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Objective. To study measures of the plasma antioxidant profi le in patients with paranoid schizophrenia and 
Alzheimer’s disease (AD). Materials and methods. The study included 33 patients with paranoid schizo-
phrenia and 18 patients with AD. Groups of patients with treatment-resistant schizophrenia and responding 
positively to treatment were identifi ed. Measures of the antioxidant profi le were determined by chemilumi-
nometry and spectrofl uorimetry. Results and discussion. Systemic oxidative stress due to lack of plasma 
low molecular weight antioxidants was not seen in AD though “thiol” protein oxidative stress was detected, 
providing indirect evidence of insuffi ciency of the glutathione system. Systemic oxidative stress was also 
not typical of patients with treatment-resistant paranoid schizophrenia while “thiol” oxidative stress was 
marked. Patients with paranoid schizophrenia and responding to therapy showed the opposite picture – sys-
temic oxidative stress was more intense and “thiol” oxidative stress was less so. Of the neuroleptics studied, 
haloperidol, zuclopenthixol, risperidone, and ziprasidone had no antioxidant properties, while pericyazine, 
clozapine, and especially chlorpromazine had marked antioxidant properties, though they were unlikely 
have effects on plasma antioxidant potential. These results led to the conclusion that the glutathione compo-
nent of the antioxidant system is most impaired in treatment-resistant paranoid schizophrenia and AD, while 
systemic antioxidant stress is minor. Oxidative impairments were less pronounced in successfully treated 
paranoid schizophrenia.
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 Studies of the role of impairments to the oxidant-anti-
oxidant balance in the pathogenesis of schizophrenia have 
been actively pursued throughout the world in recent de-
cades. Most authors who have studied levels of oxidative 

damage makers take the view that oxidative stress occurs in 
schizophrenia, i.e., a state of excessive production of reac-
tive oxygen species (ROS), and that this already occurs at the 
early stages [1, 2]. A quite large number of reports have also 
addressed antioxidant treatment. One [3] came to the con-
clusion that there was no effect. This is contradicted by data 
showing signifi cant reductions in overall antioxidant capaci-
ty as compared with healthy controls during the fi rst episode 
of schizophrenia [4, 5], in patients not receiving drug therapy 
[6], and in those with long-lasting ongoing illness [7], by re-
sults showing decreases in superoxide dismutase, catalase, 
and glutathione peroxidase activity [8] and reductions in 
blood [9] and brain tissue [10, 11] glutathione system activ-
ity, and by data showing reductions in the main plasma anti-
oxidant, uric acid [12]. A number of studies have addressed 
the antioxidant properties of antipsychotics and their effects 
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moderate (>4 points) and a total PANSS score of >69 points 
despite appropriate treatment with antipsychotics. Some of 
the patients in this group had the continuous form of schizo-
phrenia or the paroxysmal form of paranoid schizophrenia 
with protracted treatment-resistant episodes.
 Biological studies were run using plasma collected 
into Vacutainers with lithium heparin. Samples were stored 
at –20°C util analysis.
 The antioxidant profi les of antipsychotic drugs were 
measured for chlorpromazine (Aminazine, solution, 2 ml, 
25 mg/ml), haloperidol (solution, 1 ml, 5 mg/ml), pericy-
azine (Neuleptil, 4% solution in oil, 4 g/100 ml), zuclo-
penthixol (Clopixol-Acuphase, solution in oil, 50 mg/ml), 
clozapine (Azaleptin, tablets, 25 mg), ziprasidone (Zeldox, 
solution, 20 mg/ml), and risperidone, (Rispolept, solution, 
1 mg/ml). Azaleptin tablets were ground in a mortar and 
dissolved in distilled water and fi ltered. Chlorpromazine, 
haloperidol, pericyazine, zuclopenthixol, ziprasidone, and 
risperidone were diluted with distilled water or KH2PO4 
buffer (100 mM, pH 7.4).
 The state of the plasma antioxidant system was as-
sessed using methods based on chemiluminometry and 
spectrofl uorimetry to record antioxidant profi les and deter-
mine levels of antioxidant modifi cation of serum albumin.
 Recording of antioxidant profi les by kinetic chemi-
luminometry. Chemiluminescence was measured using a 
SmartLum 5773 chemoluminometer (DISoft) as described 
previously [26]. Luminol, 2,2’-azo-bis(2-amidinopropane) 
dihydrochloride (ABAP), and KH2PO4 were from Sigma. 
ABAP and luminol were mixed in the cuvette at fi nal con-
centrations of 2.5 mM and 10 μM, respectively, and the re-
quired quantity of KH2PO4 buffer (100 mM, pH 7.4) was 
added and luminescence was measured at 37°C until a pla-
teau was reached, after which 10 μl of plasma previously di-
luted 1:10 with buffer was added. Recording was continued 
for about 30 min until a new stationary level was reached. 
Two parameters were determined from luminograms: the 
area of suppression of chemiluminescence (S), which char-
acterizes the capacity of the powerful plasma antioxidant 
uric acid, and the difference between the initial and fi nal 
stationary chemiluminescence levels (ΔI), which character-
izes the quantity of unoxidized albumin thiol groups.
 Reference ranges for essentially healthy people aged 
18–65 years (n = 110) were determined previously as 
S [195–405] and ΔI [1.2–2.2]. The state of the antioxidant 
defi ciency corresponded to reductions in S and ΔI.
 Determination of the proportion of oxidized albumin 
by spectrofl uorimetry. After precipitation of globulins with 
half-saturated ammonium sulfate solution, measurements 
were made of plasma tryptophan fl uorescence at 353 nm 
(λex = 260 nm) on an RF-5301 (Shimadzu, Japan) spectro-
photometer. Decreases in fl uorescence were measured rela-
tive to values obtained with standard human serum albumin, 
i.e., the proportion of oxidized albumin (POA), which re-
fl ects the proportion of albumin modifi ed by oxidation:

on antioxidant status. Of the drugs studied (clozapine, queti-
apine, olanzapine, risperidone, ziprasidone, and haloperidol), 
olanzapine had antioxidant properties as, albeit to a lesser 
extent, did clozapine [13]. Prescription of antipsychotics has 
been suggested to have little effect on total antioxidant ca-
pacity or the blood glutathione level [12, 14].
 Researchers have different views on the role of oxida-
tive stress in Alzheimer’s disease (AD), and particularly un-
clear is the question of whether it is a signifi cant component 
of pathogenesis or a factor for progression of the disease or 
its sequelae [15]. The situation is complicated by the facts 
that the etiology of this disease remains unclear and that it 
occurs mainly in patients in whom systemic oxidative stress 
is pronounced because of age-related changes. The litera-
ture contains discussions of the role of oxidative modifi ca-
tion of methionine in amyloid formation [16], the effects 
of metal catalysts of ROS reactions, i.e., copper, iron, and 
zinc [17], nitrosative stress [18], and impairments to mito-
chondrial function and energy metabolism [19]. Attention 
is drawn to decreased levels of glutathione in brain tissue 
in AD [20] and defects in the genes encoding glutathione 
reductase [21]. The literature contains few data on the effi -
cacy of antioxidant therapy in AD. Among the approaches 
requiring consideration are the use of antioxidants improv-
ing mitochondrial function such as acetyl-L-carnitine and 
α-lipoic acid [22], as well as antioxidants restoring balance 
in the glutathione system [23, 24], though confi dent conclu-
sions in relation to their effi cacy are still lacking.
 The aim of the present work was to study measures of 
the plasma antioxidant profi le in patients with paranoid 
schizophrenia and AD and to assess the antioxidant proper-
ties of various antipsychotics.
 Materials and Methods. The study cohort consisted 
of 33 patients with diagnoses of paranoid schizophrenia 
(median age 34 years, range 18–65 years) and 18 patients 
with AD (median age 82 years, range 64–88 years). During 
the study all patients were receiving treatment for disease 
exacerbations at the Gilyarovskii Psychiatric Clinic.
 Exclusion criteria for patients were acute or chronic 
infections, tuberculosis, oncological disease, and decom-
pensated diabetes mellitus.
 The schizophrenia group included patients with diag-
noses of paranoid schizophrenia (ICD-10 F20.0) hospital-
ized because of psychotic symptomatology – hallucinato-
ry-delusional, or affective-delusional disorders. Disease 
duration in the study cases ranged from 1 to 20 years. All 
patients received antipsychotic drugs in the full amounts 
specifi ed by standard care provision.
 After 30 days of treatment, some patients were identi-
fi ed as responding to treatment (SZ+), while others were re-
sistant (SZ–). Responders were patients in whom diagnosti-
cally signifi cant symptoms of schizophrenia on the PANSS 
were no more than 3 points (mild) and the total assessment 
on the PANSS was <70 points [25]. Nonresponders were 
those with at least one diagnostic symptom assessed as 
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promazine (Aminazine) were characterized by marked anti-
oxidant properties. Neuroleptics with powerful antioxidant 
properties Azaleptin and Aminazine were used in the groups 
of patients with paranoid schizophrenia. All patients taking 
these drugs had reduced ΔI values, indicating that these 
drugs did not have signifi cant protective antioxidant actions 
on thiol status. As for total antioxidant capacity (S), it seems 
likely that Azaleptin or Aminazine had no effect on this – the 
proportions of patients taking these drugs and having oxida-
tive stress and normal values of S were essentially the same.
 Thus, these studies yielded data characterizing the anti-
oxidant properties of plasma: a) antioxidant capacity S, due 
to uric acid and forming the main reserve of the antioxidant 
defense in the plasma; b) ΔI, the level of thiol groups in 
albumin, the main plasma antioxidant protein, which indi-
rectly refl ects the reserves of the glutathione system; c) the 
proportion of oxidation-modifi ed albumin, POA, refl ecting 
the level of structural damage to albumin and impairments 
to its transport function.
 The reference range for this method have previously 
been determined for healthy people aged 18–65 years, as it 
is extremely diffi cult to assemble a cohort of healthy older 
people – all the acute and chronic diseases in this popula-
tion to some extent alter the plasma antioxidant profi le, as 
does the use of various medications. Even for this reference 
range, the antioxidant capacity and proportion of oxidized 
albumin in patients with AD were in the normal range, indi-
cating the absence of systemic oxidative stress and retention 
of the structure of albumin, which infl uences its transport 
function. The minor decrease in S in some patients may be 
linked with the age factor. It can be suggested that for pa-
tients with AD, prescription of water-soluble antioxidant/
scavengers would be very unlikely to produce any positive 
pathogenetic effect.
 Albumin has single thiol (SH) group, conferring its an-
tioxidant properties. Maintenance of the ratio of unoxidized 
mercaptoalbumin to oxidized uses the glutathione system. 
Our identifi cation of a decrease in ΔI in most patients with 
AD is evidence of marked “thiol” oxidative stress.
 Overall, our data are consistent with results from other 
investigators. It has been suggested that the glutathione sys-
tem suffers most in AD, as a decrease in reduce glutathione 
in erythrocytes has been demonstrated [27], linked with de-
fects particularly in glutathione transferase [28, 29]. A po-

POA = (I0 – I)/I0,

where I0 is the calculated (theoretical) fl uorescence deter-
mined from the calibration curve for the known albumin 
concentration and I is plasma fl uorescence.
 The total albumin concentration was evaluated by bio-
chemical analysis.
 The upper boundary of the reference range for POA for 
the group of essentially healthy people is 0.50. Values greater 
than this are evidence of oxidative modifi cation of albumin.
 Results and Discussion. Antioxidant profi les of pa-
tients with schizophrenia and AD. Antioxidant profi les of 
patients with schizophrenia (the SZ+ and SZ– groups) and 
AD are shown in Table 1.
 Plasma antioxidant capacity (S) associated with uric 
acid was generally not reduced in AD patients – the median 
value was within the reference range, the number of patients 
with reduced capacity was small, and decrease could be as-
signed to age-related changes. A similar pattern was seen 
in treatment-resistant patients (SZ–). As will be indicated 
below, the absence of oxidative stress in these patients can-
not be explained by the contribution of antipsychotics. In 
patients with positive responses to antipsychotic treatment 
(SZ+), the median value was lower than the lower boundary 
of the reference range and the number of patients with sys-
temic oxidative stress was more than half the cohort (56%); 
three patients in this group were taking Mexidol – a drug 
which increases plasma antioxidant capacity. Ignoring these 
patients, the proportion of cases of oxidative stress in the 
SZ+ group was 70%.
 The parameter ΔI characterizes retention of albumin 
thiol groups and, indirectly, the state of the glutathione sys-
tem. Both the AD group and the SZ group showed decreas-
es in this parameter – reductions in the level of mercaptoal-
bumin due to depletion of the reserves of the glutathione 
system. The derangements were more marked among pa-
tients with more severe course of disease (SZ–).
 In the SZ and AD groups, POA was no greater than the 
upper limit of the reference range, which is evidence for the 
absence of oxidative damage to albumin.
 Antioxidant properties of antipsychotics. In the analyt-
ical model used here, haloperidol, zuclopenthixol, ziprasi-
done, and risperidone did not have antioxidant properties. 
Pericyazine, clozapine (Azaleptin), and particularly chlor-

TABLE 1. Descriptive Statistics of Measures of the Antioxidant Profi le in Study Groups of Patients – Median and Interquartile Ranges

Group S (reference range 
195–405)

Number of patients 
with S below normal

ΔI (reference range 
1.2–2.2)

Number of patients 
with ΔI below normal

POA (reference range 
0.05–0.50)

AD, n = 18 256 (162) N 4 (22%) 0.67 (0.38)– 16 (89%) 0.34 (0.15)

SZ+, n = 16 185 (105)– 9 (56%) 0.78 (0.52)– 10 (63%)

SZ–, n = 17 252 (107) N 4 (24%) 0.76 (0.35)– 15 (88%)

SZ (combined group), n = 33 218 (134) 13 (39%) 0.68 (0.41)– 15 (76%) 0.37 (0.16)
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tential therapeutic approach is that of restoring the glutathi-
one balance using antioxidants such as N-acetylcysteine 
and γ-glutamylcysteine ethyl ester [23].
 An analogous picture was seen in patients with treat-
ment-resistant schizophrenia (the SZ– group), normal S 
values being evidence of the absence of systemic oxidative 
stress; it is unlikely that antipsychotics compensate for this 
on the basis of their intrinsic antioxidant properties. It is 
possible that this might explain the lack of positive treat-
ment effects with agents such as vitamin C and plant fl a-
vonoids (Gingko biloba). The SZ– group showed marked 
thiol oxidative stress, such that treatment with antioxidants 
restoring the glutathione balance has potential.
 In schizophrenia patients of the SZ+ group, the tenden-
cy to systemic oxidative stress was more marked, while the 
tendency to thiol oxidative stress was, conversely, weak-
er. It is apparent from our results that the more severe the 
schizophrenia, the closer to normal the patient’s measures 
of antioxidant profi le. These results are consistent with the 
concept that the activity of ribosomal genes, i.e., an adaptive 
resource for oxidative stress in schizophrenia, is greater than 
in healthy people [30]. These results require confi rmation.
 POA values in the schizophrenia group were within the 
normal range, which is evidence for retention of the spa-
tial structure of albumin and, thus, its transport function. 
It can be suggested that impairment to the transport func-
tion of albumin makes a contribution to forming drug resis-
tance in schizophrenia, though this hypothesis has not been 
confi rmed.
 Aminazine and Azaleptin have marked antioxidant pro-
perties, though comparison of the antioxidant profi les of these 
drugs and plasma from patients with paranoid schizophrenia 
in terms of chemiluminescence suggests that their use has no 
effect on the oxidant-antioxidant balance in plasma.
 Thus, studies of the antioxidant profi le using several 
parameters characterizing the state of antioxidant protection 
by plasma in AD did not identify systemic oxidative stress 
due to lack of low molecular weight plasma antioxidants, 
though “thiol” protein oxidative stress was found, evidenc-
ing defi ciency of the glutathione system. Analogous results 
were obtained in patients with treatment-resistant paranoid 
schizophrenia. Patients with paranoid schizophrenia and 
mounting positive treatment responses had quite marked 
systemic oxidative stress and less pronounced “thiol” oxida-
tive stress. These data may be useful for selecting individual 
most effective treatments in paranoid schizophrenia and AD.
 This study was supported by the Russian Foundation 
for Basic Research (Grant Nos. 18-00-01511 and 17-29-
06017 ofi -m).
 The authors have no confl icts of interests.
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