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Abstract

Background: Elevated plasma homocysteine levels have been indicated as an independent risk factor for
ischemic stroke. Objective: The objective of this study was to evaluate oxidative and nitrosative stress in patients
with ischemic stroke with and without hyperhomocysteinemia (HHcy) and to verify whether HHcy is associated
with oxidative stress in these patients. Methods: This study included 170 stroke patients, who were divided
according to their levels of homocysteine (Hyperhomocysteinemia >13.59 umol/L) and 220 healthy individuals
(control group). Results: Stroke patients showed high levels of homocysteinemia when compared to the control
group (p <0.001) adjusted for the variables: sex, ethnicity and age. Patients with stroke and
hyperhomocysteinemia showed higher frequency of male subjects (p=0.001), lower Rankin scale (p=0.034), and
lower glucose levels (p=0.020) when compared with stroke patients with lower levels of homocysteine. Patients
with ischemic stroke and hyperhomocysteinemia had a trend to reduced NOx (p= 0.071) and increased TRAP
(p= 0.003) levels when compared to the patients without hyperhomocysteinemia. The binomial logistic
regression analysis showed that sex (p=0.032), glucose (p=0.017) and TRAP (p=0.019) were independently
associated with hyperhomocysteinemia in patients with stroke. Conclusion: This is the first study in which
homocysteinemia and oxidative and nitrosative stress markers were investigated in stroke patients. HHcy were
associated with male sex, decreased glucose and increased TRAP. More studies are necessary to elucidate the
complex relationship between homocysteine and redox status in these patients.

Keywords: Ischemic Stroke; Homocysteine; Oxidative Stress.

NIVEIS DE ELEVADOS DE HOMOCISTEINA PLASMATICA E SUA RELACAO COM O ESTRESSE
OXIDATIVO EM PACIENTES COM ACIDENTE VASCULAR ENCEFALICO

Resumo

Introducdo: Niveis elevados de homocisteina no plasma tém sido indicado como um fator de risco independente
para acidente vascular cerebral isquémico. Objetivo: O objetivo deste estudo foi avaliar o estresse oxidativo e
nitrosativo em pacientes com AVC isquémico com e sem hiper-homocisteinemia (HHcy) e verificar se o0 HHcy
esta associado ao estresse oxidativo nesses pacientes. Métodos: Este estudo incluiu 170 pacientes com AVC, que
foram divididos de acordo com os niveis de homocisteina (Hiperhomocisteinemia >13,59 pmol/L) e 220
individuos saudaveis (grupo controle). Resultados: Os pacientes com AVC apresentaram niveis elevados de
homocisteinemia quando comparados ao grupo controle (p <0,001) ajustado para as varidveis: sexo, etnia e
idade. Pacientes com acidente vascular cerebral e hiper-homocisteinemia apresentaram maior frequéncia de
individuos do sexo masculino (p=0,001), menor escala de Rankin (p=0,034) e menores niveis de glicose
(p=0,020) quando comparados com pacientes com acidente vascular cerebral e homocisteina. Pacientes com
acidente vascular cerebral isquémico e hiper-homocisteinemia apresentaram tendéncia a reducdo do NOXx
(p=0,071) e aumento dos niveis de TRAP (p=0,003) quando comparados aos pacientes sem hiper-
homocisteinemia. A andlise de regressdo logistica binomial mostrou que sexo (p=0,032), glicose (p=0,017) e
TRAP (p=0,019) foram independentemente associados & hiper-homocisteinemia em pacientes com acidente
vascular cerebral. Conclusdo: Este é o primeiro estudo em que a homocisteinemia e os marcadores de estresse
oxidativo e nitrosativo foram investigados em pacientes com AVC. HHcy foram associados ao sexo masculino,
diminuigdo da glicose e aumento da TRAP. Mais estudos sdo necessarios para elucidar a complexa relagéo entre
homocisteina e status redox nesses pacientes.
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INTRODUCTION

Acute ischemic stroke is the most common cerebrovascular disease and is one of the
leading causes of death and long-term disability through the world. With the increase in the
aging population, stroke has become the disease with higher indices of global health charges,
especially in low- and middle-income countries (GLOBAL BURDEN OF DISEASE, 2015).
Among all Latin American countries, Brazil has the highest mortality due to stroke (Lotufo,
2005).

Elevated plasma homocysteine levels have been indicated as an independent risk
factor for ischemic stroke (Lu et al., 2018; Wu et al., 2016). Homocysteine is a sulfur amino
acid, produced inside cells by demethylation of methionine (Oikonomidi, et al. 2016) and
evidences have been reported that hiperhomocysteinemia (HHcy) is associated with many
neurologic disorders including stroke, independent of long-recognized factors such as
hyperlipidemia, hypertension and diabetes mellitus (Moretti & Caruso, 2019; Lu et al., 2018;
Wau et al., 2016). HHcy is also related with functional disability in the acute phase of stroke
and patients with acute stroke with elevated serum homocysteine levels are at an increase
risk for early neurological deterioration (Kwon et al., 2014).

HHcy may cause toxicity by a variety of mechanisms, which includes vascular
endothelial injury, excitotoxicity via stimulation of N-methyl-D-aspartate receptors
(NMDA), and increased production of reactive oxygen species (Faraci and Lentz 2004.

The hypothesis of a possible association between elevated plasma levels of
homocysteine and oxidative stress is corroborated by some studies indicating that cultivated
endothelial cells with elevated levels of homocysteine may promote the formation of ROS,
especially superoxide anion (Weiss, 2005). There are also reports that homocysteine causes
significant disorders in the antioxidant defense system, for example in the enzymes
glutathione peroxidase and superoxide dismutase (Weiss, 2005). A study performed in vitro
with endothelial cells from human umbilical vein showed that homocysteine induces
malondialdehyde (MDA) levels and inhibits eNOS (Feng et al., 2018), suggesting that HHcy
can modify these oxidative stress biomarkers.

The literature on the level of homocysteine in patients with stroke is still scarce as well
as the understanding of its role in stroke pathophysiology. In addition, to our knowledge, the
relation between hyperhomocysteinemia and oxidative stress has not been investigated in
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stroke to date. Thus, the objective of this study was to evaluate oxidative and nitrosative stress
in patients with ischemic stroke with and without hyperhomocysteinemia. A second objective
was to verify whether hyperhomocysteinemia is associated with oxidative stress in patients

with ischemic stroke.

SUBJECTS AND METHODS

Study participants and clinical data

One hundred and seventy stroke patients with ischemic stroke and two hundred and
twenty healthy controls were recruited at the University Hospital of Londrina. Demographic
data and inflammatory biomarkers were analyzed in two groups of 85 patients: the first group
without and the other group with hyperhomocysteinemia.

The group without hyperhomocysteinemia had patients with levels of homocysteine
<13.59, whereas the group with hyperhomocysteinemia was composed by patients with serum
homocysteine levels > 13.59 all from the same geographical area. All groups were classified
according to age, sex, ethnicity and body mass index (BMI). None of the study participants
had clinical or laboratory findings of cardiac, thyroid, renal, hepatic, gastrointestinal or
oncological diseases. Patients with various conditions that could interfere with homocysteine
values such as renal insufficiency, B12 insufficiency, hypothyroidism, and hemolysis or drug
use, such as phenytoin, isoniazid, methrotexate and L-dopa (Panunzio et al., 2003) were
excluded from the study. None of the subjects were placed on a specific diet and were
receiving antioxidant supplements. Patients were instructed by a nutritionist to maintain their
usual diets, alcohol consumption, physical activity level, or other lifestyle factors during the
intervention period. All subjects signed a free and informed consent form, and the study
protocol was fully approved by the Ethical Committee of the University of Londrina,
Londrina, Parand, Brazil (CAAE 0250.0.268.000-11).

Anthropometric measurements, blood pressure and clinical data

Body weight was measured to the nearest 0.1 kg by using an electronic scale, with
individuals wearing light clothing, but no shoes, in the morning; height was measured to the
nearest 0.1 cm by using a stadiometer. BMI was calculated as weight (kg) divided by height
(m) squared. The waist circumference (WC) was measured with a tape in the region between

the last rib and the iliac crest, always in the standing position. Three blood pressure

32
Revista Brasileira de Neurologia e Psiquiatria. 2020 Jan./Abr;24(1):30-42.
http://www.revneuropsiqg.com.br



measurements using a calibrated sphygmomanometer were taken with a 1-min interval after
the participant had been seated and were recorded on the left arm. The mean of these
measurements was used in the analysis. Neurological deficit score was evaluated using the
modified Rankin Scale (mRS) (Bonita and Beaglehole 1988) applied within eight hours of the
admission (baseline) and after three-month follow-up at the Neurology Outpatient Department
of the University of Londrina. The Rankin original scale is divided in six grades, where zero
corresponds to subjects with residual symptoms or light disability and grade five are subjects
with severe disability, confined to bed or in a wheel chair. Thereafter, Rankin scale was
modified with addition of death as the sixth grade (ANDRE, 2006).

The outcome was assessed by clinical examination or using telephone interviews with
the patients or their relatives (Oh et al., 2011; Babu et al. 2013). The mRS is commonly used

for measuring the degree of disability or dependence in the daily.

Biochemical biomarkers

After fasting for 12 hours, the subjects underwent the following laboratory blood
analysis evaluated through a biochemical auto-analyzer (Dimension Dade AR Dade Behring,
Deerfield, IL, USA) using Dade Behring® Kkits: total cholesterol, HDL cholesterol, LDL
cholesterol, triacylglycerol (TG), and glucose. Plasma insulin level was determined by
chemiluminescence microparticule immunoassay (Architect, Abbott Laboratory, Abbott Park,
IL, USA).

Oxidative and Nitrosative analysis

Tert-butyl hydroperoxide-initiated chemiluminescence

Plasma levels of lipid hydroperoxide were evaluated by tertbutyl hydroperoxide-
initiated chemiluminescence (CL-LOOH) as described previously (GONZALEZ, LLESUY &
BOVERIS, 1991), and the results were expressed in relative light units.

Determination of advanced oxidation protein products (AOPPs)
AOPPs were determined in the plasma using the semi-automated method described by
Witko-Sarsat and cols. (Witko-Sarsat, et al., 1996). AOPP concentrations were expressed as

micromoles per liter (umol/L) of chloramines-T equivalents.
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Total radical-trapping antioxidant parameter

Total radical trapping antioxidant parameter (TRAP) was determined as reported by
Repetto et al. This method detects hydrosoluble and/or liposoluble plasma antioxidants by
measuring the chemiluminescence inhibition time induced by 2,2-azobis (2-amidinopropane).
The system was calibrated with the vitamin E analogue Trolox. Serum uric acid levels were
determined using a biochemical auto-analyser (Dimension Dade AR; Dade Behring) and were
used to correct the TRAP values. TRAP measurements in conditions associated with
hyperuricemia, such as the MetS, may be inaccurate because uric acid concentration accounts
for 60 % of total plasma antioxidant capacity. Thus, a correction of TRAP based on uric acid

concentration was performed (Venturini, et al., 2012).

Determination of nitric oxide metabolites

Serum levels of nitric oxide metabolites (NOx) were assessed by nitrite (NO2-)
concentration according to the Griess reaction, supplemented by the reduction of nitrate to
nitrite with cddmium (Guevara, et al., 1998 e Navarro-Gonzéalvez, Garcia-Benayas & Arenas,
1998).

Determination of homocysteine
Plasma levels of homocysteine were determined by chemiluminescence microparticule
immunoassay (Architect, Abbott Laboratory, Abbott Park, IL, USA).

Statistical analysis

Categorical variables were evaluated using the chi-square test and the data were
expressed in absolute number (%). To verify the distribution of the data, a Shapiro-Wilk
normality test was used. To evaluate the homogeneity of the variances, a Levene test was
used. Parametric data were evaluated by Test t of Student and were expressed as mean +
Standard deviation (xSD). Non-parametric data were assessed by Mann-Whitney test and
were expressed as median and interquartile range (25%-75%). Statistical difference was
considered when p <0.05. Binominal logistic regression was performed to determine
associations. The variables that presented in the univariate analysis p<0.10 were included in

the binomial logistic regression analysis. Odds ratio and confidence interval were calculated.
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All statistical analyzes were performed using statistical software SPSS version 22.0 (IBM,
USA).

RESULTS

Serum homocysteine levels in patients with ischemic stroke and controls

Figure 1 shows the differences in homocysteine levels between healthy subjects
(control group) and the group of patients with ischemic stroke. Patients with stroke have
higher levels of homocysteinemia than controls (p <0.001) when the results were adjusted for
gender, ethnicity and age. The median of the group of patients was 13.59 (25-75%

interquartis: 9.73-17.47), whereas that of the control was 11.46 (25-75% interquartis: 9.71-
14.04).

Figurel - Patients with ischemic stroke showed higher plasma levels of homocysteine (median: 13.59 ,25-75%
interquartis: 9.73-17.47) than control group (median: 11.46, 25-75% interquartis: 9.71-14.04). Mann-Whitney
test. *p<0,001 adjusted by sex, ethnicity and age.

15,00

10,00

Homocysteine (pmoliL)

5,00

Control Stroke

Characteristics of patients according to the homocysteine levels

Data from Table 1 show the demographic characteristics, lipid profile, drug use and
blood pressure of the patients with ischemic stroke. The patients were divided according to
the median obtained in homocysteine levels: homocysteine <13.59, and with
hyperhomocysteinemia > 13.59. There were significant differences regarding sex (p= 0.001),
modified Rankin scale at the baseline (p=0.034) and glucose (p= 0.020).
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Table 1 - Demografic characteristics and metabolic biomarkers according homocysteine levels in patients with

ischemic stroke.

Parameters Reference group Hyperhomocysteinemia (n=85) p
(n=85)
Age (years) 68 (60-77) 71 (56-77) 0,899
Female/Male (%) 46 (54,1)/39 (45,9) 25 (29,4)/60 (70,6) 0,001
Caucasian/Not  Caucasian 68 (80,0)/17 (20,0) 64 (75,2)/21 (24,8) 0,461
(%)
Antihypertensive (N/Y) (%) 68 (80,8)/16 (19,1) 55 (73,3)/20 (26,7) 0,252
Hypoglycemic agents (N/Y) 27 (32,9)/55 (67,1) 18 (24,3)/56 (75,7) 0,236
(%)
Hypolipidemic agents (N/Y) 28 (34,1)/54 (65,9) 20 (27,0)/54 (73,0) 0,336
(%)
Smoker (N/Y) (%) 15 (17,6)/79 (82,4) 22 (27,5)/58 (72,5) 0,129
MetS (N/Y) (%) 36 (42,3)/49 (57,7) 25 (30,4)/57 (69,6) 0,111
Hypertension (N/Y) (%) 73 (85,8)/12 (14,2) 64 (78,0)/18 (22,0) 0,187
Stroke PREVIO(N/Y) (%) 30 (36,1)/53 (63,9) 35 (42,6)/47 (57,4) 0,390
Rankin (Baseline) 4 (3-5) 4 (2-4) 0,034
Rankin (After 3 Months) 4 (2-6) 4 (2-6) 0,413
BODY MASS INDEX 26,00 (5,72) 26,57 (5,15) 0,467
(Kg/iMm?)
PAS 147 (120-160) 150(129-170) 0,300
PAD 85 (80-100) 90 (80-100) 0,703
CHOLESTEROL TOTAL 179 (53) 170 (49) 0,323
(mg/dL)
LDL-C (mg/dL) 102 (80-129) 129 (98-74) 0,450
HDL-C (mg/dL) 43 (17) 42 (14) 0,806
Triglycerides (mg/dl) 137 (98) 129 (85) 0,732
Glucose (mg/dl) 129 (105-207) 117 (98-148) 0,020
Insulin (uU/ml) 27,22 (40,30) 25,49 (33,93) 0,660

Qui-square test. Data are expressed as absolute number (%). Teste t de Student. Data are expressed as media
(xSD). Teste de Mann-Whitney. Data are expressed as median (25%-75%). F: Female; M: male; C: Caucasian;
NC: not Caucasian; N: No; Y:Yes; MetS: Metabolic Syndrome; PAS: Sistolic arterial pressure; PAD: diastolic
blood pressure; LDL-C: low density lipoprotein; HDL-C: High density lipoprotein. Reference Group:
Homocysteine <13,59. hyperhomocysteinemia > 13,59.

Oxidative stress biomarkers according to the homocysteineinemia levels
Patients with ischemic stroke and hyperhomocysteinemia had a trend to reduced NOx
(p= 0.071) and increased TRAP (p= 0.003) levels when compared to the patients without

hyperhomocysteinemia (table 2).
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Table 2 - Oxidative stress biomarkers according homocysteine levels in patients with ischemic stroke

Parameters Reference group Hyperhomocysteinemia p
n=85 n=85

AOPP (pumol/Lof 149 (116-220) 189 (120-259) 0,153
chloramine T

equivalents)#

NOXx (umol/L)# 18,32 (11,90-22,80) 14,91 (9,78-19,54) 0,071
LOOH (cpm)# 20417,50 (14933,0-29389,0) | 21105 (16266,0-30074,0) 0,482
TRAP (uM of Trolox) 759 (162) 839 (188) 0,003

Teste t de Student. Data are expressed as media (xSD). Teste de Mann-Whitney. Data are expressed as median
(25%-75%).A0OPP: advanced oxidation protein products; NOx: Nitric oxide; LOOH: Lipid hydroperoxide;
TRAP: Total radical trapping antioxidant parameter. Reference group: Homocysteine <13,59.
Hyperhomocysteine > 13,59. # Data evaluated by Ln.

Association of homocysteine levels with biological and oxidative stress markers
After performing the binomial logistic regression analyses (Table 3), it was verified
that sex (p= 0,032), glucose (p= 0.017) and TRAP (p= 0.019) were independently associated

with hyperhomocysteinemia in patients with ischemic stroke.

Table 3 - Binomial logistic regression analysis in ischemic stroke patients according to the homocysteine levels
(homocysteine <13,59 as reference group) and explanatory variables

Parameters B S.E. Wald Odds Ratio (IC p

95%)

Sex 0,902 0,421 4,584 2,464 (1,079- 0,032

(Female/Male) 5,623)

Rankin -0,013 0,156 0,007 0,987 (0,728- 0,935
1,340)

Glucose -0,009 0,004 5,698 0,991 (0,984- 0,017
0,998)

TRAP 0,003 0,001 5,519 1,003 (1,000- 0,019
1,005)

NOx -0,016 0,022 0,523 0,984 (0,943- 0,469
1,028)

. Data are expressed as absolute number. Teste t de Student. Data are expressed as media (xSD). Teste de
Mann-Whitney. Data are expressed as median (25%-75%). NO: Nitric oxide; TRAP: Total radical trapping
antioxidant parameter. Reference group: Homocysteine <13,59. Hyperhomocysteinemia > 13,59.
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DISCUSSION

The main findings of the present study were that increased TRAP, male sex and
decreased glucose levels were independently associated with hyperhomocysteinemia in
patients with ischemic stroke. In addition, this study confirms that patients with ischemic
stroke have higher homocysteine levels than healthy subjects.

Recently, Anniwaer et al. (2018) showed the presence of hyperhomocysteinemia in
patients with primary cerebral infarction. Some studies also revealed that patients with high
homocysteine levels have approximately 2 times higher stroke risk (Iso et al., 2004; Han et
al., 2015). Of note, besides being a risk factor, HHcy in stroke was associated with severity
and worse prognosis (Kwonet al., 2014) as well as with recurrence (Ye et al., 2017; Gungor et
al.,2018). The mechanisms by which HHcy is related to stroke include direct toxicity,
vascular endothelial injury, inhibition of N-methyl-D-Aspartate receptors, and induction of
oxidative stress (Moretti and Caruso, 2019). Furthermore, it has been reported that HHcy is
related with both kinds of stroke, ischemic and hemorrhagic, inducing cerebrovascular
atherosclerosis and atherothrombosis in the first case, and probably, in the second one by
upregulating the matrix metalloproteinases-9 (MMP-9) expression, which takes
responsibility for atherosclerotic plaque instability and rupture, and intracranial hemorrhage
incidence (Moretti and Caruso, 2019).

In relation to oxidative and nitrosative stress and homocysteine, our results showed
that patients with ischemic stroke and HHcy had a trend to reduced NOx and increased TRAP
levels when compared to the patients without hyperhomocysteinemia. In addition, TRAP was
independently associated with HHCy in these patients. Other study also demonstrated a
decrease in NOx in stroke patients (Serrano - Ponz, et al., 2016). Evidences showed that in
response to higher Hcy levels, there is a decrease in NO level (Sharma et al., 2015), which
promotes endothelial damage (Hou et al., 2018). HHcy-induced ROS production decreases
NO production and bioavailability triggering increased redox signaling, therefore HHcy may
also be associated with reduced plasma levels of NO and impaired endothelium-dependent
vasodilation (Moretti and Caruso, 2019; Hou et al., 2018).

The total plasma antioxidant capacity can also be related to HHcy. A previous study
demonstrated that antioxidants are markedly decreased in stroke patients (Cherubini, et al.,
2000). The study concluded that most antioxidants evaluated were immediately reduced after
stroke, possibly due to the detriment of the oxidative stress present in the microenvironment

(Cherubini, et al., 2000). However, unexpectedly, our data showed the opposite direction;
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TRAP was positively associated with HHcy, even without a concomitant increase in lipid or
protein oxidative stress markers.

Interestingly, sex has been shown to affect tHcy concentration (Yang et al., 2014), and
some previous studies reported a sex difference in the relationship between homocysteine and
risk of cardiovascular disease (Bertoia et al., 2014; Zhong Et al., 2017). Our results showed
that there were more male patients in the HHcy group, and that sex was associated to HHcy,
independently of the possible confounding variables. Our findings are in agreement with other
studies which also reported higher levels of plasma homocysteine in men than in women
(Fukagama et al., 2000; Wang et al., 2015). This result could be explained mainly by the
differences in estradiol and homocysteine metabolism pathway such as remethylation or
transmethylation (Zhong Et al., 2017; Fukagama et al., 2000). Blom et al. (1988) suggested
that a higher rate of methionine transamination in premenopausal women may contribute to
lower homocysteine concentrations and hence protect against vascular disease, whereas
Fukama et al. (2000) reported that changes rates of remethylation and transmethylation were
higher in women than in men after an oral methionine load.

Some studies have shown that higher homocysteine levels are associated with diabetes
type 2, and that homocysteine level is worsened by increasing insulin resistance, dyslipidemia
and poor glucose control (Ala et al., 2017). Differently from the literature, in this study the
patients with hyperhomocysteinemia had lower plasma glucose levels than healthy controls.
Our data also showed an inverse association between HHcy and glucose; nevertheless, the
majority of the patients of both group used hypoglycemic agents what deeply limits the
validity of this measurement.

Our present study has certain limitations. First, this cross-sectional study does not
allow inferences on causal relationships. Second, homocysteine level is influenced by several
factors which were not considered in this study, such as dietary habits, folate and vitamin B12
levels, which may potentially cause bias. Third, in the current study, the majority of the
ischemic stroke patients had moderate to severe disability (Rankin grade 4) with incapacity to
walk and to attend their physiologic needs without assistance. Therefore, our data and
association may be limited to ischemic stroke patients with this score.

In conclusion, this is the first study in which homocysteinemia and oxidative and
nitrosative stress markers were investigated in stroke patients. HHcy were associated with
male sex, decreased glucose and increased TRAP. More studies are necessary to elucidate

the complex relationship between homocysteine and status redox in these patients.
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