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ABSTRACT 

Acquired immune deficiency syndrome (AIDS) and aging are associated with 

significant immune dysfunction and increased oxidative stress, resulting in increased 

susceptibility to opportunistic infections, cancers, autoimmune diseases, and death. 

Human immunodeficiency virus (HIV) infection and aging lower host defenses by 

modulating cvtokine production to alter T and B cell functions. The overall objective of 

this study is to determine effect of Murine AIDS (MAIDS), its cofactors and aging on 

opportunistic infection, and the potential of immunomodulation roles of 

dehydroepiandrosterone (DHEA) and its sulfate (DHEAS) on ameliorating the 

immunological abnormality caused by retrovirus infection and aging. 

DHEA(S) was previously shown to have immune enhancing properties during 

(M.AIDS) and the aging. DHEA(S) significantly increased T-cell proliferation, restored 

secretion of Thl cytokines production, and normalized secretion of Th2 cytokine. 

Sur\ ival was significantly increased in the 29-month-old mice treated by DHEA. DHEAS 

plus antioxidants significantly normalized immune function, as well as maintained 

hepatic \ itamin E levels nearer control. In addition, DHEAS supplementation increased 

resistance to cr\'ptosporidiosis in aged mice. Our study suggests that DHEA(S) alone and 

especially DHEAS plus antioxidant nutrients can prevent immune dysfunction in aging as 

well as aging, retrovirus infected mice. 

Chronic ethanol (EtOH) consumption causes immune dysfunction and furtlier 

exacerbates immune dysfunction and cytokine imbalance during MAJDS. DHEAS 
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supplementation during MAIDS with EtOH consumption partially restored immune 

function, prevented the further dysregulation of cytokines and hepatic lipid peroxidation, 

and maintained hepatic vitamin E levels to near normal levels. 

Coxsackievirus B3 (CVB3) initiates myocarditis especially in the 

immunologically deficient. EtOH or cocaine as a cofactor may exacerbates CVB3 

cardiomyopathy in .A.IDS patients. In our study, the resistant mouse strain to CVB3 

become susceptible due to the immune dysfunction in MAIDS. EtOH consumption or 

cocaine injection during MAIDS greatly exacerbated the pathogenesis of CVB3 infection 

and showed significant heart lesions. Our data suggest that EtOH consumption or cocaine 

injection shifted the cytokine balance in favor of a Th2 response, by enhancing Th2 

cytokine and/or by suppressing Thl cytokine function. MAIDS facilitated severe 

cardiotoxicity during CVB3 infection. MAIDS with EtOH consumption or cocaine 

injection was more susceptible to cardiotoxicity of CVB3 than the retrovirus infection 

alone. 
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CHAPTER 1 INTRODUCTION 

I.I.AIDS and MAIDS 

1.1.1. AIDS 

Human acquired immune deficiency syndrome (AIDS) is a complex disease 

induced apparently by the human immunodeficiency virus (HIV). HIV infection and 

AIDS are major problems that have had a tremendous impact on the morbidity and 

monality among afflicted group and have generated considerable interest worldwide. 

.AIDS has become a major health threat to populations in the world. In the United States 

one person dies every 11 minutes due to complications of the HIV infection. An 

estimated 5.8 million new HIV infections of adults and children occurred worldwide in 

1997. This translates to about 16.000 new infections per day, with 90% of new infections 

in developing counuies (1). AIDS is characterized by severe immune deficiencies that 

render the body highly susceptible to opportunistic infection and tumors, with resultant 

progressive failure of multiple organ systems. Various cofactors have been implicated in 

the progression from HIV infection to AIDS. It has been hypothesized that repeated 

e.xposure to HIV. malnutrition, coincident infections, and use of recreational drugs such 

as heroin, marijuana, cocaine and alcohol, alone or in combination, may increase the 

susceptibility of host to HIV infection (2). Cardiac abnormalities in HIV and AIDS 

patients are relatively common. It is caused by HIV itself, lymphocytic infiltration or 

secondary opportunistic infection, such as cardiotropic viral agent, with immune 
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dysfunction (3). The abnormalities are also seen more often in HIV-infected patients who 

are drug users (3). 

1.1.2. Murine AIDS 

Murine acquired immunodeficiency syndrome (MAIDS) is a disease that 

develops in susceptible strains of mice infected with a mixture of murine leukemia 

viruses (MuLVs) designated LP-BM5 MuLV and shows many similarities with human 

AIDS. Although MAIDS and AIDS are not identical and are induced by different 

retroviruses of classes, the availability of such a model in an easily accessible small 

animal species, whose genetics is very sophisticated, may be instrumental in 

understanding the pathogenesis of AIDS if some of the cellular and molecular affected 

pathways are common in both diseases (4). The etiologic agent in this mixture has been 

shown to be a replication-defective virus (BM5d) with a 4.8-kb genome that required 

replication-competent helper viruses, primarily ecotropic (BM5e). for cell-to-cell spread 

in the host (5). 

A murine AIDS model, induced by LP-BM5 MuLV in genetically susceptible 

mice such as the C57BL/6 strain, has helped to investigate pathogenesis of AIDS and 

new treatment tests (6). LP-BM5 MuLV-infected mice characteristically develop 

h>pergammaglobulinemia, splenomegaly, lymphadenopathy, T-cell functional 

deficiency. B-cell dysfunction, and susceptibility to opportunistic infections. The 

similarities between murine AIDS and human AIDS are striking, with similar changes in 
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immune functions. T-cell differentiation, cytokine production, disease resistance, and 

oxidative stress (6). 

LP-BM5 MuLV cause a severe immunodeficiency. All the T cell functions were 

found to be abnormal, including T cell blastogenic response to mitogen, the cytotoxic T 

cell generation and the help T cell function for antibody production in vitro (4, 5). The B 

cell functions were also found to be abnormal: these include their response to 

lipopolysaccharide (LPS) and their ability to produce a specific antibody response to 

antigen (5). The alterations of cytokines have also been observed in these mice. IL-2 

production of spleen cells to mitogens was found to be decreased (4). The macrophages 

from mice infected with LP-BM5 MuLV were found to produce IL-lp and to release 

enhanced levels of IL-6 and IL-ip after stimulation with LPS, whereas IFN-y and TNF-a 

were decrease (7). 

The hypotheses have been proposed to explain the mechanisms by which the 

defective MAIDS virus induces this severe immunodeficiency syndrome (4). The 

hypotheses is that the Pr60®"®, which would be present on the surface of infected B cells, 

would stimulated polyclonal activation of helper T cells, leading the production of 

lymphokines that would provide secondary stimuli to activate various other T cells, B 

cells, and macrophages (4, 8). Pr60"- may act as an antigen to lead to destruction of the 

entire immune system instead of inducing a more usual immune response (4). 
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1.1.3. Immune Dysfunction of Human AIDS and Murine AIDS 

The immune dysregulation observed in individuals infected with human HIV 

during progression toward AIDS could be accounted for by a shift from a Thl to a Th2 

cytokines profile (9). A dominant Thl cytokine profile, alone with the strong cellular 

immune response it promotes, would be more protective against disease progression than 

a dominant Th2 cytokine profile and its associated antibody responses (9). The 

progression of HIV-infected subjects to AIDS was postulated to be controlled by the 

balance between Thl cytokines (mainly enhancing cell-mediated immunity) and Thl 

cytokines (mainly augmenting antibody production). The progression is characterized by 

loss of interleukin-2 (IL-2). IL-12 and interferon gamma (IFN-y) (Thl cytokines) by 

peripheral blood mononuclear cells of HIV-seropositive patients. Production concomitant 

with increases in lL-4, IL-6 and IL-10 (Th2 cytokines). The hypothesis was supported by 

the observation that a strong Thl/weak Th2 cytokine production profile was observed in 

HIV-seropositive patients with delayed or absent disease progression, whereas 

progression of HIV infection was characterized by a weak Thl/strong Th2 cytokine 

production profile. Many seronegative, HIV-exposed individuals generate strong Thl 

responses to HIV antigens. The imbalance in the Thl and Th2 responses contributes to 

the immune dysregulation associated with HIV infection. The resistance to HIV infection 

and/or progression to AIDS are dependent on a Thl or Th2 cytokines dominance (9. 10). 

Peripheral blood mononuclear cells (PBMC) of HIV-seropositive individuals are 

susceptible to antigen-induced cell death (AICD) after antigen recognition via T-cell 

receptor (TCR). While TCR-induced AICD is seen in CD4^ and CD8^ cells, a 
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programmed cell death induced by recall antigens is preferentially observed in CD4" 

cells, a situation more closely resembling the CD4 depletion of HIV infection (10). 

Because Thl cytokines reduce, whereas Th2 cytokines augment T-lymphocyte AICD, an 

increase in the concentration of Th2 cytokines could result in the decline in CD4^ cells 

seen in HIV infection (10). In vitro T-cell receptor-induced programmed cell death in 

both activated T cells from human immunodeficiency virus-seronegative (HIV) donors 

and resting T cells from HIV"^ donors was substantially influenced by cytokines. Addition 

of exogenous recombinant Thl cytokines IFN-y and IL-2, as well as the macrophage-

produced lL-12, which favor cell-mediated T-cell responses, blocks both systems of T-

lymphocyte programmed cell death. In contrast, the Thl cytokines IL-4 and IL-IO, which 

fa\ or antibody responses, either had no effect or enhanced these systems of in vitro T-cell 

programmed cell death. A role for endogenously produced cytokines was suggested by 

the inhibition of T-cell receptor-mediated death by antibodies against lL-4 and IL-IO and 

its enhancement by anti-IL-12 in cultures containing monocytes. These results 

demonstrate that the functional properties of Thl and Th2 cytokine classes may be 

further extended to include their effects on T-cell programmed cell death and their 

possible role in the pathogenesis of HIV infection (11. 12). The imbalance of Thl 

cytokine and Th2 cytokine play a significant role in progression to AIDS, and can 

potentially account for the decline in €04" Th-cell coimt (12). 
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1.2. Coxsackieviruses 

Coxsackieviruses have been established as highly prevalent human pathogens and 

cause a wide spectrum of clinical diseases, including aseptic meningitis, myalgia, 

myocarditis, pharyngitis, conjunctivitis, hand-foot-and-mouth disease, and possibly some 

cases of juvenile diabetes mellitus (13). Coxsackievirus group B, type 3 (CVB3), an 

enterovirus in the Picomaviridae family, is an etiologic agent of virus-induced 

myocarditis (14. 15). Ten million Americans are infected by group B coxsackieviruses 

everv' year. Ai least 5% of these people experience an infection of the heart with an 

unknown proportion developing myocarditis. About 10-65% of biopsies are 

coxsackievirus positive for patients with clinical diagnoses of myocarditis or unexplained 

heart failure (13). Patients with myocarditis have elevated levels of antibody to 

enterovirus proteins and enterovirus nucleic acids (16-18). CVB3-induced myocarditis is 

an immunopathologic disease in which the host's immune system, once triggered by the 

virus, is the major contributor to heart pathology (14). Suggested mechanisms include the 

de\elopment of heart neoantigen. the cross-reactivity between virus and heart myosin, 

and the development of heart-reactive cytolytic T cells (19). Clearly, the immune system 

is required for virus clearance: as severe combined immunodeficient mice develop 

cardiac necrosis with a high rate of mortality during CVB3 infection (20). 

The lesions in mice closely resemble those seen in the human disease; primary 

lesions consist of necrotic foci surrounded by mononuclear cells that are found 

throughout the ventricles and, to a lesser extent, in the atria. In the chronic stage, necrotic 

foci are replaced with connective tissue and calcification, and the number of mononuclear 



cells is diminished. Some strains of mice, like C57/B16, will maintain the chronic disease 

up to 16 days. The inflammatory cell population in the lesions consists primarily of 

macrophages and includes CD4^and CDS'" T cells, B cells, and natural killer (NK) cells, 

with the CDS subset of cells as the majority in this subpopulation (21). 

1.3. Aging 

Age related deterioration in the function of the immune system has been 

recognized in many species. Immunosenescence is an age-associated dysregulation of 

immune function, which may contribute to the increased susceptibility of the elderly to 

infectious disease, and an increased incidence of autoimmune disease and certain cancer 

(22). The clinical presentations of such immune dysfunction are an age-related increased 

susceptibility to certain infections, and an increased incidence of autoimmune disease and 

certain cancers (23). Cellular and humoral immunity decline during aging. Age-related 

changes in immunity primarily involve alteration in T cell function, including a decreased 

proliferation response of T cells to mitogens (24. 25), and dysfunction of cytokine 

production. Age-associated immunosenescence also includes changes in the number and 

function of other cells of the innate immune system. 

1.3.1. .Aging and Thymus 

The investigations reveal a reduced ability of the cells from older individuals, 

compared with younger individuals, to perform in functional in vitro assays. These 

manifestations are thought to be causally linked to an age-associated involution of the 
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thymus, which precedes the onset of immune dysftmction. Hypotheses to account for the 

age-related changes in the thymus include: (i) an age related decline in the supply of T 

cell progenitors from the bone marrow (ii) an intrinsic defect in the marrow progenitors, 

or (iii) problems with rearrangement of the TCR beta chain because of a defect in the 

environment provided by the thymus. The specific cytokine replacement therapy leads to 

an increase in thymopoiesis in old animals (23) 

1.3.2. Aging and T cell 

The ability to mount primary immune responses relies on the availability of naive 

T cells (26). Naive T cells vvere identified as CD95(-) T lymphocytes for their phenotypic 

and functional features. Naive CD95(-) T cells require a costimulatory signal, such as 

CD28. to optimally proliferate after antigen stimulation. The evaluation of circulating 

naive T-cell reservoir throughout the human life span showed that naive T cells decreased 

sharply with age. comparing the younger subjects. Surprisingly, the naive T-cell count 

was lower in CD8(+) than in CD4(+) subsets at any age. Concomitantly, a progressive 

expansion of CD28(-) T cells occurs with age, which can be interpreted as a 

compensatory mechanism. These facets provide new insights into age-related T-cell-

mediated immunodeficiency and reveal some analogies of T-cell dynamics between 

advanced aging and human immunodeficiency virus (HIV) infection (26). Aging humans, 

comparing young controls, found that decreased proliferation of T cell to mitogen was 

associated with a reduced number of naive CD4"*" cells. Aged naive CD4 T cells produce 

low levels of IL-2, leading to inefficient generation of effectors. The cells expand poorly. 



giving rise to few effectors with less activated phenotypes and reduced ability to produce 

cUokines. The aged cells also respond less vigorously in vivo. Addition of exogenous IL-

2 or other gamma(c) receptor-signaling cytokines, restores expansion. The defect in IL-2 

production may be the only critical deficiency of aged naive CD4 T cells. Importantly, 

memory CD4 T cells generated from the lL-2 "restored" effectors are also deficient in IL-

2 production, suggesting that a heritable change occurs during aging which effects 

production of IL-2 by resting naive and memory CD4 T cells, but not by optimally 

generated effectors (27). Furthermore, a low IL-2-stimulated proliferation was correlated 

with a decreased mitogen response in the elderly cohort, whereas reciprocal interactions 

of IL-10- and IL-2-producing cells were of importance in both elderly and young subjects 

(28) .  

Both CD4* and CDS" T cell subsets from aged subjects demonstrated increased 

sensitivity to TNFR-mediated and Fas-mediated apoptosis that was associated with over 

expression of death receptors and adapter molecules associated with death signaling. An 

increased expression and activity of both initiator (caspase 8) and effector (caspase 3) 

caspases was observed in lymphocytes from aged subjects as compared to young 

individuals. Furthermore, an increased expression of Bax and decreased expression of 

Bcl-2 (both at the protein and mRNA level) was found in lymphocytes from aged 

subjects. These data suggest that increased sensitivity of lymphocytes from aged subjects 

to death signals may play an important role in the pathogenesis of lymphopenia and T 

cell deficiency associated with the aging process (29). 
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1.3.3 Aging and Natural Killer Cells 

Age-associated immunosenescence also includes changes in the number and 

function of other cells of the innate immune system. Natural killer (NK) cells are 

cytotoxic cells that play a critical role in the innate immune response against infections 

and tumors. Recent studies on NK cell biology have demonstrated that besides their 

cviotoxic function. NK cells express cytokine and chemokine receptors and also that they 

secrete other immunoregulatory cytokines and chemokines, supporting their relevance in 

the regulation of the immune response by promoting downstream adaptive, Thl 

mediated, responses against infections. There is a general consensus that a progressive 

increase in the percentage of NK cells with a mature phenotype occurs in elderly donors 

associated with an impairment of their cytotoxic capacity when considered on a "per cell" 

basis. The response of NK cells from elderly individuals to IL-2 or other cytokines is also 

decreased in tenns of proliferation, expression of CD69 and killing of NK-resistant cell 

lines. Furthermore, early IFN-y and chemokine production in response to IL-2 or IL-12 is 

also decreased. However aging does not significantly alter other NK cell functions such 

as TNF-a production or perforin induction in response to IL-2. The percentage of T cells 

that co-express NK cell markers is also increased in aging. These results indicate that the 

increase in the number of "classical" mature NK and NK/T cells in aging is associated 

with a defective functional capacity of NK cells. Low NK cell number or function in 

elderly individuals is associated with increased mortality risk and increased incidence of 

severe infections, supporting the role of NK cells in the defense against infections in the 

elderly (30). 
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1.3.4. Aging and Cytokines 

Reflective of age-associated decline in immune function among elderly 

individuals is a decrease in vitro T cell proliferative ability. Impaired T cell proliferation 

in the elderly may result from disruption of the well-balanced network of regulatory 

cytokines produced during an immune response (31). The Thl/Th2 paradigm, first 

described in mice and less well-documented in humans, categorizes immune response to 

antigen as predominately cellular (Thl) or humoral (Th2). Each response is characterized 

by a unique set of cytokines. lL-2, IL-12, and IFN-y are associated with Thl responses, 

while lL-4. IL-5. IL-6, and IL-10 are prominent in Th2 responses (32). An adequate and 

appropriate cytokine production is crucial for an optimal immune response. A change 

from predominate Th 1 to predominate Th2 responses to antigens with an accompanying 

shift in cytokine profiles has been proposed as a mechanism for age-related immune 

dysfunction (33). Thl cytokines are primarily involved in activating cellular immune 

defenses. In animal models, suppression of Thl cjtokine production explains the loss of 

disease resistance that occurs with aging and in diseases such as AIDS (34). 

Interleukin-6 (IL-6) is a proinflammatory cytokine that is normally tightly 

regulated and expressed at low levels, except during infection, trauma, or other stress. IL-

6 is a potent mediator of inflammatory processes, and it has been proposed that the age-

associated increase in IL-6 accounts for certain of the phenotypic changes of advanced 

age. particularly those that resemble chronic inflammatory disease (35). Furthermore, the 

age-associated rise in IL-6 has been linked to lymphocyte proliferative disorders, multiple 

myeloma, osteoporosis, and Alzheimer's disease. With age, however, this tight regulation 
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seems to be relaxed, and measurable levels of IL-6 appear in the plasma without stimulus. 

Aberrant outcomes, such as a persistent acute phase response, continual nonspecific B-

cell proliferation, or enhanced osteoclast activity, represent some of the pathologic 

conditions related with aging (36). 

Interleukin-lO (IL-10) is a regulatory cytokine produced by T cells, monocytes, 

macrophages, as well as various other cells including B cells and keratinocytes (37). IL-

10 effects on T cells are mainly inhibitory. IL-IO has been shown to reduce T cell 

proliferation as well as the synthesis of various T cell cytokines (38). IL-IO has been 

shown to inhibit T cell proliferation through a number of mechanisms including 

downregulation of MHC II and costimulatory molecules on APC (39, 40). In addition. 

IL-IO inhibits IL-2 and IFN-y synthesis by T cells (32. 41). Thus, high levels of lL-10 

could account for observations of decreased IL-2 and IFN-y production by elderly PBMC 

(42). Because IL-2 is an important T cell growth factor, IL-10 inhibition of IL-2 synthesis 

could further inhibit T cell proliferation (38). IL-10 appear to be constitutively expressed 

in old age and may therefore be continuously exerting its influences on all IL-10 

responsive cell types (43). Many age-associated changes in B cell. T cell, macrophage 

functions that define the immunosenescent phenotype (44. 45) may be closely linked to 

dysregulated control over endogenous IL-IO production. IL-10 is produced by activated 

various lymphoid cells, particularly CD5+ B cell, numbers of which are elevated wth 

advancing age (46. 47) and also implicated in the production of autoantibodies in the 

elderly (48). 
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The Th2 cytokines can inhibit Thl cytokine production and have major roles in 

stimulating B cells to mature and produce immunoglobulins. Their actions facilitate 

immunesuppression and growth of leukemia and autoantibodies, which are common in 

older individuals. Altered B cell function with aging is also evidenced by a decreased 

ability to generate antibodies and decreased effectiveness of vaccines to confer immunity. 

In contrast to T cells and B cells, the number and activity of NK cells have been reported 

to either increase (49. 50) or remain the same (51) in the aging population. The role of the 

immune system in degenerative processes, and susceptibility to malignant processes 

needs further investigation. 

1.3.5. Aging and .Antibodies 

The lower avidity and/or affinity of antibodies generated by an aged immune 

system could be attributed to two major changes in the antibody repertoire: a shift in 

germline gene usage and a decrease in the rate of immunoglobulin hypermutation. 

Significantly lower levels of somatic mutation were found in the aged group, both for 

complementarity-determining regions (CDRs) and framework regions (FRs) encoding 

Vk4 sequences. This decrease mostly affected mutations responsible for replacements 

and thus resulted in a lowered somatic diversification of the encoded Vk4 proteins in 

aged individuals. Moreover, comparison of the CDR3 regions of the Vk4-Ck cDNA 

revealed changes in light-chain junctional diversity that correlated with age. Altogether 

these data suggest an impaired light-chain somatic diversity in connection with human 

senescence. 
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1.3.6. Aging and HIV Infection 

Age is an important predictor of progression in HIV infections. Not only do older 

individuals develop AIDS more rapidly than younger persons, they die more quickly after 

developing an AIDS-defming illness. A study showed that the destruction of T cells in 

both young and old HIV infected patients progress at the same rate. HIV 1-infected cells 

from older individuals do not appear more susceptible to immune mediated destruction. 

The more rapid progression appears due to an inability of older persons to replace 

functional T cells that are being destroyed. These findings suggest that improved survival 

in older HIV infected individuals will require more aggressive antiretroviral therapies as 

well as continued research to identify and preserve immune system elements that control 

the virus. 

In addition, a number of alteration in B cell function are also observed in aging, 

which may result primarily from changed regulation, e. g. by T cells (52). There is an 

increased likelihood to of autoantibody production and the emergence of monoclonal 

antibodies and other lymphoproliferative disorders. 

1.3.7. .Aging and Cryptosporidium Parvum Infection 

During the past two decades, Cryptosporidium parvum has gained recognition as 

an important enteropathogen of mammals, including humans (53, 54). Cryptosporidiosis 

in mammals is caused by the coccidian parasite Cryptosporidium parvum. The disease is 

more severe in neonates and immunocompromised hosts than in immunocompetent 

adults (55). In healthy individuals, the disease is characterized by a self-resolving 
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diarrhea that clears in 1-2 weeks (56). In high-risk groups, which include very young or 

malnourished individuals, patients with acquired immune deficiency syndrome (AIDS), 

and immunosuppressed individuals, cryptosporidiosis can be severe and even life 

threatening (56). Though numerous drugs have been clinically evaluated, none has 

proven uniformly effective in treating cryptosporidiosis (57). 

The immune status of the host plays a critical role in determining the length and 

severity of C. parvum infection (57). Both cellular and humoral immune systems are 

required for control of infection. Decrease of T-lymphocyte function may lead to 

persistent cryptosporidiosis and patient with hypo-gammaglobulinemia or isolated IgA 

deficiency may develop chronic cryptosporidiosis (57). With advancing age there is a 

concomitant increase in the incidence of many infections and cancers (58). Age-related 

changes in immunity primarily involve defects in T cells function, including a diminished 

proliferative response of T cells to mitogen and dysregulation of cytokine production 

(53). Synthesis of lL-2, lL-3 and granulocyte/monocyte colony-stimulating factor is 

significantly reduced in cells derived from aged animals and humans, whereas their 

production from IL-4. lL-6 and IL-IO is markedly increased (59). Altered B cell function 

also occurs with aging, as evidenced by a decreased ability to generate de novo antibody 

response and decreased effectiveness of some vaccines to confer immunity (60). Severe 

crvptosporidiosis may occur in otherwise healthy, elderly patients (61). These patients 

presented with clinical signs comparable to signs present in immunocompromised 

individuals. In addition, there was increased susceptibility of aged hamsters to 

cr> ptosporidial infections compared young hamsters (62,63). 
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1.4. Cofactor of HIV Infection 

Infection by the HIV causes profound dysfunction of cellular and humoral 

immune responses (64). It has been reported that many people who are exposed to or 

infected with HIV do not necessarily manifest rapid disease progression to frank AIDS, 

suggesting that, in addition to the etiologic agent HIV-1, cofactors may excite which 

affect the disease progression. Thus it has been hypothesized that repeated exposure to 

HIV, malnutrition, coincident infections, and use of recreational drugs such as heroin, 

marijuana, cocaine and alcohol, alone or in combination, may increase the susceptibility 

of host to HIV infection (2). 

1.4.1 Alcohol and AIDS 

The observation that infections are more prevalent and virulent in alcoholism can 

back to 200 year ago. Benjamin Rush found that tuberculosis, pneumonia, and yellow 

fever as complications of alcohol (65). Acute and chronic alcohol consumption could be 

one of those cofactors, which might play a role either in the acquisition and/or in the 

subsequent development of AIDS. In the United States human immunodeficiency virus 

(HlV)-seropositive individuals are more likely to consume alcohol (82%) and be 

categorized as alcohol abusers (41%, MAST score >5) than the general population (66). 

These factors make it paramount to understand the impact of alcohol consumption on the 

progression of HIV disease. Heavy alcohol consumption accelerates progression from 

HIV infection to AIDS (67). Greatly increased alcohol use stimulated HIV replication 

and suppressed immune defenses and promoted progression to AIDS (68). Alcohol abuse 
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was significantly more common in the AIDS group than in either the HIV positive or the 

HIV negative groups. The relative risk of AIDS was 3.8 times higher in the heavy 

drinkers than in moderate drinkers (69). A history of heavy alcohol consumption is more 

common in intravenous drug abusers with AIDS than in intravenous drug abusers at 

earlier stages of HIV disease. 

Furthermore, alcohol could modify the spread of the virus, the host's resistance 

and the development of opportunistic infections, because of its depressive effects on the 

human immune system (70). This immunosuppressive effect was suggested by the 

increased expression of HIV replication when alcohol was added in vitro to HIV-infected 

lymphocytes (71). In HIV-positive alcoholic patients alcohol withdrawal significant 

increased the CD4 cell count (72). There is no doubt that chronic excessive drinking is a 

major cofactor for HIV infections and that association of alcohol and HIV infections are 

highly deleterious. 

Our previous studies (73) showed that chronic alcohol consumption may be one 

of the cofactors accelerating development of human acquired immune deficiency 

syndrome (AIDS) after retrovirus infection. EtOH consumption further exacerbated 

cytokine dysregulation in MAIDS and further suppressed T-cell proliferation caused by 

retrovirus infection (73). Ethanol accentuated the loss of disease resistance due to 

retrovirus infection (74, 75). 
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Alcohol and Immunity 

A number of studies have suggested that the prolonged or excessive consumption of 

alcohol is associated with immune suppression (76, 77), and can alter both specific (78, 

79) and nonspecific immunity (80, 81), thus leading to an increased susceptibility to 

variety of infection. Alteration include changes in the cell number (82) and composition 

of lymphoid tissues (83), impairments in T cell proliferation (84) and B-cell antibodies 

production (85. 86), changes in cytokine production (87), and changes in macrophage 

activation (88). as well as granulocyte mobility and function (89). 

After alcohol consumption a small fraction of alcohol (5-10%) is excreted. The 

rest is metabolized by the liver (70-80%) and other organ (10-15%). Alcohol and it 

metabolites bathe circulating lymphocytes in subjects who consume alcoholic beverages 

(90). It is hypothesize that alcohol and its metabolites induce direct as well as indirect 

immunotoxic effects (91). Indirect outcomes could result from nutritional deficiency and 

neuroendocrine system dysfunction. Alcohol leads to notable dysfunction in secretion of 

pituitary-adrenocortical hormones in animals and humans: a significant, albeit transient 

elevation in plasma Cortisol is obtained under experimental controlled conditions in the 

laboratory when normal subjects drink an alcoholic beverage (92). Gucocorticoids and 

cenain pituitary hormones modulate the function and migration of T-cells (89). 

Bidirectional communication among the immune, endocrine, and nervous system is 

necessarv' for an effective immune response (89, 90). 

The ability of T cells to engage in the appropriate immune response depends on 

their competence to be activated adequately following exposure to pathogen. T-cell 
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activation is monitored as transmembrane and transcytosolic signaling events, overall 

cellular metabolic activity, production of cytokines and their receptors, and clonal 

expansion and proliferation (90). Depending on the antigenic and endocrine environment 

during immune activation, either of two polarized end stages of T-cell maturation can 

result, which are distinguished by the pattern of cytokines they produce. This dichotomy, 

determine in partly by the pathogen, contributes to regulate and determine the type of 

cellular immune process in given clinical conditions. When the Thl pattern 

predominates, cytokine responses promote the generation and activation of natural killer 

and lymphokine-activated killer cells and cytotoxic T-lymphocytes for the elimination of 

virally infection. When the Th2 pattern predominates, then cellular immune events 

converge to favor the generation, maturation, and regulation of B-cells for the production 

of immunoglobulins (90). 

CD4* and CD8^ lymphocytes are the main subsets of CD3^ T-cells. CD4* CDS" 

T-cells can be stimulated in vitro with a variety of T-cells mitogens. Stimulation triggers 

several molecular and biochemical events that include transmembrane signal activation, 

progression through G1 and first round of cells division, expression of membrane makers 

of activation (e.g., CD25, CD26, and CD7I), production of cytokine, and clonal 

expansion which is detected as a 100- to 1000-fold increase in [^H]thymidine 

incorporation into DNA during the S-phase of the 3rd or 4th cell division (93). Exposure 

to alcohol in vitro inhibits mitogen-induced proliferation of CD3^ T cells; activation of 

lymphocvtes from alcoholics or from animals chronically fed alcohol show blunted T-cell 

proliferative responses. Alcohol abuse also alters the distribution and possibly the 
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migration of certain T-celi subsets, and blunts the number of circulating CD8^ and CD4^ 

that bear CD61L. the peripheral lymph node homing receptor (90). One possible 

mechanism that alcohol inhibits the pathway of activation may take place at site of p56''^'' 

kinase, a lymphocyte-specific tyrosine-specific protein kinase, which is involved in the 

control of lymphocyte proliferation (93). 

Migration is another crucial aspect of T-cell-mediated immune responses. Alcohol 

can blunts the lymphocyte recirculation. The circulation and migration of lymphocytes is 

rapid, selective, and efficient process mediated at the molecular level, and expression of 

membrane adhesion and homing receptors, which is also finely regulated by the state of 

activation of lymphocytes (93). The interaction between certain lymphocyte membrane 

receptors and their respective endothelial ligands regulate T- and B-cell migration and 

homing patterns. Alcohol abuse alters the distribution of certain T-cells subsets, and 

alcohol abusers demonstrate decreased number of circulating CD8+ and CD4+ that bear 

the CD62L homing receptor (94). Furthermore, chronic exposure to alcohol alters 

immune defense mechanisms and results in significant endothelial hispathology (90). 

Thl/Th2 Immunity and Alcohol 

Evidence is accumulating to suggest the existence of polarized animal and human 

T-cell responses according to the offending agent, the type of immune cell encountered, 

and the cytokine environment in which the response occurs (95). The studies show that 

the cells of the immune system respond to infectious agents along two broad pathways: 

cell-mediated immunity and humoral immunity. Within these pathways are further 
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distinctions based on the type of infectious agent and cytokine environment that 

stimulates the response most strongly (96). Thl responses are predominately cell-

mediated and are stimulated most strongly by IL-2 and IFN-y. Th2 responses are 

predominantly humoral and are stimulated most effetely by IL-4, IL-5, and IL-10 (95, 

96). The polarized Thl and Th2 responses not only play different roles in protection, they 

can also promote different immunopathological reactions. Strong and persistent Thl 

responses seen to be involved in organ-specific autoimmunity. In contrast, polarized Th2 

responses favor a reduced protection against the majority of infectious agents (including 

HIV) and. in genetically predisposed hosts, are responsible for triggering of allergic 

atopic disorders (95). The regulation of Thl/Th2 balance is important. Thl and Th2 

responses tend to be mutually inhibitory. Accumulating evidence points toward the 

monocyie and other cell type as critical in initial interpretation of offending agent and 

production of appropriate cytokines that stimulated either a Thl or Th2 response (97). 

Monocytes can contribute to both Thl (IL-12) and Th2 (IL-IO) immune responses via 

production of IL-12 and IL-10. respectively (98). 

Thl cells preferentially develop during infections by intracellular bacteria and 

trigger phagocyte-mediated host defense, whereas Th2 cells, which predominate during 

helminthic infestations and in response to common environmental allergens, are 

responsible for phagocyte-independent host response. The cytokine profile of "natural 

immunity" evoked by different offending agents in the context of different host genetic 

backgrounds appears to be the most critical factor in determining the phenotype of the 

subsequent specific response. IL-12 and IFN-y produced by macrophages and NK cells 
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unidentified cell type favors the development of Th2 cells. Clearly, polarized Thl and 

Th2 responses not only play different roles in protection, they can also promote different 

immunopathological reactions. 

It has been proposed that the immune abnormalities of the chronic alcoholic are 

the result of polarization toward excess Th2 function (99). Evidences in animal studies 

have shown that alcohol consumption can shift the Thl/Th2 balance toward Th2 excess 

in animal with primary infections (77, 100). The changes in cytokine production also 

observed in human studies. Normal human monocytes exposed to alcohol in vitro 

increased IL-IO production, but not IL-2 (98). Evidences obtained in study of the T-cell 

receptor transgenic and conventionally immunized mice also demonstrate that EtOH 

consumption directly affects antigen presenting cells that, in turn, shift Thl to Th2 

predominately response patterns (101). 

Alcohol and Cytokines 

Cytokines are a vast network of regulatory molecules. Many different types of 

these cytokines are secreted by cells of the immune system. The changes in their balance 

have profound effects on the function of immune cells. The body ability to mount an 

antigen-specific response is directly dependent on the production of cytokines (102). 

Alcohol has been shown to affect production of some of these cytokine. 

Alcohol abuse is typically associated with impaired immunity and increased host 

susceptibility to infection, partially due to decreased inflammatory response. Acute EtOH 
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exposure has been shown to down-reguiate monocyte production of inflammatory 

cytokines (106). TNF-a, a cytokine produced primarily by monocytes and macrophages, 

is an important mediator of diverse inflammatory processes. The role of TNF-a has been 

established in septic shock, in induction of acute-phase responses, and as a mediator of 

wasting in chronic diseases. It is suspected that TNF-a may also be involved in numerous 

chronic inflammatory illnesses of both infectious and noninfectious etiology, including 

alcoholic related diseases. Alcohol-induced suppression of TNF-a has been implicated as 

a potential risk factor for secondary infection in AIDS (107). TNF-a has been shown to 

be responsible to kill a variety of intracellular pathogens, which mechanism can be 

abrogated by EtOH uptake (108). In addition, TNF-a has regulatory potential on variety 

of immune functions, including neutrophil leukocyte adhesion and chemotaxis and T-

lymphocyte functions. Many of these immune functions are impaired after alcohol 

exposure (109). 

Acute alcohol feeding of mice has been shown to decreases the production of the 

inflammatory cytokine. TNF-a (103). In vitro e.xposure of human blood monocytes have 

also shown to dovvnregulate TNF-a induction in response to various bacterial inducers 

(102. 104). Inhibition of TNF-a production is partially mediated by an alcohol-induced 

elevation in IL-10 production in vitro (110). IL-IO is a potent inhibitor of antigen-specific 

T-cell proliferation and monocyte production IL-2, a mediator pivotal in induction of 

Thl-type T cell activation and IFN-Y production by T cells and natural killer cells (105, 

111). In addition, activation of the pluripotent transcription factor NFkB is a pivotal step 
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in the induction of inflammatory cytokines, chemokines and growth factors (106). 

Alcohol inhibits LPS-induced NFkB activation in human monocytes by decreasing DNA 

binding of the p65/p50 heterodimer. Alcohol prevents LPS-induced nuclear translocation 

of p65 and to a lesser extent that of the p50 subunits. NFkB activation is regulated via 

phosphorylation and proteolytic degradation of IkB. Alcohol decreased the levels of 

phospho-specific IkB (Ser32) (106). 

IL-6 is pleiotropic cytokine that play an important role in the generation of the 

acute phase and inflammatory responses. In the immune system, it is involved in T-cell 

activation, growth, and differentiation as well as in B-cell proliferation and mutation (36). 

Data from clinical studies as well as animal models of trauma and sepsis have shown that 

elevations in IL-6 production can be directly correlated with suppressed cellular immune 

responses and poor clinical prognosis (112). IL-6 production is known to be elevated in 

both acute and chronic models of EtOH consumption (112-114). IL-6 has been reported 

to be present at increased levels in the serum of patients with alcoholic cirrhosis than in 

noncirrosis control (115). Retrovirus-induced elevated release of IL-6, produced by 

lipopolysaccharide (LPS)-stimuIated splenocytes. was further increased in EtOH-fed 

mice (116). 

IFN-y possesses a great variety of immunostimulating effect. It regulates 

production of other cytokines and the development of functional cellular immunity 

during infection with its direct cytotoxic effects against invading parasites and viruses. It 

has antiviral activity and is a most potent stimulant of macrophages and natural killer 

cells and causes expression of class II histocompatibility antigens on a number of 
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different cells, rendering these cells able to present antigens on its surface to the immune 

system (117). In vitro alcohol consumption significantly inhibits spontaneous and 

mitogen-induced secretion of IFN-y by human peripheral lymphoc>tes of health donors 

(117). Spleen cells from C57BL/6 mice maintained on alcohol containing liquid diet for 

two weeks produced significantly less interferon than control mice (118). At the early 

phase of Trichinella spiralis infection, EtOH consumption suppressed EtOH-fed animals 

showed a decreased secretion of IFN-y by mesenteric lymph node cells, compared with 

pair-fed controls. Suppression of this early inflammatory response to infection in the 

EtOH-treated groups resulted in a slower rate of expulsion of intestinal adult worms and a 

higher fecundity rate for female worms, compared with pair-fed controls (77). IL-12 

produced by monocytes is a pivotal signal for differentiation of THO T cell toward a Thl-

type response. However, monocyte lL-12 production is highly sensitive to regulatory 

signals, particularly to induction by IFN-y and inhibition by IL-10 (98, 111). IFN-y is a 

key inducer in concert with IL-12 for development of Th-1 type immune response. IFN-y 

provides a direct costimulatory signal to T cells to up-regulate lL-12-induced Thl 

development and may operate by inducing IL-12 responsiveness in naive T cells (119, 

120). IFN-y stimulates monocyte IL-12 production and may decrease the level of Th2 

cviokines. including IL-10, which have the potential to augment Th2 and to inhibit Th-1 

type immune response (111. 121). 
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1.4.2. Cocaine and AIDS 

There is a high prevalence of cocaine abuse among Americans. There is an 

increasing concern over the rise of infectious diseases among individuals in this drug 

abuse population (122). This concern may be due, at least in part, to a direct effect of 

cocaine on the immune system. Prolonged cocaine use has been associated with an 

increased rate of infections including HIV, leading to AIDS (123). Cocaine 

administration reduced disease resistance, thereby facilitating infection by opportunistic 

pathogens (75). In animal studies, cocaine inhibits different immune responses and cause 

cvtokine dysfunction (124). Cocaine suppressed in vitro the responses of mouse and 

human lymphoc>tes to mitogens (125). Cocaine and its degradation products, 

benzoylecgonine. ecgonine. ecgonine methlester. or norcocaine, inhibits antibody 

response to sheep red blood cells (126). Thus cocaine metabolites may be 

immunomodulatory Cocaine induced a dose-related immunosuppression of natural killer 

cell activity. T cells from cocaine-treated mice failed to generate cytotoxic T 

lymphocytes (CTL) in mixed lymphocyte cultures. Acute administration induced a very 

rapid (24-hour) inhibition of natural cytotoxicity, with a return to normal within 72 h 

after treatment. However, repeated doses led to more protracted immunologic 

consequences and a delayed recovery (144 h). Both acute and subchronic cocaine 

administrations significantly increase susceptibility to influenza virus (PR8) infection. 

The results clearly indicate that cocaine has a potent suppressive effect on cellular and 

humoral immunity. Abuse of cocaine can adversely affect the outcome of infectious 

diseases. (127) 
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The indirect effects of cocaine on the immune system could be mediated by 

ACTH. beta-endorphin and corticosterone (128). Cocaine also induces the release of 

adrenocorticortropic hormone (ACTH). beta-endorphin and corticosterone (129, 130). 

These neuroendocrine hormones have multiple effects on the immune system. 

Corticosterone suppresses the immune response (131). Thus, cocaine may modulate the 

immune response by acting directly on the immunocompetent cells or indirectly by 

changing the secretion of neurohormones, leading to reduced disease resistance. 

1.5. Immune Modulation 

1.5.1. DHEA and DHEAS 

Dehydroepiandrosterone (DHEA) and its sulfated metabolite DHEAS are 

endogenous hormones secreted by the adrenal cortex in response to adrenal 

corticotrophine (ACTH) (132). Low serum concentrations of DHEA have been correlated 

with states of decreased immune function in humans, since concentrations are lowest in 

early childhood, late adulthood, and as HIV disease progresses (133. 134). Serum 

concentration of DHEA and DHEAS decrease with advancing age and reach about 5% of 

their peak value in the elderly population (133). This decline is associated with an almost 

complete loss of the irmer zone of the adrenal cortex, known as the zona reticularis (135). 

.Although levels of DHEA and DHEAS decline with age, Cortisol concenuration remains 

fairly constant (136). It has been suggested that the increased cortisol/DHEA ratio result 

in increasing suppression of cellular immunity with advancing age (137). Aging is 
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associated with dramatic changes in T cell cytokine expression, as well as with many 

diseases that have their basis in immune system (34). In aging immune systems, the level 

of Thl cytokines (IL-2 and INF-y) are decreased, while the production of cytokines by 

Th2 cells (lL-4. IL-5 and IL-6) is enhanced (138). Research in aged mice demonstrated 

that administration of DHEA and DHEAS restores Thl cytokines production in aged 

mice to levels equivalent to those found in mature adult mice (137, 139-141). 

Data from animal studies suggest that DHEA enhances immune function. DHEA 

has been shown to protect mice from viral, bacterial and parasitic infections (142). Low 

plasma DHEAS concentrations have been observed in HIV-infected patients (134). 

DHEA concentrations are significantly lower in patients with an advantage stage of HIV 

infection. It has been reported that there is a linear correlation between DHEA serum 

concentrations and both the stages of HIV infection and CD4 cell counts (143). Studies 

have demonstrated that DHEA inhibits HIV replication (144) and latent viral reactivation 

(145) in vitro, leading researchers to believe that DHEA may impede HIV disease 

progression (146). The immunomodulating effects of DHEA may restore immune 

function by enhancing IL-2 production from activated T cells in mice (147, 148). This 

enhancement of IL-2 secretion may help to explain the protection effect of DHEA against 

acute viral infection (149). 

The progression of HIV infection is accompanied by complex alterations in the 

production of adrenal steroids (150). Cortisol levels are increased in HIV infection 

whereas those of DHEA decrease (150). Recent hypotheses propose that DHEA may act 

in a dynamic homeostatic relationship with glucocorticoid activity during HIV infection 
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(151). Cortisol and pharmacological doses of glucocorticoids (GC) suppress IL-2 and 

IFN-y gamma production and favor the production of IL-4. Furthermore, GC and IL-4 

stimulate the differentiation of B-lymphocytes into IgE producing plasma cells, the 

concentration of which augments in HIV infection. Finally, GC induce programmed cell 

death (PCD) in a variety of different cells, including mature T lymphocytes, and Th2 

cvtokines were recently proposed to augment the susceptibility of T lymphocytes to PCD. 

Hypercortisolemia leads to suppression of cell-mediated immunity and stimulation of 

humoral immunity during HIV disease, whereas DHEA may act as a Cortisol antagonist 

by maintaining Cortisol homeostasis and bolstering immune functioning (150). The 

progression of HIV infection to AIDS is also characterized by a shift from a ThI to Th2 

cytokine production. Thus, defective production of INF-y, IL-2, and IL-12 as well as 

increased production of IL-4, IL-5, IL-6. and IL-10 are observed in HIV-seropositive 

individuals and are proposed to be in vitro immunologic marker of progression. It was 

suggested that the progressive shift from Thl to Th2 cytokine production characteristic of 

HIV infection could be at least partially provoked by the increase in the production of 

Cortisol and the reduction of DHEA (150). 

CortisoliDHEAS ratio in plasma has been associated with loss of lean body 

weight in HIV-positive men (152, 153). Malnutrition in HIV-infected patients is 

characterized by a loss of both fat-free mass and fat mass. Glucocorticoids and androgens 

change during the course of the infection and may, in part, play a key role in the protein 

balance. The steroid hormone environment of patients, particularly their cortisolrDHEAS 

ratio, is linked to the malnutrition associated with HIV infection (153). The decreased 
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DHEA and increased Cortisol in patients with the advanced stages of disease could be 

associated with increased protein catabolism (153). Glucocorticoids tend to stimulate 

muscle catabolism. with decreased glucose uptake and metabolism, decreased protein 

synthesis, and increased release of amino acids, and stimulate lipolysis in adipose tissue. 

In contrast, androgens stimulate the formation of the nucleic acids essential for protein 

biosynthesis (153). The decreased DHEA and continued elevated serum Cortisol in 

patients with advanced stages of infection could contribute to a decreased muscle-protein 

anabolism. as well as cause an imbalance between protein anabolism and catabolism. 

DHEA could act as an antiglucocorticoid and antagonize the catabolic action of Cortisol 

(153). DHEA supplementation may also help to impede any increase in the 

cortisol:DHE.A.S ratio. 

DHE.A has been reported to possess antioxidant properties. DHEA treatment 

showed a significant decrease in reactive species and in the formation of end products of 

lipid peroxidation in diabetic rats. Moreover. DHE.A treatment restored the unsaturated 

fatty acid content of the membrane and the reduced glutathione and alpha-tocopherol 

levels to normal level (75). 

1.6. Hypothesis of Study 

The immune dysregulation observed in individuals infected with human HIV 

during progression toward AIDS could be accounted for by a shift from a Thl to a Th2 

c>iokines profile (9). A dominant Th2 cytokine inhibit the cellular immunity and increase 

humoral immunity, causing susceptibility to certain infections and an increased incidence 
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of autoimmune disease and certain cancers, and further increasing death rate. EtOH and 

cocaine, as cofactor, may increase the Th2 cytokines, further increase the HIV infection 

progression to AIDS, opportunistic infection. In our study, we hypnotized that mouse 

infected by LP-BM5 retrovirus and/or aging cause Th2 cytokine increase, T cell 

proliferation decrease, high death rate and susceptible to optimistic infection. EtOH and 

cocaine as co factors, accentuate the immune function in retrovirus infected mice and 

increased the heart tissue damage by CVB3 (Figure 1). 

1.7. Explanation of Dissertation Format 

Five original research papers from si.\ studies I am involved in are used in my 

dissertation. Paper one. which includes two studies, investigated the effect of DHEA or 

DHEAS with antioxidants, nutrients supplementation on immune dysfunction, increased 

lipid oxidation and decreased liver Vitamin E level in old mice infected with murine 

leukemia retrovirus, or survival in very old mice. Paper three studied the effect of 

DHEAS on maintaining resistant to C. parvum infection in aging male mice. 

Last three paper we observed influences of cofactor, EtOH and cocaine, during 

LP-BM5 retrovirus infection on immune function and heart damage of opportunistic 

infection of coxsackievirus. Paper four showed that chronic EtOH consumption further 

accentuates immune dysfunction in retrovirus-infected mice and the DHEAS 

supplementation restored the immune dysfunction. Paper five and six demonstrated that 

retrovirus infection accentuates myocarditis caused by coxsackievirus in resistant mouse 

strain, and cofactor or EtOH treatment further exacerbated the heart damage. 
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Aging on Immune Dysfunction. 
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CHAPTER II MATERIALS AND METHODS 

2.1. General Animal Management 

Mai or Female C57BL/6 mice were obtained from Charles River Laboratories 

(Wilmington. DE). They were housed in transparent plastic cages with stainless wire lids 

(3 or 4 mice per cage) in the University of Arizona Animal Care Facility or the Animal 

Facility of the Arizona Health Science Center. 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 l2-h lightrdark cycle. The 

mice had free access to water and sterilized normal mouse diet (4 % mouse diet, #7001. 

Teklad. Madison. WI). The animals were weighed once each month. 

2.1.1. Animal for in Very Old Mice Supplemented with DHEA 

The 59 female C57BL/6. 16 months old mice were fed AIN 93 M synthetic 

mouse diet for 13 months until 29 months old. By this time 71% of the mice had died. 

Mice found to have tumors and grossly visible skin lesions were not used. The mice were 

randomly assigned to the control group (8 mice) fed the AIN 93 M synthetic mouse diet 

or the supplemented group (9 mice). The latter were fed the AIN 93 M diet supplemented 

with 0.06% DHEA for 6 weeks. Surviving mice were killed while under ether anesthesia. 

Spleens were then dissected, removed and kept at 4° C. 
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2.1.2. Animal for Old Mice Fed Antioxidant Nutrients and/or DHEAS 

The 16 month old female C57BL/6 mice were randomly assigned to the 

following; uninfected control mice fed the control AIN 93 M diet; uninfected mice fed 

the AIN 93 M diet nutrients supplemented antioxidant; retrovirus infected mice fed the 

control diet; and infected mice fed antioxidant nutrients. Administration of diet 

supplemented with the diet antioxidant nutrients was begun 2 weeks after LP-BM5 

infection. The 16-month-old mice were fed the AIN 93 M diet for 16 weeks. The control 

diet was AIN 93 M synthetic, pelleted diet (Dyets Inc. 2508 Easton Avenue. Bethlehem, 

P.A 18017). It was supplemented with placebo beadlets for the antioxidant nutrient study. 

The antioxidant nutrients supplemented diet was the AIN 93 M synthetic, pelleted diet 

with beta-carotene beadlets (15 mg/gm diet [Hoffmann-La Roche, Nutley, N.J.]), 

bioflavanoids (300 |ag/gm diet), coenzyme QIO (300 |ig/gm diet), d-alpha-tocopherol (10 

fold increase over the control diet. 1.5 mg/gm diet), L-ascorbic acid (300 |ag/mg diet). L-

camitine (300 [.ig/gm diet), magnesium (5 fold increase over control diet, 4.2 mg/gm 

diet). N-acetylcysteine (300 |ig/gm diet), retinol (80 |ag/gm diet), selenium (1.8 |ag/gm 

diet), and zinc (289 )ag/gm diet). DHEAS (dehydroepiandrosterone sulfate) powder was 

purchased from Sigma (St Louis, MO) and dissolved into the animal drinking water to 

the final concentration of 0.01%. Half of the mice were in each group (8) fed DHEAS for 

16 weeks. Both were give ab libitum. Treatment with the supplemented diet or water was 

for 16 weeks. 
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2.1.3. Animal for DHEAS Maintains Resistance to Cryptosporidium Parvum in 

Aged Mice 

One-month-old and 16-month-old C57BL/6 male mice were housed in 

microlsolator plastic cages (4/cage) in high-efficiency particulate air (HEPA)-filtered 

laminar flow racks at the University of Arizona Animal Care Facility. All cages, food, 

water and bedding were sterilized before use and sterilized surgical clothing (i.e. mask, 

gown, and gloves) was worn when mice were handled. All manipulations were done in a 

HEP.A-filtered hood. Mice were fed sterilized normal mouse diet (Tekland, Harlan, 

Madison. USA) containing 18% protein and 6% fat. After a 2-week acclimation period, 

the mice were randomly assigned to a control group (n=8 mice) or a treatment group (n=8 

mice) for each age (1-month-old and 16-month-oId). DHEAS powder was purchased 

from Sigma (St Louis. MO) and dissolved into the animal drinking water to the final 

concentration of 0.01% (w/v). The control group mice were given water ad libitum, while 

treatment group mice were given DHEAS for 8 months (1-month-old, 3.56 ml/day; 16-

month-old. 3.83 ml/day). Food was given ad libitimi. The animals were weighed once 

each month. 

2.1.4. Animal for Immune Dysfunction Study during EtOH Consumption and 

Murine AIDS: The Protective Role of DHEAS 

Female C57BL/6 mice, 4 weeks old, were maintained for 4 months in our facility 

on a NIH-31 modified mouse sterilizable diet (mouse diet #7001, Teklad, Madison, WI) 

and water ad libitum. The NIH-31 modified diet is a high fat diet for murine strains. 
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which require a high energy diet. It is fortified and formulated to provide the nutrient 

needs of rodents after the diet is autoclaved. Mice were then randomly assigned to one of 

the following groups: uninfected control mice; uninfected mice given EtOH (v/v) in 

drinking water; uninfected mice given EtOH supplemented with 0.01 % DHEAS (w/v); 

infected control mice given unsupplemented water; infected mice consuming EtOH; 

infected mice consuming EtOH supplemented with 0.01 % DHEAS. EtOH-consuming 

mice received 2 % sucrose (w/v) added to drinking water to increase palatability. The 

EtOH concentration was increased by increments of 10 %. at 1-week intervals, from 10 

% to a final concentration of 40 % (v/v) in the water. The mice fed EtOH were also given 

25-gram agar gel containing EtOH (40 % v/v plus 2 % peanut butter) for 16 weeks. This 

is the first report using this dietary approach to EtOH supplementation in mice, based 

upon its development by Bautista in rats (154, 155). Pair-fed control mice received 

isocaloric water and agar gels by substituting EtOH with sucrose and dextrin as much as 

consumed by EtOH drinking mice. Administration of EtOH and/or water supplemented 

with DHEAS as well as agars was begun 2 weeks after LP-BM5 infection. Fresh drinking 

water and/or EtOH supplemented with DHEAS were provided twice weekly and an agar 

block everv' day. 

2.1.5. Animal for EtOH Consumption during MAIDS Accentuates Heart Pathology 

due to Coxsackievirus 

Four week-old female C57BL/6 mice were maintained for 4 months in the facility 

on a NIH-31-modified mouse sterilizable diet and water ad libitum. Mice were then 
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randomly assigned to one of the following groups; uninfected control mice; uninfected 

mice given EtOH (v/v) in drinking water; mice infected with retrovirus; mice infected 

with retrovirus given EtOH; mice infected with retrovirus and coxsackievirus; mice 

infected with retrovirus and coxsackievirus given EtOH; mice infected with 

coxsackievirus and mice infected with coxsackievirus given EtOH. The EtOH 

concentration was increased by increments of 10%, at 1-week intervals, from 10% to a 

final concentration of 40% (v/v) in the drinking water. The mice drinking EtOH were 

also given 25g agar gel containing EtOH (40% v/v plus 2% peanut butter) for 16 weeks. 

5 times a week. This dietary approach to EtOH supplementation in mice was based on its 

development by Bautista in rats (154, 155). Pair-fed control mice received isocaloric 

water and agar gels in which EtOH was substituted with sucrose and dextrin. 

Administration of EtOH and/or water supplemented with sucrose, as well as agar, began 

2 weeks after LP-BM5 infection. Fresh drinking water and/or EtOH were provided twice 

weekly and an agar block every day. 

2.1.6. Animal for Study of Cocaine Injection and Coxsackievirus B3 Infection 

Increase Heart Pathology during Murine AIDS 

Four-week-old female C57BL/6 mice were fed for 4 months in our facility on a 

NIH-31 modified mouse sterilizable diet (mouse diet #7001, Teklad, Madison, WI) and 

water ad libitum. Mice were randomly assigned to one of the following groups; 

uninfected/untreated control mice; uninfected/cocaine treated mice; retrovirus infected 

mice; retrovirus infected/cocaine treated mice; coxsackievirus infected mice; 
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coxsackievirus infected/cocaine treated mice; retrovirus/coxsackievirus infected mice; 

retrovirus /coxsackievirus infected cocaine treated mice. 

Cocaine-treated mice received daily i.p. injection of cocaine hydrochloride in 

0.9% saline solution prepared immediately before use. Cocaine was administered 

between 08:00 and 10:00 a.m. To prevent cocaine tolerance in mice, the amount of 

cocaine was gradually increased. Cocaine treatment was discontinued 24 h prior to 

termination. Cocaine injection began 19 weeks post retrovirus infection 

2.2. Infection of Viruses and C. Parvum Oocysts 

2.2.1. Infection of LP-BM5 Murine Retrovirus 

LP-BM5 retrovirus was administered intraperitoneally to mice in 0.1 ml of 

minimum essential medium with an esotropic titer (XC) of 4.5 logio plaque forming units 

^ 10"" /L. which induces disease with a time course comparable with that previously 

published (156). Infection of young and old female C57BL/6 mice with LP-BM5 murine 

leukemia leads to the rapid induction of clinical symptoms with virtually no latent phase 

(157). The mice were infected 2 weeks before initiation of treatment as done previously 

in numerous studies (156-160). The infection period was 20 weeks, while the treatment 

went on for 18 weeks for all groups. When murine AIDS had developed, all mice in all 

groups were killed the same week while under ether anesthesia. Spleens and lymph nodes 

were then dissected, removed and kept at 4 °C. Livers and hearts for nutritional analysis 

were collected and stored at -70 °C until assayed. 
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2.2.2. Inoculation C. Parvum Oocysts 

C. parvum (IOWA isolate) oocysts were obtained from Pleasant Hill Farms (Mt. 

Pleasant. ID). The isolate was maintained by passage in colostrum-deprived newbom 

Holstein bull calves and fecal oocysts were purified by discontinuous sucrose and cesium 

chloride gradients as previously described (161). Oocysts were collected and stored at 

4°C in 2.5 % (w/v) potassium dichromate for up to two weeks prior to use. Before mice 

were inoculated, oocysts were treated with 1.75% (w/v) sodium hypochlorite (1 min, 22-

23°C) and then washed with 0.025M phosphate buffered saline (PBS), pH 7.2. During 

DHEAS treatment 7 months, each mouse was inoculated intragastrically with 1 x 10^ 

oocysts in 100 )al of PBS using a 18-gauge gavage needle (Thomas Scientific. 

Swedesboro. N.J) in both control and treatment groups. 

2.2.3. Infection of Coxsackievirus 

Coxsackievirus slocks were propagated in Hela cell monolayers in minimal 

essential medium supplemented with 10% fetal bovine serum and 50 mg/L gentamicine 

at 37 °C in a humamidified 5% COi atmosphere. Virus was tittered by tissue culture 

infection dose-50 (TCID50) (162). After 16 weeks of EtOH treatment, the appropriate 

groups of mice were inoculated intraperitoneally with 3x10^ TCID50 of CVB3/59 in 0.3 

ml of RPMI 1640 medium. Control mice were inoculated with normal saline. Mice were 

killed 12 days postinoculation. Hearts were collected aseptically for histology analyses. 
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2.3. ELISA Assay for Cytokines 

The production of IL-2, IL-4, IL-5, IL-6, and TNF-a from mitogen-stimulated 

splenocvies was determined as described previously (163). Briefly, spleens were gently 

teased with forceps in culture medium (CM, RPMI 1640 containing 10 % fetal bovine 

serum. 2 mmol/L glutamine, 1 x 10^ units/L of penicillin and streptomycin), producing 

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

(0.16 mol/L ammonia chloride Tris buffer, pH 7.2) at 37 °C for 3 min. Then the cells 

were washed twice with CM. Cell concentrations were counted and adjusted to 1 x 10'° 

units/L. Splenocvte viability was > 95 % as determined by trypan blue exclusion. 

Splenocytes [0.1 mL/well (1 x 10'° cells/L)] were cultured in triplicate on 96-well flat-

bottom culture plates (Falcon 3072, Lincoln Park. NJ) with CM. Then, 100 (il of 

Concanavalin A (Con A, 5 ^g/ml, Sigma, to determine IL-2, IL-4, IL-5. and IFN-y 

concentration), or lipopolysaccharide (LPS, 5 ^g/ml, 0.1 ml/well, Sigma, to determine 

IL-6 and TNF-a concentration) was added to each well. Cultures were incubated for 24-

hours (IL-2, lL-4. IL-6, and TNF-a) or 72-hours (IL-5 and IFN-y) at 37°C in a 

humidified 5% CO: incubator. Mouse IL-2, IFN-y, IL-4, IL-5. IL-6 and TNF-a levels 

were quantified with a commercial ELISA MiniKit (Endogen Cambridge, MA) following 

the manufacturer's instruction. The interassay and intrassay coefficients of variation were 

< 10%. The limits of sensitivity of the assays were < 10 pg/ml for IL-4 and IL-5, < 15 

pg/ml for IL-2. < 25 pg/ml for lL-6, < 50 pg/ml for IFN-y and TNF-a, respectively. 
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2.4. Mitogenesis of Splenocytes 

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

as described previously (164). Briefly, splenocytes in 0.1 ml of CM (1 x 10^ cells/L) were 

cultured in 96-vvell flat-bottom cultured plates (Falcon) with Con A and LPS (10 }ig/mL). 

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

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

thymidine (0.5 |.tCi / 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. Lagunahills. CA). Data were presented as counts per minute (cpm). 

2.5. Determination of Vitamin E 

Vitamin E levels in liver were measured by HPLC as described previously (165). 

Briefly. -0.1 g of tissues was homogenized in 1 ml of water. Butylated hydroxytoluene 

was added to prevent oxidation of a-tocopherol. Pentane, ethanol and sodium dodecyl 

sulfate were used to extract a-tocopherol from the homogenate. Extracts were evaporated 

under steady flow of nitrogen gas at 20 °C and then re-dissolved in 0.5 mL of methanol 

injection onto a C18 column (3.9 x 150-mm NovaPak, Millipore, Bedford, MA). A 

mobile phase composed of methanol:! mol/L sodium acetate in the ratio of 98:2 (by 

volume) at a flow rate of 1.5 ml/min was used, a-tocopherol, eluting at 6.5 min. was 

monitored by a fluorescence detector (Millipore) at 290-nm excitation and 320-nm 

emission wavelength. 
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2.6. Measurement of Lipid Peroxidation 

Lipid peroxidation (LPO) in liver was measured by K-Assay™ LPO-CC Assay 

Kit obtained from Kamiya Biomedical Company (Seattle, WA). This method has 

previously been shown to be a more sensitive lipid peroxide measurement (assay range: 

2-300 nmol/ml) than conventional chemical analysis (166). Briefly, -0.1 g of liver 

tissues was homogenized in 1 ml of CHClj/methanol (2:1. v/v). 0.3 ml of 0.9 % NaCl 

was added to clarify and the mixture was centrifuged at 3000 x g for 10 min. The 

supernatant was collected and CHCI3 was evaporated under N. gas. 1 ml of isopropanol 

was added to dissolve lipid residue and 0.1 ml of sample was used to measure lipid 

peroxides with LPO Kit. Lipid peroxidation values were calculated by following 

equation. 

LPO value in nmol/ml = (Es - Eb) x 50.0 / (Estd - Eb) 

Es: Sample absorbance, Estd: Absorbance of 50 nmol/ml standard, Eb: Blank absorbance 

LPO value was converted to the percent unit for illustration. 

2.7. Histopathology 

Upon sacrifice, hearts were removed, rinsed in saline and transversely cut in half 

One half of each heart was immediately placed in Coney fixative and stored at -70 °C. 

Fixed heart tissues were sectioned (6|am) on a Zeiss HM 505 N cryostat (Carl Zeiss, Inc., 

Thornoweed, NY) and stained with hematoxylin and eosin. The extent of inflammatory 
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lesions within the myocardium was graded by a pathologist without knowledge of the 

other experimental variables. The grading was performed in a semiquantitative maimer 

according to the relative degree (from heart to heart) of mononuclear cell infiltration and 

the extent of necrosis (167). 

2.8. Monitor Oocyst Shedding 

Fecal pellets from each mouse in each group infected with C. parvum were 

collected twice a week from day 4 to 28 post inoculation (PI) to monitor oocyst shedding 

by immunofluorescence assay (IFA). Briefly, fecal pellets (4/mouse) were vortex-

homogenized in 400 |il PBS and centrifuged at 1000 x g for 5 min. Supematants were 

discarded, and the pellets were re-suspended in 1 ml of PBS. Ethyl acetate (300 |al) was 

added to each tube, and the tubes were vortexed for 1 min and centrifuged at 1000 x g for 

5 min. The supernatant was carefully aspirated and the fecal sediment was re-suspended 

in PBS in 1; 1 ratio. Ten microliters of each suspension was placed in a well of multi-well 

glass slides previously treated with poly-L-lysine (Sigma). The numbers of oocysts per 

well were visualized and counted under an epifluorescent microscope (Olympus) 

following anti-oocyst wall monoclonal antibody OW50-based direct 

immunofluorescence assay (Meridian Dignostics, Cincinnati, OH) according to 

manufacturer's instructions. 
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2.9. Statistical Analysis 

The possibility of treatment effects was assessed in this study using Student's 

two-tailed t test. Mean differences between treatment group (nutrient deficiency, 

antioxidants, and DHEAS) and the control group were tested within retrovirus category 

(positive or negative). Likewise, treatment groups were also tested for mean differences 

between retrovirus category. Test statistics were considered significant at the p < 0.05 

level. For clarity, the 95 % confidence interval for the mean level of each cytokine was 

reported. 
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CHAPTER III RESULTS 

3.1. Treatment of Immune Dysfunction in Very Old Mice with DHEA 

Body Weight and Survival 

Body and spleen weight were not significantly different between unsupplemented 

and DHEA supplemented very old mice. The 16-month-old mice were aged 13 months 

with 71% dying gradually over that period. Then DHEA supplementation was begun at 

29 month of age. Survival of the very old mice treated with DHEA was significantly (p < 

0.05) higher than the untreated ones (Figure 2). 

Mitogenesis of Splenocytes 

T cell proliferation in spleen was significantly (p < 0.05) increased by DHEA 

supplementation in very old mice (Figure 3). No difference of B cell proliferation 

between groups was found. 

Cytokine Production by Splenocytes 

In aging, production of the mitogen- or antigen-stimulated Thl cell cytokine, IL-

2. is suppressed, while IFN-y is increased. In the present study, production of IL-2 was 

moderately (p < 0.05) increased in very old mice by DHEA supplementation (Figure 4). 

DHEA supplementation moderately decreased production of IFN-y in old very mice 

(Figure 4). 
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FIGURE 2. Dehydroepiandrosterone (DHEA) Supplementation Modification 

Survival of Very Old Mice Supplementation of DHEA modified survival of 29-month-

old mice by the time they were 31.5-month-old. In the treated group, seven of nine mice 

sun ived. while in the control group only three of eight C57BL/6 female mice did. 
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FIGURE 3. Supplementation of DHEA on T Cell Proliferation Supplementation of 

DHEA modified T Cell Proliferation of 29-month-old mice by the time they were 31.5-

month-old. Every sample from each very old mouse was determined in triplicate. Values 

are means ± SE for each group, a, indicates significant differences at p < 0.05 compared 

to control mice. 



63 

10 2000 

O) 
c 
c 
_o 
'•5 
u 
3 

"O 
O 
a. 
re 
E 
E 
re 
O) 

- 2 

• Unsupplemented 
• DHEA 

_ 1500 

to 
"0 
o 
a 
c 
o g; 

1000 I" 

(Q 

500 

IFN-y IL-2 

FIGURE 4. Supplementation of DHEA on Interferon-y (INF-y) and Interleukin-2 

(IL-2) Production by Splenocytes from in vitro Every sample from each very old 

mouse was detemiined in triplicate. Values are means ± SE for each group, a, indicates 

significant differences at p < 0.05 compared to control mice. 
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FIGURE 5. Supplementation of DHEA on Interleukin-4 (IL-4) and Interleukin-6 

(IL-6) Productions by Splenocytes from in vitro Every sample from each very old 

mouse was determined in triplicate. Values are means ± SB for each group. 
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Th2 cells produce cytokines that stimulate the synthesis and secretion of 

antibodies. High levels suppress Thl cells and thus cellular immunity to pathogens and 

cancers. Release of Th2 cytokines IL-4 by Con A-stimulated and IL-6 by LPS-stimulated 

splenocvles tended to be lower in very old mice (Figure 5) treated with DHEA for 6 

weeks, but no significantly so. 

3.2. Immune Function in Old Mice Fed Antioxidant Nutrients and/or DHEAS 

Body Weight 

There were no significant changes in food or water consumption due to infection 

(data not shown). Mice consuming the diet containing the antioxidant nutrients had an 

intake of 3.8 ± 0.28 g/mouse/day, while controls ate 3.62 ± 0.41 g/mouse/day. Mice also 

consumed 3.9 mL/mouse/day in water containing 0.01% of DHEAS and there were no 

significant differences between feeding groups. Spleen and lymph node weights (18 week 

post-infection) were significantly (p < 0.05) elevated in infected mice (data not shown), 

indicating that the infection had progressed to murine AIDS. 

Mitogenesis of Splenocytes 

Proliferation of Con A- and LPS-induced splenocytes in vitro was significantly (p 

< 0.05) decreased by murine retrovirus infection (Figure 6. 7). This was significantly (p < 

0.05) prevented by the antioxidant nutrients consumed 16 weeks. Supplementation of the 

antioxidant nutrients in retrovirus infected mice increased T and B cell mitogenesis. 



137% and 76% respectively. Antioxidant nutrient supplementation for 16 weeks also 

significantly increased proliferation of T- and B-cells from uninfected mice. These 

treatments partially restored mitogen-stimulated T-cell proliferation and maintained near 

normal B-cell proliferation in retrovirus-infected mice compared to uninfected, 

unsupplemented mice. Supplementation of infected mice with antioxidant nutrients plus 

DHEAS significantly (p < 0.05) increased T and B cell proliferation compared to 

infected, unsupplemented mice. However, combined treatment augmented only B but not 

T cells proliferation by 127% compared cells from mice fed antioxidant nutrients only 

alone. 

Cytokine Production by Splenocytes 

In vitro production of the Thl cell cytokine, IL-2, is vital to stimulate T cell 

proliferation and activity. lL-2 secretion by Con A-stimulated splenocytes was 

significantly (p < 0.05) inhibited in retrovirus-infected mice (Figure 8). Consumption of 

the antioxidant diet for 16 weeks significantly (p < 0.05) increased IL-2 release by 

mitogen-stimulated splenocytes from infected mice compared to those from infected, 

unsupplemented mice. IL-2 release in infected mice fed the antioxidant diet was 0.688 ± 

0.04 ng/mL while those fed control diet had 0.271 ± 0.012 ng/mL. Antioxidant plus 

DHEAS significantly normalized IL-2 secretion compared to infected, unsupplemented 

mice and was more effective than antioxidants aJone in infected mice. 

Th2 cells produce cytokines that stimulate the synthesis and secretion of 

antibodies while their high levels suppress cytokine production by Thl cells and cellular 
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immunity. Release of TNF-a and Th2 cytokines, IL-4 and IL-6, by LPS-stimulated 

spleen cells was significantly (p < 0.05) increased in the retrovirus-infected mice (Figure 

9. 10 and 11). Antioxidant nutrient for 16 weeks lowered TNF-a, IL-4, and IL-6 release 

in infected mice. It was significantly (p < 0.05) lower than that of cells from infected, 

unsupplemented mice (Figure 9, 10 and 11). However, antioxidant nutrient 

supplementation did not significantly affect IL-6 release in uninfected mice (Figure II). 

Consumption of the antioxidant nutrient supplemented diets plus DHEAS in infected 

mice significantly (p < 0.05) reduced TNF-a and Th2 cytokines, IL-4 and IL-6, to 77.4%, 

83.2%. and 79.7%. compared to nutrient supplementation only. It also maintained Th2 

cNtokine production by cells from infected mice near that of cells from uninfected, 

unsupplemented mice. 

Hepatic Vitamin E 

The liver is the major organ studied for tissue vitamin E deficiency in murine 

AIDS. The concentration of hepatic vitamin E was significantly (p < 0.05) reduced by 

retrovirus infection (Figure 12). Hepatic vitamin E levels in retrovirus infected mice fed 

the antioxidant diet was 0.163 ± 0.013 iimol/gm while those fed control diet had 0.09 ± 

0.009 jimol/gm. Antioxidant supplementation for 16 weeks significantly (p < 0.05) 

retarded the loss of tissue vitamin E during infection. Uninfected mice that consumed 

antioxidants also had significantly (p < 0.05) increased hepatic vitamin E levels to 0.239 

± 0.016 |amol/gm, compared to uninfected control which had 0.185 ± 0.013 |imol/gm. 
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Hepatic vitamin E levels in infected mice fed with both antioxidants plus DHEAS, 0.17 ± 

0.014 umol, were essentially the same as uninfected control. 
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FIGURE 6. Supplementation of Antioxidant Nutrients + DHEAS on T Cell 

Proliferation Supplementation of antioxidant nutrients + DHEAS modified T cell 

proliferation of 17 month old mice by the time they were 20 month old. Every sample 

was determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at p < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice. 
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FIGURE 7. Supplementation of Antioxidant Nutrients + DHEAS on B Cell 

Proliferation Supplementation of antioxidant nutrients + DHEAS modified B cell 

proliferation of 17 month old mice by the time they were 20 month old. Every sample 

was determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at p < 0.05: a, compared to uninfected control mice; b. compared 

to retrovirus infected control mice; c, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 8. Suppiementation of Antioxidant Nutrients + DHEAS on Interleukin-2 

(IL-2) Production by Splenocytes Mitogen Stimulated in vitro Every sample from 

each old mouse was determined in triplicate. Values are means ± SD for each group. 

Letters indicate significant differences at p < 0.05: a, compared to uninfected control 

mice; b. compared to retrovirus infected control mice; c, compared to infected and 

antioxidant nutrient supplemented mice. 
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FIGURE 9. Supplementation of Antioxidant Nutrients + DHEAS on Tumor 

Necrosis Factor-alpha (TNF-a) Production by Splenocytes Mitogen Stimulated in 

vitro Every sample from each old mouse was determined in triplicate. Values are means 

± SD for each group. Letters indicate significant differences at p < 0.05: a, compared to 

uninfected control mice; b, compared to retrovirus infected control mice; c, compared to 

uninfected and antioxidant nutrient supplemented mice; d, compared to infected and 

antioxidant nutrient supplemented mice. 
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FIGURE 10. Supplementation of Antioxidant Nutrients + DHEAS on Inter!eukin-4 

(IL-4) Production by Splenocytes in vitro Every sample from each old mouse was 

determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at p < 0.05: a, compared to uninfected control mice; b, compared 

to retrovirus infected control mice, d, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 11. Supplementation of Antioxidant Nutrients + DHEAS on Interleukin-6 

(IL-6) Production by Splenocytes in vitro Every sample from each old mouse was 

determined in triplicate. Values are means ± SD for each group. Letters indicate 

significant differences at p < 0.05: a, compared to uninfected control mice; b. compared 

to retrovirus infected control mice; d, compared to infected and antioxidant nutrient 

supplemented mice. 
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FIGURE 12. Effect of Antioxidant Nutrients + DHEAS on Hepatic Vitamin E Levels 

Values are means ± SE for each group. Letters indicate significant differences at p < 

0.05: a, compared to uninfected control mice; b. compared to retrovirus infected control 

mice; d. compared to infected and antioxidant nutrient supplemented mice. 
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3.3 Dehydroepiandrosterone Sulfate (DHEAS) Maintains Resistance to 

Cryptosporidium Parvum in Aged Mice 

Clinical Findings 

No clinical signs of disease were noted in any groups following parasite 

challenge. DHEAS supplemented and non-supplemented aged mice exhibited soft, pasty, 

but not liquid stools from day 3 to day 17 post-infection. Feces from control groups in 

each age group were solid throughout the experiment. 

Body Weight 

At the end of 8-month DHEAS supplementation, mice body weights were not 

significantly different among ail groups (p > 0.05; data not shown). Moreover, mice body 

and spleen weights were not significantly different between DHEAS supplemented and 

non-supplemented groups in all the age groups after inoculation with C. parvum (p > 

0.05; data not shown). 

Oocyst Shedding Intensities 

Monitoring oocysts in the feces was done to determine whether DHEAS 

supplementation could affect oocyst shedding in old mice. Infection intensities were 

determined by quantitation of oocyst shedding. Aged mice infected with C. parvum. but 

not treated with DHEA, shed more oocysts in their feces on the day 4 and 7. However, 

aged mice infected with C. parvum that received DHEAS supplementation exhibited 



significant reductions in oocyst shedding on day 4 (p < 0.05) (Table 1). In the adult mice 

group with or without DHEAS supplementation, oocyst shedding was significantly low 

than aged group (p < 0.05). There are not significantly different between adult mice 

infected with C. parvum, with and without DHEAS supplementation. 

Cell Proliferation 

In vitro spleen T and B cell proliferation (induced by Con A and LPS. 

respectively) was significantly decreased in aged mice when compared adult mice (p < 

0.05). T and B cell proliferative response was higher in DHEAS-supplemented adult mice 

and aged mice than non-supplemented control mice of the corresponding age (p < 0.05; 

Figure 13. 14). T cell proliferation of adult mice and aged mice supplemented with 

DHEAS increased 153% and 458%, respectively, when compared to non-supplemented 

control groups of the corresponding age. B cell proliferation of adult mice and aged mice 

supplemented with DHEAS increased, 135% and 277%. respectively, when compared to 

non-supplemented control groups. 

Cytokine Production of Splenocytes 

In vitro production of IFN-y by Con A-stimulated splenocytes was significantly 

higher in C. parvum-inoculated. adult mice supplemented with DHEAS than those 

without DHEAS (p < 0.05). The same pattern was observed in old mice supplemented 

with DHEAS when compared with non-supplemented mice. However, there was no 

significant difference (p > 0.05; Figure 15). No significant different were observed in the 
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production of IL-2 by Con A-stimulated splenocytes in any age group following DHEAS 

supplementation when compared to non-supplemented mice (data not shown). 

In vitro production of IFN-y by Con A-stimulated splenocytes was significantly 

higher in C. parvum-inoculated, adult mice supplemented with DHEAS than those 

without DHEAS (p < 0.05). The same pattern was observed in aged mice supplemented 

with DHEAS when compared with non-supplemented mice. However, there was no 

significant difference (p > 0.05; Figure 15). Production of IL-5 by Con A-stimulated 

splenocvtes was significantly higher in DHEAS supplemented aged mice than in non-

supplemented mice of the same age following C. parvum inoculation (p < 0.05; Figure 

16). DHEAS supplementation did not significantly influence IL-5 secretion in C. 

parvum-inoculated adult mice (p > 0.05). 

Table I. Effect of DHEAS Supplementation on Resistance to Cryptosporidium 
Parv'um Infection 
Age of mice Day after Cryptosporidium Parvum Infection 
and treatment 4 7 11 14 
Adult DHEAS 3.25 ± 1.33 2.63 ± 1.39 0.75 ± 0.25 0 ± 0  

Saline 5.57 ±2.58 1.83 ±0.5 0 ± 0  0 ± 0  
.A.ged DHEAS 8 ± 2.08' 1.83 ±0.87 2.17±0.6 0 ± 0  

Saline 16.83 ±2.9 5.8 ± 1.95 1.75 ±0.51 0.17±0.17 

Tabic 1. Effect of DHEAS Supplementation on Fecal Oocyst Shedding The numbers 

of oocysts per well were counted. Data are presented as the mean ± SE. n = 8 mice for 

each grpup. Asterisk indicates significant differences at p < 0.05 compared with control 

group of same age. 



78 

c 100000 
o 

E 
o 

§• 80000 
o 
c 

:9. 60000 

s ̂ 40000 
c 
o 
TO 

I  
O 
Q. 

oJ 
U 

20000 

• Saline Infected 

• DHEAS +Infected 

Adult Aged 

Figure 13. Effect of DHEAS Supplementation on T Cell Proliferation 

Supplementation with DHEAS modified T cell proliferation of the Cryptosporidium 

parvum-inoculated adult and aged mice. Every sample was determined in triplicate. 

Values are means ± SB for each group, n = 8 mice for each grpup. Asterisk indicates 

significant differences at p < 0.05 compared with same age control group. 



79 

SOOOOi 

60000-

E Q. 

C 
o 
CO V— 
o 
Q. 
L-

o 
0 
_c 
0} 
c 

£ 40000 
>» 
SI 
\-

X 
CO 

1 20000 
CO 

I 
o 
a. 

o 
O 
CO 

•Saline + Infected 

• DHEAS+ lnf̂ ed 

Adiit 

Figure 14. Effect of DHEAS Supplementation on B Ceil Proliferation 

Supplementation with DHEAS modified B cell proliferation of the Cryptosporidium 

parvum infected adult and aged mice. Every sample was determined in triplicate. Values 

are means ± SE for each group, n = 8 mice for each grpup Asterisk indicates significant 

differences at p < 0.05 compared with same age control group. 
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Figure 15. Effect of DHEAS Supplementation on Interferon-y (INF-y) Production by 

Splenocytes in vitro Every sample from each Cryptosporidium parvum-inoculated adult 

and aged mice was measured in triplicate. Values are means ± SE for each group, n = 8 

mice for each grpup. Asterisk indicates significant differences at p < 0.05 compared with 

same age control group. 
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Figure 16. Effect of DHEAS Supplementation on Interleukin-5 (IL-5) Production by 

Splenocytes in vitro Every sample from each Cryptosporidium parviun-inoculated adult 

and aged mice was measured in triplicate. Values are means ± SE for each group, n = 8 

mice for each grpup. Asterisk indicates significant differences at p < 0.05 compared with 

same age control mice group. 



3.4. Immune Dysfunction during Alcohol Consumption and Murine AIDS: The 

Protective Role of DHEAS 

Body Weight, Ethanol, and Dietary Intake 

There were no significant changes in EtOH/water or agar consumption due to 

infection or DHEAS treatment (data not shown). Mice consuming EtOH in water had an 

intake of 3.51 ± 0.41 ml/mouse/day, while controls consumed 3.84 ± 0.28 ml/mouse/day 

over the period during which they received 40 % EtOH. Agar-block-feeding model has 

been mostly used for rats (155). We applied the model for mice to provide more 

frequencies for EtOH intake. Mice consumed 19 ± 4.3 g/mouse/day of agar gel and there 

\va.s no significant difference between EtOH and control groups (22.1 ± 2.7 

g/mouse/day). Spleen and lymph node weights (18 week post-infection) were 

significantly (p < 0.05) elevated in infected mice (data not shown). Such changes 

previously indicated that the infection had progressed to severe immunodeficiency and 

aberrant cell accumulation or proliferation (156-158. 116. 160, 169, 170). 

Mitogenesis of Splenocytes 

The in vitro proliferation of splenocytes stimulated by Con A and LPS was significantly 

(p < 0.05) decreased by murine retrovirus infection (Figure 17 and 18). EtOH 

supplementation for 16 weeks further inhibited proliferation of T and B cells in infected 

mice as compared with infected as well as uninfected control mice (T cell: 95 % CI = 

13.7 to 16.5 X 10"^ cpm, B cell: 95 % CI = 11.4 to 13.1 x 10'^ cpm; df = 7; p < 0.05). 
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DHEAS treatment of uninfected mice increased T- and B-cell mitogenesis by 38 % and 

11 %. respectively. DHEAS treatment also increased proliferation of T and B cells in 

infected mice compared to untreated infected mice (T cell: 95 % CI = 36.9 to 42.3 x lO'"' 

cpm; df = 7; p < 0.05). DHEAS supplementation of infected mice consuming EtOH 

significantly maintained T and B cell proliferation near levels found in untreated infected 

mice (T cell: 95 % CI = 16.2 to 30.3 x 10'^ cpm, B cell; 95 % CI = 14.1 to 21 x 10"" cpm; 

df = 7; p > 0.05). 

Cytokine Production by Splenocytes 

In vitro production of the Thl cell cytokines. lL-2 and IFN-y. by Con A-

stimulated splenocytes was significantly (p < 0.05) inhibited by retrovirus-infected mice 

as compared with uninfected ones (Table 2). IL-2 release was further decreased in cells 

from infected mice supplemented with EtOH compared to untreated infected mice (95 % 

CI = 0.2 to 0.3 ng/ml; df = 7; p < 0.05). EtOH also reduced IL-2 production by 

splenocytes from uninfected mice (95 % CI = 0.72 to 0.83 ng/ml; df = 7; p < 0.05). The 

decreased level of IFN-y produced by Con-A stimulated splenocytes was not affected by 

EtOH supplementation (Table 2). DHEAS supplementation partially restored the 

retrovirus-induced decreased levels of IL-2 and IFN-y. DHEAS overcame the combined 

effects of retrovirus infection during EtOH consumption on IL-2 production (95 % CI = 

0.42 to 0.66 ng/ml; df = 7; p > 0.05), but not on IFN-y production (Table 2). 

Th2 cells produce cytokines that stimulate the synthesis and secretion of 

antibodies. At high levels they suppress Thl cells ultimately increasing susceptibility to 
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viral infection (170). Release of TNF-a and Th2 cytokines, IL-4 and IL-6, by LPS-

stimulated splenocytes was significantly (p < 0.05) increased in retrovirus-infected mice 

(Table 3). EtOH supplementation further enhanced IL-4 and IL-6 but not TNF-a 

secretion in infected mice compared with the infected controls (IL-4: 95 % CI = 1.84 to 

2.4 ng/ml. IL-6: 95 % CI = 5.43 to 5.9 ng/ml; df = 7; p < 0.05). DHEAS supplementation 

of infected mice during EtOH consumption maintained the secretion of Th2 cytokines 

near that of uninfected mice (IL-4: 95 % CI = 0.31 to 0.95 ng/ml; df = 7; p > 0.05, IL-6: 

95 % CI = 2.77 to 3.47 ng/ml; df = 7; p < 0.05). 

Hepatic Vitamin E Levels 

The hepatic vitamin E level decreases during EtOH intake and/or murine 

retrovirus infection due to increased free radicals, resulting in increased tissue lipid 

peroxidation. To estimate the effects of DHEAS on the production of free radicals during 

EtOH intake and murine retrovirus infection, hepatic vitamin E levels were measured 

after treatments for 16 weeks. Hepatic vitamin E levels were significantly (p < 0.05) 

reduced by retrovirus infection (Figure 19). The loss of hepatic vitamin E was further 

enhanced by EtOH use in murine retrovirus-infected mice (95 % CI = 28 to 36 |amol/g; df 

= 7: p < 0.05). EtOH also significantly (p < 0.05) reduced hepatic vitamin E in uninfected 

mice. DHEAS supplementation significantly retarded vitamin E loss by EtOH use during 

retrovirus infection compared with untreated infected mice (95 % CI = 134 to 174 

|imol/g; df = 7; p < 0.05). 
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Lipid Peroxidation Levels in Liver 

Retrovirus infection significantly (p < 0.05) increased hepatic lipid peroxidation 

(Figure 20). EtOH use further exacerbated lipid peroxidation in retrovirus infected mice 

by 194 % compared with untreated uninfected mice (9.9 ± 3.7 vs. 29.1 ± 5.5 nmol/ml, p < 

0.05). while increasing it 86 % in uninfected mice (9.9 ± 3.7 vs. 18.4 ± 2.9 nmol/ml, p < 

0.05). suggesting that EtOH use alone should modulate immune fxmction by oxidative 

stress. DHEAS supplementation of retrovirus-infected mice during EtOH consumption 

significantly maintained the hepatic lipid peroxidation level as compared to retrovirus-

infected control mice (20.1 ± 5.3 v.s. 19.4 ± 4.7 rmiol/ml; 95 % CI = 15.7 to 24.5 |jmol/g; 

df = 7; p > 0.05). 
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Figure 17. Effect of Chronic EtOH and DHEAS Supplementation on Con A of 

Splenocytes in vitro T cell was determined by ^H-thymidine incorporation into DNA. 

Splenocytes (1 x 10^ cells/ml RPMI medium) were cultured in 96 wells for 48 hrs at 37 

°C with Con A. Cells were collected by Cell Harvester, and radioactivity was measured 

by a liquid scintillation counter. Data presented as mean ± SD of triplicate wells, n = 8 

for each group, a. p < 0.05 in comparison with untreated uninfected mice, b, p < 0.05 in 

comparison with untreated iiifected mice. 
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Figure 18. Effect of Chronic EtOH and DHEAS Supplementation on LPS of 

Splenocytes in vitro B cell mitogenesis was determined by ^H-thymidine incorporation 

into DNA. Splenocytes (I x 10^ cells/ml RPMI medium) were cultured in 96 wells for 48 

hrs at 37 °C with LPS. Cells were collected by Cell Harvester, and radioactivity was 

measured by a liquid scintillation counter. Data presented as mean ± SD of triplicate 

wells, n = 8 for each group, a, p < 0.05 in comparison with untreated uninfected mice, b, 

p < 0.05 in comparison with untreated infected mice. 
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Table 2. Effect of DHEAS and EtOH Intake on Thl Cytokine (IL-2 and IFN-y) 

Production by Con A-Stimulated Splenocytes in Murine AIDS 

Treatment Cytokines (ng/ml) 

Retrovirus EtOH DHEAS IL-2 IFN-y 

- - - 0.95 (0.86-1.03) 27.3 (23.9-30.7) 

- + - 0.78 (0.72-0.83)* 28.7 (26.4-30.9) 

- - + 1.34(1.24-1.43)* 30.4 (24.2-36.5) 

- + + 1.03 (0.92-1.13) 33.7 (24.8-42.5) 

+ - - 0.53 (0.46-0.59)* 14.9(12.6-17.1)* 

-h + - 0.25 (0.2-0.3)*t 11.6(8.6-14.6)* 

+ - + 0.75 (0.65-0.85)*t 20.9(17.8-24)*t 

+ + 0.54 (0.42-0.66)* 9.5 (5.58-13.4)* 

Splenocvies (1 x 10^ cells/ml RPMI medium) were incubated with Con A for 24 hrs (IL-

2) and 72 hrs (IFN-y) at 37 "C. After collecting supematants, rat anti-murine IL-2 and 

IFN-y antibodies were used to detect murine IL-2 and IFN-y. The concentration of 

cytokines was measured by ELISA at 450 nm. Data presented as mean (95% Confidence 

Intervais:CI) of triplicate wells, n = 8 for each group. * p < 0.05 in comparison with 

untreated uninfected mice, t p < 0.05 in comparison with untreated infected mice. 
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Table 3. Effect of DHEAS and EtOH Intake on Th2 Cytokine (IL-4 and IL-6) and 

TNF-a Production by Con A- or LPS-Stimulated Splenocytes in Murine AIDS 

Treatment Cytokines (ng/ml) 

Retrovirus EtOH DHEAS IL-4 IL-6 TNF-a 

- - - 0.83 (0.69-0.97) 1.83 (1.6-2.06) 1.25 (0.99-1.51) 

- - 1.33 (1.12-1.52)* 2.2(1.99-2.41) 1.07 (0.86-1.28) 

- - + 0.78 (0.52-1.04) 1.63 (1.4-1.85) 1.44(1.1-1.77) 

- + + 1.22 (0.99-1.45)* 1.75 (1.49-2.0) 1.4(1.1-1.7) 

+ - - 1.6(1.4-1.8)* 3.83 (3.08-4.58)* 2.96 (2.6-3.3)* 

+ + - 2.12(1.84-2.4)*t 5.67 (5.4-5.9)*t 2.48 (2.0-3.0)* 

-f" - + 0.67(0.33-0.95)t 1.8 (1.3-2.2) t l.67(1.4-1.9)t 

+ + 0.63 (0.31-0.95)t 3.12(2.8-3.5)* 2.59 (2.2-3.0)* 

Splenoc\les (1 x 10' cells/ml RPMI medium) were incubated with Con A (IL-4) and LPS 

(IL-6 and TNF-a) for 24 hrs at 37 °C. After collecting supematants, rat anti-murine IL-4. 

IL-6. and TNF-a antibodies were used to detect murine IL-4, IL-6, and TNF-a. The 

concentration of cytokines was measured by ELISA at 450 nm. Data presented as mean 

(95% Confidence IntervalstCI) of triplicate wells, n = 8 for each group. * p < 0.05 in 

comparison with untreated uninfected mice, t p < 0.05 in comparison with untreated 

infected mice. 
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Figure 19. Effect of Chronic EtOH and DHEAS Supplementation on Vitamin E 

Levels in Liver Hepatic vitamin E level was used as an indicator for oxidative stress in 

liver. 0.2 g of mouse liver was used to extract vitamin E and assay was performed by 

HPLC. Data indicate that hepatic vitamin E level was decreased due to murine retrovirus 

infection and EtOH intake. Data presented as mean ± SD of triplicate wells, n = 8 for 

each group, a. p < 0.05 in comparison with untreated uninfected mice, b, p < 0.05 in 

comparison with untreated infected mice. 
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Figure 20. Effect of chronic EtOH and DHEAS supplementation on lipid 

peroxidation in liver Lipid peroxidation was determined with 0.1 g of mouse liver 

tissue. Phospholipid in the liver tissue was extracted by CHCh/Methanol (2:1 v/v) 

method. Lipid peroxides were measured by ELISA reader at 678 nm. Data presented as 

mean ± SD of triplicate wells, n = 8 for each group, a, p < 0.05 in comparison with 

untreated uninfected mice; b, p < 0.05 in comparison with untreated infected mice. 



92 

3.5. Alcohol Consumption During Murine Aids Accentuates Heart Pathology due To 

Coxsackievirus 

Body Weight and EtOH Intake 

There were no significant changes in EtOH. water or agar consumption due to 

retrovirus or coxsackievirus infection (data not shown). Mice consuming EtOH in water 

had a mean intake 3.6 ± 0.41 ml/mouse/day over the period during which they received 

40% EtOH. whereas controls consumed 3.7 ± 0.31 ml/mouse/day of sucrose in water. 

We applied the agar block feeding procedure to provide more frequent consumption of 

EtOH. Mice consumed 18.5 ± 3.7 g/mouse/day of agar gel containing EtOH which was 

not significantly different from controls (22.5 ± 2.8 g/mouse/day). Spleen and lymph 

node weights (190 days postinfection) were significantly (p < 0.05) elevated in infected 

mice (data not shown). This correlated with severe immunodeficiency and aberrant cell 

accumulation or proliferation as reported previously (156-158, 160. 176). 

iVIitogenesis of Splenocytes 

In vitro the proliferation of splenocytes stimulated by Con A was significantly (p 

< 0.05) decreased in LP-BM5 retrovirus infected mice alone (Figure 21). LP-BM5 

retrovirus infection plus EtOH consumption further inhibited the splenocyte proliferation, 

coxsackievirus infection alone 12 days before sacrifice did not affect the proliferation of 

T cells. However, both virus infections together significant reduced the proliferation of T 

cells (p < 0.05). Furthermore, the consumption of EtOH for 49 days significantly 
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inhibited the proliferation of T cells from the CVB infected mice (p < 0.05), when 

compared with only CVB infected group (p < 0.05). The consumption of EtOH for 49 

days was not further reduced the proliferation of T cells in LP-BM5 retrovirus alone or 

with CVB infected groups. 

In vitro the proliferation of splenocytes stimulated by LPS was significantly (p < 

0.05) decreased in LP-BM5 retrovirus infected mice alone (Figure 22). LP-BM5 

retrovirus infection plus EtOH consumption further inhibited the splenocyte proliferation. 

B-cell proliferation was significantly inhibited in LP-BM5 retrovirus and CVB infected 

mice with or without EtOH consumption. 

Cytokine Production by Splenocytes 

In vitro production of the Thl cytokines. IFN-y, by Con A-stimulated splenocytes 

was not significantly inhibited by reurovirus infection (Table 4). However, the production 

of IFN-y vvas significantly inhibited by EtOH consumption in the retrovirus infected mice 

(p < 0.05). The production of IFN-y in CVB infected group was significantly reduced (p 

< 0.05). compared with uninfected control group. IFN-y secretion was further decreased 

in cells from CVB infected mice fed EtOH. Splenocytes from mice infected with both 

retrovirus and coxsackievirus showed a significant decrease in IFN-y secretion when 

compared to either virus infection alone. LP-BM5 retrovirus and CVB infection with 

EtOH consumption did not further inhibited IFN-y secretion. Although IL-2 production 

by Con A-stimulated splenocytes from the retrovirus infected groups, retrovirus infected 

groups with EtOH consumption and both virus infections with EtOH consumption were 
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moderately reduced, there was not significantly different, comparing control group (Table 

4). 

Th2 cytokines stimulate B-cells to promote antibody production, suppress Thl 

cytokines, and increase susceptibility to viral infections (170). In vitro of production of 

Th2 cytokines. IL-6, by LPS-stimulated splenocytes from retrovirus infected mice were 

significantly increased. Retrovirus infection with EtOH consumption significantly 

increased the secretion of IL-6 (p < 0.05). CVB3 infection significantly decreased IL-6 

production. CVB3 infection with EtOH consumption moderately increased IL-6 

secretion. LP-BM5 retrovirus and CVB3 infection with EtOH consumption further 

increased IL-6 secretion (Table 5). Combining infection of LP-BM5 retrovirus and CVB3 

significantly increased lL-4 production, comparing with control. 

CVB3 infection significantly inhibited TNF-a production by LPS-stimulated 

splenocytes (p < 0.05). EtOH consumption further decreased the production (Table 5). 

Both LP-BM5 retrovirus and CVB3 infection produced significantly less TNF-a when 

compared to retrovirus infection alone or uninfected group (p < 0.05). LP-BM5 retrovirus 

and CVB3 infection significantly further reduced the production of TNF-a by EtOH 

consumption (Table 5). 

Heart Cytopathology of Immunodeficient Mice Infected with Coxsackievirus and 

Treated with EtOH 

Co.xsackievirus B3 (CVB3) infected immunodeficient mice consumed with EtOH 

showed significant myocarditis, whereas CVB3-infected immunocompetent mice treated 
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with EtOH showed no heart lesions. Mice infected with both CVB3 and retrovirus 

showed evident signs of myocarditis in 75% of the animals. The mice co-infected and 

EtOH consumption showed a higher percentage of affection (85%) as well as more 

severe lesions (Figure 23). Mice infected with retrovirus and EtOH consumption had 

histopathological evaluations equal to those of the controls. 
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FIGURE 21. Effect of EtOH and Coxsackievirus Infection on T-cell Proliferation in 

vitro T-cell mitogenesis was determined by ^H-thymidine incorporation into DNA. 

Splenocvtes (1 x 10^ ceils/ml RPMI medium) were cultured in 96 wells for 48 h at 37 °C 

with Con-A. Cells were collected by Cell Harvester, and radioactivity was measured by a 

liquid scintillation counter. Data presented as mean ± SE of triplicate wells, n = 6 to 8 for 

each group, a, p < 0.05 in comparison with uninfected control mice; b, p < 0.05 in 

comparison with same infection without EtOH group; c, p < 0.05 in comparison with 

CVB infection with or without EtOH group. 
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FIGURE 22. Effect of ethanol and Coxsackievirus infection on B-cell Proliferation 

in vitro B-cell mitogenesis was determined by "'H-thymidine incorporation into DNA. 

Splenocytes (1 x 10^ cells/ml RPMI medium) were cultured in 96 wells for 48 h at 37 °C 

with LPS. Cells were collected by Cell Harvester and radioactivity was measured by a 

liquid scintillation counter. Data presented as mean ± SE of triplicate wells. . n = 6 to 8 

for each group, a. p < 0.05 in comparison with uninfected control mice; c. p < 0.05 in 

comparison with CVB infection with or without EtOH group. 
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Table 4. Effect of Coxsackievirus B3 Infection and EtOH Intake on Thl Cytokine 

Production by Con A-Stimuiated Splenocytes during Murine AIDS 

Treatment Thl Cytokines (ng/ml) 

Retrovirus EtOH Coxsackievirus IL-2 IFN-y 

- - - 2.14 ±0.05 16.7+ 1.4 

- + - 2.08 ± 0.02 14.7 ±0.9 

- - + 1.9±0.18 13.3 ± 1.1' 

- + + 2.13 ±0.02 10.7 ±0.8^"' 

- - 1.97 ±0.1 16.0 ± 1.5 

- + - 1.91 ±0.16 12.2 ± 2.0" 

-r - + 2.06 ± 0.04 6.8 ± 0.7"-'' ' 

•f + + 1.77 ±0.192 11.6 ± 1.5"-'' 

SplenocNtes (1 X 10' cell/ml RPMI medium) were incubated with Con A for 24 hr (IL-2) 

and 72 hr (IFN-y) at 37°C. After collecting supematants, rat anti-murine IL-2, and IFN-y 

antibodies were used to detect murine IL-2 and IP^-y. The concentration of cytokines 

was measured by ELISA at 450 nm. Every sample was determined in triplicate/mouse. 

Values are mean ± SE for 8 mice/group, p values are as follows: a, p < 0.05 compared 

with untreated uninfected mice; b, p < 0.05 compared with untreated, retrovirus infected 

mice; c. p < 0.05 compared with CVB3 infected mice. 
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Table 5. Effect of Coxsackievirus B3 Infection and EtOH Intake on Th2 Cytokine 

and TNF-a Production by Con A- and LPS-Stimulated Splenocytes during Murine 

AIDS 

Treatment Cytokines (ng/ml) 

Retrovirus EtOH Coxsackievirus IL-4 IL-6 TNF-a 

- - I.I9± 0.09 l .47±0.15 1.64 ±0.28 

- + 1.06 ±0.16 1.65 ±0.19' 1.46 ±0.31 

- + 1.37 ±0.6 0.79 ±0.18"-''  0.92 ± 0.07' 

- + + 1.19±0.08 1.25 ±0.07 0.48 ± 0.12 

-r - 1.24 ±0.06 2.37 ±0.18" 1.12±0.28 

-r + 1.36 ±0.04 2.37 ±0.22''  1.16±0.18 

-r + 1.39 ±0.01 " 1.92 ±0.28' 0.53 ±0.16" 

-r + + 1.36 ±0.05 2.19 ±0.3" 0.38 ±0.13 

Splenoc\tes (1 X 10^ cell/ml RPMI medium) were incubated with Con A for 24 hr (IL-4) 

and LPS for 24 (IL-6 and TNF-a) at 37°C. After collecting supematants, rat anti-murine 

[L-4. IL-6 and TNF-a antibodies were used to detect murine IL-4, IL-6 and TNF-a. The 

concentration of cytokines was measured by ELISA at 450 nm. Every sample was 

determined in triplicate/mouse. Values are mean ± SE for 8 mice/group, p values are as 

follows; a. p < 0.05 compared with untreated uninfected mice; b, p < 0.05 compared with 

untreated, retrovirus infected mice; c, p < 0.05 compared with CVB3 infected mice; d, p 
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< 0.05 comparing with uninfected and EtOH consumption group; e, p < 0.05 comparing 

with EtOH consumption group. 
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Figure 23. Histopathologic Scores of CVB3/59-Inoculated CS7BL6 Mice Treated 

with EtOH and/or Infected with LP-B1VI5 Retrovirus Pathologic score: 0 = no lesions. 

1+ = mild mutifocal non-suppurative epicarditis to mild multifocal non-suppurative 

myocarditis. 2+ = Mild focal non-suppurative myocarditis with myocardiocyte 

degeneration and necrosis to mild multifocal non-suppurative myocarditis with 

myocardiocyie degeneration and necrosis, 3+ = moderate focal non-suppurative 

m\ocarditis with myocardiocyte degeneration and necrosis to moderate multifocal non

suppurative mv'ocarditis with myocardiocyte degeneration and necrosis, 4+ = severe 

multifocal non-suppurative myocarditis with myocardiocyte degeneration and necrosis. 
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3.6. Cocaine Injection and Coxsackievirus B3 Infection Increase Heart Pathology 

during MAIDS 

Effect of Cocaine and Coxsackievirus on in vitro Production of Cytokines 

TNF-a production by LPS-stimulated splenocytes was significantly decreased by 

retrovirus infected mice treated with cocaine (Figure 24), but not retrovirus infection 

alone. Coxsackivirus infection also greatly decreased TNF-a production. Retrovirus + 

co.xsackivirus significantly inhibited TNF-a production by splenocyte. Both virus 

infection combining cocaine treatment further decreased TNF-a production (Figure 24), 

compared to uninfected, retrovirus, or coxsackievirus infected controls (p < 0.05). The 

levels of IL-4 secretion by Con A-induced splenocytes from retrovirus or coxsackievirus 

infected mice or both virus co-infection were not significantly increased, comparing 

control mice. However, coxsackievirus infection plus cocaine and co-infection by 

retrovirus and coxsackievirus plus cocaine significantly elevated IL-4 production 

compared to uninfected cocaine treated group (p < 0.05) (Figure 25). LP-BM retrovirus 

infection significantly increased Production of lL-6 by LPS-stimulated splenocytes (p < 

0.05). but not coxsackievirus infection. LP-BM retrovirus and coxsackievirus co-infected 

mice or plus cocaine significantly increased production of IL-6 mice (p < 0.05), 

compared with coxsackievirus infection, saline injected group (Figure 26). 
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Heart Cytopathology of Immunodeficient Mice Treated with Cocaine and Infected 

with the Coxsackievirus 

Neither cocaine nor retrovirus exposure alone caused significant myocarditis. 

CVB3 infection alone also showed no significant heart lesions. It is suggested that 

C57BL/6 mice are the low susceptibility to myocarditis after infected by CVB3/59. 

Cocaine treatment plus coxsackie infected mice or murine AIDS plus coxsackie infected 

mice had significant myocarditis. However, murine AIDS plus coxsackievirus CVB3/59 

infection + cocaine treated mice showed significant heart lesions. Greater damage was 

observed in the later group (Figure 27). 
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FIGURE 24. Effect of Virus Infections and Cocaine Treatment on Tumor Necrosis 

Factor-alpha (TNF-a) Production by Splenocytes Mitogen Stimulated in vitro Every 

sample from each mouse was determined in triplicate. Values are means ± SE for each 

group. Letters indicate significant differences at p < 0.05; n = 6 to 9 mice for each group, 

a. compared to uninfected control mice; b, compared to other cocaine treatment group. 
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FIGURE 25. Effect of Virus Infections and Cocaine Treatment on 1L*4 Production 

by Splenocytes Mitogen Stimulated in vitro Every sample from each mouse was 

determined in triplicate. Values are means ± SE for each group, n = 6 to 9 for each group. 

Letters indicate significant differences at p < 0.05: a, compared to uninfected, cocaine 

treated group. 
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FIGURE 26. Effect of Virus Infections and Cocaine Treatment on IL-6 Production 

by Splenocytes Mitogen Stimulated in vitro Every sample from each mouse was 

determined in triplicate. Values are means ± SE for each group, n = 6 to 9 for each group. 

Letters indicate significant differences at p < 0.05: a. compared to uninfected, untreated 

group; b. compared to coxsackievirus infected group. 
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FIGURE 27. Histopathologic Scores of CVB3/59-Inoculated Mice Treated with 

Cocainc or Infected with Coxsackievirus Pathologic score: 0= no lesions, 1+ = mild 

muti focal non-suppurative epicarditis to mild multifocal non-suppurative myocarditis. 2+ 

- Mild focal non-suppurative myocarditis with myocardiocyte degeneration and necrosis 

to mild multifocal non-suppurative myocarditis with myocardiocyte degeneration and 

necrosis. 3+ = moderate focal non-suppurative myocarditis with myocardiocyte 

degeneration and necrosis to moderate multifocal non-suppurative myocarditis with 

msocardiocyte degeneration and necrosis, 4+ = severe multifocal non-suppurative 

myocarditis with myocardiocyte degeneration and necrosis. 



107 

CHAPTER IV DISCUSSION 

4.1. Treatment of Immune Dysfunction in Very Old Mice with DHEA 

Aging is associated with significant immune dysfunction, including a decline in 

both cell-mediated and humoral immune responses in animals and humans (46, 172, 

173). Many of the age-related changes involve defects in the function of T cells including 

diminished proliferative response and altered cytokine production. Immune dysfunction 

increases autoimmune diseases and death. The effect of DHEA on age has been described 

in our previously studies and other investigations (131, 174-176). DHEA and DHEAS 

were shown to reduce cytokine dysregulation (174). This study confirms the results of the 

earlier findings and further demonstrate that short-term DHEAS supplementation 

significantly (p < 0.05) increased survival of very old mice, prevented the dysregulation 

of cytokines, and significantly (p < 0.05) restored the T cells proliferation in aging mice. 

Some immune responses, including Thl cells' production of cytokine lL-2, 

decrease with age. Other immune activities increase, such as the production of 

autoantibodies and Th2 cells' secretion of lL-4 and IL-6 increase (177). Production of IL-

2 was decreased by lymphocytes from elderly humans and animals compared to that 

produced by young controls (60, 178). In vivo studies have shown the ability of DHEA to 

enhance IL-2 production by activated murine T cells (179). Our recent studies (180. 181) 

demonstrated that DHEA or DHEAS partially corrected age-associated depressed 

production of IL-2. Our current study shown that DHEA significantly prevented age-

associated suppression of IL-2 secretion in very old 31.5 month mice. IL-2 is an 
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important growth factor for T cells. Significant IL-2 release by cells from aging mice 

during DHEA treatment should facilitate optimum T cell proliferation upon mitogen 

exposure. This cytokine effect help explain the increase in T cell proliferation with 

DHEA supplementation. 

IL-6 is a multilfuctional cytokine that regulates the generation of the acute phase 

and inflammatory responses as well as B-cell proliferation and maturation (175). 

Dysregulation of lL-6 synthesis is thought to play a role in the development of a number 

of age-related conditions, such as rheumatoid arthritis, osteoporosis, atherosclerosis, 

.Alzheimer's disease and B cell malignancies. Recently, it has been suggested that the 

production of IL-6 is influenced by the adrenal hormone DHEA and its sulfated 

derivative DHEAS (182). Supplementation of DHEA may prevent the e.xcessive 

secretion of IL-6 by Th2 cells in aging human and mice (175). The results of our study 

are consistent with a previous one (175) that supplementation of DHEA reduced IL-6 

secretion in aging mice, even though DHEA supplementation was for a short time, 5 

weeks. This is the first DHEA treatment in very old mice, which significantly slowed 

their death rate. 

Dysfunction in IFN-y production, a cytokine with highly pleiotropic activities, 

may also be a major contributing factor to the pathogenesis of aging (172). Unstimulated 

lymphoid cells from aged mice spontaneously produce significant amounts of IFN-y (60). 

Splenic T cells from 26 month old mice, when compared with published data from young 

controls, showed increased IFN-y production. Increased production was accoimted for by 

increased numbers of CD4"^CD44'^'^ and CD8*CD44'^'®'' T cells in aged mice (172). IFN-y 
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can upregulated the expression of Class II MHC molecules in numerous cells (183, 184) 

associated with the pathogenesis of autoimmune diseases, rheumatoid arthritis and 

multiple sclerosis (185). Supplemental DHEAS treatment of 24-month-old mice 

significantly reduced IFN-y production compared the control aging mice (60). Similarly 

IFN-y production changes due to aging were also reduced by DHEA in our study. 

In summary, our study provides the basis for future investigation on the use of 

DHEA. for the treatment of immunosenescence in aging. Supplementation DHEA 

especially significantly overcame the immune dysfunction by increasing IL-2, decreasing 

IL-6 and IFN-y and enhancing proliferation T cell. Restoration of immune system by 

DHEA occurred concomitantly with increased the survival of very old mice. Our data 

suggest that DHEA supplementation is safe and well tolerated in very mice. 
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4.2. Antioxidant and DHEAS Supplementation in the Prevention and Treatment of 

Immune Dysfunction and Oxidation Induced by Murine AIDS in Aged Mice 

In the present study, supplementation with multiple antioxidants during the whole 

course of infection significantly prevented retrovirus-induced suppression of various 

immune responses. It largely maintained normal cytokine production. This change 

occurred simultaneously with restoration of tissue vitamin E and T- and B-cell 

proliferation by 137 % or 76 % respectively. The concentration of hepatic vitamin E was 

significantly (p < 0.05) reduced by retrovirus infection, while multiple antioxidant 

supplementation significantly (p < 0.05) maintained hepatic vitamin E levels near those 

of uninfected mice. These changes were much less or non existent when supplementation 

was begun at 3 month post infection, after severe immune dysfunction had already 

developed. These results expand our understanding of the roles nutritional 

supplementation with multiple antioxidants has on preventing immune dysfunction 

during murine retrovirus infection. 

In early stages of HIV disease, selective defects in antigen-specific T cells are 

observ ed (186). Over time there is a gradual and progressive increase and severe immune 

abnormalities that include decreased proliferative response to mitogens and antigens, and 

decreased monocyte-dependent T-cell proliferation (187). Because Th cells plays a focal 

role in the regulation of all immune responses, cytokine dysregulated production results 

in global immunosuppression that renders the individual susceptible to opportunistic 

infections and tumors. Thus, increased mitogenesis of T cell should slow progression to 
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AIDS. Vitamin E supplementation partially restored B cell and T cell mitogenesis 

suppressed by murine retrovirus infection which did not continue after murine AIDS 

developed in untreated mice (188). The effect of vitamin E on T- and B-cell mitogenesis 

may be due to its ability to prevent lipid peroxidation. Therefore we investigated the 

effects of multiple antioxidant supplementation may be more effective that vitamin E 

alone because .A.IDS patients have many nutritional deficiencies (189). 

A shift from a Thl to a Th2 cytokine production occurs during progression to 

murine and human AIDS (9, 190). Thus, HIV infection is associated with a progressive 

reduction in the Thl cytokines. IL-2 and IL-12. which stimulate cell-mediated immunity 

(191). and an increase in Th2 cytokines. IL-4. IL-5, lL-6, and IL-10. which stimulate 

humoral immunity (192). Thl and Th2 responses are reciprocally cross-regulated via 

IFN-y. which inhibits Th2 cells, and IL-IO, which inhibits Thl cells (193). In HIV 

infected patients and murine retrovirus infected mice, T cell proliferation and IL-2 

production decline while IL-4, IL-6, IL-IO, and immunoglobulin production increase. 

Multiple antioxidant supplementation significantly prevented the murine retrovirus-

induced suppression of IL-2 secretion and the increased production of IL-6. IL-2 is an 

important growth factor for T cells (194). Its increased release by multiple antioxidants is 

in accord with restored T cell proliferation by supplementation in retrovirus-infected 

mice. Elevated levels of IL-6 have been associated with stimulation of HIV replication in 

macrophages and T cells (195). Thus prevention of imbalanced Thl and Th2 cytokine 

production by multiple antioxidants contributes to normalizing the entire immune 

response and slowing the development of murine AIDS. 
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Oxidative stress may be a potent inducer of viral activation in addition to DNA 

damage in virus-infected cells, producing one of the long-term consequences of HIV 

infection i.e. immunosuppression (196). Reduced levels of potent antioxidants such as 

glutathione and other acid-soluble thiols correlate well with progression to AIDS (197). 

The increased free radicals produced during murine retrovirus infection increase 

utilization of antioxidants including membrane vitamin E and results in increased tissue 

lipid peroxidation (198). Cytokine-induced oxidative stress is also an important factor for 

enhancing replication of HIV (199). Thus free radical inactivation by antioxidant 

supplementation should inhibit HIV replication, retarding progression to AIDS. 

Loss of essential substances. Coenzyme Qio, P-carotene. and selenium, are 

associated with immune dysfunction caused by HIV (200-202). Coenzyme Qio has 

recently been found to be involved in transplasma membrane electron transport involved 

in the control of cell growth, and also been implicated as an antioxidant protecting 

membranes (203). Serum p-carotene concentration is known to be deficient in HIV-

infected individuals. The most likely mechanism for the P-carotene deficiency may be 

related to impairment of free radical elimination and failure to protect cellular membranes 

against lipid peroxidation (204). Deficiency of selenium is associated with glutathione 

peroxidase activity, cardiomyopathy, and immune dysfunction including impaired 

phagoc>iic function, and decreased CD4 T-cells (205, 206). Thus mineral deficiencies 

could accentuate immune dysfunction in AIDS. 

We have previously shown that vitamin E supplementation at dietary intakes of 

15- 450 times greater than the level in control diets only partially normalized immune 
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dysfunction during murine AIDS. This effect decreased as the infection progressed to 

murine AIDS. However the multiple antioxidants were more effective at restoring, or 

maintaining, immune systems than was supplementation with vitamin E alone. Therefore 

just preventing oxidation by high levels of antioxidants like vitamin E is insufficient to 

prevent immune dysfunction. Other compounds present in our supplementation diet are 

needed to slow retrovirus-induced immune damage. 

Aging is associated with the pathology of many viral diseases (207). With better 

treatments more AIDS patients are surviving in old age. With aging more virus is 

produced with CD4 T-cells infected. HIV production is under the control of many 

cNtokines. pro-inflammatory cytokines such as lL-6 and TNF-a which upregulate HIV 

production (207). HIV preferentially infects memor\' T-cells containing CD45RO which 

is increased with aging (208), suggesting that older persons are more susceptible to HIV 

infection. Recently, we asserted that DHEA prevented immune dysfunction caused by 

LP-BM5 murine retrovirus infection (180). Therefore uninfected and infected old mice. 

17 months old. were fed with DHEAS + antioxidants for 16 weeks. DHEAS is water 

soluble and present in humans at 500 to 1000 times the level of DHEA. DHEA and 

DHEAS are interconverted in peripheral and adrenal tissues. Antioxidants are lower in 

old people so their supplementation may prevent aging process or may retard HIV 

progression to .AIDS due to blocking the free radical cascade (196). Our data suggest that 

DHEAS + antioxidant nutrient supplementation was more effective in minimizing 

immune dysfunction in old infected retrovirus mice than antioxidant supplementation 

alone. As aging and AIDS cause similar immune dysfunction changes, their combined 
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presence may synergize for more severe immune dysregulation. More people are 

surviving AIDS longer, so a greater number of older people will be infected and need 

immune therapy. 

Supplementation with antioxidants during the whole course of infection 

significantly prevented retrovirus-induced suppression of immune responses. It 

maintained nearly normal cytokine production. This occurred simultaneously with 

restoration of tissue vitamin E and T- and B-cell proliferation. The combined treatment 

was more effective than antioxidant nutrient supplementation alone. DHEAS accentuated 

the effects of antioxidants and maintained cytokine production. T- and B-cell 

proliferation, and hepatic vitamin E close to the activity levels of uninfected old mice. 

The concentration of hepatic vitamin E were significantly (p < 0.05) reduced by 

retrovirus infection, while multiple antioxidant supplementation significantly (p < 0.05) 

maintained hepatic vitamin E levels near that of uninfected old mice. 

DHEAS synergized the effect of multiple antioxidants on preventing immune dysfunction 

in old mice including those further immunologically damaged by retrovirus infection. 

This study, showing the synergistic effects of DHEAS + antioxidants, expands 

upon our data recently published using antioxidants (181). Some of those data is. of 

necessity, repeated. 
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4.3. Dehydroepiandrosterone Sulfate (DHEAS) Maintains Resistance to 

Cryptosporidium Parvum in Aged Mice 

Aging is associated with a decline in immune function that leads to an increased 

incidence of and susceptibility to infection (58). Age-related changes in immunity 

primarily involve alterations in T and B responses, yielding decreased ability to 

generated antibodies to antigens and decreased effectiveness of some vaccines to confer 

immunity (60). Susceptibility to C. parvum infection in aged hosts has been assessed in 

some animal models. Aged hamsters were more susceptible to cryptosporidial infections 

than non-aged hamsters (62, 63). DHEAS treatment reduced the severity of C. parvum 

infections in immunosuppressed rats and aged Syrian golden hamsters (62, 168). The 

present study investigated the effects of DHEAS supplementation on C. par\'um 

infections during 8 months in aged mice when compared to adult mice by examining T-

and B cell proliferation, cytokine secretion and fecal oocyst shedding. 

The non-DHEAS-supplemented aged mice had low T- and B-cell proliferation 

compared to adult mice, indicating immunosenescence. DHEAS significantly increased 

T- and B-cell proliferation stimulated by mitogens in these aged mice, indicating that 

DHEAS supplementation may have modified some immunosenescence effects. 

Moreover, adult mice supplemented with DHEAS for 8 months also had increased T- and 

B-cell proliferation compared to non-supplemented mice, as shown previously (168. 

180). Likewise. DHEAS increased T- and B-cell proliferation in immunosuppressed rats, 

infected by C. parvum (168). 



116 

Protection against Cryptosporidia! infections in SCID mice was observed 

following the adoptive transfer of primed spleen cells from BALB/c donor mice, 

indicating that cell-mediated immunity played an important role in control of 

cryptosporidiosis (170, 171). CD4* and CDS' T cells seem to play an important role in 

protection against cryptosporidiosis (209. 210). In immunodeficient mice (SCID and 

nude) adoptive transfer of BALB/c thymocytes, bone marrow cells, splenocytes, 

mesenteric lymph node cells, but not B cells alone, resulted in control of 

cryptosporidiosis (211. 212). 

We observed that there was a significant increase of IFN-y secretion by in vitro 

mitogen-stimulated splenocytes in C. parvum-infected. DHEAS supplemented adult 

mice, with a moderate increase in C. parvum-infected, DHEAS supplemented aged mice 

compared with controls. During C. parvum infection. IFN-y may be required for 

successful control of infection (213, 214). Treatment with neutralizing antibody anti-

IFN-y resulted in an increase of oocyst shedding from C. parvum-infected adult BALB/c 

mice. e\'en though the infection remained self-limited (215). The combination of anti-

CD4 and anti-IFN-y mAbs resulted in a chronic C. parvum infection with high numbers 

of oocyst shedding. However, depletion of CD4 cells alone reduced the number of oocyst 

shedding (216. 217). These studies indicated that IFN-y limited the severit>' of infection 

(211). The complete lack of IFN-y in mice with a target disruption of this cytokine gene 

resulted in uncontrolled C. parvum infection (214). Our study showed that DHEAS 

treatment increased IFN-y production in C. parvum-infected mice partially explaining the 

enhanced resistance observed. It is important to note that nitric oxide has potent 
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antimicrobial activity against many extracellular and intracellular microorganisms (218, 

219). IFN-y may mediate protective immunity against C. parvum via the generation of 

nitric oxide (220. 221). 

DHEAS supplementation increased production of lL-5 in C. parvum-inoculated. 

aged (Fig 4). lL-5, produced by Th2 cells, is particularly important as a regulatory 

cytokine for IgA secretion into the intestinal mucosa because it induces terminal 

differentiation of IgA-committed B cells into IgA plasma cells (222-226). Our previous 

study in C57BL/6 mice showed that at day 10 postinfection of C. parvum production of 

IL-5 by intraepithelial lymphocytes was increased (222). Treatment with anti-murine IL-

5 monoclonal antibodies prior to and 5 days after challenge with C. parvum in adult 

BALB/c mice increased the level of oocyst shedding and infection of the terminal ileum 

(227). 

In conclusion, our study demonstrated that supplementation of DHEAS. perhaps 

via restoration of various afferent and efferent immune responses, could reduce severity 

of C. parvum infection in aged mice. DHEAS is a potential immune-modulating agent 

that may prevent on reverse immune dysftinction and thus, promote disease resistance. 

DHEAS may guarantee further evaluation as treatment in aged or immunocompromised 

hosts, such as AIDS patients infected by C. parvum. 
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4.4. Immune Dysfunction during EtOH Consumption and Murine AIDS: The 

Protective Role of DHEAS 

Our data demonstrate that EtOH consumption for 16 weeks reduced T- and B-

cell proliferation beyond immune suppression induced by LP-BM5 murine retrovirus 

infection. We previously reported that T- and B-cell proliferation during early murine 

retrovirus infection was further suppressed in EtOH-fed mice after shorter EtOH and 

retrovirus exposures, at 6 (T cells) and 9 weeks (B cells) postinfection (116). These 

results are in accord with our findings of decreased T- and B- cell proliferation and lL-2 

release by EtOH and retrovirus exposure. Decreased cell division was expected as IL-2 is 

a major T-cell growth factor. We showed that EtOH consumption after development of 

MAIDS (16 weeks) exacerbated the retrovirus' inhibited effects on T and B cell 

proliferation. The increased production of antibodies is a property of murine retrovirus 

infection due to increased number of B cells caused by increased IL-4 secretion from Th2 

cells. However our data indicate the failure of B cell proliferation due to both EtOH 

intake and murine retrovirus infection. It is not clear why B cell proliferation was 

inhibited regardless of the increased IL-4 level. IL-2, reduced by the treatment, is also 

needed for lymphoc>te proliferation. Thus, the combined treatment of murine retrovirus 

and EtOH may directly damage the proliferative function or indirectly block the signal 

transduction to stimulate B cells. 

A shift from balanced Thl and Th2 cell secretion of cytokines to a Th2 cell 

cvtokine production occurs during progression to MAIDS (156, 228). Murine retrovirus 
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infection is associated with a progressive reduction in Thl cytokines, IL-2, and IFN-y, 

and an increase in Th2 cytokines, IL-4, IL-6, and IL-IO. This notion is supported by the 

findings in HIV7AIDS patients and mice with MAIDS that T-cell proliferation and IL-2 

production decline while IL-4, IL-5, and IL-10 production increase (163, 228, 229). 

Recent evidence with the knockout mice model continues to advocate the Thl/Th2 

conversion theory. When IL-4-deficient mice (IL-4 gene knockout), which are defective 

in Th2 cytokine responses, were infected with LP-BM5 retrovirus, the usual lethality was 

absent, and the development of T-cell abnormalities associated with MAIDS was delayed 

(230). Administration of anti-IL-4 monoclonal antibody in LP-BM5 retrovirus-infected 

mice also normalizes the imbalance of Thl and Th2 responses induces by retrovirus 

infection, prevents retrovirus-induced suppression of immune responses, and alleviates 

the typical MAIDS symptoms: splenomegaly and hypergammaglobulinemia (231). EtOH 

also independenily alters cytokine secretion (156). Thus, we assessed whether chronic 

EtOH consumption acts as a cofactor to perpetuate the cytokine imbalance and increase 

the rate of MAIDS progression. We observed that a decreased production of the Thl 

cytokine, IL-2, was further inhibited by EtOH consumption. This is in agreement with 

increased activation of Th2 cell response in MAIDS. However, no further inhibition of 

IFN-y secretion by cells from mice consuming EtOH was observed. This may be caused 

by increased natural killer (NK) cell activity induced by EtOH via p-endorphin and 

norepinephrine (232. 233), which are potent stimulators of NK cell activity and major 

sources of IFN-y in vivo. 
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The excessive production of IL-4 and IL-6 (Th2 cytokines) by Con A- and LPS-

stimulated splenocytes during MAIDS was further increased in cells from EtOH-

consuming retrovirus infected mice. Thus chronic EtOH consumption could exacerbate 

the imbalance between Thl and Th2 cell cytokines during retrovirus infection. Since IL-4 

and IL-6 are major contributors to hypergammaglobulinemia and global B-cell 

dysfunction seen in MAIDS (231), EtOH consumption may further exacerbate this 

condition. EtOH induced increased IgA and IgE production during retrovirus infection 

(81). EtOH-induced loss of B-cells' normal responsiveness to a mitogen is consistent 

with this concept. Elevated levels of IL-6 and TNF-a by stimulated B cells or 

macrophages have been observed in MAIDS (228. 229). IL-6 and TNF-a stimulate 

retrovirus replication in CD4+ T-cells and macrophages (228, 229), thus. EtOH use can 

enhance retrovirus replication and increase the rate of MAIDS progression. The 

accelerated immune dysfunction and cytokine dysregulation we observed might be 

similarly caused by increased murine retrovirus replication. 

Free radicals activate NF-KB, which induce retrovirus replication (205). Oxidative 

stress due to EtOH use may be a potent inducer of murine retrovirus replication in 

addition to DNA damage in virus-infected cells, producing one of the long-term 

consequences of retrovirus infection, immunosuppression (196). Reduced levels of potent 

antioxidants correlated well with the progression to MAIDS (188). The increased free 

radicals produced during EtOH use and murine retrovirus infection increase utilization of 

antioxidants, including membrane vitamin E. This results in increased tissue lipid 

peroxidation (199, 188). Thus antioxidant treatment should prevent tissue lipid 
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peroxidation and restore hepatic vitamin E levels. However, we have previously shown 

that vitamin E supplementation at dietary intakes of 450 times greater than the level in 

the control diet only partially normalized immune function during MAIDS (205). In 

addition, multiple antioxidants were more effective at restoring or maintaining immune 

function than was supplementation with vitamin E alone (181). In vitro studies showed 

that DHEA. the active form of DHEAS, had more antioxidant activity than vitamin E 

(234). Our data show that DHEAS supplementation significantly (p < 0.05) restored 

hepatic vitamin E levels and prevented tissue lipid peroxidation. This indicates that 

DHEAS treatment substantially reduces the oxidative stress due to both EtOH use and 

murine retrovirus infection. 

Our data indicate that EtOH intake alone can lead to immune dysfunction. Several 

mechanisms have been suggested for immunomodulatory effect of EtOH. Some 

immunological parameters are directly influenced by EtOH interacting with cell 

membranes, whereas others are changed through intervention by hormonal changes 

caused by central ner\'ous system effects and nutritional modulation or physiological 

modification by EtOH. However, no data have been yet reported the relationship 

between DHEAS and EtOH intake during murine retrovirus infection. Thus, we 

examined the effects of DHEAS on lymphocyte proliferation from splenocytes and 

cvtokine dysregulation caused by synergism of EtOH during murine retrovirus infection. 

DHEAS levels decline concomitandy with CD4+ cells in HIV infected people (235, 155). 

However. EtOH consumption is associated with increased serum DHEAS (236), 

suggesting that the body adjusts to the increased oxidative burden induced by EtOH use. 
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Thus, the effects of EtOH on DHEAS may explain some of its immunosuppression and 

reduction in disease. Our data demonstrate that DHEAS supplementation significantly (p 

< 0.05) prevented the dysregulation of cytokines and significantly (p < 0.05) restored T-

and B-cell proliferation in murine retrovirus infected mice, thus confirming previous 

studies (180. 237). 

During murine retrovirus infection DHEAS supplementation significantly (p < 

0.05) retarded the additional dysfunction in mitogen-stimulated splenocytes and the 

imbalance of Thl and Th2 cytokines caused by chronic EtOH supplementation. In a 

recent study. DHEAS prevented the effect of EtOH on the modulation of synaptic 

transmission, suggesting the possibility that EtOH and DHEAS may act via a common 

site or pathway in the nerve system (236). DHEA and DHEAS demonstrated immune-

enhancing properties during MAIDS by reducing oxidation and cytokine dysregulation 

(160). As expected, prevention of further immune dysfunction caused by EtOH use 

during MAIDS occurred in DHEAS supplemented mice. 

In summary, chronic EtOH intake caused marked suppression beyond murine 

retrovirus infection in the cytokine production by splenocytes, and reduced lymphocyte 

proliferation and hepatic vitamin E level, resulting in increased tissue lipid peroxidation. 

Our data suggest that DHEAS could partially restore the immune dysflinction caused by 

synergism of EtOH with murine retrovirus infection. This may result from the hormonal 

regulatory function and antioxidant property of DHEAS. 
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4.5. Alcohol Consumption during Murine AIDS Accentuates Heart Pathology due to 

Coxsackievirus 

The contribution of immunodeficiency by LP-BM5 retrovirus infection and EtOH 

consumption to heart lesions caused by cardiotropic virus has not been intensely 

investigated. However, in AIDS patients and excessive consumption of alcohol are likely 

to be susceptibility to opportunistic virus infection, leading to myocarditis. The result 

present here demonstrate that LP-BM5 retrovirus infection enhance susceptibility to the 

cardiotoxic effects of myocarditic coxsackievirus (CVB3/59), but not EtOH alone. The 

fact that immunodeficiency caused by LP-BM5 retrovirus in the mice can lead to 

increased viral-induced heart damage strongly suggests that AIDS patients are likely to 

be susceptibility to opportunistic virus infection, leading to myocarditis. The immune 

system is clearly required for virus clearance, since severe combined immunodeficient 

(SCID) mice develop cardiac necrosis and experience a high rate of mortality after 

inoculation of CVB3 (20). 

T-cell proliferation plays an important role in cell-mediated immunity that most 

consistently shows defects associated with LP-BM5 retrovirus infection and EtOH 

consumption. The present of myocardial damage in LP-BM5 retrovirus infected mice 

may be related to inhibited T cell proliferation. A strong cell-mediated response (Thl) 

may be beneficial in resistance to HIV and opportunistic virus infection, whereas a shift 

towards Th2 predominance results in progression to AIDS and opportunistic virus 

infection, such as CVB. The antiviral effects of IFN-P and IFN-y have been demonstrated 
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in persistently coxsackievirus B3-infected carrier cultures of human myocardial 

fibroblasts (238). The reduction of IFN-y secretion in retrovirus infected mice may 

reduced the clearance of virus and enhanced myocardial damage. In our study, IFN-y was 

significantly inhibited by LP-BM5 retrovirus infection and EtOH consumption. It may 

contribute to the myocardial damage. 

One of possible mechanism of cardiac pathology involves myocyte damage by the 

coxsackievirus with the concomitant release of myosin by the myocyte cells (21). This 

molecule can very easily be taken up by dendritic cells and activate autoreactive T cells. 

In C57/B16 mice infected with the murine retrovirus, the Thl immune response is 

diminished and an increase in the secretion of Th2 cytokines occurs, facilitating 

suppression of the cellular immune response (156). As Th2 populations are activated. IL-

4. IL-6. and IL-10 are secreted (239), with subsequent B cell activation and production of 

antibodies and anti-myosin autoantibodies which induce myocarditis (21). If these 

included anti-myosin antibodies they could cause some of the heart pathology seen 

during coxsackievirus infection. The results from our animal studies show that LP-BM5 

retrovirus infection resulted in a shift in Thl to Th2 cytokine profiles. The increased IL-6 

secretion may increase the anti-myosin antibody production. 

The nutritional status of the mice infected by retrovirus influence both 

susceptibility to infectious disease and the severity of the disease if contracted. The 

studies (240) of coxsackievirus infection and selenium deficiency in mice found that mice 

fed a selenium-deficient diet developed myocarditis, but mice fed a diet adequate in 

selenium did not. Similarly, mice fed a diet deficient in vitamin E developed myocarditis, 
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but mice fed a diet with adequate vitamin E did not. The patients who developed 

neuropathy had lower blood concentrations of riboflavin, vitamin E, selenium, alpha- and 

beta-carotenes, and the carotenoid lycopene, which suggests that the disease was 

associated with an impairment of protective antioxidant pathways. After supplementation 

of the population with these nutrients, the disease began to subside. The nutritional status 

of the host can have a profound influence on CVB, so that a normally avirulent virus 

becomes virulent because of changes in the viral genome (240). 

Micronutrient deficiencies are common in HIV/AIDS, resulting from both 

malabsorption and virally-caused depletion. Selenium deficiencies, one of the most 

common nutrient deficiencies, are important due to their dual function as nutrients 

necessar\' for immune modulation and as antioxidants (241). Supplementation trials with 

individual antioxidants have shown improvement in immunological parameters and 

decreased evidence of lipid peroxidation (241). Our previous studies and others (206, 

242. 243) have reported a selenium and vitamin E deficiency in AIDS patients and 

MAIDS associated with a higher production of free radicals. In our study, we also 

exhibited that LP-BM5 retrovirus infection with EtOH consumption further exacerbated 

the vitamin E deficiency and increased free radical. 

Oxidative stress is implicated in the pathogenesis of several viral infections, 

including hepatitis, influenza, and AIDS. Dietary oxidative stress due to either selenium 

or vitamin E deficiency increases cardiac damage in mice infected with a myocarditic 

strain of coxsackievirus B3. Such dietary oxidative stress also allows a normally benign 

(i.e.. amyocarditic) coxsackievirus 83 to convert avirulence to virulence and cause heart 
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damage (244). This conversion to virulence is due to a nucleotide sequence change in the 

genome of the benign virus, which then resembles more closely the nucleotide sequence 

of virulent strains. Further research is needed to determine whether poor host nutrition 

caused by retrovirus infection and/or EtOH consumption plays any role in the emergence 

of new viral diseases via alterations in the genotype of an infectious agent (244). 

In conclusion, immunodeficiency and imbalance of cytokines by LP-BM5 

retrovirus infection and EtOH consumption diminished cellular immunity which will be 

reflected in the lack of clearance of the coxsackievirus and increased cardiac damage. 

The Th2 cytokine increased autoantibodies production, which induce myocarditis. 

Nutritional deficiency caused by LP-BM5 retrovirus infection and EtOH consumption 

may also play important role in the myocarditis. 
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4.6. Cocaine Injection and Coxsackievirus B3 Infection Increase Heart Pathology 

during MAIDS 

Various studies have raised the potential role of drug abuse, especially cocaine 

and opiates, as cofactors in HIV infection and in the progression of AIDS. The 

epidemiological data have shown a high prevalence of AIDS in drug abuser (123). In 

humans and animals, opioids inhibit several immune parameters, increase susceptibility 

10 infection (128. 245) and reduce resistance to various pathogens (246). Coxsackie B 

viruses, a cardiotrophic virus, have been extensively studied as a cause of human heart 

disease. The status of host immunity plays important role in CVB3 infection. SCID mice 

invariably developed extensive myocarditis between 7 and 14 days postinoculation with 

high subsequent mortality (20). Immunosuppressed patients are at increased risk of 

infection with cardiotrophic pathogens, and thus heart disease. Experimental infection of 

C57BL/6 mice with coxsackievirus B3 was chosen because normal C57BL/6 mice 

showed the lowest susceptibility to myocarditis after infected by CVB3 (247, 248). 

MAIDS is system suitable for the study of some effects of cofactors on immune 

functions. It shares numerous features with HIV infection and leads to 

immunodeficiency. 

We previously demonstrated that cocaine and retrovirus caused an 

immunosuppression in mice, and the combination of cocaine and retrovirus infection 

potentate immunosuppression (245, 249-254). This study was undertaken to determine 

whether cocaine treatment or retrovirus infection, or their combination could increase 
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myocarditis by CVB3 in non-susceptibility mouse strain. The result present here 

demonstrates that cocaine treatment or LP-BM5 retrovirus infection enhances 

susceptibility to the cardiotoxic effects of a myocarditic coxsackievirus (CVB3/59). The 

combination of cocaine treatment and LP-BM5 retrovirus infection further increase the 

heart damage. 

LP-BM5 retrovirus infection in mice cause Murine AIDS that mimics HIV 

infection in human (250). This experimental model to understand the effects of retrovirus 

infection on the immune system. A shift favoring Th2 cells has been observed in the 

patients that develop AIDS (190) and murine AIDS. In our study LP-BM5 retrovirus 

infection increased Th2 cytokines. IL-4 and IL-6. This supports the hypothesis that a 

strong cell-mediated response (ThI) maybe beneficial in resistance to HIV and following 

opportunistic viral infection, whereas a shift towards Th2 predominance results in 

progression to AIDS. Therefore, based on the results of Shearer (190), cocaine could 

serve as a cofactor in the onset and progression of AIDS. Cocaine in vitro suppressed 

murine Thl cytokine secretion (255) and accentuated dysftinctional cytokine production 

during murine retrovirus infection, ftirther suppressing infectious disease resistance (249, 

256). Our previous study found that cocaine given to retrovirally infected mice ftirther 

suppressed the Thl cytokine, IFN-y (124). It thereby promoted the conditions that favor 

opportunistic viral infection that could originate heart pathology. 

CVB3 infection results in a marked inflammatory response and the production of 

autoantibodies to cardiac antigens, with cardiac myosin heavy chain documented to be 

the most immunogenic antigen (257). Mice infected with wildtype CVB3 demonstrated 
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high levels of IgG anti-heart antibodies, reacting predominantly with myosin heavy chain 

but also with numerous other myocardial proteins (257). As Th2 cytokine populations are 

activated. lL-4. IL-6, and IL-IO are secreted (239), with subsequent B cell activation and 

production of antibodies and anti-myosin autoantibodies, which induce myocarditis (21). 

In our current studies we found that in C57BL/6 mice infected with the LP-BM5 

retrovirus, an increase in the secretion of Th2 cytokines, IL-4 and IL-6. occurs, which 

may facilitate an autoantibodies mediated response to heart tissue. As cocaine strongly 

increases production of Th2 cytokines (258). the autoimmunity response by 

coxsackievirus infection should be increased, furthers accentuating myocarditis. In our 

studies we found that murine AIDS, particularly during cocaine exposure, increased 

coxsackievirus's damage in a relatively resistant mouse strain. 

Taken together, our findings indicate that cocaine can potentiate the immune 

dysfunction of LP-BM5 retovirus infcted mice and increase heart damage of CVB3. The 

fact that immunodeficiency caused by LP-BM5 retrovirus and the immunosuppression 

caused by cocaine in the mice can lead to increased viral-induced heart damage strongly 

suggests that AIDS patients and drug abuse are likely to be susceptibility to opportunistic 

\ irus infection, leading to myocarditis 
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SUMMARY 

Our study provides the basis for new investigation on the DHEA(S) and 

antioxidants nutrients supplementation and, for the treatment of immunosenescence in 

aging or AIDS. Supplementation DHEA(S) especially with antioxidant nutrients 

significantly overcame the immune dysfunction by increasing IL-2. decreasing IL-4 and 

IL-6. and enhancing proliferation of T and B cells. Restoration of immune system by 

DHEA(S) occurred concomitantly with increased the survival of very old mice and 

maintain resistant to C. parvum In aging mice. DHEA(S) synergized the effect of 

multiple antioxidants on preventing immune dysfunction in old mice including those 

further immunologically damaged by retrovirus infection. Our data suggest that 

DHEA(S) supplementation is safe and well tolerated in very old mice (Figure 28). 

•Although mounting evidence suggests that DHEA(S) may have a benefit effect on the 

AIDS and immunosenescence. the long-term effects of this steroid are unknown. 

Although different mechanism of DHEA(S) for modulating effect on immune function 

has been reported, it is still need to investigate. 

Chronic EtOH consumption further accentuates immune dysfunction during LP-

BM5 retrovirus infection. DHEAS supplementation restored the immune dysfunction. 

EtOH and cocaine, as cofactor of retrovirus infection, exacerbated the heart damage 

caused by coxsackievirus infection in resistant mouse strain. The increased susceptibility 

to viral infection may contribute to the immune deficient due to either retrovirus infection 

or with cofactor combination. However, a normally-benign strain of coxsackievirus 83 
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(CVB3/0) becomes virulent in either Se-deficient or vitamin E-deficient mice. The 

nutritional status of the host was able to transform an avirulent virus into a virulent one 

due to genomic changes in the virus (240). Since in our study also find vitamin E-

deficient in EtOH consumption mice, genomic changes in the virus should be considered. 

Further virus genomic studies need to find whether retrovirus and cofactor directly or 

indirectly cause genomic changes of coxsackievirus. 
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