, with DHEA supplementation overcoming their cytokine dysregulation and 

immune dysfunction. DHEA is a powerfiil antioxidant (219). 

Oxidation increases and vitamin E deficiencies occur frequently in human and 

murine AIDS (207). Oxidation results in damage to lymphocyte DNA for inhibition of cell 

functions. In addition oxidation stimulates the release of NF-kB (nuclear factor-kB) which 

promotes synthesis of cytokines by Th2 (T-helper 2) cells. These cytokines reduce the 

synthesis of ThI cells' cytokines and lower cellular immune fimctions. 

DHEA supplementation in retrovirus-infected mice should prevent immune 

dysfimction. cytokine dysregulation and oxidative damage. To test these hypotheses mice 

were infected with LP-BM5 murine leukemia. Some were given DHEA in their diets to 

overcome the losses in antioxidants that occurs with this inf^tion as it progresses and 

induces lymphoma murine AIDS (213). 

Oxidative damage in lipid peroxides was increased by the retrovirus and partially 

overcome by DHEA supplementation. Vitamin E levels in tissues were maintained in 

infected mice given DHEA. 
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METHODS AND MATERIALS 

Animals and Retrovirus Infection 

Female C57BL/6 mice, 8 weeks old, were obtained firom the Charles River 

Laboratories Inc. (Wilmington, DE). Animals were cared for as required by the University 

of Arizona Committee on Animal Research. The housing facility was maintained at 20-

22°C and 60-80% relative humidity, with a 12 hour light: dark cycle. Water and diet were 

freely available to the mice 24 hours a day. After 2 weeks housing and being fed the control 

diet (AIN 93A) half of the mice were randomly assigned to the infected groups and half 

remained uninfected. LP-BM5 retrovirus was administered intraperitoneal to mice in 0.1 ml 

with an esotropic titer (XC) of 4.5 Iog,o PFU/ml, which induces disease with a time course 

comparable to that previously published (chapter 3). 

Infection of female C57BL/6 mouse with LP-BM5 leads to the rapid induction of 

clinical symptoms with virtually no latent phase (214). Uninfected, nomial mice were 

injected with complete culture medium used for LP-BM5 virus growth as a control. 

Administration of DHEA was begun two weeks after LP-BM5 infection and continued 

until the mice were sacrificed. Young mice (8 mice per group) were randomly assigned to 

the following treatments groups for 10 weeks: (A) uninfected and fed unsupplemented diet 

(AIN 93 A), (B) xminfected and fed 0.02% DHEA supplemented diet, (C) uninfected and fed 

0.06% DHEA supplemented diet, (D) retrovirus infected fed the unsupplemented diet (AIN 

93 A), (E) retrovirus infected fed the 0.02% DHEA supplemented diet, and (F) retrovirus 

infected fed 0.06% DHEA supplemented diet 

ELISA for Cytoidnes 

IFN-y (Interferon gamma), IL-2 (interleukin-2), IL-6, and TNF-" (tumor necrosis 
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factor-alpha) were produced by mitogen stimulated splenocytes in vitro as described 

previously (chapter 3) . Briefly, spleens were gently teased with forceps in culture medium 

(RPMI 1640 containing 10% FCS, 2 mM glutamine, 100 units/ml penicillin and 

streptomycin, CM (complete medium)), producing a single cell suspension of spleen cells. 

Red blood cells were lysed by the addition of a lysis bu£fer (0.16 M anunonia 

chloride Tris buffer, pH 7.2) at YTC for 3 minutes. Then the cells were washed twice with 

CM. Cell concentration was counted and adjusted to IxlO^ cells/ml. Splenocyte viability 

was more than 95% as determined by trypan blue exclusion. 0.1 ml per well of splenocyte 

(IxlO^ cells per ml) were cultured in triplicate on 96-well flat-bottom culture plates (Falcon 

3072, Lincoln Park, NJ) with CM. Splenocytes were then stimulated with concanavalin A 

(Con A, at 10 ug/ml, with 0.1 ml/well, Sigma) for induction of IL-2 and TNF-" with 24 

hours incubation, IFN-y with 72 hours incubation at 37°C, 5% CO, incubator. Splenocyte 

were also stimulated by lipopolysaccharide (LPS, at 10 ug/ml, with O.I ml per well Gesco, 

Grand Island, NY) for 24 hours induction for IL-6 production. After incubation, the plates 

were centrifuged for 10 min at 800x g. Supernatant fluids were collected and stored at -70°C 

until analysis. They were determined by sandwich ELISA as described previously (chapter 

3). Rat anti-murine IFN-y, IL-2, IL-6, hamster anti-TNF-" monoclonal antibody, standard 

recombinant TNF-" rabbit anti-murine TNF-a serum, purified antibodies, rat anti-murine 

IFN-y, IL-2, TNF. and IL-6 biostimulated antibodies, and recombinant murine IFN-y, IL-2, 

IL-6, TNF-" were obtained from Pharmingen (San Diego, CA). 

Mitogenesis of Splenocytes 

Splenic T and B cell proliferation were determined by ^H-thymidine incorporation 

as described previously (chapter 3). 
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Determmation of Conjugated Dienes and Lipid Fluorescence 

Approximately 0^ g of tissue was homogenized in 5.0 ml of Folch solution (2:1 v/v 

chlorofomi: methanol) as described previously (chapter 2). 

Determination of Phospholipid 

The phospholipid contents of the livers and hearts were determined by the method 

of Raheja et al. (145) as described previously (chapter 2). 

Determination of Total Cholesterol 

The total cholesterol of the liver and heart was determined by the method of Zack 

(216) as described previously (chapter 4). 

Determination of Vitamin E and A 

Vitamin E and retinol (vitamin A) in liver and heart tissues were determined by the 

fluorometric method described by Dugan et al. (201) as described previously (chapter 4). 

Statistics 

All parameters were compared using a one-way analysis of variance (ANOVA), 

followed by a f test (two-sample assuming unequal variances) for comparisons between any 

two groups. P<0.05 was considered to be signiilcantly different between groups. 

RESULTS 

Body Weight and Food Consumption. 

There were no significant changes in body weight, food or water consumption due 
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to infection or DHEA supplementation (data not shown). Supplementation with 0.02% 

DHEA resulted in intake of 6.2 ug per mouse/day while the 0.06% DHEA diet yielded 

intakes of 18.66 ug per mouse/day. Spleen weight was elevated and splenocytes/g of spleen 

were significantly (P<0.005) lower in the infected mice as shown previously, indicating that 

infection had progressed towards murine AIDS. The cells per gram spleen and spleen 

weight were not affected by DHEA consumption (data not shown). 

IVfitogenesis of Splenocytes 

The ability to divide upon antigen or mitogen stimulation can be changed by murine 

AIDS or leukemia and is critical in a fully fimctional immune system. Proliferation of LPS-

treated splenocytes in vitro was significantly decreased (P<0.05) by murine retrovirus 

infection (data not shown) as occurred previously (chapter 3). DHEA consumption 

substantially normalized T and B cell proliferation in infected young mice. 

Thl Cell Cytokine Production by Splenocytes 

T helper 1 (Thl) cells produce cytokines that promote cellular immunity. It is 

suppressed in human (219) and murine AIDS (214). In vitro production of IL-2 and IFN-y 

by Con-A stimulated splenocytes was significantly (P<0.05) inhibited in cells fi"om 

retrovirus-infected mice (Fig.5.1). Cells from retrovirus infected young mice consuming 

18.66 ug DHEA per mouse/day for 10 weeks increased Thl cytokine production 

significantly (P<0.05) higher than those consuming 6.2 ug DHEA per mouse/day (Fig.5.1). 

Retrovirus infected young mice consimiing 6.2 and 18.66 ug/mouse/day DHEA had 

10% and 110% respectively greater IL-2 production. They also had 50% and 160% more 

IFN-y production respectively (Fig.5.1). DHEA treatment significantly (P<0.05) increased 

lL-2 and IFN-y release by mitogen-stimulated splenocytes from uninfected mice compared 
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to cells from uninfected mice that consumed unsupplemented diet (Fig.5.1). 
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The effects of DHEA administration on Thl cytokine production by 
splenocytes are displayed. The results are averages from triplicate 
assays of cells from each mouse in a group and are expressed as 
mean ± SE;n=8. Immune responses were significantly different 
(p<0.05) in IL-2 production (A)by splenocytes between certain 
groups. Also immune responses were different in IFN production 
(B)by spleen cells between certain groups. 



I l l  

Tli2 Cell Cytokine Production by Splenocytes 

Th2 cells cytokines can suppress production of Thl cytokines. Release of Th2 

cytokines, IL-6 and TNF-a was significantly (P<0.05) increased in the retrovirus infected 

(Fig.5.2) compared to uninfbrted mice. Supplementation with DHEA (Fig.52) significantly 

(P<0.05) decreased secretion of IL-6 and TNF-a compared to secretion by cells from 

infected or uninfected mice fed the unsupplemented diet. Serum IL-6 levels were increased 

by retrovirus infection (Fig.5.3). Treatment with DHEA significantly (P<0.05) reduced 

serum IL-6 level and TNF-a production by mitogen-stimulated splenocytes (Fig.5^) of 

retrovirus infected mice. 
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The effects of DHEA administration on Th2 cytokine responses by 
splenocytes are displayed. The results are averages from triplicate 
assays of cells from each mouse in a group and are expressed as 
mean± SE; n=8. Immune responses were significantly different 
(p<0.05) in IL-6 production (A) by splenocytes between certain 
groups. Also immune responses were different in TNF-a (panel B) 
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Figure 5.3. The effects of DHEA administration on serum IL-6 are displayed. 
The results are averages from triplicate assays from each mouse in a 
group and are expressed as mean ± SE;n=8. Immune responses were 
significantly different (P<0.05) between certain groups. 
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Hepatic Lipid profile and Vitamiii E and A 

The hepatic vitamin E levels (Fig.5.4) were significantly (P<0.05) reduced by 

retrovirus infection as shown previously (207^13^14). DHEA consumption of 18.66 

ug/mouse/day significantly (P<0.05) retarded the loss of tissue vitamin A and E during 

infection. Retrovirus infected mice treated with the higher DHEA supplement resulted in a 

11 and 12% increased hepatic levels of vitamin E and A respectively (Fig.5.4). Uninfected 

mice fed 18.6 ug DHEA/day showed increased (P<0.05) hepatic vitamin E and A compared 

to untreated mice (Fig.5.4). Similar changes were observed in cardiac tissue (data not 

shown) 
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Figure 5.4. The effects of DHEA administration on hepatic vitamin E(A) and A 
(B) levels are displayed. The results are averages from duplicate 
assays done for each mouse in a group and are expressed as mean ± 
SE;n=8. Vitamin levels were significantly different (P<0.05) due to 
DHEA supplementation between certain groups. 
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Hepatic Lipid Peroxidation 

Retrovirus infectioa significantly (P<0.05) increased hepatic free radical reactions 

products: lipid fluorescence and diene conjugates. DHEA supplementaion significantly 

(P<0.05) prevented the increases in both products (Fig.5.5). There was a dose-efiect 

relationship as both infected and uninfected mice treated with 18.66 ug DHEA/mouse/day 

of DHEA had significantly (P<0.05) lower conj^^ated dines and lipid fluorescence than 

mice fed 62 ug DHEA per mouse/day (Fig.5.5). 

Hepatic Total Cholesterol 

At 10 weeks post-infection, the mice had increased total cholesterol levels (P<0.05) 

in hepatic tissue (Fig.5.6). Supplementation with 18.66 ug DHEA/mouse per day 

significantly (P<0.05) prevented these increases and maintained total cholesterol level 

similar to that of uninfected mice. DHEA treatment of uninfected young mice did not cause 

a significant change in total hepatic cholesterol (Fig.5.6). 

Hepatic Phospholipid 

Retrovirus infection significantly (P<0.05) lowered phospholipids in hepatic tissues 

(Fig.5.6). Uninfected mice treated with 18.66 more than 6.2 ug DHEA/mouse/day 

significantly (P<0.05) increased phospholipids levels in hepatic tissues (Fig.5.6). However, 

supplementation with 18.66 and 6.2 ug DHEA/mouse/day normalized phospholipids levels 

like those uninfected mice. Similar changes were noted in cardiac tissues (data not shown). 
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The effects of DHEA administration on hepatic lipid peroxidation 
(panel A and B) are displayed. The results are averages of duplicate 
assays from each mouse in a group and are expressed as mean ± SE; 
n=8. Lipid peroxidation responses were significantly (p<0.05)higher 
in retrovirus infected mice. Lipid peroxidation was different due to 
DHEA supplementation between certain groups. 
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The effects of DHEA administration on hepatic phospholipid (panel 
A) and total cholesterol (panel B) levels are displayed. The results 
are averages from duplicate assays done for each mouse in a group 
and are expressed as mean± SE;n=8. Phospholipid (panel A) 
changes were significantly lower in retrovirus infected mice while 
total cholesterol changes were significantly increased (p<0.05). 
Phospholipid changes were different due to DHEA supplementation 
between certain groups. Also total cholesterol changes were different 
due to DHEA supplementation between groups. 
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DISCUSSION 

The retrovirus infection increased cytokine dysregulation, lipid oxidation, and loss 

of vitamin E. DHEA supplementation prevented retrovirus-induced suppression of immune 

responses, loss of vitamin E, and normalized the lipid concentrations. Similar changes 

occurred in the uninfected young mice. DHEA supplementation significantly reduced the 

excessive IL-6 and TNF-a production by mitogen-stimulated splenocytes fixsm retrovirus 

infected young mice. As Thl and Th2 cytokines are required for B cell mitogenesis the 

reduction of IL-6 with increased IL-2 production may have helped restore B cell 

mitogenesis. 

DHEA enhanced IL-2 that should inhibit Th2 cells, reducing their cytokine 

secretion (180). DHEA supplementation also substantially increased cytokine secretion by 

Thl cells from young infected mice whose increased IL-2 may have helped T cell 

mitogenesis. Even though DHEA production occurs in young mice their immune and 

oxidative fimctions were modified by DHEA. 

Aberrant cytokine production promotes progression to murine (214) and human 

(170) AIDS. When stimulation of Th2 cells by chronic retroviral antigen exposure 

prevented by T cell receptor peptide immunization, immune dysfimction was also stopped 

(220). Thus when IL-4 deficient mice were infected with LP-BM5 retrovirus, there was no 

lethality nor development of T cell abnormalities (184). Similarly cytokine production 

changes due to retrovirus infection were prevented by DHEA in dose-dependent manner, 

suggesting that it regulates Thl and Th2 cells. 

DHEA deficiency in HTV infected patients occurs concomitantly with exacerbation 

of cytokine dysregulation and immune dysfunction (170). 

IL-6 secretion by cells from uninfected and retrovirus infected mice supplemented controls 
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with 18.66 ug DHEA/mouse/day was reduced by over 75% compared to similar 

unsupplemented controls. Oysregulation of IL-6 production is a major contributing factor to 

lymphoid malignancies (221) that occur more fiequently during retrovirus infection (214). 

IL-6 is a growth stimulator of certain B cell neoplasms including plasmacytoma, 

hybridoma, and multiple myeloma (221). 

As siipplemental DHEA overcame the excessive secretion of cytokines by Th2 cells 

in our mice leukemia virus infected mice lymphoma development should be reduced (183). 

There was a normalization, lowering, of serum IL-6 and autoantibody production after by 

DHEAS supplementation of aged mice (165). DHEA reduced the high IL-6 production by 

mitogen stimiilated cells from old infected mice (165). DHEA also lowered IL-6 serum in 

both infected and uninfected mice. 

IL-2 is an important growth factor for T cells. Its increased release during DHEA 

consumption is in accord with restoration of T cell mitogenesis in both uninfected and 

retrovirus infected mice. IFN-y has anti-viral activity, stimulating macrophage and cytotoxic 

T lymphocytes in HTV infected people (181). Increased IFN-y production by cells from 

retrovirus infected young mice treated with DHEA should restore suppressed cell mediated 

immunity (181,164). 

The stimulation in uninfected mice shows that DHEA modifies Thl cells' cytokine 

production. IFN-y inhibits cytokine secretion by Th2 cells and thus may explain the 

significant prevention during DHEA replacement of retro virus-induced IL-6 and IL-IO 

production (164). 

An antioxidant en2yme, glutathione, lowered in murine (223) and human AIDS 

(224) should increase lipid peroxidation. Oxidative stress increasing lipid peroxidation, has 

been implicated in stimulating HIV replication (203) and immunodeficiency. Excessive free 

radical production induced by TNF (223), activated macrophages for increased NF-KB 



121 

activity and HIV replication (168). 

Dietary supplementation by DHEA lowered hepatic oxidative stress in uninfected 

mice. It normalized oxidative damage in infected mice to that of infected youi^ mice. 

Moreover, Higher DHEA dose supplementation prevented vitamin E in uninfected as well 

as infected mice. Vitamin E prevents oxidation of cellular components by &ee radicals and 

singlet oxygen as the most effective antioxidant at high partial pressures (206). 

Vitamin E is an immune enhancer associated with cancer and tissue damage (207). 

Inhibition of vitamin E loss may delay disease progression by murine (214) and human 

retrovirus infection (213,214). 

Increased oxidation stimulates more NF-KB activity and thus retrovirus replication 

(203). Vitamin E supplementation in uninfected and retrovirus infected mice reduced 

oxidative damage, while decreasing IL-6 production (211), much as occurred with our 

DHEA treatments that simultaneously prevented vitamin E loss. Supplementation by 18.66 

ug DHEA/mouse/day significantly prevented these increases. It maintained total cholesterol 

levels similar to those of uninfected mice. 

In our study DHEA reduced the excessive TNF-a production during murine 

retrovirus infection. Lowered TNF-a should suppress hepatic triglycerides, total 

cholesterol, lipid peroxidation while maintaining vitamin E and phospholipid levels. TNF 

inhibits lipoprotein lipase sjTithesis (225), as well as synthesis of acetyl-CoA carboxylase 

(226), fatty acid synthase (227), and glycerol phosphate dehydrogenase (228). It also 

stimulates liver lipogenesis (229) and hepatic VLDL (230), causing severe 

hypertriglyceridemia. TNF has been shown to stimulate muscle proteolysis and decrease 

protein synthesis during cancer cachexia (231). DHEA may function by binding to the 

specific DHEA receptor in T cell clones that mediate increased IL-2 production (232). The 

activated B cells and macrophages from HTV patients produce high levels of IL-6 and TNF, 
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as do with LPS-stimulated splenocyte and peritoneal macrophage for retrovirus infected 

mice(170;214^13). 

DHEA supplementation of retrovirus infected mice increased B cell proliferation 

and lowered TNF production, significantly correcting immune deficiencies associated with 

murine leukemia and AIDS (233,234). Therefore, the prevention of imbalanced Thl and 

Th2 cytokine production by DHEA supplementation contributes to the normalization of 

entire immune response. It should retard the development of murine AIDS or leukemia, and 

slow immune dysfiinction in aging (213,233). Prevention of retrovirus-induced oxidation, 

lipid changes and loss of tissue antioxidants by DHEA may be an important regulator of 

Th2 cells and thus cellular immune functions. 
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CHAPTER VI 

Modification of physical activity in C57BL/6 mice by retrovirus infection and DHF.A 

supplementation 
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SUMMARY 

Age. retrovirus infectioo, and hormone synthesis modulate many physiological 

systems affecting physical activity. LP-BM5 murine retrovirus infection exacerbates 

oxidative damage and immunosenescence of female mice which hormone replacement 

prevents. Therefore the effects of these physiological modifications were assessed on 

physical activity using a computerized video system. Average speed and resting time 

showed significantly higher levels while ambulatory time, distance traveled, and stereo 

times were lower in old mice than young ones. Retroviral infection extensively heightens 

stereo time while lowering average speed and resting time. Dehydroepiandrosterone 

(DHEA) declines with age. Its supplementation significantly increased stereo time in old 

mice, while decreasing ambulatory time and distance traveled. DHEA or melatonin (MLT) 

supplementation restored the average speed, ambulatory time and distance traveled of 

retrovirally infected mice. MLT as well as the combination of DHEA + MLT increased 

body movements, but decreased average speed and distance traveled. Thus 2^e and 

retrovirus infection had significant effects on physical activity. Hormone supplementation 

partially modified changes due to age and murine AIDS. 
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INTRODUCTION 

Old age is associated with cardiovascular, cognitive, and inununological 

dysfunction (235,129,). With advancing age (235) or retrovirus infection, cells undergo 

physiological changes that result in a decreased use of energy sources. Human Immuno

deficiency Virus (HTV) infected people that develop AIDS are often bedridden and exhibit 

reduced physical activity. They become increasingly susceptible to immune dysfimction 

with an increased risk of prolonged infections that reduce activity (chapter 1). With 

improving retroviral therapies more people will have both HTV infection and advanced age. 

Currently 20% of HTV infected people in the USA are over 50 years of age. Loss of 

regulatory hormones due to aging or HIV infection could also produce physiological 

imbalance promoting inactivity (chapter I). 

Dehydroepiandrosterone (DHEA) and melatonin (MLT) production is reduced with 

increasing age (236) and AIDS when cardiovascular morbidity (237), cancer (154), AIDS 

progression, and immunosenescence (185, chapter 3) are accentuated. DHEA supplement 

restored lymphokine levels in older subjects to the levels found in younger ones (129), 

elevated serum insulin growth factor-1 (IGF-1) (236), and improved antioxidant activity 

(chapter 2). Aging induces low MLT production with dysregulation of the sleep-wake cycle 

(236,238) which should affect physical activity. DHEA supplementation improved inunune 

function in AIDS patients (174) and retrovirus infected mice (chapter 3). 

Therefore we examined the effects of supplementation with DHEA, MLT, or both 

on the physical activity of aged as well murine retrovirus infected female C57BL/6 mice. 

LP-BM5 murine retrovirus infection models many fimctional changes found in HTV 

infected people (239). We measured physical activity using a computerized video-data 

acquisition system. Age significantly reduced physical activity, which DHEA and MLT 



126 

replacement improved physical activity in old mice as well as young retiovirus-in&cted 

ones. 

MATERIALS AND METHODS 

Animals and Treatments 

Young and old female C57BL/6 mice, aged 1.5 and 16 months, were obtained from 

the Charles River Laboratories Inc. (Wilmington, DL). DHEA and MLT were purchased 

from Sigma (St Louis, MO). Diets were prepared by Diets, Inc (Bethlehem. PA) using AIN 

93 diet, pelleted and color coded. LP-BM5 retrovirus was administered as described 

previously (chapter 3). The animals were housed in the sterile facilities of Animal 

Resources at University Medical Center of Arizona in groups of 3-4 mice per cj^e. 

Temperature was maintained at 20-22 degrees Celsius, and the relative humidity was 60-

80%. Water and diet were freely available, and the mice were subject to a 12 hour 

lighf.dark cycle. The animals were cared for, as required, by the University of Arizona 

Committee on Animal Research. The animals were housed and fed a controlled diet (AIN 

93 A) for 2 weeks preceding the experiment. The entire treatment period was 12 weeks. 

The young uninfected and young infected groups each consisted of 32 mice, subdivided into 

4 groups of 8 mice. The aged, uninfected mice consisted of 16 mice, subdivided into 4 

groups of 4. The groups were labeled A through D and subjected to the following diets. 

Group A was given unsupplemented control diet (AIN 93A) with 0.005% ethanol drinking 

water for twelve weeks. Group B received 0.02 % DHEA supplemented diet (6.2 

(ig/mouse/day) for the first three weeks. The following nine weeks the mice were given 

0.06 % DHEA supplemented diet (18.66 ^g/mouse/day) and 0.005 % ethanol drinking 
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water was administered throughout the twelve weeks. Group C received unsupplemented 

diet and 0.005% ethanol drinking water with 10 ^g/ml MLT dissolved (49.8 ^g/mouse/day) 

for twelve weeks. The ethanol was required to dissolve the MLT. Group D was given 

0.02% DHEA supplemented diet with 0.(X)5 % ethanol drinking water for the first three 

weeks. During the last nine weeks, the mice received 0.06 % DHEA supplemented diet and 

0.005% ethanol drinking water with 10 ^g/ml MLT added. 

Activity Measurements 

Five categories of physical activity data were recorded. Ambulatory time was the 

amount of time the subject animal spent moving within the cage. Stereo time was the 

amount of movement that the animal performed while stationary. Average speed of 

movement, distance traveled, and resting time were also recorded. Using a Videomex-V 

video data acquisition system (Columbus International Corporation, Columbus OH), 

physical activity was measured and statistically measured in each of the five parameters. A 

video-camera focused on eight clear plastic cages against a white background. During each 

video session, each cage contained one mouse fit)m the same group. Two sets of data were 

obtained firom each mouse for each physical activity parameter. The video image was 

analyzed in real time (30 fiames per second) by an IBM computer. From the video image, 

the computer compared pixel change with a calibrated standard to determine the distance 

traveled. The computer also calculated the amount of time each mouse moved, the average 

speed, and the resting time (240,241,242) during an 8 hours dark cycle. The video tracking 

apparatus monitored each mouse for 8 hours per day fi-om 8:00 P.M. until 4:00 A.M., their 

activity periods. This was repeated for each animal for 8 hours and results of both 

measurements were combined. 
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Statistics. 

All results are expressed as the mean ± S.E. Data of lipid analysis and vitamin*! 

were analyzed by Ehmcan's multiple range test. P<0.05 was considered to be significantly 

different between groups (146). 

RESULTS 

The data collected were analyzed for each animal, uninfected, infected, or old mice. 

Each treatment (DHEA, MLT, DHEA & MLT) was compared to the ethanol control with 

all five physical activity parameters being examined. 

Effect of Age on Physical Activity 

Age is associated with physical activity in humans. Video assessment of physical 

activity in old mice during their active time (dark cycle) was investigated. Ethanol in 

drinking water was added (0.005%) to solubilize MLT. The level of ethanol consumption 

was very low, much below the 0.5-1.0% needed to produce significant blood alcohol levels 

or immune changes (243). Ethanol consumption did not change physical activity in young, 

uninfected mice. Ethanol fed old mice (controls) showed significant differences (P<0.05) in 

physical activity from ethanol consuming young mice. Average speed and resting time (Fig. 

6.2,6.4) showed a significantly (P<0.05) higher levels while ambulatory time and stereo 

time were lower in old mice (Fig.6.1,6.5). However distance traveled (Fig.6.3) showed no 

significant (P<0.05) change. 
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Figure 6.1. 

Young Mice 
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The effects of DHEA and ML T administration on ambulatory time 
(Sec) in young uninfected, retrovirus infected, and uninfected old 
mice are displayed. The results are mean ±SE; n=8 from 8 hours 
monitoring of the physical activity of each mouse done twice, 
totaling 16 hours/mouse. Ambulatory times (Sec/8 hrs) were 
significantly different (p<0.05) from groups with numbers above 
the particular bar. 
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The effects of DHEA and ML T administration on average speed 
(Inch/Sec) in young uninfected, retrovirus infected, and uninfected 
old mice are displayed. The results are mean ±SE; n=8 from 8 hours 
monitoring the physical activity of each mouse done twice, totaling 
16 hours/mouse. Average speeds (Inches/Sec) were significantly 
different (p<0.05) from groups with numbers above the particular 
bar. 
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The effects of DHEA and ML T administration on distance traveled 
(Inch) in young uninfected, retrovirus infected, and uninfected old 
mice are displayed. The results are mean ±SE; n=8 from 8 hours 
monitoring the physical activity of each mouse done twice, totaling 
16 hours/mouse. Distance traveled (inches/8 hrs) were significantly 
different (p<0.05) from groups with numbers above the particular 
bar. 
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The effects of DHEA and MLT administration on resting time (Sec) 
in young uninfected, retrovirus infected, and uninfected old mice 
are displayed. The results are mean ±SE; n=8 from 8 hours 
monitoring the physical activity of each mouse done twice, totaling 
16 hours/mouse. Resting times (Sec/8 hrs) were significantly 
different (p<0.05) from groups with nwnbers above the particular 
bar. 
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The effects of DHEA and ML T administration on stereo time (Sec) 
in young uninfected, retrovirus uninfected, and uninfected old mice 
are displayed. The results are mean ±SE; n=8 from 8 hours 
monitoring the physical activity of each mouse done twice, totaling 
16 hours/mouse. Stereo times (Sec/8hrs) were significantly 
different (p<0.05) from groups with numbers above the particular 
bar. 
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Effect of Retrovirus Infectioii on Activity in Young Mice 

Little is known of the effects of human or animal retrovirus infection on physical 

activity. Ethanol treated, uninfected and infected mice showed no significant (P<0.05) 

differences except in average speed and stereo time (Fig.62,6.5). Infected mice had 

significantly (P<0.05) higher stereo time (Fig.6.5) with lower average speed, distance 

traveled, and resting time (Fig.62,6.3,6.5) than uninfected mice. 

Hormone Replacement and Physical Activity in Young Mice 

DHEA and MLT supplementation prevented the development of immime 

dysfunction in old and retrovirally infected mice (chapter 3,5,4). Retrovirally infected mice 

that received DHEA supplement significantly (P<0.05) restored ambulatory time and 

distance traveled when compared to unsupplemented infected or uninfected mice 

(Fig.6.1,6.3). In retrovirally infected mice MLT treatment significantly (P<0.05) increased 

distance traveled above that of uninfected young mice (Fig.6.3). DHEA but not MLT 

supplementation produced similar resting times in retrovirus infected and uninfected mice 

(Fig.6.4). Although DHEA and MLT each lowered resting time (Fig.6.4), DHEA+ MLT 

supplemented infected mice had significantly (P<0.05) higher stereo time than uninfected 

controls (Fig.6.5). 

MLT supplemented, young mice showed significant (P<0.05) increases in the 

ambulatory time and distance traveled compared to controls (Fig.6.3). DHEA, MLT, or 

MLT + DHEA significantly (P<0.05) reduced their stereo time (Fig.6.5). While DHEA 

showed no significant change in average speed (Fig.6.2), MLT and DHEA+MLT caused 

significant increases in average speed and lowered lowered resting time (Fig.6.2,6.4). 
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Hormone Replacement and Physical Activity in Old Mice 

MLT and DHEA secretion declines significantly in old people (3,4) who usually 

have lowered physical activity than young adidt with maximimi production. DHEA + MLT 

and MLT induced a significantly (P<0.05) higher stereo time with decreased average speed 

and distance traveled in old mice compared to old controls (Fig.6.5,6^,6.3). DHEA 

supplementation significantly (PO.OS) lowered resting time more than MLT or DHEA + 

MLT supplements (Fig.6.4). Old mice treated with MLT significantly (PO.OS) increased in 

stereo time (Fig.6.5) and (P<0.05) decreased in average speed (Fig.62). Old mice treated 

with DHEA significantly (P<0.05) increased stereo time (Fig.6.5). DHEA or DHEA + 

MLT treatments exhibited significant (P<0.05) decreases in ambulatory time and distance 

traveled (Fig. 1,3). MLT+ DHEA lowered ambulatory time, average speed, and distance 

traveled to that of uninfected young mice (Fig.6.1,6.2,6.3). Also DHEA and MLT 

treatments each separately restored average speed to those young, uninfected controls 

(Fig.6.2). 

DISCUSSION 

Our findings show that there are significant differences in physical activity between 

young and old mice. As expected, resting time increases while ambulatory time, stereo 

time, and distance traveled decrease with age. Surprisingly, stereo time and average speed 

were found to be higher in older mice than in younger mice. Aging is associated with 

lowered metabolism, physical activity, DHEA (242) and MLT (244) secretion, sleep, 

immune fimction and protein synthesis. DHEA and MLT corrected several immunological 

dysfimctions in old mice (chapters 3,4,5). DHEA normalized average speed of old mice to 

that of young controls, increased their stereo time, while decreasing their resting time and 
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distance traveled. Old mice supplemented with DHEA + MLT had significantly increased 

stereo time. DHEA more than MLT increased stereo time and decreased average speed of 

old mice. All hormone supplements induced a sharp decrease in ambulatory and stereo 

time. Our research illustrates the substantial restriction of physical activity in older mice 

that can be achieved with administration of DHEA. It increased the stereo time in old mice, 

while decreased their ambulatory time and distance traveled. Supplementation with DHEA 

+ MLT also increased stereo, resting, times, but decreased ambulatory time and distance 

traveled. MLT supplement increased stereo time to a higher than young controls, but 

decreased average speed. Our results suggest that DHEA treatment significandy affected 

physical activity in old mice. Much higher doses of DHEA (0.5-20 mg/kg) modulated 

motor activity (246) in male C57BL/6 mice by reducing locomotor activity. DHEA 

primarily affects the immuno-physiology which could then influences physical activity 

levels. 

MLT is a lipid soluble hormone that crosses blood-brain barrier into the brain 

affecting resting and sleep-related functions. Light and dark cycles regulate the secretion of 

MLT in the human body (246). MLT at high levels can induce feelings of fatigue, 

drowsiness, reset circadian rhythms, and enhance sleep quality (247,248). MLT production 

declines with age although exercise can elevate (236,246) or decrease MLT levels 

(249,250). MLT consumption increased average speed, ambulatory time, and distance 

traveled in retrovirally infected, young mice in comparison to uninfected controls. DHEAS 

supplementation increased low level of serum DHEAS in HIV infected people and it was 

immunorestorative in murine retrovirus infection (174,chapters 3,5). It enhanced inmiune 

response in retrovirus infected young mice by increasing IL-2 and IFN-y production 

(chapter 5). It also improved average speed, distance traveled, and ambulatory time in 
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retrovirus infected young mice. In aged or retroviral infected mice, lymphoid cells increase 

the production of tumor necrosis factor (TNF)- As TNF levels increase, there is an 

associated decrease in levels of DHEA and MLT. DHEA restored immune dysfunction in 

immuno-compromised old, retrovirus infected mice to levels found in young uninf^ted 

mice (239, chapter 3). Lower TNF-a production should reduce hepatic triglycerides, total 

cholesterol, lipid peroxidation while maintaining vitamin E and phospholipid levels 

(chapters 3,5) thus maintaining energy sources for physical activity. TNF inhibits 

lipoprotein lipase synthesis (251), as well as fatty acid synthase (227,229). TNF stimulates 

muscle proteolysis and decreases protein synthesis during cancer cachexia (231). DHEA 

may flmction by binding to the specific DHEA receptor in T cell clones that mediate 

increased IL-2 production (232). Prevention of retrovirus-induced oxidation, lipid changes 

and loss of tissue antioxidants by DHEA may be an important regulator of immune fimction 

and energy sources which control sustain physical activity. Declines in physical activity are 

seen in AIDS patients, who have reduced DHEA levels (174). DHEA is a multifunctionai 

steroid with protective roles preventing age-associated deficits and cellular dysflmction 

(chapter I). Increased incidence of cancer, osteoporosis, atherosclerosis, premature 

mortality, and loss of sleep are some of the physiological effects associated with low levels 

of DHEA or MLT (244, chapter 1). 

Decline of DHEA with aging may be caused by intra-adrenal block during DHEA-

Sulfate synthesis, its metabolic clearance, or secretion of a postulated pituitary 

corticoadrenal stimulating factor (252). Clearly age, retrovirus infection, and 

supplementation with immunoregtilatory hormones affect physical activity in mice. 
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CHAPTER Vn 

THE SIGNIFICANCE OF THE FARNESYL TRANSFERASE IN CELL GROWTH 

AND CARCINOGENESIS 
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INTRODUCTION 

Cholesterol is an essential component of cell membranes particularly because it 

contributes to membrane fluidity. Subsequently, it is usually present in higher amounts in 

cells that are rapidly proliferating. Cholesterol synthesis also generates NADPH that is 

necessary for DNA replication. In the case of growth, development and initiating an 

immime response having sufBcient cholesterol available to synthesize cell membranes and 

cells are advantageous. However, in the case of carcinogenesis its effects can be 

devastating. Since high cholesterol levels are a common phenomenon in developed 

societies, additional control of its synthesis may prove beneficial. As we will see, the most 

promising way in which to regulate cholesterologenesis, and possibly carcinogenesis, is 

through famesyl transferase. Famesyl transferase inhibitors have well-known effects of 

blocking the Ras oncogene. Since the Ras oncogene is responsible for a large proportion of 

cancers it is highly advantageous to inhibit its action. Famesyl transferase inhibitors may 

also act to induce programmed cell death in cells containing the Ras oncogene (252). 

Cholesterol and Cancer Risk 

Cholesterol has a significant role in carcinogenesis, and manipulation of its 

metabolism may be a novel way to alter cancer. Cholesterol (C27 O), with a molecular 

weight of 386, consists of four fused rings, a polar hydroxyl group at carbon 3, a double 

bound between carbons S and 6 and an eight membered branched hydrocarbon chain 

attached to carbon 17 on the D ring. The total body cholesterol is derived from two sources: 

exogenous (diet) and de novo (biosynthesis). Although, cholesterologenesis occurs in the 

intestine, adrenal cortex, reproductive organs and skin it primarily takes place in the liver. 

Cholesterol biosynthesis (Fig. 7.1) begins with acetyl-CoA (two carbon units) and proceeds 
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through several intermediates, including mevalonate and isopentyl pyrophosphate (IPP). 

IPP is finther processed in a branched pathway and leads to the production of either 

isopentenyl t-RNA and isopentenyl adenine or famesyl pyrophosphate (FPP). FPP can be 

synthesized to cholesterol, ubiquinone or dolichols. The formation of mevalonate requires 

NADPH, presumably coming from the hexose-monophosphate shunt (HMP) pathway of 

glucose metabolism. Other sources of the NADPH are produced following the following 

enzymatic reactions of extra-mitochondria isocitrate dehydrogenase and malic enzyme 

catalyzing malate to pyruvate. The major source of NADPH however, is from the HMP 

pathway. In this pathway, HMG-CoA is converted to mevalonate. The HMP pathway 

generates NADPH for various anabolic processes occurring outside the mitochondria. It 

also provides pentose-phosphatase that is needed for DNA synthesis. 

By altering the HMP-pathway, and subsequently cholesterologenesis, DNA 

synthesis in cell growth and ultimately neoplastic growth can be slowed (253-5). 

Cholesterol influences the fluidity of cell membranes and thereby biological activities of the 

cell. The physiological characteristics of cells are affected by their membrane cholesterol 

content which changes during growth, differentiation and development (255-6). Therefore, 

it is importance for cellular and circulating cholesterol levels to be regulated and kept in a 

state of equilibrium. 

Cancer cells loose feed back control of cholesterol biosynthesis and subsequently 

develop elevated cholesterol levels secondary to increased Cholesterogenesis 

(256).Cholesterol is an essential component of all cell membranes. The proliferating cells, 

both normal and cancerous, exhibit higher cholesterol levels and Cholesterogenesis (253). 
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Extra hepatic tissues receive cholesterol firotn circulation via the LDL receptor. The 

rate of endogenous cholesterol synthesis increases as circulating LDL are decreased. Thus, 

both hepatic HMG-CoA reductase and extra hepatic tissues are regulated by feedback 

inhibition. Aging, genetic background, diet, and nutrition have a profound effect on plasma 

cholesterol levels (257-9) Dietary polyunsaturated fatty acids and bile acid (252)sequestrate 

including cholestyramine reduce serum cholesterol level (258) and are therefore of great 

benefit 

HMG-CoA reductase, LDL-receptor and farnesyl pyrophosphate synthetase 

HMG-CoA is a protein synthesized in liver microsomes. It has a molecular weight 

of 53000, nucleotide sequence of 4.8 to 5.13 Kb mRNA with 887 amino acids. The amino-

terminal part of HMG-CoA is associated with the membrane with its active site (carboxyl 

terminal) facing the cytoplasm. HMG-CoA reductase is inhibited by; 

a) Proteolytic degradation; break down of the hydrophilic as well as the hydrophobic 

portions of the enzyme. 

b) Gene repression and inhibiting mRNA transcription. 

The LDL receptor is located on cell membranes and coated pits of many 

mammalian cells. It is first synthesized as an 120,000 dalton precursor molecule and later 

processed finally reaching a molecular weight of 160,000. The mature protein consists of 

839 amino acids that are divided into domains located outside the plasma membrane. The 

NH, terminal region consists of 322 amino acids containing a negatively charge cysteine 

portion that serves as the binding site. The second domain is 350 amino acids and is 

homologous to the precursor of epidermal growth factor (EGF). The third domain consists 

of 48 amino acids and the fourth domain includes 50 amino acids located in the carboxyl 

terminal and projects into the cytoplasm (259). The LDL receptor is deficient in some tumor 
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cells( 260) producing hypertriglyceridemia. Mechanisms including hypertriglyceridemia in 

cancer (261) and retroviral infections (chf^ter 4) may include: 

a) Defective LDL receptor 

b) Down regulated LDL receptor 

c) Defective LDL receptor uptake 

d) Over production of LDL 

These abnormalities are all directly associated with many different types of cancers 

(261^62). Famesyl pyrophosphate synthetase contains two molecules of 

isopentenylpyrophosphate. This enzyme acts on the 1-4 condensation of dimethyl ally 

pyrophosphate to form famesyl pyrophosphate. Cytochrome a3, lamin B, Ras oncoproteins 

and G-proteins all contain the famesyl moiety. The famesyl pyrophosphatase is a dimmer 

with a molecular weight of 38,000 to 42,000. 

Gene regulation in cholesterol biosynthesis 

The mRNA for several enzymes involved in cholesterologenesis and LDL receptor 

synthesis is present during cell growth, differentiation and neoplastic transformation. 

Nutrition, as well as drug treatments, alters the transcription of these genes in vivo and in 

vitro (263-4). The HMG-CoA reductase gene has an mRNA of about 5.3 kb. The 5' end has 

multiple transcription and initiation sites that are results of different mRNA transcripts. The 

side-by-side 5' region has binding sites for nuclear factors that regulate gene expression. 

These nuclear factors are sterols that contain the sequence CACCCCAC and are 

termed sterol regulatory elements (SER-1)(259). Nuclear factor-1 (NF-1) is protein of about 

62000 molecular weight that binds to genes and promotes their transcription. Mutations in 

the HMG-CoA reductase SRE-I region causes a high level of transcription that is not 

sensitive to sterol regulation (Fig. 7.2). 
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HMG-CoA reductase gene repression is done via a protein that binds to a regulatory 

region and only suppresses transcription in the presence of sterols. The LDL receptor also 

has SER-1 that represses transcription in the presence of sterols. HMG-CoA reductase, 

HMG-CoA synthetase, LDL receptor, mevalonic acid as well as lovastatin (an EIMG-CoA 

reductase inhibitor), all regulate expression of famesyl pyrophosphate. Interestingly, the 

promoter gene in famesyl pyrophosphate synthetase has a similar SER-I sequence to that 

present in LDL receptor and HMG-CoA reductase genes. 

Role of cholesterologenesis in cell growth 

Cholesterologenesis occurs prior to DNA synthesis and its inhibition leads to 

suppression of cell growth and differentiation. This indicates that there is a strong 

connection between cell growth and carcinogenesis (Fig. 7.3). Cell proliferation involves 

activation of the HMP pathway. Stimulated glucose-6-phosphate dehydrogenase (G-6-PD), 

and ribose-phosphatase provided by HMP are utilized when synthesizing DNA. 

Concurrently, the HMG-CoA reductase activity, a rate limiting enzyme in cholesterol 

synthesis pathway, is increased. Endogenous cholesterol is converted to cholesterol esterase 

via acyl CoA cholesterol acyltransferase (ACAT). Cholesterol feed back inhibition controls 

HMG-CoA reductase activity. When HMG-CoA inhibition occurs LDL-receptor pathway 

of cholesterol internalization concomitantly is down regulated. Cholesterogenesis (253,265), 

HMG-CoA reductase, and famesyl pyrophosphate synthetase gene transcriptions are all 

elevated in preneoplastic and neoplastic tissues (266). There are many different human 

cancers related to environmental mutations or carcinogens that cause point-mutation. The 

importance of Cholesterologenesis in cancer cell proliferation is that cholesterol is an 

essential component of cell membranes and increased polyunsaturated fatty acids are found 

in esophageal cancerous tissue (262). Famesylation activates p2Iras and G-proteins. Any 
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mutation in the Ras gene can increase GTP binding, leading to activated p21. 

Activating p21ras may mimic growth factors generating signals for continuous 

proliferation (267). Famesyl pyrophosphate reacts with Ras oncoproteins by attaching to the 

plasma membrane. This stimulates the signal transduction pathway. Therefore, it 

hydrolyzes phosphotidyl inositol, activates protein kinase C, ultimately, leading to protein 

phosphorylation followed by Qrrosine kinase protein phosphorylation and stimulates DNA 

synthesis (Fig, 13). 

In the process of carcinogenesis, cell proliferation is influenced by changes in the 

nucleus and cell surface. The changes in the cell surface induce signal transduction 

resulting in DNA synthesis. Oncogenes are classified into five groups of proteins; 

a) Protein receptors with tyrosine kinase activity 

b) Proteins with cytosolic tyrosine kinase activity 

c) Protein growth factors 

d) Proteins homologous to G proteins 

e) Proteins interact with DNA located in nucleus. 

Several different oncogenes produce growth factors and encode proteins involved in 

signal. G proteins mediate signal transduction by coupling receptor and efifector molecules 

and modulate pathway (268,269). Three oncogenes encode for the protein, p"' which can 

bind GTP due to its similar structure as G proteins. The binding of G proteins and p"' to 

plasma membrane is essential for biological activity after binding of fatty acids and famesyl 

moiety (Fig. 7.3). Since the famesylated proteins influence nuclear assembly and cell 

growth (270) therefore, they could also be involved in the feedback control of HMG-CoA 

rductase and ensuring a steady supply of mevalonate. Without mevalonate the usiially 

famesylated proteins accumulated in an unfamesylated form. They alter HMG-CoA 

reductase through positive or negative mechanism operating on translation or degradation. 
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The transladonal control is activated by famesylated protein with complex 5' 

unsaturated region of mRNA or with membrane spanning domain of the nascent protein 

chain. HMG-CoA reductase degradation is mediated by its membrane attachment domain 

that anchors the en:Qmie to the ER and nuclear envelop (271). Famesylated proteins may 

influence the HMG-CoA reductase enzyme degradation via regulating their incorporation 

rate into vesicles fixim the ER to the degradative site. The transportation requires the 

famesylated GTP-binding protein, a member of p*' Ras (272-3) Thus, Ras p"' may not only 

actively regulate the signal transduction pathway but also it directly affects 

Cholesterologenesis in liver and extrahepatic tissues. 

The Ras-GTP 

The Ras gene acts as a molecular switch in signal transduction by regulating the 

Ras-GTP complex. There are several tyrosine kinase signals transmitted through Ras 

increasing its activity (Fig. 7.3). The Ras-bound GDP/GTP in fibroblast cells have different 

growth factors such as; platelet drive growth factor (PDGF), fibroblast growth factor, 

epidermal growth factor (EGF), insulin, IL-6, or macrophage colony stimulating factor (M-

CSF) that increase Ras-GTP binding state. These growth factors bind cell surface receptors 

on fibroblast (274-7). Stimulated T, B, or mast cell lines with lL-2, IL-3, IL-5, GM-CSF. 

M-CSF can result into increased Ras-GTP activities (269,278-280). Activation of T 

lymphocytes, stimulate CD2 production that can increase Ras GTP activity (277). The TGF 

inhibits proliferation of epithelial cell lines. It is suggested that both TGF-a,p (259) are able 

to induce Ras activation (281). NF-l, a gene responsible for neurofibromatosis type I, can 

stimulate GTPase activity of Ras. Protein isolated from several tumor cell lines has reduced 

expression and activity which results in Ras remaining actively bound to GTP. This event 

occurs even though Ras and GTPase activation are normal (282-3). Therefore, they have 
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hypothesized that NF-1 protein is a tumor suppresser gene product that acts by negatively 

regulating Ras-GTP active state (Fig. 73). 
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The Farnesyl Transferase Activity 

Transfer of the famesyl moiety from famesyl pyrophosphate to a cysteine in p"' is 

done by famesyl protein transferase (FPT). FPT has a molecular weight of 70,000-10,000. 

Famesylation plays a major role in post translation modification of the protein which 

influences the function of many proteins, such as, G proteins and FPT. Famesylation 

catalyzes the reaction by introducing the famesyl diphosphate (FPP) to the carboxyl 

terminal of a cysteine residue of a protein substrate with a thioester linkage. The substrate 

protein has a common tetrapeptide sequence referred to as the CAAX in the carboxyl 

terminal (C is cysteine, A is any aliphatic amino acid and X is a c-terminal amino acids, 

such as methionine, serine, cysteine, or alanine) (284-5). Addition of CAAX facilitates 

substrate Famesylation. 

This enzyme is inhibited by a tetrapeptide that corresponds to the CAAX sequence. 

Thus, CAAX recognizes FPTs binding site. Peptides containing the CAAX sequence at 

their COOH terminal can also be substrates for famesylation. In Ras p '̂, famesylation is the 

first step in posttranslational modification. It follows the cleavage of three C-terminus 

amino acids' residues and then by methylation of the C-terminal cysteine. Once the cysteine 

residue is famesylated it acts on Ras p*' on the plasma membrane and mediates signaling 

pathways thereby controlling cell proliferation (286). Excess production of Ras p*' or 

mutations abolishing its GTPase activity results in uncontrolled cell division and tumor 

growth (287). 

Famesyl Transferase Inhibitors 

Famystation of Ras, posttranslationally, is a cmcial step in activation of Ras. 

Inhibitors of famesyl transferase can block aberrant activation of Ras-GTP status. However, 

the precise mechanism by which this is accomplished has not been established. Recendy, 
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famesyl transferase inhibitors have been shown to induce apoptosis is Ras mutated cells 

(252). 

Apoptosis of transformed cells can prevent the generation of cancer and certainly 

hamper further tumor growth. This is one potential mechanism for explaining how famesyl 

transferase inhibitors work and certainly warrants further investigations. Aging is associated 

with immunosenescence and increased incidence of cancers, mortality, and atherosclerosis 

(chapter 1). These symptoms are directly associated with lowered hormonal secretion such 

as dehydroepiandrosterone DHEA), a strong antioxidant (289-291). Increase in total serum 

cholesterol due to aging is directly related to cardiovascular disease and the decrease in total 

serum cholesterol due to varieties of cancer (chapter 1). 

DHEA declines in both cancers and cardiovascular diseases. The hepatic FTase 

activity increased in lung, liver, prostate, colon, and skin cancers (291-5). Moreover, DHEA 

supplementation in animals and human with both chronic diseases of atherosclerosis and 

cancer have improved that patients' health status and prevented some related symptoms 

(296, chapters 2,3). DHEA inhibition of carcinogenesis has been demonstrated in 

mammary glands of mouse (297), mouse skin, lung, and colon (293-5). 

DHEA as a none-competitive inhibitor of glucose-6-phosphate dehydrogenase 

(298), suppresses the NADPH production and alters activation and/or inhibits DNA binding 

(299-300). and suppresses superoxide production in neutrophils in vitro (300). Also DHEA 

has biological effects that are consistent with its activity as an inhibitor of 

promotion/progression phases of tumorigenesis. DHEA can suppress cellular DNA 

synthesis by reducing NADPH availability and pentose phosphate (301). Moreover it can 

inhibit increases in epidermal DNA synthesis and prostaglandin E2 biosynthesis induced by 

tumor promoter (302). The influences of DHEA alone and in combination of tamoxifen or 

DHEA and carbenoxolone or combination of all three in rats were examined. The 400 mg 
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DHEA/kg diet, 0.04 mg tamoxifeii/kg , and 1750 DHEA/kg of diet were assessed and 

resulted in same inhibition of mammary cancer response with no body weight change (302-

303). 

The successful chemotherapy in patients with testicular cancer resulted in elevation 

mean plasma DHEA in 68% of those treated. It confirmed a significant role of DHEA in 

reducing the testicular cancer growth (303). 

CONCLUSION 

Famesyl transferase is an interesting protein because of its distinct roles in 

carcinogenesis. It is suggested that the Famesyl transferase en2yme covalently links a 

famesyl group to a cysteine residue in the carboxyl terminal CAAX motif of Ras. 

Oncogenic activation of Ras contributes to significant percentage of human cancers, 

causing Ras to be constitutively in an active GTP-bound rate, that transmit a constant 

proliferation signal. Famesyl transferase inhibitors facilitate proper protein membrane 

association and have a role in mediating protein-protein interaction. FTase inhibitors such 

as DHEA act by blocking famesylation and therefore inhibits the Ras oncogenic fimction. 

Inhibiting Famesyl transferase is therefore a novel way to both inhibit cholesterologenesis 

as well to induce apoptosis in Ras-transformed cells. 
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OVERALL CONCLUSION AND DIRECTION FOR FUTURE STUDIES 

Recent investigations indicate that elderly populations have significantly lower 

serum DHEA levels and more siisceptible to diseases than young people. When DHEA is 

supplemented in old mice, there is an improvement in many immime responses. DHEA and 

DHEAS supplementation play significant roles in preventing oxidative damage within the 

body. The literature reviews in here indicate that they both have antineoplastic properties 

and when DHEA is given aged subjects have the ability to lower serum triglycerides and 

total cholesterol levels. 

New research application included in this work were: 

1. Yam extract, dioscorea (suggested precursor to DHEA) was not converted into 

DHEAS in older volunteers' serum, 

2. Even one DHEA supplementation of 85 mg/day in older individuals and others 

lowered the levels of serum lipid peroxidation products, triglycerides and 

total cholesterol levels. 

3. There were no side effects observed in subjects taking DHEA for 7 days. They 

slept better and felt more energetic, 

4. DHEAS supplementation in old C57BL/6 female mice resulted in an increase 

levels of hepatic vitamins E and A and significantly normalized liver weight 

in retrovirus infected old mice. 

Liver as a major immune organ with inflammatory responses increased its size caused by 

retrovirus infection. However, serum DHEA in older people must be examined before 

proper dose of DHEA appropriately given. 

Therefore, proper DHEA dose for individuals needs to be studied in long term plan. 

Recommended areas of future studies are effectiveness of these compounds in following: 
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1. Long-tenn DHEA supplementation in patients with HTLV>1, 

2. Combination of DHEA and vitamin E supplementation in esophageal cancer, 

3. Combination of DHEA and vitamin E supplementation in hypercholesterolemia, 

such as those organ transplant patients, receiving Cyclosporin-A, 

4. Evaluation of famesyl transferase activity with supplementation of DHEA in old 

mice with leukemia, LPBM-5 and human with HTLV-1. 

We did not measure the IL-6 and TNF cytokines production by kupfifer cells, however it 

would be beneficial to measure IL-6 and TNF production in hepatic tissue of retrovirally 

infected old mice supplemented with DHEAS. 

5. These observations can be used to correlate the following: 

A. Liver size and IL-6 secretion, 

B. Liver IL-6 secretion and increased increased total cholesterol, 

C. Increased hepatic total cholesterol directly affect number and size of 

tumors in different tissue such abdominal and lymph nods, 

D. Increased lymph nods are directly associated with increased lL-6 

secretion in lymph nods, 

E. Increased hepatic total cholesterol leads to heightened FTase activity and 

higher polyunsaturated fatty acids in tumors as a sign of increeised 

malignancy, 

F. Higher TNF and IL-6 secretion (using C14 leucin) in hepatic tissue and 

lymph nod with total cholesterol synthesis can be all normalized by 

DHEAS siipplementation. Since higher hepatic IL-6, TNF secretion 

in retroviral infection and cancer leads to lowered protein synthesis 

and declined muscle mass and weights. 
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DHEAS supplementation may prove beneficial to treat diseases related with hepatic tissue 

enlargements, 

G. Normalized hepatic size may also be explained by IL-6 and TNF cytokine 

production by splenocytes and oxidative stress in both tissues. 

Following animal studies, the effects of DHEA supplementation in patients with spastic 

paralysis HTLV-l can be examined. Improvements in these patients' health status can be 

measured by following; 

A. Serum DHEAS, lipid peroxidation, IL-6 and TNF secretion before and 

after treatments. B. Serum FTase activity before and after treatments, 

C. Physical activity of both asymptomatic and symptomatic HTLV-l 

patients before and after treatments, 

D. DHEAS dose study to set proper DHEA supplementation. 

In patients with esophageal dysplasia, ( moderate to severe) lesions can be examined by 

endoscopy before and after treatments with DHEA supplementation. Then body weights in 

these patients can be examined. Also the following can be measured. 

A. Serum DHEAS, IL-6 and TNF secretion before and after treatments, 

B. Serum FTase activity before and after treatments, 

C. Body mass index (BMI) must be examined, 

D. Serum proteins, total cholesterol, LDL, HDL, triglycerides, lipid peroxidation, 

and phospholipid levels can be examined, 

E. Serum FTase and possibly any esophagus tissue must be measured, 

F. When and if possible, esophagus tissues' fatty acids can be measured before and 

after treatments. 



156 

In conclusion, both DHEAS and DHEA are immunologicai enhancing, preventing vitamin 

E loss and normalize lipid levels in aged and retrovirus infection of mice. Also DHEA 

supplementation in older people significantly increased their serum DHEAS level, lowered 

triglycerides and total cholesterol, and lipid peroxidation. 
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