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Vitexin belongs to the flavonoid carbon glycosides, apigenin is its aglycone. Studies have shown that both
of them have antiviral, antioxidant and anticancer effects in vivo and in vitro, but the protective effects on
human erythrocytes have not been reported. We studied and compared the protective effects of vitexin
and apigenin against H2O2-induced oxidative damage in human erythrocytes and explored the structure-
activity relationships. The experiment established the H2O2-induced oxidative damage model, with vitamin
C (VC) as a positive comparison, to observe the changes of sulfhydryl content in the red cell membrane
protein, erythrocyte morphology and membrane skeleton ultrastructure after oxidative damage. Research
results showed that vitexin and apigenin could significantly reduce the degree of hemolysis, lower MDA
content, and enhance the activities of erythrocyte antioxidant enzymes. In addition, vitexin and apigenin
could restore cell surface morphology through protecting the sulfhydryl content in the red cell membrane
protein. Among them, antioxidant capacities of apigenin at doses of 15 and 30 �g/ml were better than
that of the same doses of vitexin, while effects of 60 �g/ml vitexin and 30 �g/ml apigenin were the same
as 30 �g/ml VC. In conclusion, both vitexin and apigenin have protective effects against H2O2-induced
oxidative damage of erythrocytes, which might be achieved through directing subdue oxygen free radical
and protecting the antioxidant enzyme activity in cells and the sulfhydryl in the red cell membrane protein.

1. Introduction

Among studies on aging in modern medicine, the most influ-
ential theory on free radical damage was offered by Harman
(1956). In 1968, McCord and Fridovich revealed the antioxidant
effect of superoxide dismutases (SOD), created a new chapter
of the free radical of biology (Fridovich 1922). In the process
of research, the adverse effects and the cytotoxicity of free radi-
cals on the body have attracted more and more attention. Oxygen
free radicals in the human body are mainly free radicals, oxy-
gen free radicals of high reactivity, many diseases, the aging of
life (especially the diseases of aging) involve active oxygen free
radical reaction (Wang Fuhai and Huang Chenghua 2013). A
certain amount of oxygen free radicals is essential, but exces-
sive accumulation will cause a series of biological responses,
induces heart disease, cancer, atherosclerosis and other diseases
(Beckman and Ames 1997; Kautmann et al. 2002; Li Xingtai
and Ji Ying 2015; Goto and Radak 2013).
Erythrocytes could carry oxygen, scavenge free radicals, main-
tain the balance of blood flow and electrolyte, and other
functions. Because erythrocytes often get contact with high pres-
sure oxygen and free radicals, as their membranes are rich in
unsaturated fats and iron molecules, which are powerful cata-
lysts of free radical reactions, erythrocytes are considered to be
one of the most vulnerable cells against oxygen free radicals.
When erythrocytes are attacked by free radicals, polyunsat-
urated fatty acids of the cell membrane become peroxides,

membrane proteins become broken and allosteric, intracellular
enzyme activities are lost or reduced, the stability and stretch of
the membrane skeleton network-like structure becomes lower,
eventually leading to pathological changes of red blood cell
morphology and function. Due to the particularity of erythro-
cytes, they became the best model for studying antioxidative
pharmacology drug activity (Arbos et al. 2008).
Modern research has shown that flavonoid compound could
repair endothelial cell damage induced by H2O2 through
improving the activities of enzymes in endothelial cells and
reducing the generation of free radicals (Zhang et al 2009; Cao
Zhichao et al. 2013; Zhang Bo 2010; Zhejiang University 2010;
Shi Tingting 2011).
Vitexin, belonging to the family of flavonoid glycosides, has
been shown to confer resistance to viruses, oxidants and cancer
(Zhang Xue and Xu Daohua 2013; Gu Chengbo et al. 2015; Yang
Guodong 2011). Protective effects have also been demonstrated
in ischemic and anoxic myocardial models, the generation of
these effects may be implemented by inhibiting thrombosis,
reducing ejection resistance and blood viscosity, improving
blood flow and making erythrocyte morphology transformed
(Zhu Lixia et al. 2014; Li et al. 2006; Qu Haiqi 2015; Prab-
hakar et al. 1981; Wang Jiannong et al. 2004). The experiments
showed that vitexin could remove ·OH, O2 and –DPPH in vitro
and has a protective effect on erythrocyte membranes (Yan Juan
et al. 2010), but the mechanism has not been fully elucidated.
Meanwhile, in vivo experiments showed that vitexin could slow
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Fig. 1: Hemolysis of human erythrocytes. Figure 1 shows hemolysis rate of human
erythrocytes induced by different concentrations of H2O2 at different time
intervals. Data are presented as mean ± SD from six independent
experiments.

d-galactose aging mice. The effects may be implemented by
improving the abilities of antioxidant enzymes in the serum
and organization, enhancing the ion transport activities of the
cell membrane, reducing the contents of lipofuscin in brain tis-
sue and improving morphology of cells abnormal to aging, etc.
(Zhao Jun et al. 2013).
Apigenin, which has a chemical structure similar to vitexin, stud-
ies have shown that apigenin has antioxidant effects in vivo (Li
Weilin 2014), effective in the prevention and treatment of a wide
variety of tumors (Liu bin and Ba Yi 2013; Liu Jiaqi and Sun
Yunyun 2012). For instance, Apigenin can significantly inhibit
the growth of HeLa cervical cancer (Sui Haixia et al. 2011).
In addition, apigenin plays a significant role in vasorelaxation,
and suppresses the voltage dependent calcium channel, recep-
tor maneuvering calcium channel, and inhibition of the inflow
of extracellular calcium and potassium channel activation (An
Fang et al. 2012).
At present, most of the studies of the protective effects of
flavonoid compounds on erythrocytes were focused on the drug
carrier (An Fang et al. 2012; XiYun et al. 2014) and protein com-
ponents of the erythrocyte membrane (Cao Yuan 2008; Jiang
Weihua 2005). Few research was focused on the integrity of
the biological activity, and many studies used animal erythro-
cytes which are different from humans. Our research used the
H2O2-induced oxidative damage model based on VC to compare
the protective effects and mechanisms of vitexin and apigenin
on erythrocytes, and provided a structure-activity basis for the
selection and synthesis of anti-aging drugs.

2. Investigations and results

2.1. Establishment of the oxidative injury model

As shown in Fig. 1, H2O2 significantly induced oxidative stress
in erythrocytes in a dose and time dependent manner. Over 4 h,
there was no hemolysis in erythrocytes without H2O2 treatment.
Erythrocytes treated with 100 and 200 mM H2O2 showed sig-
nificant hemolysis after 3 h treatment. However, erythrocytes
treated with 300, 400 and 500 mM H2O2 displayed signifi-
cant hemolysis after 1 h exposure. Since there was a significant
increase in hemolysis rate after 1.5 h treatment of erythrocytes
with 400 and 500 mM H2O2 and no significant difference of
hemolysis rate was observed between 400 and 500 mM H2O2

treatment from 1.5 h, the 400 mM concentration and 1.5 h expo-

Fig. 2: Both vitexin and apigenin attenuated hemolysis rate of erythrocytes.
Oxidative stress induced a significant increase in hemolysis rate of
erythrocytes. Data are presented as mean ± SD from 10 individual
experiments. * represents p < 0.05 compared to normal control and #
indicates p < 0.05 compared to either oxidative stress erythrocytes.

sure were selected for further investigations of the biological
effects of vitexin and apigenin.

2.2. Effect of vitexin and apigenin on oxidative hemolysis
of erythrocytes

The effects of vitexin and apigenin on the hemolysis rate of
erythrocytes are shown in Fig. 2. Oxidative stress induced
significant hemolysis of erythrocytes compared to normal
erythrocytes (p < 0.01). Vitexin could significantly attenuate
hemolysis of erythrocytes in both oxidative stress groups in a
dose dependent manner. Vitexin low and medium dose groups
had weaker anti-hemolytic effects than the VC (30 �g/ml)
groups (P < 0.01, P < 0.05). Apigenin high and low doses groups
have weaker anti-hemolysis effect than the VC group (P < 0.01,
P < 0.05).

2.3. Effects of vitexin and apigenin on antioxidant
enzymes, ATPase, ROS and MDA of human erythrocyte
exposed to H2O2

When erythrocytes were treated with H2O2, there were signifi-
cant increases in ROS and MDA content (Fig. 3). However, when
erythrocytes were incubated with vitexin and H2O2, both ROS
and MDA contents were gradually decreased in a dose depen-
dent manner. Compared to the high and low doses of apigenin,
the medium doses of apigenin has a better effect on antioxidant
enzymes, ATPase, ROS and MDA (p < 0.01). But with the high-
est concentration of vitexin and the middle dose of apigenin, they
could not reduce ROS and MDA content to normal erythrocyte
levels. Moreover, H2O2 reduced anti-oxidative enzymes (SOD,
CAT and GSH) and ATP in erythrocytes and both vitexin and
apigenin could recover these enzymes activities to almost the
levels of normal erythrocytes (Fig. 3).

2.4. Effect on methemoglobin in the erythrocyte

Effects on methemoglobin (MetHb) in the erythrocytes are
shown in Fig. 4. After treatment with H2O2, the content of
MetHb increased significantly in erythrocyte compared to nor-
mal erythrocytes (p < 0.01). Vitexin could significantly attenuate
the content of MetHb in erythrocytes in both oxidative stress
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Fig. 3: Regulation of MDA, ROS, ATPase, total SOD, CAT, and GSH-PX in human erythrocytes under oxidative stress by Vitexin and Apigenin. The panels represent the results
of MDA, ROS, ATPase, total SOD, CAT, and GSH-PX with treatment of Vitexin and Apigenin under oxidative stress respectively. Data are presented as mean ± SD from
10 individual experiments. * represents p < 0.05 compared to normal control and # indicates p < 0.05 compared to either oxidative stress.
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Fig. 4: Both vitexin and apigenin attenuated the content of MetHb in erythrocytes.
Oxidative stress induced significant increase of MetHb in erythrocytes. Data
are presented as mean ± SD from 10 individual experiments. * Represents
p < 0.05 compared to normal control and # indicates p < 0.05 compared to
either oxidative stress erythrocytes.

groups in a dose dependent manner. Compared to the high and
low doses of apigenin, the medium doses of apigenin had a
better effect on MetHb in the erythrocytes (p < 0.01). The high
dose vitexin group showed no significant difference compared
to the VC group, and the difference was also small between the
medium dose apigenin group and the VC group, other medica-
tion groups had weaker activities than the VC group (P < 0.01).

2.5. Effects on amount of sulfhydryl content on the
erythrocyte membrane

The effect on the amount of sulfhydryl content on the erythro-
cyte membrane is shown in Fig. 5. After treatment with H2O2,
the content of sulfhydryl decreased significantly in treated ery-
throcytes compared to normal erythrocytes (p < 0.01). Medium
doses of Apigenin has a better effect on sulfhydryl contented on
the erythrocyte membrane (p < 0.01). Except the vitexin in high
dose group and the apigenin medium dose group administration
groups were weaker than the VC group (P < 0.01).

Fig. 5: Effects on amount of sulfhydryl contented on the erythrocyte membrane.
Data are presented as mean ± SD from 10 individual experiments. *
represents p < 0.05 compared to normal control and # indicates p < 0.05
compared to either oxidative stress erythrocytes.

2.6. Impact on the erythrocyte surface morphology

As shown in Fig. 6-1, normal erythrocytes are concentric type
double concave discs, the surface is smooth, the margin neat
and the dispersion uniform, cells with abnormal forms are rare.
Figure 6-2 shows the picture of scouldning electron microscope
after the cells were damaged by H2O2, cell morphology had
significantly changed, the surface has spines, cell volume is
reduced, cell morphology changed from double concave to cir-
cular, cells show shriveling, vesicle overflow and perforation.
Figures 6-3 to 6-9 show cells proposed with different concen-
trations of vitexin, apigenin and VC before the damage. Spine
was thinner or even disappearing, cell surface was smoother,
cell adhesion conditions were improved, the number of nor-
mal erythrocytes had increased. These changes were positively
correlated to drug concentration.

2.7. Effects on erythrocytes membrane skeleton
ultrastructure

Usually the erythrocytes membrane skeleton is a polygon net-
work structure, mostly a hexagon junctional complex connected
with a spectrin tetramer, actin, band 4.1 protein, ankyrin and
other membrane skeleton proteins. Spectrin is a link to con-
nect all kinds of proteins into the reticular structure, as shown in
Fig. 7-1, filament SP4 is a tetramer spectrin, and “J” dot in Fig. 7-
1 represents the protein linked sites. From Fig. 7-1, the spectrin
and complex on the normal erythrocyte membrane skeleton pro-
tein could be seen, it was complete, the structure was clear, and
mesh was uniform, size was consistent. Figure 7-2 shows the
erythrocytes membrane skeleton structure under 400 mmol L-1

H2O2 after damage. The network structure had largely disap-
peared, spectrin misses, fiber aggregates and hemoglobin settles
in the skeleton. Figures 7-3 to 7-9 shows the erythrocyte mem-
brane skeletons which were given different concentrations of
unmarred vitexin, apigenin and VC before they were damaged.
Medium doses of vitexin and a low dose of apigenin exerted
a weak protection on membrane skeleton, spectrin split into
pieces; with the increase of drug concentration, high doses of
vitexin and medium doses of apigenin could recover the mem-
brane skeleton network architecture partly, spectrin had become
gradually complete, “J” dot was clearer. In Figure 7-9 it can be
seen that VC Pre-protected could reduce the damage of H2O2

on membrane structure effectively, SP4 and “J” dot were clear.
However, compared with the normal group, the membrane skele-
ton structure was loose, the mesh was larger and distribution of
network fiber was uneven.

3. Discussion

Cells exposed to large amounts of free radicals undergo oxida-
tive damage and ultimately cause diseases (Wu Qixia 2003). Red
blood cells are considered to be highly vulnerable to free radical
damage, because they are susceptible to free radical attack and
do not have nuclei and mitochondria. Treatment with H2O2 has
become an important tool to investigate all kinds of oxidative
cell damage (Brunauer 1994). Our results are consistent with
the proposal that oxidative stress causes erythrocyte hemolysis.
Suffering from oxidative damage will eventually lead to hemol-
ysis. Thus the hemolytic test could be used to study antioxidant
protection of erythrocytes. The antioxidant enzymes in erythro-
cytes mainly include SOD, GSH-Px and CAT, they could not
only prevent damage from active oxygen, but also protect other
antioxidant enzymes. SOD could disproportionate the super
oxygen anion, so as to inhibit the super oxygen anion to inac-
tivate GSH-Px and CAT, and the latter two kinds of enzyme
could catalyze hydrogen peroxide into water and oxygen to pro-
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Fig. 6: Shape changes of human erythrocytes induced by H2O2.
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Fig. 7: TEM results of human erythrocyte induced by H2O2.
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tect SOD, so that all those three enzymes form a protection
system (Sun Xuemin 2007). MDA is the main product of lipid
peroxidation reaction, and its amount reflects the degree of cell
damage indirectly. Erythrocytes are rich in ATPase, mainly the
Na+-K+-ATPs and Ca2+-Mg2+-ATPs, which participate in mate-
rial transportation, information transmission and energy supply
(Zhang Wei et al. 2007; Wang Xinling et al. 1999; Shi Wen-
jing et al. 2012; Yan Xiaoyiing et al. 2013; Kumar and Maurya
2014; Kumar et al. 2014). Our experiments showed that vitexin
and apigenin could play positive roles in inhibiting erythrocyte
hemolysis, recover these enzyme activities to almost the levels
of normal erythrocytes, and reduce ROS and MDA content.
Hemoglobin function is closely related to its structure.
Hemoglobin forms cross-linked complexes with band 3 pro-
tein and contractile proteins, the cell density could increase, the
deformation will be reduced (Salhany 1998). Our results show
that vitexin and apigenin could reduce the formation of methe-
moglobin, playing a role in stabilizing membrane proteins and
maintaining membrane structure. Under physiological condi-
tions, erythrocyte surface morphology is an important parameter
to evaluate other structure functions of the parameters. The
change of cell surface morphology affects not only the aggre-
gation, adhesion, immune function and metabolism of the cells,
but also erythrocyte deformation ability and rheological proper-
ties (Wang Hongru 1997; Zhao Chunting 1997; Meiselman et al.
1999; Zhang Min et al. 2012). Experimental results have shown
that vitexin and apigenin could restore membrane protein aggre-
gation caused by oxidative damage to some extent. Qualitative
determination of sulfhydryl has shown that, this protective func-
tion was completed probably by inhibiting the auto-oxidation
of membrane proteins and preventing protein crosslinking. Ren
Jing (2009) found that EGCG has protective effects on erythro-
cyte membrane protein damage caused by lysozyme fiber, con-
sistent with our experimental results. We also found that vitexin
and apigenin could restore the integrity of the membrane skele-
ton connection compounds and spectrins and help to reshape
the network structure of the fiber. This explains why vitexin and
apigenin could reduce the skeleton protein damage, reduce the
protein aggregation, and inhibit membrane skeleton damage.
Although vitexin and apigenin have similar structures, apigenin
showed better biological activity than vitexin. One possible rea-
son is the glycosylation of vitexin on ring A causing a loss of
the planar structure bending into a certain angle, causing steric
hindrance to affect the antioxidant activity. This is consistent
with resuts reported by Du Chunfang (2011) who studied the
influence of 6-,8-C glycosylation on antioxidant activity. Con-
sistent with Jin Yue (2006), quercetin and its antioxidant activity
of monosaccharides and disaccharides successively weakened
when the molecular glycosyl increased.

4. Experimental

4.1. Drugs and chemicals

Anticoagulant fresh blood (without white blood cells), (Zhangjiakou cen-
ter blood stations); vitexin, (self-control, purity of 98% or more); apigenin,
(Tianjin YiFang Science and Technology Co., Ltd); ascorbic acid (vita-
min C, Tianjin chemical reagent factory); MDA, SOD (total), ATP, CAT
and GSH-Px, MetHb, Sulfhydryl assay kit (Nanjing JianCheng Biotechnol-
ogy Research Institute, Batch Number: 20120417, 20120417, 20120420,
20120419, 20120417, 20120801, 20120801, respectively). Wide range of
protein molecular weight standards (Thermo companies in the United States)
2 × the sample buffer, active oxygen detection kit, PMSF, Bradford protein
concentration determination kit (the BiYunTian Biotechnology Research
Institute), Tris, acrylamide, TEMED (Promega Company), SDS (Biomol
Company), glycine, Coomassie brilliant blue R - 250 (Amresco company),
AP (Sigma Company), methylene double acrylamide (Fluka Company),
methanol (Thermo Fisher); DMSO (Tianjin DaMao chemical reagent fac-
tory); 30% H2O2 (Tianjin Kemiou Chemical Reagent Co., Ltd.); twelve
water disodium hydrogen phosphate, potassium dihydrogen phosphate,

sodium chloride, ice acetic acid (The above reagents are pure home-bred
analysis).

4.2. Preparation of main solutions

Vitexin (10,0 mg) was precisely weighed and dissolved, mixed with 100 �L
dimethyl sulfoxide (DMSO) to make it fully dissolved, then joined with
CH3OH to get a 5 mg/ml stock solution of vitexin, which was diluted with
CH3OH to different concentrations for adminsitration.
Apigenin solution were prepared the same way.
Vitamin C (10,0 mg) was precisely weighed and dissolved, mixed with 100
100 �L DMSO to make it fully dissolved, then join with CH3OH to get a
5 mg/ml stock solution of vitamin C, which was diluted with physiological
saline to different concentrations.
30% H2O2 was diluted to the required concentration with normal saline.

4.3. Preparation of human erythrocyte suspension

Anticoagulant fresh blood was received from healthy donors (Zhangjiakou
Center Blood Stations). Plasm, white film, platelets, lymphocytes, mono-
cytes and neutrophils were carefully removed after centrifugation (4 ◦ C,
2500 rpm, 10 min). Rred blood cells at the bottom were harvested after
repeatedly washing in PBS (pH 7.4) cooled in advance. The packed cells
with PBS were made in a volume ratio of 2% of the blood cell suspension
after centrifugation (4 ◦C, 2500 rpm, 10 min) (Porat et al. 2006).

4.4. Establishment of the oxidative damage model

Erythrocyte suspension (2 %, 2.0 mL) was added to H2O2 (2.0 mL) at
different concentrations and the final concentrations of H2O2 were 0. 100,
200, 300, 400 and 500 mM. The group without H2O2 was the control group.
Erythrocytes were taken from each tube every 30 min after incubation at
37 ◦C, diluted 10-fold with 0.9% saline or distilled water (ddH2O) and then
centrifuged at 2500 rpm for 10 min at 4 ◦C. The supernatants were collected
to measure the absorbance value at 412 nm. The final hemolysis rate was
determined by the final concentration of H2O2 and incubation time with
the following formula: hemolysis rate (%) = A/A0 × 100% (A, absorbance
value of sample diluted with saline; A0, absorbance value of sample diluted
with ddH2O.

4.5. Experimental sectionalization and drug delivery

The experiment includes a normal group, a model group, vitexin (15,
30, 60 �g/ml) different dose groups, apigenin (15, 30, 60 �g/ml) different
dosage groups and a vitamin C (30 �g/ml) positive control group. According
to the group, 100 �L vitexin, apigenin or VC were added to the red blood
cells as protective agents, to the normal control group and the model group
the same amounts of solvents (DMSO and CH3OH) were added. The cen-
trifugal tubes were gently shaken to make them fully contacted and evenly
mixed, then incubated in a boiling water bath for 30 min at 37 ◦C. Finally, to
these tubes 400 mM H2O2 normal saline solution were added and the tubes
were incubated for 1.5 h at 37 ◦C.

4.6. Effect on oxidative stress in erythrocytes

Oxidative stress in erythrocytes was determined by measuring enzymatic
levels of CAT, glutathione peroxidase (GSH-Px), and ATPase. Moreover,
ROS and MDA were also measured. After establishment of erythrocyte
oxidative damage, cytoplasmic proteins were employed for determination of
activities of SOD, CAT, GSH-Px, and ATPase. ROS and MDA in erythrocyte
cytoplasm were extracted by their methods respectively. All these parameters
were measured according to the instructions of the available kits.

4.7. Effects on methemoglobin and sulfhydryl content of erythrocyte
proteins

Methemoglobin has a characteristic absorption peak at 630 nm, and there
is an equal optical density value of methemoglobin (MetHb) and reduced
hemoglobin (Hb) at 602 nm. This relationship could be used to calculate the
content of methemoglobin.
According to the sample kit instructions, detection was completed within
one hour, and calculation followed the formula:
Amount of methemoglobin/liter = (A630nm-r × A602nm)/A602nm × (R-
r) × 100% × hemoglobin/liter
where A630nm is the absorbance value of the sample at 630 nm; A602nm is
the absorbance value of sample at 602 nm; R and r are constant, R = 1.81;
r = 0.14.
According to Ellman’s method, different concentrations of vitexin, apigenin
and VC were added to 100 mL membrane proteins and incubated in a boiling
water bath for 1 h at 37 ◦C. To the the model group and the normal group the
same doses of normal saline were added. Hydrogen peroxide solution was
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added, and then incubated for 1.5 h; finally, sulfhydryl content was measured
according to the kit instructions.

4.8. Electron microscopic observation of erythrocyte morphological
changes

For examination of erythrocyte membrane surface morphology, erythrocytes
from oxidative stress and natural aging samples were mixed with 2% glu-
taraldehyde at a ratio of 1:100 (v/v) and then fixed overnight. After washing
three times with cold PBS, the samples were placed in an ion sputtering
device to be sprayed with metal after drying and then photographed using
a S-3400N scanning electron microscope. For examination of erythrocyte
membrane skeleton structure, erythrocytes from oxidative stress and natural
aging samples were mixed with NaPi solution (5 mmoL/L, pH 7.0) contain-
ing 2.5% (W/V) TritonX-100 at 1:4 ratio (v/v) and then incubated at 0 ◦C
for 1 h. The mixture was dropped onto a copper grid (200 mesh), washed
three times with ddH2O and exposed to 1% uranyl acetate for 5-10Ýs for
negative staining. The H-7500 TEM was used to observe the erythrocyte
membrane skeletal structure after drying with filter paper.

4.9. Statistical processing

Statistical evaluations were carried out using Statistical Package for Social
Sciences (SPSS for Windows, version 17.0). All values were expressed as the
mean ± standard deviation (SD). Differences between groups were analyzed
by Student’s t-test. For all tests, P values of less than 0.05 or 0.01 were
considered significant.

Acknowledgements: This work was financially supported by major scien-
tific projects of Hebei North Univversity (ZD1314) and partly supported by
the Technology Bureau of Zhangjiakou City (11110015D).

References

An Fang, Yang Guodong, Jiaming Tian, Shuhua Wang (2012) Antioxi-
dant effects of the orientin and Vitexin in Trollius chinensis Bunge in
D-galactose-aged mice. Neural Regeneration Res 7: 2565–2575.

Arbos KA, Claro LM, Borges L (2008) Human erythrocytes as a system for
evaluating the antioxidant capacity of vegetable extracts. Nutr Res 28:
457–463.

Beckman KB, Ames BN (1997) Oxidative decay of DNA. Biol Chem 272:
19633–19636.

Brunauer LS, Moxness MS, Huestis WH (1994) Hydrogen peroxide oxi-
dation induces the transfer of phospholipids from the membrane into the
cytosol of human erythrocytes. Biochemistry 33: 4527–4532.

Cao Yuan (2008) The interaction between peptide amyloid fiber and mem-
brane. Shanxi, Shanxi Normal University.

Cao Zhichao, Zhou Xiaoxia, Pang Shuhua (2013) Scutellaria baicalensis
stem leaf total flavonoids of hydrogen peroxide induced human umbilical
vein endothelial cells protective effect and its mechanism of oxidative
damage. J Clin Med 13: 1–3.

Du Chunfang (2011) The research on antioxidant mechanism of flavonoids
in medicinal plants. Henan, Zhengzhou University.

Fridovich I (1922) The chemistry and biology of superoxide: central con-
cepts and residual problems. The Molecular Basis of Oxidative Damage
by Leukocytes. Boca Raaton, FI: CRC Press.

Goto S, Radak Z (2013) The effect of protein and DNA oxidative damage in
the aging and arise through calorie restriction and exercise intervention.
J Sport Health Sci 11: 75–80.

Gu Chengbo Cai Man, Yuan Xiaohan, Zu Yuangang (2015) Vitex of plant
resources and pharmacological activity research progress. Chin J Trad
Chin Med 01:382–389.

Harman D (1956) Aging: a theory based on free radical and radiation chem-
istry. J Gerontol 11: 298–300.

Jiang Weihua (2005) The research of the characteristics of red cell mem-
brane glucose transporters and interaction of protein. Shanghai: FuDan
University.

Jin Yue (2006) The research of quercetin and its single indicould quercetin,
rutin double indicould free-radical structure-activity relationship. Liaon-
ing, Dalian Medical University.

Kautmann JA, Bickford PC, Taglialatela G (2002) Free radical-dependent
changes in constitutive nuclear factor kappa B in the aged hippocampus.
Neuroreport 13: 1917–1920.

Kumar N, Kant R, Maurya PK, Rizvi SI (2012) Concentration dependent
effect of (-)-Epicatechin on Na(+) /K(+) -ATPase and Ca(2+) -ATPase
inhibition induced by free radicals in hypertensive patients: comparison
with L-ascorbic acid. Phytother Res 26: 1644–1647.

Kumar P, Maurya PK (2014) Epigallocatechin-3-gallate protects erythrocyte
Ca2+ -ATPase and Na+/K+-ATPase against oxidative induced damage
during aging in humans. Adv Pharm Bull 4 (Suppl. 1): 443–447.

Li Weilin (2014) Apigenin antitumor function and mechanism research
progress. China Med Rev 21.

Li Xingtai JiYing (2015) Mitochondrial oxidative stress and natural antiox-
idant research progress. J Food Sci 7: 268–277.

Li XQ, Xiong ZL, Ying XX, Cui L, Zhu W, Li F (2006) A rapid,
ultra-performance liquid chromatography-electrospray ionization tandem
massspectrometric method for the qualitative and quantitative analysis of
the constituents of the flower of Trollius ledibouri Reichb. Anal Chim
Acta 580:170–180.

Liu Bin, Ba Yi (2013) Apigenin prevention and treatment of tumor and its
mechanism research progress. J Pract Oncol 2: 222–226.

Liu Jiaqi Sun Yunyun (2012) Apigenin’s influence on the growth of cervical
cancer HeLa in vitro. J Med Rev 18: 2272–2273.

Meiselman HJ, Baskurt OK, Sowemimo-Coker SO, Wenby RB (1999) Cell
electrophoresis studies relevant to red blood cell aggregation. Biorheology
36: 427–432.

Porat Y, Abramowitz A, Gezit E (2006) Inhibition of amyloid fibril forma-
tion by polyphenols: structural similarity and aromatic interactions as a
common inhibition mechanism. Chem Biol Drug. 67: 27–37.

Prabhakar MC, Bano H, Kumar I, Shamsi MA, Khan MS. (1981) Pharma-
cological investigations on vitexin. Planta Med 43: 396–403.

Qu Haiqi, Yang Guodong, Jiang Wei, Yuan Danhua, Wang Shuhua, An Fang
(2015) Prince ’s-feather in tropaeolum glycosides and vitex glycosides of
D-galactose aging mice serum and tissue antioxidant activity of dynamic
effect. Chin J Gerontol 11: 443–446.

Ren Jing (2009) Tea polyphenols and lysozyme fibers on the role of red
blood cells. Shanxi, Shanxi normal university.

Salhany JM, Cordes KA, Sloan RL (1998) Characterization of the pH
dependence hemoglobin binding to band: evidence for a pH-dependent
conformational change within the hemoglobin-band complex. Biochem
Biophys Acta 1371: 107–113.

Shi Tingting (2011) The protective effects of apigenin on rats myocardial
ischemia reperfusion apoptosis. Shanxi, Shanxi medical university.

Shi Wenjing, Zhou Hua, Rong Jingfeng, Yuan Chunyuan (2012) Traditional
Chinese medicine (TCM) in heart failure rat kidney party Na+-K+ ATPase
and Ca2+, Mg2+ ATPase and succinate dehydrogenase research. China,
Theory and Practice of Rehabilitation Practices: 544–547.

Sui H, Brasi L (2011) Apigenin diastolic blood vessel function and mecha-
nism study. J Health Res 40: 416–419.

Sun Xuemin (2007) Cigarette smoke extracts induce red cell membrane
injury and the protective effects of tea polyphenols. Shanxi, Shanxi normal
university.

Wang Fuhai, Huang Chenghua (2013) The research progress of active oxy-
gen free radicals [J]. J Chem Ind Guangzhou,10–12.

Wang Hongru (1997) Hemorheology. Beijing Medical University Joint Press
of Beijing Union Medical College.

Wang Jiannong, Liu Jianxun, Li Xinzhi (2004) A modulated hawthorn leaf
weight ratio influence on dog hemodynamic. Chin J New Drugs 13:
608–612.

Wang Xinling, Li Dancai, Hou Yingchun. (1999)The research progress of the
relationship between free radicals, apoptosis and senescence [J]. Chinese
journal of gerontology.19 (4): 252–253.

Wu Qixia, Yu Yingnian, Lu Jian (2003) Pathophysiology. Beijing: Beijing
Union Medical University Press: 247–270.

XiYun, Qian Xiaoping, Liu Baorui (2014) Carrier erythrocytes in the appli-
cations of anti-tumor treatment progress. J Southeast University (Medical
edition) 12: 626–629.

Yan Juan, Hu Haina, Tian Jiaming, et al.(2010) The research of the antiox-
idant effect of total flavonoids in the Chinese globeflower. J GuoYi Nat
Med 21: 386–387.

Yan Xiaoyiing, Jiang Yalei, Di Yang, Meng Tianjiao, Jin Hong, JiLing (2013)
Ca2+ after cerebral ischemia injury mechanism of overload cause nerve
cell apoptosis. J Jilin Inst Med 277–280.

Yang Guodong (2011) Prince ’s-feather in tropaeolum glycosides and vitex
glycosides of D-galactose induced aging mice antioxidation research.
Institute of Hebei North.

Zhang Bo (2010) The protective effects of anthocyanin of Myrica rubra,
Zhejiang University School of Medicine.

Zhang Min, Li Xin, Feng Ji (2012) Acute hypoxic ischemic mice blood vis-
cosity and erythrocyte rheology change. Chin J Appl Physiol 12: 454–457.

Zhang Wei, Zhang Yanshu, Yao Lin et al. (2007) The influence of oncolyn
on aging mice brain tissue ATPase activity and the expression of nerve
growth factor. J Health Res 36: 164–166.

Pharmazie 70 (2015) 731



ORIGINAL ARTICLES

Zhang Xue, Xu Daohua (2013) Vitex of pharmacological activity research
progress. China Med Rev 35: 35–38.

Zhang YJ, Fan LL, Zhang YJ, Li LJ, Deng FM, Tang K, Han R
(2009) Protective effect of total flavonoids of Nitraia tangutorum Bobr.
against vascular endothelial cells injury induced by hydrogen peroxide.
LiShiZhen Medicine and Medical Research 20: 562–564.

Zhao Chunting (1997) Zhao Ziwen. Clinical hemorheology [M]. Beijing:
People’s Medical Press.

Zhao Jun, Yang Chao, Wang Chuanpeng et al. (2013) Apigenin of male
mice liver tissue total antioxidant capacity and reduced glutathione/type

oxidized glutathione values, malondialdehyde content influence study.
China Medical Rev 10: 7–9.

Zhejiang University (2010) Islet cells from oxidative stress injury and its
mechanisms. Zhejiang: Zhejiang university.

Zhu Lixia, Wang Lisheng, Zhang Yingfeng (2014) Salvia miltior-
rhiza total phenolic acid, hawthorn flavone components compati-
bility of hyperlipidemia rats blood lipids, the effects of super-
oxide dismutase (sod) and malondialdehyde. China Med Rev 20:
9–12.

732 Pharmazie 70 (2015)


	Attenuation of oxidative stress of erythrocytes by the plant-derived flavonoids vitexin and apigenin
	Introduction
	Investigations and results
	Establishment of the oxidative injury model
	Effect of vitexin and apigenin on oxidative hemolysis of erythrocytes
	Effects of vitexin and apigenin on antioxidant enzymes, ATPase, ROS and MDA of human erythrocyte exposed to H2O2
	Effect on methemoglobin in the erythrocyte
	Effects on amount of sulfhydryl content on the erythrocyte membrane
	Impact on the erythrocyte surface morphology
	Effects on erythrocytes membrane skeleton ultrastructure

	Discussion
	Experimental
	Drugs and chemicals
	Preparation of main solutions
	Preparation of human erythrocyte suspension
	Establishment of the oxidative damage model
	Experimental sectionalization and drug delivery
	Effect on oxidative stress in erythrocytes
	Effects on methemoglobin and sulfhydryl content of erythrocyte proteins
	Electron microscopic observation of erythrocyte morphological changes
	Statistical processing
	Acknowledgements

	References


