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Abstract:

Experimental studies have demonstrated that oxidative stress plays an essential role in the pathophysiology of ischemic stroke. The

objective of the present study was to assess some serum markers of oxidative stress in patients in the early period of ischemic stroke

and determine whether vitamin C supplementation affects the parameters of oxidative stress and the clinical status of patients. The

study included 60 patients with ischemic stroke and 20 controls. Patients with ischemic stroke were divided into two groups: group I

(n = 30), which did not receive vitamin C therapy, and group II (n = 30), which received vitamin C (500 mg/day, iv) for 10 days begin-

ning on day 1 after ischemic stroke. Blood levels of bilirubin, creatinine, uric acid and total antioxidative capacity (TAC) were meas-

ured on stroke-days 1, 3, 5, and 10. Moreover, the neurological status of patients was evaluated on the same days using the NIHSS,

Rankin and Bartel scales. Neurological status was also assessed with the Rankin scale after 3 months. Uric acid and TAC were de-

creased in group I on all measurement days. However, we did not observe any differences in the clinical status of patients receiving

vitamin C during the first ten days of stroke or after 3 months. Although administration of vitamin C (500 mg/day, iv) to ischemic

stroke patients since the first day ischemic stroke resulted in elevated serum levels of antioxidants, it did not substantially improve

the clinical and functional status of patients after 3 months.
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Introduction

Excitotoxicity, inflammation and oxidative stress

were demonstrated to play a key role in the patho-

physiology of ischemic stroke [2, 4, 12, 16].

Oxidative stress results from an imbalance between

production of reactive oxygen species (ROS) and

their elimination in enzymatic and non-enzymatic re-

actions of neutralization. Oxidative stress is also re-

lated to the effects of exogenous antioxidants. Anti-

oxidants, which markedly delay or inhibit the oxida-

tion of substrates, include endogenous compounds

with enzymatic properties (superoxide dismutase, glu-

tathione peroxidase and catalase), endogenous com-

pounds without enzymatic action (bilirubin, creati-

nine, uric acid, albumin, ceruloplasmin, transferrin

and others) and exogenous antioxidants (vitamins A,

C, E, carotenoids, xanthophylls, and polyphenols).

According to earlier studies, lower levels of vita-

min C are a risk factor of cerebral stroke whereas ele-
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vated concentrations of vitamin C have protective ef-

fects, even in patients with other risk factors such as

arterial hypertension, atrial fibrillation or ischemic

heart disease [10, 23]. Indeed, vitamin C levels are

decreased in patients with ischemic stroke [15]. Vita-

min C may also be an indicator of lifestyle, which

substantially affects the risk of stroke [9]. Moreover,

a positive correlation has been demonstrated between

the concentration of vitamin C and the clinical status

of patients [8]. However, there are only a few studies

that have assessed the effects of vitamin C supple-

mentation on markers of oxidative stress or clinical

status of patients, and these findings are inconsistent

[14, 20, 21].

The aim of the present study was to assess some se-

rum markers of oxidative stress in patients in the early

post-ischemic stroke period to determine possible re-

lationships between the parameters studied and the

clinical status of patients. Moreover, we attempted to

define whether vitamin C therapy affected the oxida-

tive stress parameters and clinical status of patients

with ischemic stroke. We also attempted to determine

whether the markers of oxidative stress in question

might be prognostic factors for remote outcomes of

ischemic stroke.

Materials and Methods

This study involved 60 ischemic stroke patients (32

females, 28 males) aged 72.8 ± 10.4 years and 20 con-

trols (11 females, 9 males) aged 69.8 ± 10.5 years. Pa-

tients were divided into three groups: group I (n = 30)

included patients with ischemic stroke without vita-

min C therapy, group II (n = 30) included patients with

ischemic stroke who received vitamin C (500 mg/day,

iv) since day 1, and group III (n = 20) included control

patients without ischemic stroke. The control group

was matched with the study groups for gender, age

and medical problems. The following criteria war-

ranted exclusion from the study: infections within the

two weeks of stroke symptoms or at the onset of

stroke symptoms; kidney dysfunction; diabetes melli-

tus; neoplastic tumors; autoimmune, hepatic or biliary

diseases; diseases of the nervous system, including

multiple sclerosis, amyotrophic lateral sclerosis, Alz-

heimer’s disease, Parkinson’s disease, and alcohol-

ism; or vitamins A, C, or E, xanthine oxidase inhibi-

tors or fibrates administered within the last six months.

At the onset of hospitalization, routine therapeutic

management was instituted in all patients. Additionally,

group II patients received vitamin C (500 mg/day, iv)

over the first ten days. Thrombolytic drugs were not

used.

The clinical status of patients in groups I and II was

assessed on ischemic-stroke-days 1, 3, 5, and 10 ac-

cording to the NIHSS, Rankin and Bartel scales.

Moreover, patients were evaluated after 3 months

(Rankin scale) to determine the effects of the parame-

ters studied on remote outcomes. Serum levels of bili-

rubin, creatinine, uric acid and total antioxidative ca-

pacity (TAC) were determined in ischemic stroke pa-

tients on days 1, 3, 5, and 10 and 1 time in controls.

Determinations of serum total bilirubin were carried

out using the ADVIA 1650 analyzer. The “total biliru-

bin 2” method is based on chemical oxidation using

vanadium, which oxidizes bilirubin to biliverdin at

pH 3. In the presence of a detergent and vanadate, di-

rect and indirect bilirubin undergoes oxidation. The

reaction reduces optical density for the bilirubin-

specific yellow color. Decreased optical density at

451 nm is proportional to total bilirubin concentration

in the sample, which was measured at the reaction

end-point and expressed in mg/dl.

Serum creatinine was determined using the ADVIA

1650 analyzer. The test is based on the Jaffe method:

creatinine reacts with picric acid in alkaline condi-

tions to form a color complex. The speed of reaction

measured at 505 nm is directly proportional to the cre-

atinine concentration in the sample. The results are

expressed in mg/dl.

Serum uric acid was determined using the ADVIA

1650 analyzer. The test is based on the Fossati enzy-

matic reaction in the presence of uricase, which oxi-

dizes uric acid to allantoin and hydrogen peroxide

with 4-aminoantipyrine and TOOS [N-ethyl-N-(2-

hydroxy-3-sulfopropyl)-3-methylaniline]. A color com-

plex was formed, and the absorption was measured at

the reaction end-point at 545 nm and expressed in

mg/dl.

Serum TAC was determined using the ferric reduc-

ing antioxidant power (FRAP) method, which meas-

ures the capacity of the antioxidants in a sample to re-

duce ferric ions (Fe3+) to ferrous ions (Fe2+). The fer-

rous ions combine with tripyridyltriazine (TPTZ) to

form a color compound showing maximum light ab-

sorption at 593 nm. FRAP measures total antioxida-

tive capacity in serum mainly dependent on non-

enzymatic antioxidants, like ascorbic and uric acid. In-
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terestingly, serum proteins and low molecular weight

compounds with SH groups show low activity in

FRAP.

The results were analyzed using STATISTICA v.

8.0 (StatSoft, Poland). Values of p < 0.05 were con-

sidered to be statistically significant.

Results

In group I, the highest levels of bilirubin were observed

on day 2 (median = 0.7; range 0.1–3.2). In group II, the

highest levels of bilirubin were observed on day 1 of

ischemic stroke (median = 0.92; range 0.48–1.95),

which were significantly higher than in the control

group. The bilirubin levels gradually decreased on

successive days of observation. A significant differ-

ence in bilirubin levels between groups I and II was

only observed on day 1 (Mann-Whitney test, p < 0.05).

Bilirubin levels on individual days of observation are

presented in Figure 1.

Serum levels of creatinine were comparable in all

three groups. Statistical analysis did not demonstrate

any differences in creatinine levels on individual days

of stroke or in group I vs. group II.

The biggest differences in the levels of uric acid be-

tween groups I and II were observed on day 1 (group I

median = 4.3, range 2.7–9.3; group II median = 6.25,

range 1.7–9). These values were close to statistical

significance (Mann-Whitney test, p = 0.06). The dy-

namics of uric acid changes were different on the suc-

cessive days of examination. Indeed, there was a grad-

ual increase of uric acid in group I and a gradual de-

crease in group II. Uric acid levels on individual days

of observation are presented in Figure 2.

On all observation days, serum TAC in both groups

of patients with ischemic stroke was significantly lower

compared to controls (Mann-Whitney test, p < 0.05). In

group II, the highest TAC values were found on day 1

(median = 1579.76; range 757.33–2278.50), and its

levels gradually decreased over the successive days.

In group I, no significant differences were noted.

Moreover, there were no statistically significant dif-

ferences in TAC levels between groups I and II

(Mann-Whitney test, p > 0.05). TAC levels on indi-

vidual observation days are given in Figure 3.

Clinical status of patients on day 1 was similar, and

no significant differences were found between groups

I and II according to the NIHSS, Bartel and Rankin

scales (Mann-Whitney U test, p > 0.05). Over the suc-

cessive hospitalization days, the NIHSS and Bartel

scale measured consistent improvement in clinical

status in both groups of ischemic stroke patients

[Friedman chi-square ANOVA, p < 0.05]. Three months
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later, patients were assessed using the Rankin scale;

group I showed a slight improvement in clinical status

compared to day 1 (3.0 vs. 4.0, Wilcoxon test, p = 0.06),

and group II showed a greater improvement compared

to day 1, which was statistically significant (3.0 vs.

4.5, Wilcoxon test, p < 0.05). However, comparative

analysis between groups I and II did not show statisti-

cally significant differences in clinical status of pa-

tients on any day of stroke or after 3 months (Mann-

Whitney test, p > 0.05). Moreover, no significant cor-

relations were demonstrated between levels of the pa-

rameters measured on the first stroke days and clinical

status of patients in the early period and 3 months

later (Spearman test, p > 0.05).

later, patients were assessed using the Rankin scale;

group I showed a slight improvement in clinical status

compared to day 1 (3.0 vs. 4.0, Wilcoxon test, p = 0.06),

and group II showed a greater improvement compared

to day 1, which was statistically significant (3.0 vs.

4.5, Wilcoxon test, p < 0.05). However, comparative

analysis between groups I and II did not show statisti-

cally significant differences in clinical status of pa-

tients on any day of stroke or after 3 months (Mann-

Whitney test, p > 0.05). Moreover, no significant cor-

relations were demonstrated between levels of the pa-

rameters measured on the first stroke days and clinical

status of patients in the early period and 3 months

later (Spearman test, p > 0.05).

Discussion

The studies assessing pathophysiological changes

during ischemia revealed a relevant role of oxidative

stress in the development of cerebral ischemic stroke

[2, 4]. Oxidative stress was demonstrated to occur

during ischemia and reperfusion; however, the rela-

tion between oxidative stress parameters and clinical

status of patients was not fully elucidated [1, 11, 12,

18, 24]. Moreover, treatment of acute ischemic stroke

with antioxidative drugs resulted in various outcomes

[13, 20, 21].

Oxidative stress is the cause of HAO-1 induction

and increased synthesis of endogenic antioxidant bili-

rubin as the defensive mechanism against oxidative

damage [3]. The lack of significant differences in bili-

rubin levels between group I and controls indicates

balanced production and use of this antioxidant dur-

ing oxidative stress. In group II, a significant increase

in serum bilirubin was observed on day 1, which was

consistent with the observations of other authors [5,

6]. The administration of an antioxidative drug might

have caused proportionally lower consumption of

bilirubin and resulted in its high levels during the first

day of stroke. The lack of statistically significant dif-

ferences in levels of bilirubin on the remaining meas-

urement days suggested that the efficacy of a small

dose of vitamin C was limited and did not improve

antioxidative defense.

Uric acid is the final product of purine metabolism

and has potent antioxidative effects [17]. In the serum

lower levels of uric acid were observed in stroke pa-

tients who did not receive vitamin C compared with

controls, which likely indicates its rapid consumption

during increased ischemic stroke-related oxidative

stress. In the group receiving vitamin C, uric acid lev-

els were higher than group I and similar to those in the

control group, which is most likely associated with

decreased use of this endogenous antioxidant. We also

compared changes in uric acid levels on different

measurement days. In group I, we found a gradual in-

crease in the uric acid level, which indicated that the

greatest level of oxidative stress occurred during the

first days of stroke and gradually subsided over time.

Moreover, it is possible that increased uric acid syn-

thesis results from the feedback following its exces-

sive use and activation in defensive reactions. The dy-

namics of uric acid changes observed in the group

treated with vitamin C were different, i.e., its levels

consistently decreased over the ten days of observa-

tion. Our results in patients without vitamin C supple-

mentation are consistent with the data published by

other authors demonstrating lower levels of antioxida-

tive substances, including uric acid, in the early pe-

riod of ischemic stroke [19]. Uric acid is the main en-

dogenous antioxidant, and, theoretically, its high con-

centration should be beneficial to eliminate oxidative

stress. The recent studies showed, however, that high

serum levels of uric acid in patients with early stroke

were associated with poorer prognosis [22] and were
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an independent marker of early death in stroke pa-

tients [7]. Thus, determinations of uric acid levels

may be a reliable marker of oxidative stress. Such de-

terminations on the individual days of the disease may

indicate increased oxidative stress during ischemic

stroke.

Total antioxidative capacity in group I patients was

less than the controls throughout the study period.

Similar results concerning early stroke were reported

by other authors. Lower TAC was accounted for by

increased use of endogenous antioxidants to fight free

radicals and a relevant role of oxidative stress during

ischemic stroke [8]. In the group receiving vitamin C,

however, TAC was only slightly lower than controls

on day 1 and consistently decreased over the remain-

ing days. Higher TAC during the first days of stroke

in group II was most likely caused by a lower use of

endogenous antioxidants because of vitamin C sup-

plementation. This relationship decreased with time,

and TAC in patients with or without vitamin C sup-

plementation was comparable on day 10.

Similar relationships were demonstrated when we

compared clinical status of patients in both study

groups. There were no differences in clinical status of

patients receiving vitamin C during hospitalization

and three months after discharge. The lack of differ-

ences in clinical status and similar levels of oxidative

stress parameters observed on day 10 in both groups

indicated that vitamin C therapy has a limited efficacy

in ischemic stroke. Ineffectiveness may result from

the development of its pro-oxidative properties, which

manifest at suitable levels in the presence of transient

metals. Another possible cause is the fact that free

radicals may also have beneficial effects; they are in-

volved in cell metabolism of proteins, adhesion and

aggregation of platelets in the vascular endothelium,

and act as transmitters. Supplementation of an anti-

oxidant is likely to limit any of these functions,

which, paradoxically, may lead to systemic distur-

bances and impair numerous vital processes. Moreo-

ver, the combination of antioxidative agents is rele-

vant. According to studies in stroke patients, the supply

of vitamin E (727 mg/day) together with vitamin C

(500 mg/day) reduced peroxidation of lipids and ex-

erted anti-inflammatory effects [20, 21]. Hence, to de-

fine the usefulness of vitamin C for stroke therapy, its

pharmacokinetics should be assessed to find the opti-

mal daily dose, frequency and route of administration.

In addition, vitamin C may work better in combina-

tion with other pro- or antioxidative agents.

Hardly any studies have examined the effect of vi-

tamin C supplementation on clinical outcomes in

ischemic stroke patients. Thus, further research is

needed to determine biochemical-clinical relation-

ships and assess whether the administration of anti-

oxidative therapy might improve the clinical status of

patients.
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