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Abstract. Dietary effects of dehydroepiandrosterone sulfate (DHEAS) supplementa-
tion on tissue antioxidants and lipids were investigated in retrovirus infected mice.
DHEA is a powerful antioxidant and immunomodulator whose production declines
with age. For this study, twenty-four female, 15-month-old C57BL/6 mice were left
uninfected while twenty-four were infected with LP-BM5 murine leukemia virus, caus-
ing murine AIDS. The retroviral infection caused immune dysfunction and loss of
hepatic and cardiac vitamins E and A, resulting in increased lipid peroxides. Treat-
ment with DHEAS at 0.01 or 0.005% in drinking water for 10 weeks post-infection
significantly (P < 0.05) lowered lipid peroxidation in both heart and liver tissues.
Treatment with DHEAS also largely prevented loss of the antioxidants, such as vita-
min E and A, and prevented loss of phospholipid in the hearts and livers of the old
uninfected as well as infected mice. This study suggests that DHEAS supplementation
reduces damage associated with elevated oxidation due to aging and retrovirus in-

fection.

[P.S.E.B.M. 1998, Vol 218]

ehydroepiandrosterone sulfate (DHEAS) is an adre-
nal hormone whose low levels are related to aging,
greater incidence of various cancers, immune dys-
function, atherosclerosis, and osteoporosis (1). As these
conditions frequently increase free radical damage, the an-
tioxidant activity of DHEAS may help to prevent oxidation-
induced diseases (2). DHEAS levels in the blood also de-
cline with progression of human immunodeficiency virus
(HIV) infection (3). DHEAS is rapidly converted into lipoi-
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dal derivatives such as DHEA sulfide, a more potent inhibi-
tor of glucose-6-phosphate dehydrogenase than DHEA (4).
This is a possible mechanism for the inhibition of farnesyl
transferase in the cholesterol pathway that promotes ras
oncogene protein (P*! ras) in plasma membranes (5).
Murine acquired immune deficiency syndrome (AIDS)
is strikingly similar to human AIDS, even though the in-
fecting agent, HIV, and LP-BMS5 murine leukemia virus are
different types of retroviruses (6). Murine and human AIDS
are characterized by lymphadenopathy, splenomegaly, re-
duced T cell function, loss of disease resistance, oxidative
damage, and tissue vitamin E and A deficiency (7-9).
Superoxide radicals, hydrogen peroxides, hydroxyl
radicals, and other lipid peroxides are produced at high
levels when immune defenses are suppressed. Then increas-
ing exposure to bacterial toxins and mitogens stimulates
macrophages to produce free radicals. These molecules
should facilitate disease progression from HIV infection to
AIDS (10) by reacting with immunomodulatory antioxi-
dants, inducing their deficiency, and thus accelerating
pathogenesis. Vitamin E is an important immune modulator
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in AIDS (11), as it reduces free radicals during development
of immune dysfunction (12). Vitamin E supplementation
slowed immunosuppression and reduced lipid peroxides
(13), retarding the development of MAIDS. DHEAS treat-
ment largely prevented the loss of immune function during
murine retroviral infection (14) and aging (15). In this
study, dietary supplementation with different doses of
DHEAS was investigated to observe the effects upon the
increased oxidation associated with aging and retrovirus in-
fection. The current study determined that DHEAS supple-
mentation prevents oxidative damage and vitamin E defi-
ciency in old as well as retrovirus-infected old C57BL/mice.
It also modified lipid levels, which affected cardiovascular
disease risk.

Methods and Materials

Reagents. Chemicals including DHEAS, methanol,
chloroform, standards for lipids, and KOH were purchased
from Sigma Chemical Co. (St. Louis, MO), and vitamin E
and vitamin A standards were obtained from Eastman
Chemical Co. (Rochester NY) unless stated.

Animals and Murine AIDS. Female, 15-month-old
C57BL/6 mice were obtained from the Charles River Labo-
ratories Inc. (Wilmington, DE). They were housed four
mice per transparent plastic cage with a stainless steel wire
lid. They were kept in the animal facility of the Arizona
Health Sciences Center. The University of Arizona Com-
mittee on Animal Research approved the study protocol.
The housing facility was maintained at 20°-22°C and 60%-
80% relative humidity, with a 12-hr light:dark cycle. Water
and diet (Harlan Diet #7002, Madison, WI) were freely
available. The diet contained 0.64 mg of d-a-tocopherol/kg
of diet. Food intake, fluid intake, and body weight were
measured every two days. Dehydroepiandrosterone sulfate
(DHEAS) was dissolved in tap water and made available to
the mice in a 100-ml graduated plastic cylinder with a stop-
per. Half of the mice were infected on Day 0. The LP-BM5
murine leukemia retrovirus mixture was administered intra-
peritoneally to mice in 0.1 ml minimum essential medium
(MEM) with an esotropic titer (XC) of 4.5 log,, plaque
forming units x 107/1, which induces disease as previously
described (6). Uninfected mice were injected with 0.1 ml
MEM and used as controls. Infection of an adult female
C57BL/6 mouse with the retrovirus leads to the rapid in-
duction of clinical symptoms without any latent phase (6).
After 2 weeks of housing, eight mice were randomly as-
signed to six treatment groups. The groups were: uninfected
mice, or LP-BMS5 infected mice given unsupplemented tap
water; LP-BM5—infected or uninfected mice that consumed
about 0.44 p.g of DHEAS/mouse/day in their drinking water
(0.01% of the water was DHEAS); infected and uninfected
mice that consumed about 0.22 pg DHEAS/mouse/day in
their drinking water (0.005% of the water was DHEAS).
The infection and treatment period were 10 weeks for all
groups. Mice were sacrificed while under ether anesthesia

as described previously (12) using a procedure approved by
University of Arizona Animal Care. The subclavian blood,
liver, heart, mesenteric lymph nodes, and skin samples were
collected aseptically and stored at —70°C for future analysis.

Assays

Measurement of DHEAS. Dehydroepiandrosterone
sulfate (DHEAS) in serum was measured by radioimmuno-
assay (RIA) '*I-DHEA-SQ,, Cota-A-Count DHEA sulfate
(Diagnostic Products Corporation, Los Angeles, CA).
Briefly, 50 pl of samples were placed in DHEA-SO, Ab-
coated tubes and 1.0 ml of the tracer '*I-DHEA-SO, was
dispensed into the tubes within 10 min. Then, the tubes were
incubated for 30 min at 37°C in a water bath. The contents
of all tubes was decanted, and the tubes were allowed to
drain for 2 or 3 min. Then the tubes were stroked sharply on
absorbent paper to shake off all residual droplets. A gamma
counter determined radioactivity. Data were presented as
counts/min (cpm), and DHEAS concentration was calcu-
lated from a log-log representation of the calibration curve.

Determination of Conjugated Dienes and Lipid
Fluorescence. Approximately 0.2 g of tissue was ho-
mogenized in 5.0 ml of Folch solution, 2:1 v/v chloroform:
methanol (16). After protein separation, a 0.1-mli fraction
was dried in a steady flow of nitrogen gas at 55°C. Then 2
ml of chloroform were added and analyzed for conjugated
dienes and lipid fluorescence as previously described (17,
18). The conjugated diene fatty acids were determined by
obtaining the absorbency of each sample solution at 237 nm
(Shimadzo UV 160 UV recording spectrophotometer To-
kyo, Japan). Lipid fluorescence was measured in an Aminco
Bowman fluorescence spectrophotometer (Baltimore,
USA). Maximum fluorescence at 470 nm was measured.
The activation wavelength was set at 395 nm.

Determinations of Phospholipid. The phospho-
lipid contents of the livers and hearts were determined by
the method of Raheja et al. (19). This method does not
require the predigestion of the phospholipid. Briefly 0.3 ml
of Folch extract solution was dried under air at 75°C and
then 0.5 ml of chloroform was added. Then 0.2 ml of a
coloring reagent was added, mixed well and placed in a
boiling water bath for 1.5 min. Then 3.0 ml of CCl, were
added. The phospholipid level was determined by obtaining
absorbency at 710 nm in a spectrophotometer using appro-
priate blanks and standards. Dipalmitoy! phosphatidylcho-
line was used to produce the standard curve.

Determination of Total Cholesterol. The total
cholesterol of the liver and heart was determined by the
method of Zak (20). Briefly 0.3 ml of Folch extract was
dried under air at 70°C. Then 3 ml of Zak’s reagent was
added and mixed thoroughly with 2 ml of sulfuric acid.
Total cholesterol was determined by measuring the absor-
bency at 560 nm in a spectrophotometer using appropriate
blanks and standards.

Determination of Triglycerides. The triglycerides
of the liver and hearts were determined by the method of
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Brigges et al. (21). Briefly, 50.0 pl of Folch extract in a
15-ml test tube was dried under air at 70°C and then mixed
thoroughly with 0.1 ml of 100% ethanol. Then 1.0 ml of
TG-GPO-trinder 10 was added to each sample. Triglycer-
ides were determined by comparing the absorbency at 540
nm in a spectrophotometer with appropriate standards of
triheptadecanoin.

Determination of Vitamin E and A. Vitamin E and
retinol (vitamin A) in liver and heart tissues were deter-
mined by the fluorometric method described by Dugan et al.
(22). Briefly, approximately 0.2 g of tissue was homog-
enized in 5.0 ml of Folch extract. Then 0.3 ml of the above
Folch extract was dried under N, gas followed by adding
1.0 ml of ethanol and 0.5 ml of 25% ascorbic acid. After 1
ml of 10N KOH was added to the solution, the mixture was
incubated for 35 min at 70°C, and 5 ml of n-hexane was
added. To determine the vitamin A level, 2.0 ml of the
n-hexane layer were removed and measured at an emission
of 430 nm and an excitation of 365 nm in a fluorometer
using an appropriate blank reagent. Then the 2.0-ml n-
hexane layer was added back into the original solution. To
that solution, 0.6 ml of (10N) 60% sulfuric acid was added,
and the mixture was vortexed for 30 sec. It was centrifuged
at 1000 rpm for 10 min. Then the fluorescence intensity of
vitamin E was determined at an emission of 340 nm and or
excitation maximum of 295 nm. External standards of d-
alpha-tocopherol and all-trans-retinol were used for prepar-
ing standard curves. All vitamin levels were measured by
pg/g wet tissue.

Statistical Analysis. All results are expressed as the
means + SEM. Data of lipid analysis and content of serum
DHEAS were analyzed. When data for more than two
means were compared, the differences between means were
analyzed by ANOVA and determined by Duncan’s multiple
range test. A value of P < 0.05 was considered significant.

Results

Effects of DHEAS Supplementation on the
Body and Spleen Weight, and Serum DHEAS. Body
weight was not affected by retrovirus infection or by

DHEAS consumption. Also, fluid and diet intakes remained
constant throughout the investigation (data not shown).
Spleen weights (10 weeks postinfection) were elevated and
significantly (P < 0.05) greater, about 6-fold higher, in the
infected mice than in the uninfected controls. Spleens from
uninfected mice weighed 0.122 + 0.03 mg, significantly (P
< 0.05) less than those of infected mice (0.61 = 0.6 mg).
This indicates that the infection progressed toward murine
AIDS. DHEAS serum levels were significantly (P < 0.05)
elevated by DHEAS treatments of 0.22 pg (0.005%
DHEAS) and 0.44 pg (0.01% DHEAS) of DHEA/mouse/
day (Table I).

The Cardiac and Hepatic Vitamin E and A Lev-
els. Hepatic and cardiac vitamin E levels (Fig. 1) were
significantly (P < 0.05) reduced by retrovirus infection as
found previously in young mice (12). DHEAS treatment at
0.22 and 0.44 pg/mouse/day significantly (P < 0.05) re-
tarded the loss of tissue vitamin A and E during infection.
Infected old mice, treated with the higher DHEAS supple-
ment, maintained hepatic and cardiac levels of vitamin E
(Fig. 1) and A (Fig. 2) similar to those of uninfected, un-
treated old mice. Uninfected mice fed DHEAS showed a
large increase (P < 0.05) in hepatic and cardiac vitamin E
and A compared to untreated old mice (Figs. 1, 2).

The Cardiac and Hepatic Lipid Peroxidation.
Retrovirus infection significantly (P < 0.05) increased he-
patic and cardiac free radical reaction products: lipid fluo-
rescence and diene conjugates (Figs. 3, 4). DHEAS treat-
ment significantly (P < 0.05) prevented increased hepatic
and cardiac lipid fluoresence and diene conjugates (Figs. 3,
4). There was a dose effect relationship as both infected and
uninfected old mice treated with 0.44 g DHEAS/mouse/
day had significantly (P < 0.05) lower conjugated dienes
and lipid fluorescence than old mice fed 0.22 wg DHEAS/
mouse day of DHEAS (Figs. 3, 4).

The Cardiac and Hepatic Total Cholesterol. At
10 weeks postinfection, mice showed an increase in total
cholesterol levels (P < 0.05) in the heart and liver. DHEAS
supplementation of uninfected old mice did not cause any
significant change in total cholesterol (Tables II, III).

Table 1. Intake of DHEAS and Water with Modification of Serum DHEAS

Treatments Consumed Actual
DHEAS Retrovirus Water Serum DHEAS
(%) infection /day/mouse (ml) (ug/dl)
None without 6.8+05 0906
None with 6.0+04 0702
0.005 without 6.1+04 *11.6 £0.22
0.005 with 59+04 *4.9+0.75
0.01 without 6.3+0.5 *19.7 £ 0.62
0.01 with 57+06 *11.8 + 0.53

Note. Results are mean of eight observations in amounts of DHEAS and water consumption. The serum DHEAS are duplicate readings from

4 mice per group.

* P < 0.05 significantly different from infected mice in same treatment group and untreated groups.

n = 8 mice per group, SE: Standard Error.
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Figure 1. Modification of cardiac (left panel) and hepatic (right panel) vitamin E levels in uninfected and infected old mice by DHEAS. The data
from two different DHEAS concentrations are compared among groups. Results are mean + SE, n = 8. For each dose of DHEAS, values with
different letters above the bar are significantly different *P < 0.05 as determined by Duncan’s Multiple Range. Each group was given a number.
Numbers above a bar show that numbered groups are different from it.

(A) 0.0018 (B) 0.0018
Treatment Treatment
ONone Uninfected ONone
£10.005% DHEAS E10.005% DHEAS
0.0015 - Uninfected 20.01% DHEAS 0.0015 12456 =0.01% DHEAS
< 0.0012 ~ 0.0012 - 13456
] [] Retrovirus infected
@ 2
2 =
o 2
e [«]
£ 0.0009 ] £ 0.0009 | 2349
£ E
< <
c £
£ £
£ 0.0006 £ 0.0006 -
> >
0.0003 0.0003 -
0 0

Group Numbers

Group Numbers

Figure 2. Modification of cardiac (left panel) and hepatic (right panel) vitamin A levels in uninfected and infected old mice by DHEAS. The d’qta
from two different DHEAS concentrations are compared among groups. Results are mean + SE, n = 8. For each dose of DHEAS, values with
different letters above the bar are significantly different *P < 0.05 as determined by Duncan’s Multiple Range. Each group was given a number.

Numbers above a bar show that numbered groups are different from it.

DHEAS, MAIDS, VITAMIN E AND OXIDATIVE DAMAGE 213



(A) g (®) 120

Treatment Treatment
CINone Retrovirus infected CINone
etr
0.005% DHEAS 0.005 DHEAS
0.01% DHEAS
5 1 ®0.01% DHEAS 238 —~ 100 - o0ot%
= ]
T 2 Retrovi fected
2 gl Unintected
o c
= §
8 41 2 80
S o
2 c
] o
9 2
e
S o
€ 3 S 60
3 =
s 8
2 c
@ e
g @
™3
o 2 @ 40 -
=2 e
i 2
bl i
5 2
S =
14 - 90 -
0 0
Group Numbers Group Numbers

Figure 3. Modification of cardiac (left panel) and hepatic (right panel) lipid fluorescence levels in uninfected and infected old mice by DHEAS.
The data from two different DHEAS concentrations are compared among groups. Results are mean + SE, n = 8. For each dose of DHEAS,
values with different letters above the bar are significantly different * P < 0.05 as determined by Duncan’s Multiple Range. Each group was given
a number. Numbers above a bar show that numbered groups are different from it.
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Figure 4. Modification of cardiac (left panel) and hepatic (right panel) conjugated diene levels in uninfected and infected old mice by DHEAS.
The data from two different DHEAS concentrations are compared among groups. Results are mean + SE, n = 8. For each dose of DHEAS,
values with different letters above the bar are significantly different *P < 0.05 as determined by Duncan’s Multiple Range. Each group was given
a number. Numbers above a bar show that numbered groups are different from it.
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Table Il. Modification of Cardiac Lipid Profile by DHEAS, Aged and Retrovirus Infection

Treatments
DHEAS Retrovirus Triglycerides Phospholipid Total cholesterol Cholesterol/phospholipid
infection (m mol/g tissue) (m mol/g tissue) (m mol/g tissue) (mol/mol ratio)
None - *0.043 + 0.005 *0.176 + 0.002 *0.017 = 0.0038 *0.05 + 0.01
None + *0.054 + 0.01 0.14 +£0.02 0.024 + 0.0006 0.07 £ 0.02
0.005% - *0.04 +.002 *0.204 £ 0.033 *0.016 + 0.0015 *0.05 + 0.02
0.005% + *0.046 + 0.0008 *0.16 £ 0.02 *0.017 + 0.0003 *0.05 + 0.01
0.01% - *0.04 + 0.003 *0.22 +.023 *0.0139 + 0.0006 *0.03 £ 0.02
0.01% + *0.04 + 0.0023 *0.187 £ 0.02 *0.016 + 0.0008 *0.04 £ 0.02

Notes. Values are means + SE; n= 8

Abbreviations used: DHEAS, dehydroepiandrosterone sulfate; — uninfected; + retrovirus infected.

* P < 0.05 significantly different from infected mice.

Table Ill. Modification of Hepatic Lipid Profile by DHEAS, Aged and Retrovirus Infection

Treatments
DHEA Retrovirus Triglycerides Phospholipid Total cholesterol Cholesterol/phospholipid
infection (m mol/g tissue) (m mol/g tissue) (m mol/g tissue) (mol/mol ratio)
None - *0.088 + 0.007 *0.41 £ 0.005 *0.017 £ 0.005 *0.415 + 0.06
None + 0.107 £ 0.012 0.03 £ 0.006 0.045 + 0.0015 1.2+0.04
0.005% - *0.0804 + 0.005 *0.041 £ 0.008 *0.016 + 0.007 *0.39 + 0.03
0.005% + *0.092 + 0.088 *0.04 + 0.006 *0.019 = 0.001 *0.47 £ 0.04
0.01% - *0.076 + 0.001 0.047 + 0.002 *0.016 + 0.001 *0.343 = 0.06
0.01% + *0.089 x 0.008 *0.044 = 0.009 *0.018 + 0.002 *0.422 + 0.07

Note. Values are means + SE; n=8

Abbreviations used: DHEAS, dehydroepiandrosterone sulfate; — uninfected; +retrovirus infected.

* P < 0.05, significantly different from infected mice.

DHEAS significantly (P < 0.05) maintained total choles-
terol levels similar to those of uninfected mice.

The Cardiac and Hepatic Triglycerides. Retrovi-
rus infection significantly (P < 0.05) increased hepatic and
cardiac triglycerides (Tables II, III). DHEAS treatment re-
duced hepatic and cardiac triglycerides in uninfected as well
as in infected old mice (Tables II, III). 0.01% DHEAS con-
sumption produced significantly fewer triglycerides in in-
fected mice than did 0.05% DHEAS.

The Cardiac and Hepatic Total Cholesterol/
Phospholipid Ratio. Retrovirus infection significantly
(P < 0.05) increased cholesterol:phospholipid ratios in car-
diac (Table II) but not hepatic tissues (Table IIT). DHEAS
treatment begun 2 weeks postinfection significantly (P <
0.05) prevented increases in cardiac cholesterol:phospho-
lipid ratios (Table II). The old mice treated with 0.01%
DHEAS showed a significant (P < 0.05) decline in cardiac
cholesterol:phospholipid ratio compared to levels found in
unsupplemented, infected old mice (Tables II, III).

The Cardiac and Hepatic Phospholipids. Retro-
virus infection significantly (P < 0.05) lowered phospho-
lipid levels in cardiac and hepatic tissues (Tables II, III).
Infected and uninfected old mice supplemented with the
higher DHEA dose showed significantly (P < 0.05) higher
phospholipid levels in both cardiac and hepatic tissues
(Tables II, III).

Discussion

Retrovirus infection in old mice caused a severe loss of
hepatic vitamin E and A, along with a significant increase in
conjugated dienes, lipid fluorescence, and triglycerides
(11). This is similar to changes caused by HIV infection in
humans (11, 23). We found that cardiac and hepatic conju-
gated dienes, lipid fluorescence, triglycerides, and choles-
terol levels were significantly lower after DHEAS supple-
mentation in uninfected as well as infected old mice. Thus,
DHEAS treatment substantially reduced the oxidative stress
due to age and/or murine retrovirus infection. Vitamin E and
A losses were also prevented by DHEAS consumption in
uninfected old mice. Such changes should reduce (11) some
of their cardiovascular disease risk factors, increased lipids
and lipid peroxides.

In vitro studies have shown that DHEA had more an-
tioxidant activity than vitamin E, the biological molecule
with the presumed highest antioxidant activities (24). All
groups of mice consumed approximately 6.0 g/day of the
diet with 0.40 mg/day of d-a-tocopherol. Therefore, the
amount of dietary antioxidants consumed, vitamin E or
DHEAS, increased to 50% and 100% in the DHEAS supple-
mented mice. A 150%—450% increase in dietary vitamin E
only partially prevented the increased oxidation in retrovi-
rus-infected mice (12). Moreover, hepatic vitamin E was
about 40% lower in retrovirus-infected mice (12). More-
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over, hepatic vitamin E was about 40% lower in retrovirus-
infected, old mice than in infected young mice and 250%
lower than in uninfected, young mice (12). Therefore,
DHEAS supplementation in mice may stimulate enzymes
that reduce oxidized-antioxidants, increase production of
glutathione activity, and/or prevent vitamin E loss (1).

DHEAS reduced the increased lipid peroxidation asso-
ciated with aging and murine AIDS (11). Consequently,
increased DHEAS modified changes in lipid levels, vita-
mins E and A, and oxidative stress of cardiac and hepatic
tissues otherwise caused by aging and/or retroviral infection
(12, 25). Thus it should increase cellular function that oth-
erwise would be destroyed by free radical activity. Not sur-
prisingly, impaired immune function in aged or retrovirus-
infected mice was partly restored by DHEAS (14, 15).

Increases in lipid peroxidation during aging could
modify membranes by cross linking fatty acids with the
proteins or other lipids to reduce membrane fluidity (25).
Malonadialdehyde alters membrane structure and function
by cross-linking with amino groups. In addition 4-hydroxy-
nonenal reacted with thiol compounds causing a rapid loss
of their reducing power and thus inhibiting DNA and pro-
tein synthesis (25). DHEA did not prevent the loss of en-
zymes that are impaired by carbon tetrachloride that cause
liver damage; rather it reduced lipid peroxidation (26).
DHEAS, the major form of DHEA, prevented loss of glu-
cose-6-phosphatase and gamma-glutamyltranspeptidase that
are sensitive to peroxidation (27). We found that the
DHEAS-supplemented old mice maintained vitamin E lev-
els while reducing oxidative damage. As DHEAS levels
decline with age, prevention of vitamin E and A loss may
delay the aging process as well as slow the progression
towards AIDS (28, 11, 12). Since rapidly proliferating cells
of the immune system are susceptible to oxidative damage
by peroxides and superoxides, immune enhancement by vi-
tamin E is expected (11). Opportunistic pathogens increase
as the immune system is dysregulated in murine AIDS and
aging (6, 1). The pathogens stimulate phagocytes to produce
free radicals, increasing lipid peroxidation, and conse-
quently, loss of vitamin E (29). Immune dysfunction in-
duced by the retrovirus (8, 12) as well as age (15) alters
cytokine production, vital for immune regulation. The ret-
rovirus infection increases oxidative stress while decreasing
tissue antioxidants (13). DHEAS prevented immune dys-
function (14) and this would be expected to prevent oxida-
tion damage and loss of vitamin E.

Reduced vitamin A and E levels in patients infected
with HIV enhance retroviral replication by protein kinase C
(30, 7). The HIV coat protein Gp 120 induces protein kinase
C activity in lymphocytes. This should result in transition
from HIV latency to active replication in lymphocytes with
upregulation of HIV replication in cells. Redox-regulated
HIV transcription is inhibited by antioxidants that replenish
intracellular glutathione (29). Thus, prevention of oxidative
damage associated with murine AIDS should slow retrovi-

rus development by preventing its action as well as its
stimulation of immune dysfunction (11, 7). Reduced tissue
levels of vitamin E were not due to a lower intake during
murine AIDS as food consumption was unchanged (12).
During murine retrovirus infection, supplementation with
high levels of vitamin E restored tissue vitamins E and A
while it partially normalized immune dysfunction (12). Our
current studies demonstrated, for the first time, that treat-
ment with DHEAS significantly decreased oxidative stress
associated with murine retrovirus infection while maintain-
ing tissue vitamin E and A levels.

Free radicals induce expression of HIV in human T cell
lines by starting transcription of NF-KB (nuclear factor-k8).
Maintenance of tissue vitamin E by DHEAS supplementa-
tion should block NF-kB activation by reducing oxidative
stress, thereby inhibiting HIV replication (32). Reduced lev-
els of antioxidants, including vitamin E and DHEAS, cor-
related well with accelerated progression to human AIDS
(11, 3, 30). Oxidative stress may also be a potent inducer of
viral activation by causing DNA damage in infected cells.
Increased superoxide dismutase activity in murine AIDS
results in higher hydrogen peroxide production, more oxi-
dative damage, and loss of vitamin E. Plasma DHEAS de-
clines with age while the incidence of cardiovascular dis-
ease and cancer increases (1). Although all individuals aged
50-79 years had greatly reduced DHEAS, those with the
highest DHEAS levels had the lowest risk for cardiovascu-
lar disease (31). Elevated plasma triglycerides and choles-
terol levels during aging declined after treatment with
DHEAS. In summary, DHEAS supplementation provides
protection against pro-oxidants and prevents lipid profile
changes induced by aging and retrovirus infection.

We wish to acknowledge Dr. GH Atkinson from the Department of
Biochemistry for his assistance in lipid analysis.

1. Watson RR, Hulls A, Araghi-Niknam M, Chung S. Dehydroepiandros-
terone (DHEA) supplementation to prevent symptoms of aging. Drugs
Aging 9:274-291, 1996.

2. Rom WN, Harkin T. DHEA inhibits the spontaneous release of super-
oxide radicals by alveolar macrophages in vitro in asbestosis. Environ
Res 55:145-156, 1991.

3. Mulder JW, Frissen J, Krijenen PH, Endert E, Dewolf F, Goudsmit J,
Masterson JG, Liang JM. DHEA as a predictor for progression to
AIDS in asymptomatic human immunodeficiency virus—infected men.
J Infect Dis 165:413-418, 1992.

4. Oertel GW, Benes P. Inhibition of glucose-6-phosphate dehydrogenase
by synthetic steroids and steroid conjugates. Acta Endocrinol Suppl
173:114-116, 1973.

5. Schultz S, Nice JW. Inhibition of protein isoprenylation and p
membrane association by dehydroepiandrosterone in human colonic
adenocarcinoma cells in vitro. Cancer Res 51:6563-6567, 1991.

6. Watson RR. Murine models for acquired deficiency syndrome. Life
Sci 44:i—xii, 1989.

7. Watson RR, Ed. Nutrition and AIDS. Boca Raton, FL: CRC Press,
pp1-275, 1994,

8. Poli G, Fauci AS. Role of cytokines in the pathogenesis of human
immunodeficiency virus infection. In: Aggrawal, BB, Puri, RK, Eds.

2lras

216 DHEAS, MAIDS, VITAMIN E AND OXIDATIVE DAMAGE



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Human Cytokines: Their Role in Disease and Therapy. Boston: Black-
well Science, pp421-450, 1995.

. Favier F, Sappey C, Leclerc P, Faure P, Micoud M. Antioxidant status

and lipid peroxidation in patients infected with HIV. Chem Biol In-
teract 91:165-180, 1994.

Baruchel S, Xainberg MA. The role of oxidative stress in disease
progression in individuals infected by the human immunodeficiency
virus. J Leukoc Biol 52:111-114, 1992.

Liang B, Chung S, Araghi-Niknam M, Lane L. Vitamins and immuno-
modulation in AIDS. Int J Appl Nutr Sci 12:1-7, 1996.

Wang Y, Liang B, Watson RR. Normalizations of nutritional status by
various levels of vitamin E supplementation during murine AIDS. Nutr
Res 14:1375-1386, 199%4a.

Wang Y, Liang B, Watson RR. Suppression of tissue levels of vitamin
A, E, zinc, and copper in murine AIDS. Nutr Res 14:1031-1041,
1994b.

Araghi-Niknam M, Liang B, Zhen Z, Watson RR. Maintenance of
immune dysfunction during murine retrovirus infection in old mice by
DHEAS. Immunology 90:343-347, 1997.

Daynes RA, Araneo AB, Ershler WB, Maloney C, Ligz RS. Altered
regulation of IL-6 production with normal aging: A possible linkage to
the age-associated decline in DHEA and its sulfated derivatives. J
Immunol 150:5219-5230, 1993.

Folch J, Lees M, Sloane-Stanley GU. A simple method for isolation
and purification of fat from animal tissues. J Biol Chem 226:497-509,
1957.

Tappel A. Lipid peroxidation damage to cell components. Fed Proc
32:1870-1874, 1973.

Iverson SA, Cawood P, Madigan, MJ, Lawson AM, Dormandy TL.
Identification of a diene conjugated component of human lipid as
octadeca-9,11 dienoic acid. FASEB Lett 141:320-324, 1984.

Raheja RK, Kaur C, Singh A, Bhatia IS. New calorimetric method for
the quantitative estimation of phospholipid without acid digestion. J
Lipid Res 14:695-697, 1973.

Zak B. Total and free cholesterol. In: Meitid S, Ed. Standards of
Clinical Chemistry. New York: Academic Press, Vol 5: pp79-99,
1965.

Briggs HG, Erikson JM, Morehead WR. A manual calorimetric assay
of triglyceride in serum. In: Cooper GR, Ed. Selected Methods of

DHEAS, MAIDS, VITAMIN E AND OXIDATIVE DAMAGE

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Clinical Chemistry. Washington, D.C.: American Association for
Clinical Chemistry, Vol 8: pp71-76, 1977.

Dugan RE, Frigero NA, Siebrt JM. Fluorometric determination of
vitamin A and its derivative with trifluoroacetic acid. Ann Rev Bio-
chem 36:114-117, 1964.

. Bogden JD, Baker H, Frank O. Micronutrient states and human im-

munodeficiency virus infection. Ann NY Acad Sci 587:189-195,
1990.

Meydani SN, Meydani M, Verdon CP, Shapiro AA, Blumberg JB,
Hates KC. Vitamin E supplementation suppresses prostaglandin E,
synthesis and enhances the immune response in aged mice. Mech
Ageing Dev 34:191-201, 1986.

Hegner D, Platt D. Effect of essential phospholipid on the properties at
ATPases of isolated rat liver plasma membrane of young and old
animals. Mech Ageing Dev 4:191-211, 1975.

Aragno M, Tamagno E, Poli G, Bocczzi G, Brignardello E, Danni O.
Prevention of carbon tetrachloride-induced lipid peroxidation in liver
microsomes from DHEA-retreated rats. Free Radic Res 21:427-435,
1994.

Dianazani MU, Poli G. Lipid peroxidation and haloalkylation in
CCL ,-induced liver injury. In: Free Radicals In Liver Injury. Oxford:
IRL Press, pp149-158, 1985.

Hallfrisch J, Muller DC, Singh VN. Vitamins A and E and plasma
concentration of retinol, beta-carotene, and a-tocopherol in men and
women of the Baltimore longitudinal study of aging. Am J Clin Nutr
60:176-182, 1994.

Dwarkin BM, Wormser GP, Axelrod R. Dietary intake in patients with
acquired immunodeficiency syndrome (AIDS), patients with AIDS-
related complex, and serologically positive human immunodeficiency
virus patients: Correlations with nutritional status. J Paren Ente Nut
14:605-612, 1990.

Goodley G, Girard DE. Vitamins and minerals in HIV infection. J Gen
Inter Med 6:472-479, 1991.

Barret-Conner E, Khaw KT, Yen SSC. A prospective study of
DHEAS, morbidity, and cardiovascular disease. N Engl J Med
315:1519-1524, 1986.

Liang B, Larson DF, Watson RR. Oxidation and nutrition deficiency in
AIDS: Promotion of immune dysfunction for cardiac toxicity. Nutr
Res 18:417-431, 1998.

217





