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Abstract
In order to investigate the antioxidant/pro-oxidant imbalance in advancing human immunodeficiency we have performed a multi-parameter analysis of : a) non-enzymatic and enzymatic antioxidants; b) phospholipids, cholesterol esters, and their fatty acid patterns; c) selenium; d) by-products of oxidative attack on polyunsaturated fatty acids and proteins; e) catecholamine metabo-lites, in the blood (plasma, erythrocytes, and lymphocytes) and urine of 124 patients diagnosed HIV seropositive, 95 males and 29 females, aged 19-45 years, at different stages of immunodeficiency, and in 50 age and sex matched healthy controls. The seropositive individuals were classified, using standard criteria, as being asymptomatic (31 individuals, who were not taking antiviral drugs, CD4+=465±88 cells / mm 3 ), symptomatic (48 individuals, who were taking antiviral and other toxic drugs, CD4+= 195±56 cells/mm 3 ), and AIDS patients (45 individuals, who were taking antiviral and other toxic drugs, CD4+ = 86±32 cells/mm 3 ). 

Our results clearly show that severe oxidative stress occurs in  the blood (plasma, erythrocytes, and lymphocytes) of seropositive patients in comparison with controls, and increases significantly with the progression of disease, i.e. AIDS > symptomatics > asymptomatics > controls (Tables I, II). The observed oxidative stress is characterized either by the depletion of: lipophilic antioxidants (vitamin E, ubiquinol, ubiquinone, vitamin A, and b-carotene), hydrophilic antioxidants (reducedglutathione, ascorbate, and urate), selenium, phospholipids and cholesterol esters, and their polyunsaturated fatty acid patterns, or by an increase of by-products of polyunsaturated fatty acid and protein oxidations, and by a critical imbalance of enzymatic antioxidants (superoxide dismutase and glutathione peroxidase). In particular the deficiency of ubiquinol, vitamin E, reduced glutathione, phospholipids, cholesterol esters, and polyunsaturated fatty acids represents  an early marker of the disease. 

The possibility of counteracting oxidative stress by a pool of proper antioxidants plus an appropriate diet, mainly in patients whose blood antioxidant and lipid deficiencies can be easily rebalanced, may have real health benefit and represent a promising way of inhibiting the progression of disease, provided that these individuals take care of themselves and take poisons out their body. 

Introduction 
Evidence has accumulated suggesting that individuals diagnosed HIV seropositive suffer an oxidant/antioxidant imbalance, known as oxidative stress, the role of which appears to be quite broad. It has been involved in fact in  abnormal immune function - particularly T-lymphocyte function - weight loss, apoptosis, drug toxicity...(1-19)

Deficiency of cysteine, reduced glutathione, ascorbate, vitamin  E (vit E), vitamin A (vit A), b-carotene, selenium, ubiquinone, polyunsaturated fatty acids, and an increased degree of lipoperoxidation have been shown each time in the blood of seropositive patients.1-19 Observations have been fragmentary , disconnected,  and, sometimes, conflicting. For example, Fuchs et al,14 contrary to other authors,9,11,15 reported normal levels of vit E, vit A and b-carotene in the  plasma of seropositive patients. Leff et al 16 found that serum catalase activity (CAT) increases when disease progresses, while glutathione peroxidase activity (GSH-Px)  remained unchanged. By contrast, Fuchs et al 14 and Favier et al 17 reported depressed levels of GSH-Px in the plasma or serum of seropositive patients. However, a comprehensive and systematic  study of the multiple parameters of the blood antioxidant pool and of molecules prone to oxidative attacks was not performed in seropositive patients, in particular when immunodeficiency progresses. 
Therefore a multiparameter analysis of the following has been performed: 
• non-enzymatic and enzymatic antioxidants, such as vit E, ubiquinol (CoQ 10 H 2 ), ubiquinone (CoQ 10 ) vit A, b-carotene, reduced and oxidised glutathione (GSH, GS-SG), ascorbate (vit C), urate, Cu, Zn superoxide dismutase (SOD), CAT , GSH-Px, selenium (Se), 
• phospholipids (PL), free cholesterol (FC), and cholesterol esters (CE), 
• fatty acid patterns of phospholipids (PL-FA) and of choles-terol esters (CE-FA), 
• by-products of oxidative attack on polyunsaturated fatty acids and proteins,
• catecholamine metabolites,
in the blood (plasma, erythrocytes, and lymphocytes) and urine of 124 seropositive individuals, 95 males and 29 females,  aged 19 - 45 years, at different stages of immunodeficiency, and in 50 age and sex matched healthy controls.
Patients and methods

Patients
Seropositive patients were classified by using standard criteria as: asymptomatic (31 individuals, who were not taking antiviral drugs, CD4+ = 465±88 cells/ mm3), symptomatic (48 individuals, who were taking antiviral and other toxic drugs, CD4+= 195±56 cells/mm3), and patients diagnosed with AIDS (45 individuals, who were taking antiviral and other toxic drugs, CD4+=86±32 cells/mm3). Criteria for patients’ admission to the present study included that they had not been taking antioxi-dant supplements for at least 30 days before blood extraction. Most of the seropositive individuals, in particular the symptomatic and AIDS patients, had suffered and/or were suffering liver disorders to various extent, mainly viral and chronic hepatitis. 

Methods
Blood collection.

After an overnight fast, blood samples were drawn between 7.00 and 8.00 a.m. from the cubital veins of the subjects and anticoagulated with EDTA for all determinations except selenium quantitation, in which heparin was used as anticoagulant.(20)

Following plasma separation, lymphocytes and erythrocytes were obtained by centrifugation on Ficoll Paque gradient (Pharmacia Biotech.). Both lymphocytes and erythrocytes were washed twice with phosphate buffered saline (PBS, 9.5 mM PB, 140 mM NaCl, pH 7.2), and stored at -80°C until analyses. 
All participants gave informed consent for the present study. 
Enzymatic and non-enzymatic antioxidant assays. 
Erythrocyte Cu, Zn-SOD activity was measured by using a Randox test combination (Randox, Grumlin, U.K.). Xantine and xantine oxidase were used to generate superoxide anion radicals which react with 2-(4-iodophenil) 3-(nitrophenol-5 phenyl tetrazolium chloride (INT). SOD inhibits the reaction by converting the superoxide radical to oxygen. One SOD unit inhibits the rate of INT reduction by 50% at 37°C and pH 7 for 1 min. A standard curve was prepared by using the standard provided in the kit, and the value for each sample was read from this curve. SOD activity is measured at 505 nm on a Hewlett-Packard 8453 spectrophotometer. 
Erythrocyte GSH-Px activity was determined by using a Randox test combination. GSH-Px catalyses the oxidation of GSH to GS-SG by cumene hydroperoxide according to the method of Paglia and Valentine.21 In the presence of glutathione reductase and NADPH, GS-SG is immediately converted to GSH with a concomitant oxidation of NADPH to NADP + . The  decrease in absorbance at 340 nm was measured at 37°C. A standard curve was prepared by using the standard provided in the kit, and the value for each sample was read from this curve. One GSH-Px unit is defined as the enzyme activity necessary to convert 1 mmol NADPH to NADP + at 37°C and pH 7.2 in 1 min. 
Erythrocyte CAT activity was assayed according to Aebi 22 by following spectrophotometrically at 240 nm the decomposition of hydrogen peroxide. A standard curve was prepared by using catalase provided by Sigma Chem. Co. One CAT unit is defined as the enzyme activity necessary to convert 1 mmol H 2 O 2 to H 2 O + O 2 at 25°C and pH 7 in 1 min. 
GSH +GS-SG 
Contemporaneous determination of plasma and erythrocyte GSH and GS-SG was performed by high performance liquid chromatography (HPLC) on a 1090 liquid chromatograph, Hewlett-Packard equipped with both an in-line1050 Diode array detector and an electrochemical detector 1049 A with a glassy carbon electrode, essentially as described by Reed et al 23 The procedure is based on the initial formation of S-carboxymethyl derivative of GSH with iodoacetic acid, followed by conversion of free amino group to 2,4-dinitrophenyl derivative by reaction with 1-fluoro-2,4-dinitro benzene. Separation of GSH and GS-SG derivatives was performed by HPLC on an analytical aminopropyl column (Hypersil APS-2, 5 mm, Alltech) plus its guard column, with spectrophotometric detection at 350 nm. 
Vit E 
Determination of plasma and lymphocyte Vit E was performed by gas chromatography-mass spectrometry (GC-MS) on capillary Ultra 1 column (30 m x 0.2 mm x 0.33 mm, Hewlett-Packard) according to Passi et al.24
Selenium 
Plasma selenium was assayed by atomic absorption spectrophotometry according to Oster et al.20 
Ascorbic and uric acids 
Plasma ascorbic and uric acids were determined by HPLC on an analytical Supelcosil LC-18-DB column (24 cm x 4,6 mm, 5mm , Supelco) plus its guard column, with electrochemical detection nm according to the method of Motchnik et al.25
CoQ 10 H 2 and CoQ 10
Plasma and lymphocyte CoQ 10 H 2 and CoQ 10 were quantified simultaneously by HPLC on an analytical Supelcosil LP-18- column (24 cm x 4,6 mm, 5mm , Supelco) plus its guard column, by using in line both Diode array and electrochemical detectors. Mobile phase : methanol/isopropanol, 55/45,v/v, flow:1 ml/min.26 
Vit A, b-carotene 
Plasma Vit A and b-carotene were assayed by HPLC on ananalytical Supelcosil LP-18- column (24 cm x 4,6 mm, 5mm , Supelco) plus its guard column, by using in-line electrochemical detection of CoQ 10 H 2 , and UV detection (275 nm) of CoQ 10 . Mobile phase : A = 20mm NaClO4 in MeOH/H 2 O (96/4,v/v), B=MeOH/2-propanol (55/45,v/v); gradient program: %B 5 for 5 min, %B 20 in 15 min and then % B 90 in 25 min. 
Protein carbonyls 
Plasma protein carbonyls were evaluated by the 2,4-dinitro-phenylhydrazine method according to Faure and Lafond.27
Fatty acid patterns of plasma phospholipids and cholesterol esters 
Quantitation of fatty acid patterns of plasma phospholipids and cholesterol esters was performed by GC-MS according to Passi et al 15 on a crosslinked-FFAP capillary column (50 m x 0.32 mm x 0.52 mm, Hewlett-Packard), following purification of lipid fractions by TLC according to Passi et al.28 
Urinary catecholamine metabolites, and azelaic acid
Urinary catecholamine metabolites, namely homovanillic acid (HVA), vanil mandelic acid (VMA), and azelaic acid  (AZA), a marker of lipoperoxidation,29 were assayed as TMS derivatives by GC-MS on capillary Ultra 1 column (30 m x 0.2 mm x 0.33 mm, Hewlett-Packard) according to Morrone et al.30 
Plasma lipoperoxides 
Plasma lipoperoxidation levels were evaluated by both thiobarbituric acid (TBA) and 9,11 conjugated diene tests.16 The values of TBA-reactive materials (TBA-RM) were expressed in terms of malondialdehyde (nmol/ml). Conjugated dienes were quantitated spectrophotometrically at 234 nm, using a molar absorption coefficient of 27,000. 

Cholesterol 
Total cholesterol (CH) was assayed spectrophotometrically by using commercial analytical kit from Sigma (St.Louis, MO). Free cholesterol (FC) was analysed by GC-MS on Ultra 1 capillary column according to Passi et al.24 The values of cholesterol esters (CE) are given by the difference between CH and FC (CE = CH - FC). 

Phospholipids 
Total phospholipids were quantified spectrophotometrically by commercial analytical kit from SGM Italia (Rome).

Statistical analysis 
Each result was expressed as mean ± standard deviation. The statistical significance of the data was determined according to unpaired Student’s t-test. 

 

Table I. Plasma, erythrocyte and lymphocyte levels of antioxidants, and urinary catecholamine metabolites in patients with advancing immunodeficiency and in healthy age-matched controls..

Antioxidant                                                PLASMA

                                                                     controls                          asymptomatic                 symptomatic               AIDS
                                                                      (n=40)                                   (n=31)                              (n=48)                  (n=45)

Vit E (mg/ml)                                              11.3±1.9                           8.6±2.2**                         7.7±2.6*                      6.7±2.8*
CoQ 10 H 2 (mg/ml)                                  0.46±0.11                         0.21±0.12*                       0.14±0.16*                  0.08±0.10*
CoQ 10 (mg/ml)                                         0.38±0.10                         0.40±0.11                         0.32±0.15                    0.28±0.10**
Se (mg/l)                                                     77±18                               75±20                               61±12**                      57±15*
Vit A (mg/ml)                                             0.490±0.034                     0.472±0.047                     0.425±0.063**            0.344±0.092*
b-carotene(mg/ml)                                     0.234±0.17                       0.222±0.038                     0.201±0.035***          0.178±0.045*
Ascorbate (mg/ml)                                     9.6±2.6                             8.3±2.9                             7.1±2.3***                  5.0±3.0*
Urate (mg/ml)                                            48.3±8.6                           50.5±10.1                         46.5±11.1                    34.2±15.3***
TBA-RM (nmol/ml)                                   1.80±0.75                         3.35±1.38**                      2.54±1.39                   2.16±1.95
Conjugated dienes                                    7.9±3.1                            13.5±5.3**                        11.7±7.3                     8.9±7.1
(nmol/ml)
Protein carbonyls                                      0.76±0.19                        0.98±0.37                          1.19±0.33**               1.33±0.45*
(nmol/mg protein)

                                                                  ERYTHROCYTES
SOD (U/g Hb)                                            960±186                           1090±220                          1305±370***              2820±980*
GSH-Px(U/g Hb)                                       38±6                                 31±7                                   27±6*                         12±10*
CAT(U/g Hbx10-3)                                    40±5                                 44±4                                   43±6                           39±6
GSH (mg/ 10 9 Eryth)                              106±24                              83±22**                             65±27*                      47±30*
GS-SG (mg/ 10 9 Eryth)                           10±3                                 12±5                                   15±5***                    14±4**

                                                                  LYMPHOCYTES
Vit E (ng/10 6 Lymphoc.)                         91±16                               76±12*                                45±10*                      32±15*
CoQ 10 H 2 (ng/10 6 Lymphoc.)             19± 5                                7 ±5*                                   4 ± 4*                        tr*
CoQ 10 (ng/10 6 Lymphoc.)                    20 ± 6                               22 ± 10                                16± 8                         12±5*

                                                                 URINE

Metabolite
HVA (mg/24h)                                         2,95±1.12                           6.86±3.02**                        5.78±2.55**             7.81±4.43**
VMA (mg/24h)                                         2.01±0.96                          4.74±1.95**                        6.10±3.82**              6.97±3.02*
AZA (mg/24h)                                          0.95±0.48                          3.17±1.85**                        3.69±3.02                  2.50±2.78

Results are expressed as mean ± SD
*** p<0.05,                                                **p<0.01,                            *p<0.001, vs controls

 

Table II. Plasma levels (%) of phospholipid (PL) , cholesterol ester (CE), and their fatty acids patterns in patients with advancing immuno-deficiency and in healthy age-matched controls.. 

                         controls                                  asymptomatic                      symptomatic                        AIDS
                         (n=40)                                     (n=31)                                   (n=48)                                   (n=57)
fatty acid         PL                    CE a               PL                    CE b              PL                  CE c               PL                    CE d

                         1.95±0.15         2.52±0.26        1.73±0.21        1.91±0.30      1.49±0.37       1.66±0.43       1.35±0.40        1.51±0.38                            mg/ml              mg/ml             mg/ml**         mg/ml**         mg/ml*         mg/ml*           mg/ml*           mg/ml*

C16:0                26.8±1.4          11.1±0.9          28.4±2.2           13.2±2.0         31.7±2.6**    16.0±2.3*        33.5±3.8*      16.6±3.8*
C18:0               14.9±1.7           1.1±0.2            15.7±2.0           1.8±0.4           15.4±3.5         3.4±1.2**        16.7±2.7         4.8±1.2*
C18:1               13.1±1.2           32.4±4.2          15.6±2.3           34.4±4.8         17.6±2.7**    35.0±2.8**      16.1±2.4**    35.7±2.5**
C18:2               23.6±2.3           46.7±4.8          22.6±2.5           42.9±7.4         21.8±3.4         42.2±5.4          21.6±4.2         40.8±3.8**
C20:3 n-6       3.9±0.7             1.2±0.2            2.8±0.8**         1.6±0.7**       2.1±0.7*          0.8±0.6*         1.8±0.4*          0.2±0.2*
C20:4 n-6       12.7±2.1           6.5±1.1           10.6±1.4**        4.8±0.8**      9.0±1.5*          1.6±0.8*          8.1±2.0*          0.8±0.4*
C22:6 n-3       3.5±0.9             0.1±0.1           2.0±1.1**            -                    1.4±0.4*           -*                   0.8±0.6*           -*
others             1.5                    0.9                  2.3                     1.3                  1.0                    1.0                  1.4                   1.2
HPUFA           20.1                   7.8                 15.4                   6.4                  12.5                   2.4                  10.7                 1.0

Results are expressed as mean ± SD. Fatty acids were analysed as methyl esters. Others: other fatty acids such as C14:0, C16:1, C20:1 etc.
Minor HPUFA such as C20:3

n-3, C20:5 n-3, C22:4 n-6 are not shown in the table, because GC-MS did not allow unequivocal identification of any of them.

a,b,c,d: corresponding respectively to 1.49, 1.13, 0.98, 0.89 mg/ml free cholesterol.

HPUFA (high polyunsaturated fatty acids) : C20:3 n-6 + C20:4 n-6 + C22:6 n-3

*** p<0.05,                            **p<0.01,                         *p<0.001, vs. controls.
 

Results 
The blood levels of antioxidants, selenium, phospholipids and their fatty acid pattern, free cholesterol, cholesterol esters and their fatty acid pattern, lipoperoxides, and urinary concentrations of catecholamine metabolites and AZA, a marker of lipoperoxidation in vivo, in 124 seropositive patients and in matched seronegative healthy controls are reported in Tables I and II. 

Asymptomatic seropositive patients 
In comparison with controls, either statistically reduced lymphocyte and plasma levels of CoQ 10 H 2 (p<0.001), erythocyte GSH (p<0.01), plasma concentrations of vit E (p< 0.01), cholesterol esters, phospholipids (0.01), and their polyunsaturated fatty acid patterns, (such as C20:3 n-6, C20:4 n-6, and C22:6 n-3) (p<0.01), or significantly increased concentrations of plasma and urine by-products of lipoperoxidation (p< 0.01) and urinary catecholamine metabolites (p<0.01) were observed. 

Symptomatic seropositive patients
In comparison with controls, we found either statistically reduced levels of plasma and lymphocyte CoQ 10 H 2 (p<0.001), plasma and lymphocyte vit E (p< 0.05 and 0.001 respectively),plasma selenium and vit A (p<0.01), plasma cholesterol esters and phospholipids (p<0.001), and their HPUFA(high polyunsaturated fatty acids such as C20:3 n-6, C20:4 n-6, and C22:6 n-3) patterns (p<0.001), and erythrocyte GSH (p<0.001), or significant increase of plasma protein carbonyls (p<0.01), erythocyte SOD and GS-SG (p<0.05), and urinary catecholamine metabolites (p<0.01). 

AIDS patients
In comparison with controls, we found either statistically significant very low levels of plasma CoQ 10 H 2 , vit E, selenium, vit A, b-carotene, vit C, phospholipids, cholesterol esters, and HPUFA patterns of the two last fractions(p<0.001), CoQ 10 (p<0.01), and urate((p<0.05), erythocyte GSH-Px and GSH (p<0.001), lymphocyte vit E, CoQ 10 H 2 , and CoQ 10 (p<0.001), or significant increase of erythocyte SOD (p<0.001) and GS-SG (p<0.01), plasma protein carbonyls (p<0.001), and urinary catecholamine metabolites (p<0.01-0.001). 

However it is important to underline that the standard devia-tions indicated in Tables I and II, higher in patients than in  controls, are indicating an elevated degree of fluctuation of data, which affect statistical significance. 

Discussion 
Oxidative stress in biological systems can be induced by the depletion of antioxidants and/or by an overload of oxidant species, i.e., reactive oxygen and nitrogen species (ROS, RNS) and other radicals (R • ), so that antioxidant levels become insufficient 31, 32 . Sustained oxidative stress damages cellular macromole-cules and functions, which are maintained and mediated by critical redox systems, so contributing to the patho-physiology of many diseases. 

Our results clearly show that severe oxidative stress occurs in the blood (plasma, erythrocytes, and lymphocytes) of  seropositive patients in comparison with healthy age and sex matched controls, and increases significantly with the degree of immune deficiency, i.e., AIDS > symptomatic > asymptomatic > controls .  (Tables I,II). The observed oxidative stress is characterized by the depletion of: lipophilic antioxidants (A), hydrophilic antioxidants (B), selenium (C), phospholipids (PL), cholesterol esters (CE), and their polyunsaturated fatty acid (PUFA) patterns (D), and by a critical imbalance of enzymatic antioxidants (E). 

A.
The main function of lipophilic antioxidants such as CoQ 10 H 2 , CoQ 10 , vit E, vit A, b-carotene is to prevent damages to membrane and plasma polyunsaturated lipids. CoQ 10 and vit E deficiency is already evident in the plasma and lymphocytes of asymptomatic seropositives, while that of vit A, b-carotene and CoQ 10 takes place later. In this connection, recently, Yamashita et al 33 proposed that the imbalance of the plasma ratio CoQ 10 H 2 / CoQ 10 can be considered a marker of oxidative stress. In addition, it has been found that, after ultraviolet irradiation (UV) of human skin equivalents, CoQ 10 H 2 resulted as the most susceptible antioxidant to depletion, followed by CoQ 10 and vit E, while water soluble antioxidants were quite stable against oxidative damage by UV.34 
CoQ 10 H 2 plus CoQ 10 (UBI) are ubiquitous and essential for life, meaning they exist in all body cells and support cellular energy production by helping generate adenosin triphosphate (ATP). Once UBI body levels become more than 25-30 % deficient, many disease may begin, including immunodeficiency, cancer, cardiovascular diseases etc. 
It is well known that CoQ 10 , in addition to its function as an electron and proton carrier in mitochondria, acts as a powerful antioxidant in its reduced form ubiquinol (CoQ 10 H   2 ), by preventing both the initiation and the propagation steps of lipoperoxidation in biological membranes.35-36 Furthermore, it is able to sustain efficiently the chain breaking antioxidant capacity of Vit E , by regenerating it from a tocopheryl radical,37 which  otherwise would need the cooperation of hydrophilic antioxidants such as Vit C and/or GSH. Therefore, as CoQ  10 H  2 is essential to maintain Vit E status and function, decrease of CoQ  10 H 2 in turn contributes to further exacerbate the depletion of Vit E. It is worth mentioning that CoQ  10 H   2 is the only known lipophilic antioxidant that mammalian cells can synthesise de novo and for which there are enzymic NAD(P)H dependent mechanisms able to (re)generate it from CoQ  10 . 38-39 A derangement of these reductive mechanisms, due to an over production of pro-oxidant reactive species, coupled to a reduced CoQ  10 biosynthesis,  represent an important fingerprint in the progression of immunodeficiency. 
Vit E (R,R,R-a-tocopherol) works in syntony and synergy with UBI within membranes and circulating lipoproteins, to protect them from oxidation. A recent study 40 suggests that high serum levels of vit E in seropositive patients is associated with a decrease in risk of progression to AIDS and mortality, while low serum concentrations have been correlated with higher degree of lipoperoxidation,41 decreased plasma PUFA,9 and increased p24   antigenemia.9 
Several studies in both human and animal models suggest that vit E is necessary not only for immune system function , but also has important immunostimulatory properties,42-45 likely due its antioxidant activity towards membrane peroxidation of rapidly proliferating cells of immune system, which are very rich in PUFA. Vit E modulates (downregulates) the intracellular generation of prostaglandin E2 (PG-E2), deriving from arachidonic acid (C20:4 n-6).40,43-46 PG-E2 is capable of reducing both the production of interleukin-2 (IL-2), a cytokine critical for the growth and differentiation of T and B lymphocytes, and the activation of natural killer cells, which represent the major source of interferon-g (IFN-g). Vit E is also able to decrease the levels of tumour necrosis factor-a (TNF-a) and to upregulate IL-1 and IL-2 microphage production. According to these studies the modula-tion of these and other cytokines in the immune process is believed to play a major role in inhibiting HIV replication.42-45 It has been reported that vit E supplementation enhances, in vitro and in vivo, antibody production, phagocytosis, lymphoproliferative response to viral and infectious diseases.42-44 It has been also observed that vit E may normalise the immune abnormalities in mice with murine retrovirus.45 Its supplementation in such mice produces an improvement in the secretion of IL-2 , natural killer cellular activity, IFN-g, and mitogenesis of spenocytes, in addition to a decrease in the levels of IL-4, IL-5, IL-6, and TNF-a, as compared with retrovirus-positive, but non-treated mice.45
Plasma vit A and its precursor b-carotene are less susceptible than CoQ 10 H 2 or vit E to depletion, which becomes significantly evident in AIDS individuals (Table I), when, probably, the homeostatic control of liver on plasma vit A levels decreases. Also vit A is essential for optimal functioning of the immune system. Low serum concentrations in seropositive patients have been associated with low CD4+ cell counts,9 a three to fourfold increase in rates of supposed maternal-fetal transmission,46 an approximately 40% increase in risk of disease progression,40 and increased mortality from AIDS-defining conditions or infections46 . In any case, high serum levels of vit A were not associated with a decreased risk of progression to an AIDS diagnosis.48
B.
The depletion of ascorbate and urate, two powerful water soluble antioxidants against reactive species, occurs in the more advanced stages of immune deficiency, when oxidative stress peaks (Table I), while erythrocyte reduced glutathione (GSH) decline represents an early marker of immunodeficiency.

GSH is not only a major anticellular defence against the production of reactive oxygen species (ROS), but also the reducing substrate of glutathione peroxidase (GSH-Px), the main enzyme involved in intracellular hydrogen peroxide (H 2 O 2 ) scavenging. GSH deficiency has been emphasised by several authors non only in serum and erythocytes of seropositive patients, but also in their broncoalveolar lavage fluid, and in T cell subsets of leukocytes. 3,4,5,7,50-54 It has been suggested that the reduced amounts of GSH in seropositive individuals might depend on chronic exposure to inflammatory cytokines, such as TNF-a,IL-1, IL-6, granulocyte-macrophage colony stimulating factor (GM-CSF), transforming growth factor-b (TGF-b), etc., partially deriving from macrophages and monocytes . These cytokines are able to stimulate, at cellular level, ROS production, that would contribute to GSH depletion. They would also activate the nuclear transcription factor kB(NF-kB), which is believed to stimulate HIV replication. 54-56
C.
As found by other authors,8,12,57 plasma selenium, which is essential for GSH-Px activity, decreases in disease progression (Table I).

D.
The plasma depletion of phospholipids (PL) and cholesterol esters (CE), and their PUFA patterns, in particular C20:3 n-6, C20:4 n-6 and C22:6 n-3, (Table II) can be considered another early marker of immune disorder and its progression. In contrast to CE, free cholesterol (FC), which represents approximate 15 % of total plasma cholesterol (CH) under normal conditions, is not significantly affected (Table II). It could appear as an odd hypothesis, but it is likely that people having plasma levels of CH > 210-220 mg/100ml can be considered resistant to the development of immunodeficiency. This statement has been carefully considered and originates from the observation that several hundreds of seropositive patients (in addition to those of the present study), not only symptomatic or AIDS patients, but also asymptomatic ones , display plasma CH levels < 170 mg / 100 ml.58
It is important to underline that PL and CH are molecules essential for membrane building during cellular turnover, meaning that their deficiency leads to reduced membrane and cell formation.

As far as PUFA are concerned, which are present mainly in PL and CE membrane fractions (PL-PUFA and CE-PUFA), it is well known they play a vital role in cellular physiology by two principal mechanisms 58-60 :

• maintenance of integrity and fluidity of membranes in association with CH (structural role). Any factor damaging membrane integrity and fluidity, such as PUFA peroxidation due to vit E or CoQ 10 H 2 depletion or increased amounts of saturated fatty acids deriving from a circulating excess of saturated fatty acids - as is the case of seropositive individuals, is capable of inducing immunosuppression;

• biosynthesis of regulatory eicosanoids, i.e., prostaglandins and leukotrienes (regulatory role). These, in association with other messengers are able to stimulate the cells in carrying out basic functions such as differentiation, division, and secretion.

The deficiency of PUFA is an extremely serious problem in the case of mitochondrial PL, which are the indispensable lipid support for the correct functioning of enzymatic systems and molecules, particularly UBI, involved in the respiration. It is worthwhile underlining that any derangement of the electron transport system, for example PL-PUFA and/or UBI decline, produces electron leakage on oxygen, and one electron reduction of oxygen or "univalent pathway" is activated with over-generation of ROS (Fig.1).31,58
In agreement with the literature,18,19,41 the PUFA depletion we observed (Table II) can be ascribed to a lipoperoxidative process, at least early in the course of the disease., when a significant increase of the values of TBA-RM, conjugated dienes, and AZA is evident (Table I). Later on, the values of lipoperoxidation are not significantly different from controls, also because of their high standard deviations, indicating an elevated degree of fluctuation  of the data. In such case, the observed PUFA decline, more than to a lipoperoxidative process, might be attributed to an inhibition of microsomal desaturase enzymes, i.e., D-6 desaturase, D-5 desaturase, and D-4 desaturase, which are involved in n-6 and n-3 desaturation pathways, and require, for their physiological activity, optimal levels of. vit E, UBI and selenium.58,61 In addition, it is important to underline that desaturase pathways occur mainly in liver and that liver disorders , mainly viral and/or chronic hepatitis affect most symptomatic and AIDS patients.

In any case, the lack of significance of lipoperoxidation values in these individuals, does not mean a reduction of oxidative attacks on cell macromolecules, as shown by the significantly increased values of protein carbonyls (Table I), which measure protein damage secondary to oxidation.

E.
Enzymatic antioxidants, i.e. superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT), are directly involved in the metabolism of ROS, working in synthony. SOD is able to dismute the superoxide anion radical (O 2 - ) in hydrogen peroxide (H 2 O 2 ) which is scavenged by GSH-PX and CAT. The former enzyme requires the presence of GSH and selenium to be effective. Surprisingly AIDS patients diagnosed with AIDS, show significantly higher values of erythocyte Cu,Zn-SOD than other seropositive patients or controls (Table I), probably due to an adaptative response to an increased flux of superoxide anions. In this connection, Niwa et al 62 found that paraquat, a drug able to increase intracellular O 2 - production, induces Cu, Zn-SOD formation in leukocytes. The induction should be theoretically impossible in erythrocytes, which lack the capacity of "de novo" synthesis of protein and lipids. However, it has been found that such synthesis may occur within erythocyte precursors, the number of which increases significantly following stimulation of erythropoiesis by ROS.63 The high activity of Cu, Zn-SOD generates high levels of H 2 O 2, which cannot be fully scavenged, because of the significantly reduced GSH-Px activity (likely due to the GSH and selenium depletion), not compensated by a concomitant increase of CAT activity. GSH-Px and CAT are both able to scavenge H2 O 2 , but the former has much higher affinity for H 2 O 2 than does CAT, suggesting that the peroxide is preferentially destroyed by GSH-Px . 64 High intracellular levels of H 2 O 2 and other ROS are capable of inducing apoptosis in seropositive individuals.65 H 2 O 2 was defined as " a mobile time bomb" by Gutteridge and Halliwell,32 since it can easily and rapidly generate hydroxyl radical (HO • ) at any time, if an electron is supplied to it, for example, from transition metal ions, such as Fe 3+ or Cu 2+ .

Chronic oxidative stress in seropositive patients is associated with elevated urinary excretion of catecholamine metabolites, i.e,, homovanillic and vanilmandelic acids, deriving respectively from dopamine and epinephrine plus nor-epinephrine, and evidentiating an abnormal neurovegetative stress, probably secondary to emotional and psychological stresses and delicate health.

Antioxidant depletion in the blood of seropositive patients is normally ascribed to an elevated prooxidant status due to an excess of ROS and shown by the presence of clastogenic factors in plasma ultrafiltrates.66 On the basis of in vitro studies, it has been suggested that the excessive ROS production might be explained by a pro-oxidant effect of inflammatory cytokines and/or a polymorphonuclear leukocyte activation in infectious condition. Inflammatory cytokines such as TNF-a , IL-1, IL-6 etcetera, are able to stimulate, at cellular level, ROS production, that would contribute to GSH and other antioxidant depletion and on the other hand are believed to stimulate HIV replication, through the activation of NF-kB cell gene.67 ROS are important for intracellular killing of microorganism by polymorphonucleate lympho-cytes; however several studies have shown a reduced ROS production during the oxidative burst by phagocytes from seropositive patients, which might lead to impaired phagocyte microbicidal function, thus predisposing seropositive individuals to various opportunistic infections.

Probably the increased flux of ROS may depend on an impaired mitochondrial function leading to an activated univalent pathway, further worsened by the administration of toxic drugs to seropositive patients. For example, it has been shown that AZT widely damages mitochondria by causing ROS overproduction with consequent loss of antioxidants (in particular UBI) , oxidation of DNA bases, and myopathy.32,58,67
Taken for granted that ROS are able to attack PUFA, amino acid side chains in proteins, and bases in nucleic acids, thereby compromising cell integrity and functions, what is the role of HIV in oxidative stress? From a physio-pathological viewpoint, several factors are known to induce oxidative stress in vivo (Fig.2). Since infectious agents attack, as a rule, immuno-compromised individuals, it is likely that the depletion of antioxidants, PL, CE , PUFA, etc, and the consequent imbalance of cellular redox status may play an aetiological role in the onset and progression of numerous diseases. If we were to suppose that HIV were an infectious agent, it would behave as any other opportunistic agent, whose aggression is facilitated by cellular imbalance induced by both oxidative stress and essential membrane constituents, in particular PUFA and CH. In any case the modulation of intracellular redox status and molecules essential for membrane functioning, by the administration of both proper physiological antioxidants and appropriate diets, may have a beneficial therapeutic value to control and inhibit the progression of immune deficiency, certainly much better than the poisonous cocktails of DNA-chain terminators incompatible with life such as AZT and similar nucleoside analogues, anti proteases, antibiotics, antifungal agents, anti..... prescribed by the members of the orthodox AIDS establishment and capable of producing physical decline even in healthy individuals. In this connection, according to our results, it is no wonder that oxidative stress increases significantly in those patients who were taking these deadly cocktails, i.e., symptomatic and AIDS-diagnosed individuals. 

Implications for treatment of the disease
Some authors have proposed antioxidant therapies intended to inhibit HIV replication. Based on the reduced levels of GSH in seropositive patients and the inhibitory effects of GSH and other thiols on what is inferred to be HIV replication in vitro and apoptosis of HIV-infected cells,68 several authors have proposed clinical trials with GSH pro-drugs such as N-acetyl cysteine, glutathione ethyl esters, and oxothiazolidine-4-carboxylate. It has also been inferred from "In vitro" studies that vit C and vit E are able to inhibit HIV replication 68-70 and clinical trials have been proposed with these two vitamins as well as with ubiquinone, 66 talidomide (a selective inhibitor of TNF-a), lipoic acid, and diethyldithiocarbamate (a strong free radical scavenger able to inhibit the activation of NF-kB much more than N-acetyl cysteine higher).71-74 To our knowledge, data concerning monotherapy with the above antioxidant drugs, including GSH precursors, in seropositive patients suggest they are without clinical benefit.

The lack of evident results with antioxidant mono-therapy must be carefully evaluated and not used to deny the possible efficacy of a rational antioxidant therapy. It is a nonsense to fight AIDS on the basis of results from experimental and highly questionable in vitro measurements, showing that an antioxidant is capable of inhibiting TNF-a synthesis or NF-kB activation and, consequently, HIV replication. Granted, for the sake of argument, that the administration of GSH pro-drugs leads to its increased intracellular levels, how is it possible to believe that such increase may re-balance the significant deficiencies of CoQ 10 H 2 , CoQ10 , vit E, vit A, vit C, PL, CE, PUFA, the imbalance of enzymatic antioxidants etc ? And the same for vit E, or CoQ 10 , or vit C, or lipoic acid etc. The antioxidant monotherapy follows the dictates of the literature, where it is generally reported that enzymatic and non-enzymatic antioxidants form a dynamic integrated pool, in which the deficiency of one or more constituents can be compensated by the increased amounts of one or more molecules of the same pool, in order to maintain a homeostatic protective system against oxidative damage towards susceptible cell components. But whilst this may happen with a mild degree of deficiency, it will not happen with the severe depletions and imbalances observed in seropositive individuals. 

Conclusions
Therapy should be taken not to weaken but to strengthen the body so that it will have a chance to heal itself. Therefore it is necessary to administer, on the basis of real individual needs, a "cocktail" of antioxidants [ not only GSH precursors, but also CoQ 10 , RRR-a-tocopherol (not d,l-a-tocopherol containing approximately 10% natural isomer), selenium ], plus a diet rich in PUFA, CH, fruits and vegetables, in order to re-balance both cell redox status and membrane lipid constituents, provided that seropositive patients take care of themselves, taking into account the adverse factors capable of inducing oxidative stress and immune suppression listed in Fig.2. On this basis, it could be predicted that such treatment may be efficacious in forestalling the development of more severe immune deficiency in less compromised seropositive patients, in whom the oxidative damage to cells has not yet reached irreversible levels and can be successfully fought . The same treatment may also produce beneficial effects in symptomatic and AIDS patients, except for those who have reached a critical threshold of no return, condemned by the continuous combined use of antiretroviral and recreational drugs. 
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Fig.2. Factors capable of inducing oxidative stress "in vivo" and leading causes of immunosuppression. Recreational drugs include ampheta-mines, nitrites, heroin, cocaine, alcohol, cigarette smoke etc; medica-tion drugs include antiviral, antimicotic, antibiotic, chemotherapeutic, etc. Malnutrition/denutrition, poor sanitation, and parasitic infections represent the main causes of African AIDS.
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