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Abstract Background Complex underlying mechanisms consisting of cytotoxic, excitotoxic,
and inflammatory effects of intraparenchymal hemorrhage (ICH) are responsible for
the highly detrimental effects on brain tissue. Oxidative stress also plays a significant
role in brain damage after ICH; however, it is less important than other factors. In this
study, we aimed to evaluate the oxidative stress parameters malondialdehyde (MDA)
and antioxidant-reduced glutathione (GSH), superoxide dismutase (SOD), and catalase
(CT) activities in operated and nonoperated patients with spontaneous ICH.
Methods One hundred patients with spontaneous ICH and 100 healthy controls were
included in this study. Within the indication, 50 of the 100 patients underwent
decompressive surgery. MDA, GSH, SOD, and CT activities were measured in the
serum obtained from the patients.

Results SOD and CT levels were lower in the nonoperated group than in the operated
and control groups. GSH was similar in the operated and nonoperated groups, but it
was lower in the control group. However, MDA was higher in those who did not undergo
surgery than in the other groups.

Conclusions In our study, MDA, an indicator of oxidative stress, was found to be
lower, and CT and SOD activities were found to be higher in ICH patients who
underwent decompression than in those who did not. This is the first study to present
the correlations of MDA, SOD, CT, and GSH in operated and nonoperated patients with
spontaneous ICH.
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consequences, and there is no effective treatment option.’

Neither the etiology nor the pathophysiology of the disease

Introduction

Intracerebral hemorrhage (ICH) is correlated with the high-
est mortality and morbidity rates, although it accounts for
only ~10 to 15% of all strokes.! Although there are many
types of treatment nowadays, the disease still has fatal
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has been clearly defined yet. There is a mass effect related to
the hematoma and acute injury of the brain parenchyma. It is
thought that one of the most important mechanisms in the
pathology of ICH other than acute injury is secondary brain
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injury due to oxidative stress.* Increasing evidence has
shown that oxidative stress levels are the main contributor
to oxidative brain injury after ICH, although neuroinflam-
mation and some antioxidant enzyme activities are involved.

The basis of oxidative stress is the formation of free
radicals secondary to the metabolism in blood cells, and
the most important of these free radicals are reactive oxygen
species (ROS) and reactive nitrogen species (RNS).>® Al-
though these free radicals cause many neurodegenerative
diseases, such as dementia and parkinsonian diseases, they
also cause various focal deficits.”® Oxidative stress has also
been found to be associated with many psychiatric disor-
ders.? Free radicals impose direct effects by causing defects in
DNA or damaging the protein and lipid contents of the cell. As
aresult, they cause cell dysfunction or apoptosis.” There are
three main types of ROS: superoxide radical (*O,-), hydroxyl
radical ("OH) and hydrogen peroxide (H,0;), whereas RNS
mainly emerge from nitric oxide (NO), nitrite dioxide (NO;),
peroxynitrite (ONOO™), and their derivatives.'®!" Malondial-
dehyde (MDA) is used as a marker of oxidative stress, since it
has a correlation with lipid peroxidation'?,

Antioxidants are molecules that prevent oxidative stress,
and they neutralize free radicals by donating one of their
electrons.'® Antioxidants can be grouped into two main
groups: endogenous and exogenous. Endogenous antioxi-
dants may be enzymatic and nonenzymatic.'*'® Some of the
enzymatic antioxidants are superoxide dismutase (SOD),
catalase (CT), glutathione peroxidase (GPx), and glutathione
reductase (GSH-GR).

Some studies have observed that oxidative stress products
increase in both ICHs and ischemia, although there is a
decrease in antioxidant enzyme activities.'®'° The lack of
explanation for the oxidative stress mechanisms in ICHs has
made antioxidant therapy applications controversial, espe-
cially in terms of the prevention of secondary brain injury.

In this study, we investigated the relationship between
the prognosis of ICH patients with and without operation by
observing the antioxidant enzyme activities.

Material and Method

The study included 100 patients with ICH who were admitted
to the emergency clinic of Van Yiiziincii Y1l University Dursun
Odabas Medical Center between January and December 2019,
after consultation with the neurosurgery clinic. The ICH
was proven by computerized tomography. Trauma-induced
hemorrhages were excluded from the study. The study was
approved by the Ethics Committee of Yiiziincii Y1l University.
Fifty patients were included in the study before surgery. The
study was initiated by collecting blood samples within the first
24 hours from 50 postoperative patients. Blood samples were
obtained from patients with ICH who were admitted to the
emergency service and considered unsuitable for decompres-
sive surgery within the first 24 hours from the beginning of the
clinic (=Fig. 1). As a control group, blood samples were
obtained from 100 healthy people of similar ages. The blood
samples were immediately centrifuged, and serum levels of
SOD, GPx, GSH-GR, CT, and MDA activities were measured by a
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Fig. 1 (A) Computerized tomography (CT) of a patient with nonop-
erated intracerebral hemorrhage. (B) Preoperative CTy of a patient
with intracerebral hemorrhage. (C) Postoperative CT of a patient with
an intracerebral hemorrhage.

spectrophotometric method. The treatment of the patients
and the scheduling of the follow-up visits was performed as
per clinic standard.

Determination of Superoxide Dismutase Activity
The SOD activity was measured according to the method
described by Marklund et al. using spectrophotometry.2°

Determination of Catalase Activity
The CT enzyme activity was measured according to the
method developed by Aebi.?!

Determination of Glutathione Level

All the proteins that did not carry the sulfhydryl (SH) group were
precipitated with a precipitation solution. The glutathione
(GSH) level was measured as the final product of the reaction.??

Determination of Malondialdehyde Level
The MDA level was measured according to the method
developed by Gutteridge.?3

Statistical Analysis

Descriptive statistics were expressed as mean + standard
deviation (SD), minimum, and maximum. The normality of
the data distribution was tested by the Kolmogorov-Smirnov
test, and the homogeneity of variances was tested by Levene’s
test. In terms of continuous variables in the comparisons of
more than two independent groups, one-way analysis of
variance (ANOVA) was used for the cases with normal distri-
bution, and the Kruskal-Wallis test was used for the cases
where normal distribution was not met. The statistical ana-
lyzes were performed with SPSS version 22.0, and p < 0.05 was
considered statistically significant.

Results

The mean age of the patients was 63 years (range: 24-84
years); 52 patients were females and 48 were males. Within
the indication, 50 patients were admitted for decompressive
surgery, and 50 patients were treated conservatively. A total
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Table 1 Comparative results of enzymatic antioxidants
n Mean + standard deviation Minimum Maximum p value

SOD (U/L) Operated 50 10.7890 +0.68151 9.12 11.94 0.001
Nonoperated 50 4.4582 +0.96402 2.37 5.77
Control 100 18.7279 £1.43692 16.25 21.04

CT (U/L) Operated 50 0.263000+0.0211274 0.2070 0.2750 0.001
Nonoperated 50 0.070070+0.0010308 0.0680 0.0716
Control 100 0.247310+0.0196806 0.2150 0.2870

GSH (mmol/mL) Operated 50 0.000034916 +0.0000186116 0.0000119 0.0000992 0.001
Nonoperated 50 0.000030116 +0.0000183855 0.0000119 0.0000992
Control 100 0.000171320+0.0000133741 0.0001490 0.0001980

MDA (mmol/L) Operated 50 0.4100+0.03213 0.35 0.46 0.001
Nonoperated 50 0.8442 +0.10650 0.74 1.27
Control 100 0.2627 +0.04177 0.20 0.32

Abbreviations: CT, catalase; GSH, glutathione; MDA, malondialdehyde; SOD, superoxide dismutase.

of 12 (57%) patients who underwent decompressive surgery
and 13 (45%) patients who were not operated on died.

The descriptive statistics and comparison results for SOD,
CT, GSH, and MDA are shown in =Table 1. The difference
between the group means were found to be statistically
significant. The mean values of SOD and CT were lower in
the nonoperated patients than in patients operated on and in
the control group. There was no difference between the
mean values of GSH-GR in the operated and nonoperated
groups, but the mean value of GSH-GR was lower in both
groups than in the control group. However, the mean value of
MDA was higher in the nonoperated group than in the
operated and control groups (Graph 1).

Discussion

The frequency of ICH in Turkey is not exactly known. The
annual incidence of ICH is 30.9/100,000%* in the United
States and 52/100,000%° in Japan. Old age, hypertension,
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Graph 1 Comparative graphics of enzymatic antioxidants
(CT, catalase; GSH, glutathione; MDA, malondialdehyde; SOD,
superoxide dismutase).

tobacco use, excessive alcohol consumption, previous ische-
mic stroke, low serum cholesterol levels, and anticoagulant
use are considered risk factors for ICH.2® Despite the develop-
ments in the treatment of hypertension and the associated
decrease in the incidence of ICH,%’ the overall incidence has
not changed due to the increase in hemorrhages related to
increasing use of antithrombotics and cerebral amyloid
angiopathy in the aging population.?”+?8 ICH is still a disease
with serious consequences. Brain injury in ICH is caused by
direct brain damage and the mass effect of the hematoma. In
the 6 months after the acute event, only 20% of the patients
were able to perform daily routines independently,?® and
more than 50% died in the first year.? One of the most
important mechanisms in the pathophysiology of ICH other
than acute injury is secondary brain injury, which is believed
to result from oxidative stress.*

Reactive oxygen radicals have been found to be associated
with autoimmune diseases, such as rheumatoid arthritis,
neurologic diseases, diabetes mellitus, atherosclerosis,
hypertension, ischemic, and cardiovascular diseases. The
literature suggests that oxidative stress has an important
effect on many types of cancer, including kidney, brain, lung,
liver, and breast cancers.>’

Free radicals are chemical molecules containing un-
shared electron pairs. At the same time, they are very
reactive substances. Reactive free radicals formed in cells
cause cell and tissue damage.3? Thus, it has been deter-
mined that they play an important role in the etiopatho-
genesis of different diseases.>>

In clinical and experimental studies using rats, free
oxygen radical damage has been found in diseases such as
bladder tumor, prostate cancer, sepsis, myocardial infarc-
tion, stroke, pregnancy, perinatal hypoxic brain injury,
glomerulonephritis, uveitis, cardiopulmonary bypass, kid-
ney transplantation, cancer, and arthritis. Reactive oxygen
radicals are the source of oxidative stress. These radicals also
cause DNA damage. However, antioxidants protect the cell
against this DNA damage and free radicals.*—’
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MDA is a product of lipid peroxidation and has been
identified as a marker of oxidative stress since the
1960s.'238-40 We observed that MDA levels increased in
all ICH patients. which has been reported before. Addition-
ally, MDA levels increase in diseases such as bladder tumor,
prostate cancer, and epilepsy. It has been found that the total
oxidant status, which is the serum oxidative stress level, is
increased in ischemic/hemorrhagic stroke.>>41-43 In another
study, it has been reported that the plasma MDA level
increased in patients with Parkinson’s disease.*0

SOD is an important enzymatic antioxidants. In the study,
we observed that the activities of SOD were lower in the
operated and nonoperated patients than in the control group.
This result is similar to those reported in other studies and is
due to the deterioration of the oxidant and antioxidant balance
in oxidative stress cases, such as hemorhage.***> Studies that
investigated the oxidant and antioxidant activities in patients
with intracranial hemorrhage reported low antioxidant activ-
ities, especially in the first 24 hours after symptom onset, as in
our study; this has been attributed to damage to the antioxi-
dant system after hemorrhage.'*®*’ However, one study
found that antioxidant activities increased over time after
the first 24 hours.*® As a result, an increase in SOD may cause
a decrease in oxidative stress in blood.

GSH, one of the important antioxidants is found in all
mammals. It is found in very small concentrations in living
organisms. At the same time, it is involved in amino acid
transport and reduction of sulfhydryl groups of proteins. GSH
is a nonenzymatic antioxidant. Studies have shown that the
GSH levels are reduced in diseases such as bladder tumor,
prostate cancer, and epilepsy.>>*! In this study, we found that
the levels of GSH, were lower in the operated and nonoperated
patients compared with the control group. In this case, the
brain cells showed a decrease in GSH levels due to an increased
oxidative damage. Consequently, an increase in the GSH level
may cause a decrease in oxidative stress in blood.

CT is an enzyme found in all living things. This enzyme
converts hydrogen peroxide into water and oxygen. The
highly reactive hydrogen peroxide allows it to be removed
from the body. In the literature, it has been reported that CT
activity is decreased in diseases such as bladder tumor,
prostate cancer, and epilepsy.>>*! Notably, our results indi-
cated that the MDA levels were lower and the CT and SOD
activities were higher in patients who underwent decom-
pressive surgery than in patients who did not. This has not
been previously reported. However, spontaneous ICH may
cause oxidative stress as a result of antioxidant-oxidant
imbalance. Considering that the samples were taken after
surgery and 24 hours after symptom onset, this may also
indicate that the oxidative balance recovered after the first
day. Further, the decrease in CT activity in patients with
spontaneous ICH and nonoperated patients may not be
activated by H,0,. In such cases, decreased CT activity in
the serum of patients with brain injury is observed. The
conversion of H,0, to H,0 and O, may be a cause for the
decrease in CT activities. Consequently, CT accumulates in
the brain cells and protects against the detrimental effects of
hydrogen peroxide.
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The limitations of our study include not taking into
account the comorbidity of the patients, bleeding site, bleed-
ing volume, the admission Glasgow Coma Scale score, length
of stay in hospital, and drawing blood samples before
surgery.

Conclusion

In this study, MDA was high and CT and SOD activities were
low in the nonoperated group in patients with spontaneous
ICH. However, the MDA values in the operated group were
found to be lower than those in the nonoperated group. In
addition, CT and SOD activities were found to be high in the
operated group. The findings show that the oxidative stress
level is reduced after surgery in patients with spontaneous
intracranial hematoma. Thus, it can be said that secondary
brain damage is reduced. Thus, patients with ICH should be
taken to decompressive surgery earlier if their oxidant-
antioxidant balance is severely impaired, as indicated by
measurable oxidative stress markers in their serum. In
addressing the limitations of this study, future studies should
be conducted with more patients. The MDA, SOD, CT, and
GSH levels were studied for the first time in pre- and
postoperative patients with spontaneous intracranial hema-
toma. MDA, CT, GSH, and CT activities may play an important
role in the etiopathogenesis of patients with spontaneous
intracranial hematoma.

Conflict of Interest
None declared.

Acknowledgments

The authors thank Professor Halit DEMIR, who works in
the Biochemistry laboratory, for his contributions to this
study.

References

1 Hu X, Tao C, Gan Q, Zheng ], Li H, You C. Oxidative stress in
intracerebral hemorrhage: sources, mechanisms, and therapeutic
targets. Oxid Med Cell Longev 2016;2016:3215391
Hemphill JC IIl, Greenberg SM, Anderson CS, et al; American Heart
Association Stroke Council Council on Cardiovascular and Stroke
Nursing Council on Clinical Cardiology. Guidelines for the Manage-
ment of Spontaneous Intracerebral Hemorrhage: a Guideline for
Healthcare Professionals From the American Heart Association/
American Stroke Association. Stroke 2015;46(07):2032-2060
Aronowski ], Zhao X. Molecular pathophysiology of cerebral
hemorrhage: secondary brain injury. Stroke 2011;42(06):
1781-1786
Chaudhary N, Gemmete JJ, Thompson BG, Xi G, Pandey AS. Iron:
potential therapeutic target in hemorrhagic stroke. World Neuro-
surg 2013;79(01):7-9
Ozcan O, Erdal H, Yonden Z. Biochemical aspect of oxidative stress
related to ischemia-reperfusion damage. Mustafa Kemal Univer-
sitesi Tip Dergisi 2015;6:27-33
Sinha K, Das ], Pal PB, Sil PC. Oxidative stress: the mitochondria-
dependent and mitochondria-independent pathways of apopto-
sis. Arch Toxicol 2013;87(07):1157-1180
Ates-Alagoz Z, Siizen S. Oxidative damage in the central nervous
system and protection by melatonin. ] Ankara Faculty Pharm
2001;30(03):47-62

N

w

N

vl

(o))

~

Journal of Neurological Surgery—Part A Vol. 85 No. A1/2024 © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



8

=}

10

12

13

14

16

18

20

21
22

23

24

25

26

27

28

29

Oxidative Stress Level and Antioxidant Enzyme Activities in Intracranial Hematoma Patients

Manzanero S, Santro T, Arumugam TV. Neuronal oxidative stress
in acute ischemic stroke: sources and contribution to cell injury.
Neurochem Int 2013;62(05):712-718

Gl A, Pehlivan T. Antioxidant activities of some monofloral
honey types produced across Turkey. Saudi ] Biol Sci 2018;25
(06):1056-1065

Koca N, Karadeniz F. Serbest radikal olusum mekanizmalar1 ve
viicuttaki antioksidan savunma sistemleri. Gida Miihendisligi
Dergisi 2003;16:32-37

Yavas I, Cinar VM, Aydin U Reaktif Azot Tiirlerinin (RNS) Uretimi,
Fonksiyonu ve Stres Kosullarindaki Durumu. Avrupa Bilim ve
Teknoloji Dergisi 2020:435-444

Frankel EN, Neff WE. Formation of malonaldehyde from lipid
oxidation products. BBA Lipids Lipid Metabol 1983;754:264-270
Karabulut H, Giilay MS Antioksidanlar. Mehmet Akif Ersoy Uni-
versitesi Veteriner Fakiiltesi Dergisi 2016;1:65-76

Aydemir B, Sari EK. Antioksidanlar ve biiyiime faktorleri ile
iligkisi. Kocatepe Vet Derg 2009;2:56-60

Sen S, Chakraborty R. The role of antioxidants in human health. In:
Oxidative Stress: Diagnostics, Prevention, and Therapy. Washing-
ton, DC: ACS Publications; 2011:1-37

Valko M, Leibfritz D, Moncol ], Cronin MT, Mazur M, Telser J. Free
radicals and antioxidants in normal physiological functions and
human disease. Int ] Biochem Cell Biol 2007;39(01):44-84
Zimmermann C, Winnefeld K, Streck S, Roskos M, Haberl RL.
Antioxidant status in acute stroke patients and patients at stroke
risk. Eur Neurol 2004;51(03):157-161

Nakamura T, Keep RF, Hua Y, Nagao S, Hoff JT, Xi G. Iron-induced
oxidative brain injury after experimental intracerebral hemor-
rhage. Acta Neurochir Suppl (Wien) 2006;96:194-198
Nakamura T, Keep RF, Hua Y, Hoff JT, Xi G. Oxidative DNA injury
after experimental intracerebral hemorrhage. Brain Res 2005;
1039(1-2):30-36

Marklund SL, Holme E, Hellner L. Superoxide dismutase in
extracellular fluids. Clin Chim Acta 1982;126(01):41-51

Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-126
Beutler E, Duron O, Kelly BM. Improved method for the determi-
nation of blood glutathione. J Lab Clin Med 1963;61:882-888
Gutteridge JM. Lipid peroxidation and antioxidants as biomarkers
of tissue damage. Clin Chem 1995;41(12, Pt 2):1819-1828
Flaherty ML, Woo D, Broderick J. The incidence of deep and lobar
intracerebral hemorrhage in whites, blacks, and Hispanics. Neu-
rology 2006;66(06):956-957

Inagawa T. Risk factors for primary intracerebral hemorrhage
in patients in Izumo City, Japan. Neurosurg Rev 2007;30(03):
225-234, discussion 234

Smith EE, Koroshetz WJ. Epidemiology of stroke, in current
clinical neurology. In: Furie KL, Kelly PJ, eds. Handbook of Stroke
Prevention in Clinical Practice. Totowa, NJ: Humana Press; 2004
Lovelock CE, Molyneux A], Rothwell PMOxford Vascular Study.
Change in incidence and aetiology of intracerebral haemorrhage
in Oxfordshire, UK, between 1981 and 2006: a population-based
study. Lancet Neurol 2007;6(06):487-493

Flaherty ML, Kissela B, Woo D, et al. The increasing incidence of
anticoagulant-associated intracerebral hemorrhage. Neurology
2007;68(02):116-121

Broderick JP, Adams HP Jr, Barsan W, et al. Guidelines for the
management of spontaneous intracerebral hemorrhage: a state-
ment for healthcare professionals from a special writing group of

30

31

32

33

34

35

36

37

38

39

40

a1

42

43

44

45

46

47

48

Akyol et al.

the Stroke Council, American Heart Association. Stroke 1999;30
(04):905-915

Flaherty ML, Haverbusch M, Sekar P, et al. Long-term mortality after
intracerebral hemorrhage. Neurology 2006;66(08):1182-1186
Salman KA, Ashraf S. Reactive oxygen species: a link between
chronic inflammation and cancer. Asia Pac ] Mol Biol Biotechnol
2013;21(02):42-49

Cheeseman KH, Slater TF. An introduction to free radical bio-
chemistry. Br Med Bull 1993;49(03):481-493

Gilindiiz AM, Demir H, Toprak N, et al. The effect of computed
tomography on oxidative stress level and some antioxidant
parameters. Acta Radiol 2021;62(02):260-265

Sayir F, Sehitogullar1 A, Demir H, Aslan M, Cobanoglu U, Bilgin C.
Serum prolidase activity, total oxidant/antioxidant, and nitric
oxide levels in patients with esophageal squamous cell carcinoma.
Turk Gogus Kalp Damar Cerrahisi Derg 2019;27(02):206-211
Giines M, Eryilmaz R, Aslan R, Taken K, Demir H, Demir C.
Oxidant-antioxidant levels in patients with bladder tumours.
Aging Male 2020;23(05):1176-1181

Aydin M, Dirik Y, Demir C, Tolunay HE, Demir H. Can we reduce
oxidative stress with liver transplantation? ] Med Biochem 2021;
40(04):351-357

Guven S, Meral [, Kurdoglu M, Demir H. The nutritional habits and
relationship between the antioxidant activity and iron deficiency
anemia during pregnancy. East | Med 2022;27(02):317-324
Ayala A, Muiioz MF, Argtielles S. Lipid peroxidation: production,
metabolism, and signaling mechanisms of malondialdehyde and
4-hydroxy-2-nonenal. Oxid Med Cell Longev 2014;2014:360438
Del Rio D, Stewart AJ, Pellegrini N. A review of recent studies on
malondialdehyde as toxic molecule and biological marker of oxida-
tive stress. Nutr Metab Cardiovasc Dis 2005;15(04):316-328
Sanyal ], Bandyopadhyay SK, Banerjee TK, et al. Plasma levels of
lipid peroxides in patients with Parkinson’s disease. Eur Rev Med
Pharmacol Sci 2009;13(02):129-132

Ahmed Amar SA, Eryilmaz R, Demir H, Aykan S, Demir C. Deter-
mination of oxidative stress levels and some antioxidant enzyme
activities in prostate cancer. Aging Male 2019;22(03):198-206
Cevik MU, Acar A, Yiicel Y, et al. Investigation of total
oxidants/antioxidants in patients with intracerebral haemor-
rhage. Turk ] Neurol 2013;19(01):1-4

Ilhan N, Susam S, Canpolat O. The evaluation of serum TNF-q, IL-
18 and TGF-B2 levels and oxidant-antioxidant status in
ischemic/hemorrhagic stroke. Firat Med J 2020;25(03):117-123
Shinde A, Ganu ], Naik P. Effect of free radicals & antioxidants on
oxidative stress: a review. | Dent Allied Sci 2012;1:63-66

Sen S, Chakraborty R, Sridhar C, Reddy Y, De B. Free radicals,
antioxidants, diseases and phytomedicines: current status and
future prospect. Int ] Pharm Sci Rev Res 2010;3:91-100

Chen Z, Zhang ], Chen Q, Guo ], Zhu G, Feng H. Neuroprotective
effects of edaravone after intraventricular hemorrhage in rats.
Neuroreport 2014;25(09):635-640

Aygul R, Demircan B, Erdem F, Ulvi H, Yildirim A, Demirbas F.
Plasma values of oxidants and antioxidants in acute brain hemor-
rhage: role of free radicals in the development of brain injury. Biol
Trace Elem Res 2005;108(1-3):43-52

Shang H, Yang D, Zhang W, et al. Time course of Keap1-Nrf2
pathway expression after experimental intracerebral haemor-
rhage: correlation with brain oedema and neurological deficit.
Free Radic Res 2013;47(05):368-375

Journal of Neurological Surgery—Part A Vol. 85 No. A1/2024 © 2023. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



