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Changes of complement and oxidative stress parameters
in patients with acute cerebral infarction or cerebral
hemorrhage and the clinical significance
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Abstract. Changes of complement and oxidative stress
parameters in patients with acute cerebral infarction (ACI) or
cerebral hemorrhage (CH), and their clinical significance were
explored. A total of 122 patients with ACI or CH admitted to
the People's Hospital of Zhangqgiu Area from August 2018 to
September 2019 were collected. There were 59 ACI patients
assigned into a cerebral infarction group (CIG) and further
63 CH patients in a cerebral hemorrhage group (CHG).
Additionally, 53 healthy people in physical examination during
the same period were enrolled as a control group (CG). Both the
CIG and the CHG were treated with edaravone, Xueshuantong,
brain protein hydrolysates, aspirin and statin-related drugs.
The levels of complement C3, complement C4, superoxide
dismutase (SOD), and total antioxidant capacity (TAC) were
determined. Receiver operating characteristic (ROC) curves
were employed to analyze the predictive value of C3, C4, SOD
and TAG in ACI and CH, and logistic regression was used to
analyze the risk factors of stroke. Both CIG and CHG showed
higher C3 level, and lower C4, SOD and TAC levels than the
CG. The NIHSS <4 group and the NIHSS =4 group showed
higher hs-C3 level, and lower SOD and TAC levels than the
CG (all P<0.05), and the NIHSS <4 group showed lower C3
level and lower SOD and TAC levels than the NTHSS =4
group (all P<0.05). Hypertension and hyperlipidemia were
independent risk factors of stroke. The serum complement and
oxidative stress parameters in patients with ACI or CH can be
determined through routine examination, and the nerve func-
tion deficit could be assessed by determining the complement
and oxidative stress parameters in clinical practice.
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Introduction

Stroke is the second most common cause of death in the world,
accounting for 11.8% of all the reasons of deaths (1). Cerebral
infarction and CH are two common cerebrovascular diseases,
which usually lead to severe disability and even death (2-5).
Although some neurological scales such as the National
Institutes of Health Stroke Scale (NTHSS) and the Modified
Rankin Scale (MRS) have the ability of predicting the prog-
nosis of stroke patients, the prognosis of patients with apraxia,
aphasia or disorientation is difficult to evaluate with scales (6).

According to relevant studies, cerebral infarction will bring
harmful incidents such as oxidative stress, neuronal excitatory
toxicity, blood-brain barrier dysfunction, microvascular injury,
and ischemic inflammation, resulting in irreversible damage
to brain tissue (7,8). In the early stage of CH, the toxicity of
plasma extravasation components including blood-derived
coagulation factors, complement, immunoglobulins, and other
bioactive molecules is considered to be one of the causes
of CH-induced tissue damage, and during CH, hematoma
components are the trigger of inflammatory response that
can aggravate hemorrhagic brain injury (9,10). Therefore, it is
essential to actively search for some specific serum markers
such as peripheral biomarkers of related inflammation and
oxidative stress markers to analyze the occurrence and prog-
nosis of CH and cerebral infarction.

However, there are few studies on the changes of comple-
ment and oxidative stress parameters in patients with acute
cerebral infarction (ACI) or cerebral hemorrhage (CH)
and their clinical significance. Therefore, this study tested
complement and oxidative stress parameters in the serum of
such patients and analyzed their clinical significance, so as to
provide certain clinical guidance for the two diseases.

Patients and methods

General data. A total of 122 patients with ACI or CH admitted
to the People's Hospital of Zhangqiu Area (Jinan, China)
from August 2018 to September 2019 were collected, among
which 59 ACI patients were assigned into a cerebral infarction
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group (CIG) and other 63 CH patients were assigned into a
cerebral hemorrhage group (CHG). Moreover, 53 healthy
people in physical examination during the same period were
enrolled as a control group (CG), and the CG consisted of
people aged between 24 and 69 years, with an average age of
45.23+15.54 years.

Inclusion and exclusion criteria. The inclusion criteria of the
CIG and the CHG were as follows: Patients confirmed with
cerebral infarction or CH based on CT and magnetic reso-
nance imaging (MRI), patients admitted to the hospital within
24 h after the onset of the disease, patients without shock or
surgical indicators, patients who had not recently taken any
immune preparations or anti-inflammatory drugs. The inclu-
sion criterion of the CG was as follows: Patients judged as
healthy people based on their physical examination results.
The exclusion criteria were as follows: Patients with cardio-
pulmonary insufficiency, hepatic or kidney function obstacle,
or a malignant tumor, patients comorbid with infection, and
patients with traumatic CH, or subarachnoid hemorrhage. The
study was approved by the Ethics Committee of the People's
Hospital of Zhangqiu Area and all patients and their families
signed informed consent forms.

Treatment. Both the CIG and the CHG were comprehensively
treated with edaravone, Xueshuantong, brain protein hydroly-
sates, aspirin and statin-related drugs.

Methods. The levels of complement C3 (C3), complement
C4 (C4), superoxide dismutase (SOD), and total antioxidant
capacity (TAC) in the serum of the patients were determined,
and the levels in the patients with different nerve function
deficits were also determined. Receiver operating character-
istic (ROC) curves were employed to analyze the predictive
value of C3, C4, SOD and TAG in ACI and CH, and logistic
regression was used to analyze the risk factors of stroke.

Determination methods

Determination of serum C3, C4, SOD and TAC levels.
Fasting venous blood was sampled from the patients on the
morning of the third day after admission, and determined
using the immune scatter turbidity. The serum C3 and C4
levels were determined using a ADVIA2400 automatic
biochemistry analyzer and corresponding kit, and the serum
SOD and TAC levels were determined using colorimetry
with a SOD detection kit from Dojindo, a total antioxidant
capacity (T-AOC) determination kit from Nanjing Jiancheng
Bioengineering Institute, and a ADVIA2400 automatic
biochemistry analyzer.

Determination of serum C3, C4, SOD and TAC levels in
patients with different nerve function deficits. Patients in the
CIG and the CHG were divided into a NIHSS <4 group and
a NIHSS =4 group according to their nerve function deficits
based on NIHSS (11). NIHSS indicates mild disease with
a score <4 points, moderate disease with a score between
4-15 points, and severe disease with a score >15 points.

Statistical analysis. SPSS 19.0 (Asia Analytics Formerly SPSS
China) was used for statistical analysis. Measurement data
were expressed as mean + SD, and comparison was performed
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using the Student's t-test, while enumeration data were
expressed by rate, and comparison was performed using the
y’ test. Comparison among multiple groups was carried out by
the Analysis of variance. ROC curves were adopted to analyze
the predicative value of C3, C4, SOD and TAC in stroke, and
Logistic regression to analyze risk factors of stroke.

Results

General clinical data. There was no significant difference in
sex, age, body mass index (BMI), smoking, drinking, and place
of residence among the three groups (all P>0.05), while there
were differences in hyperlipidemia and hypertension among
them (both P<0.05) (Table I).

Determination of serum C3, C4, SOD and TAC levels. The
C3, C4, SOD and TAC levels in the CIG were 1.76+0.2 g/1,
0.29+0.05 g/1, 125.35+14.23 U/ml and 13.07+2.69 U/ml,
respectively; those of the CHG were 1.57+0.26 g/1,0.28+0.1 g/1,
113.62+9.14 U/ml and 14.83+2.25 U/ml, respectively, and those
of the CG were 1.10+0.12 g/1,0.30+0.09 g/1, 161.20+21.12 U/ml
and 18.24+1.75 U/ml, respectively. It was apparent that the CIG
and the CHG showed significantly higher C3 level and signifi-
cantly lower C4, SOD and TAC levels than the CG (all P<0.05).
It was also shown that there were significant differences in C3,
SOD and TAC levels among the three groups (all P<0.05), but
no significant difference among them in C4 level (P>0.05),
and there was no significant difference between the CIG and
the CHG in C3, C4, SOD and HCY levels (all P>0.05) (Fig. 1).

Determination of serum C3, SOD and TAC levels in the
patients with different nerve function deficits. According
to the NTHSS, 71 patients were assigned into the NIHSS <4
group, and 51 patients were assigned into the NIHSS >4 group.
Both groups showed higher hs-C3 level, and lower SOD and
TAC levels than the CG, and the NIHSS <4 group showed
lower C3, SOD and TAC levels than the NIHSS =4 group
(all P<0.05) (Table II).

The predictive value of C3, C4, SOD and TAC for stroke. The
area-under-the-curve (AUC), critical value, sensitivity, and
specificity of C3 in predicting stroke were 0.687, 36.48, 63.49
and 71.19, respectively; those of C4 were 0.540, 23.49, 31.75
and 89.83, respectively; those of SOD were 0.750, 41.65, 85.71
and 54.24, and those of TAC were 0.714, 38.36, 82.54 and
54.24, respectively (Table III and Fig. 2).

Univariate analysis. The patients were divided into a stroke
group (n=122) and a healthy group (n=53) according the occur-
rence of stroke. Their clinical data were collected and analyzed
through univariate analysis. The two groups had no differences
in sex, age, BMI, smoking, drinking, place of residence, COPD
or C4 (all P>0.05). There were differences in hyperlipidemia,
hypertension, C3, SOD and TAC (all P<0.05) (Table I'V).

Multivariate analysis of stroke in the patients. We performed
assignment to indexes with differences in univariate anal-
ysis (Table V) and performed logistic regression analysis. The
results revealed that hypertension and hyperlipidemia were
independent risk factors of stroke (Table VI).
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Table I. Primer sequences.
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Upstream sequence

Downstream sequence

U6 5'-TCTCTGCTCCTCGTTCGA-3' 5'-GCGCCCATACGACCAAATC-3'
miR-122a 5'-CAAGCGTTGGAGTGTGACA-3' 5'-CGTCCTACCATTCTCCAGC-3'
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Figure 1. Determination of serum C3, C4, SOD and TAC levels. (A) The C3 level in the CIG and the CHG was higher than that in the CG. (B) The C4 level in
the CIG and the CHG was lower than that in the CG. (C) The SOD level in the CIG and the CHG was lower than that in the CG. (D) The TAC level in the CIG
and the CHG was lower than that in the CG. "P<0.05 compared with the CG. TAC, total antioxidant capacity; CIG, cerebral infarction group; CHG, cerebral

hemorrhage group; CG, control group; SOD, superoxide dismutase.

Discussion

ACIT and CH are common diseases that endanger life and health
of the middle-aged and the elderly. Vascular atherosclerosis is
a common reason, and it is an inflammatory process of plaque
formation, development and deposition (12). Cerebral infarc-
tion indicates the injury degree of microvascular endothelial
cells and brain parenchyma cells due to ischemia, which is
closely related to oxygen free radicals. The main reason for the
aggravation of cerebral ischemia-induced brain injury is the
abnormal increase of oxygen free radicals, and the enhance-
ment of oxygen free radical reactions is an important reason
for cerebral edema secondary to CH (13). Stroke treatment

is currently limited by lack of accurate and reliable blood
biomarkers, and its identification will be helpful for early
diagnosis and risk prediction (14).

C3 and C4, as key factors in the complement system,
play an important role in various inflammation-related
diseases (15,16). In this study, the C3 level in the CIG and the
CHG was higher than that in the CG, suggesting that C3 level
would increase in ACI and CH, and may be used as a routine
serum marker to evaluate the two diseases. In contrast, the C4
level in the former two groups was lower than that in the latter
group, which may be due to the decrease of consumption
caused by the stress state of the body at the initial stage of
the disease. A study by Anrather and Iadecola (17) pointed
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Table II. Clinical basic data [n(%)].
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Research group (32) Control group (30) x> or t value P-value
Age (years) 50.8+10.6 51.2+10.3 0.151 0.881
Sex 0.209 0.647
Male 21 (65.63) 18 (60.00)
Female 11 (34.38) 12 (40.00)
BMI (kg/m?) 22.26+0.37 22.21+0.25 0.618 0.538
Marital status 0.242 0.623
Married 29 (90.63) 26 (86.67)
Unmarried 3(9.38) 4 (13.33)
Ethnicity 0.011 0915
Han 22 (68.75) 21 (70.00)
Ethnic minorities 10 (31.25) 9 (30.00)
Place of residence 0.501 0.479
Cities and towns 18 (56.25) 19 (63.33)
Countryside 14 (43.75) 11 (36.67)
History of smoking 29.370 0.001
Yes 30 (93.75) 8 (26.67)
No 2 (6.25) 22 (73.33)
History of drinking 25.930 0.001
Yes 4 (12.50) 23 (76.67)
No 28 (87.50) 7(23.33)
Exercise habits 0.047 0.829
Yes 13 (40.63) 13 (43.33)
No 19 (59.38) 17 (56.67)
150 - ggc Table III. ROC diagnosis.
o miR-122a
AUC 0.770
2 1007 Std. error 0057
S 95% C1 0.659-0.881
:“§ P-value 0.001
c% 50- Cut-off 4.105
Sensitivity (%) 82.22
Specificity (%) 68.75
0 I I ! AUC, area-under-the-curve; ROC, receiver operating characteristic.
0 50 100 150

100% - Specificity %

Figure 2. The predictive value of C3, C4, SOD and TAC for stroke. The
AUC of C3,C4, SOD and TAC for predicting stroke were 0.687,0.540,0.750
and 0.714, respectively. SOD, superoxide dismutase; TAC, total antioxidant
capacity; AUC, area-under-the-curve.

out that complement system was a humoral branch of natural
immunity, which was always related to the pathobiology of
stroke, and its activation was linked to the adverse outcomes of

stroke. The study also indicated that C3a receptor antagonists
could alleviate ischemic brain injury and improve brain func-
tion. It was consistent with our experimental results. Based
on these results, we speculated that the detection of relevant
complement levels in stroke diseases could play a certain
clinical guiding role in the clinical diagnosis and prognosis of
the diseases.

SOD and TAC are commonly used oxidative stress param-
eters to eliminate excess oxygen free radicals and avoid cell
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Table I'V. Univariate analysis.
Stroke group (n=122) Healthy group (n=53) > value P-value
Sex [n (%)] 0.073 0.788
Male 71 (58.20) 32 (60.38)
Female 51 (41.80) 21 (39.62)
Age (years) 0.138 0.710
<40 47 (38.52) 22 (41.51)
=40 75 (61.48) 31(58.49)
BMI (kg/m?) 0.251 0.616
=25 39 (31.97) 19 (35.85)
<25 83 (68.03) 34 (64.15)
Smoking [n (%)] <0.001 0.978
Yes 78 (63.93) 34 (64.15)
No 44 (36.07) 19 (35.85)
Drinking [n (%)] 0.142 0.707
Yes 84 (68.85) 38 (71.70)
No 38 (31.15) 15 (28.30)
Hyperlipidemia [n (%)] 10.790 0.001
Yes 87 (71.31) 24 (45.28)
No 35 (28.69) 29 (54.72)
Hypertension [n (%)] 12.690 <0.001
Yes 95 (77.87) 27 (50.94)
No 27 (22.13) 26 (49.06)
Place of residence [n (%)] 0.081 0.776
Urban area 57 (46.72) 26 (49.06)
Rural area 65 (53.28) 27 (50.94)
COPD [n (%)] 0.011 0916
Yes 54 (44.26) 23 (43.40)
No 68 (55.74) 30 (56.60)
C3 (g/l) 1.63+£0.27 1.10+0.12 13.700 <0.001
C4 (g/) 0.28+0.15 0.30+0.09 0.902 0.368
SOD (U/ml) 119.22+12.42 161.20+21.12 16.400 <0.001
TAC (U/ml) 14.17+2 .48 18.24+1.75 10.830 <0.001

SOD, superoxide dismutase; TAC, total antioxidant capacity.

damage (18,19). In this study, SOD and TAC levels in the CIG
and the CHG were lower than those in the CG, indicating that
SOD and TAC levels were related to ACI and CH. Relevant
studies have pointed out that oxidative stress is one of the main
pathophysiological mechanisms of inflammation in the central
nervous system and neurodegenerative diseases, and was related
to stroke diseases (20,21). A study by Milanlioglu ez al (22)
concluded that patients with acute ischemic stroke showed
enhanced oxidative stress reaction, and weakened antioxidant
enzyme activity, suggesting that imbalance of oxidant/antioxi-
dant status may be a part of the pathogenesis of acute ischemic
stroke. It further proves that the detection of SOD level is effec-
tive in evaluating ACI and CH to a certain degree.

This study additionally employed NIHSS to score the
neurological function injury of stroke patients, and determined
their serum hs-C3, SOD and TAC levels, finding that patients
with a more severe neurological function injury showed a
higher C3 level, and lower SOD and TAC levels. A study by
Zhang et al (23) reported that the high sensitivity C-reactive
protein (hs-CRP) of the NIHSS >5 group was dramatically
higher than that of the NIHSS <5 group, and hs-CRP has
been proved to be related to stroke by many studies (24).
Therefore, we speculated that C3, SOD and TAC levels were
related to the severity of ACI and CH, and they were expected
to be biomarkers of evaluating prognosis. We also studied the
predictive value of the four markers of stroke in this study,



708

Table V. Valuation.
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Dependent variable Assignment
Hyperlipidemia Yes=0, No=1
Hypertension Yes=0, No=1
C3 Raw data of those belonging to continuous variable were used for analysis.
SOD Raw data of those belonging to continuous variable were used for analysis.
TAC Raw data of those belonging to continuous variable were used for analysis.

SOD, superoxide dismutase; TAC, total antioxidant capacity.

Table VI. Logistic multivariate analysis of stroke.

95% CI of Exp (B)
B SE Wals Sig. Exp (B) Lower limit Upper limit
Hyperlipidemia -0.045 0.343 0.017 0.006 0.956 0.489 1.872
Hypertension -0.005 0.359 0 0014 0.995 0.493 201
C3 -1.147 0428 5.575 0.723 0.409 0.117 0.819
SOD -1.114 0.446 5.876 0.267 0.310 0.120 0.799
TAC -1.157 0.489 5.387 0.457 0.315 0.118 0.835

SOD, superoxide dismutase; TAC, total antioxidant capacity.

finding that SOD had a relatively good predictive value
among the four markers, but further exploration is needed in
this direction. In this study, the Logistic regression analysis
revealed that hypertension and hyperlipidemia were indepen-
dent risk factors of stroke. Moreover, studies by Li ef al (25)
and Hsieh and Chiou (26) also reported that hypertension and
hyperlipidemia were risk factors of stroke. Therefore, it is a
reminder of the importance to actively control blood pressure
and blood lipid level in daily life to avoid ACI and CH to some
extent.

In conclusion, the serum complement and oxidative stress
parameters in patients with ACI or CH can be determined
through routine examination, and the nerve function deficit
could be assessed by determining the complement and oxida-
tive stress parameters in clinical practice.
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