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【摘要】  目的　探讨槲皮素对过氧化氢（hydrogen peroxide, H2O2）诱导人子宫内膜基质细胞（human endometrial
stromal cells, HESCs）损伤的保护作用及其可能的作用机制。方法　体外培养HESCs，加入不同浓度的槲皮素（0、10、20和
40 μmol/L）作用24 h，验证给予不同剂量的槲皮素对正常子宫内膜细胞没有毒性，随后采用250 μmol/L H2O2孵育细胞12 h，
建立H2O2诱导的HESCs损伤模型。槲皮素预处理24 h，H2O2刺激HESCs后，CCK-8检测细胞活力，筛选有效的干预剂量，随

后将HESCs分为空白组、H2O2模型组、H2O2+槲皮素组，采用DCFH-DA荧光探针检测细胞内活性氧（reactive oxygen
species, ROS）水平；AnnexinⅤ/PI双染，流式细胞术检测槲皮素对H2O2诱导HESCs凋亡的影响；JC-1染色法检测细胞线粒体

膜电位；Western blot检测相关蛋白NADPH氧化酶4（NADPH oxidase 4, NOX4）、p38丝裂原活化蛋白激酶（p38 mitogen-
activated protein kinase, p38 MAPK）及磷酸化p38 MAPK（p-p38 MAPK）表达。结果　根据CCK-8实验结果，选择槲皮素

20 μmol/L为有效干预剂量。ROS检测显示，与空白组相比，H2O2模型组ROS的平均荧光强度升高（P<0.01），而与H2O2模型

组相比槲皮素处理下调了ROS的平均荧光强度，减轻了氧化损伤（P<0.05）。细胞凋亡检测结果显示，H2O2模型组细胞凋亡

率较空白组增加（P<0.01），而与槲皮素共同作用则逆转了细胞凋亡率的增加（P<0.05）。JC-1染色检测线粒体膜电位变化

情况显示，与空白组相比，H2O2诱导所致的线粒体膜电位降低的细胞比例增加（P<0.01），而槲皮素处理后线粒体膜电位降

低的细胞比例低于H2O2模型组（P<0.05）。Western blot结果显示，与空白组相比，H2O2模型组NOX4蛋白、p-p38 MAPK蛋白

相对表达量升高（P<0.05）；而加入槲皮素后，与H 2O 2模型组相比，NOX4蛋白、p-p38 MAPK蛋白相对表达量降低

（P<0.05）。结论　槲皮素预处理对H2O2诱导的HESCs氧化损伤具有保护作用，其机制可能是减少ROS过量累积以及抑制

p38 MAPK/NOX4信号通路。
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【Abstract】   Objective　 This  study  aims  to  systematically  evaluate  the  protective  role  of  quercetin  (QCT),  a
naturally  occurring  flavonoid,  against  oxidative  damage  in  human  endometrial  stromal  cells  (HESCs)  induced  by
hydrogen peroxide (H2O2). Oxidative stress, such as that induced by H2O2, is known to contribute significantly to cellular
damage and has  been implicated in various  reproductive  health issues.  The study is  focused on investigating how QCT
interacts with specific molecular pathways to mitigate this damage. Special attention was given to the p38 MAPK/NOX4
signaling pathway, which is crucial to the regulation of oxidative stress responses in cellular systems. By elucidating these
mechanisms, the study seeks to confirm the potential  of QCT not only as a protective agent against oxidative stress but
also  as  a  therapeutic  agent  that  could  be  integrated  in  treatments  of  conditions  characterized  by  heightened  oxidative
stress in endometrial cells. Methods　 In vitro cultures of HESCs were treated with QCT at different concentrations (0,
10,  20,  and  40  μmol/L)  for  24  h  to  verify  the  non-toxic  effects  of  QCT  on  normal  endometrial  cells.  Subsequently,
250 μmol/L H2O2 was used to incubate the cells for 12 h to establish an H2O2-induced HESCs injury model. HESCs were
pretreated  with  QCT  for  24  h,  which  was  followed  by  stimulation  with  H2O2.  Then,  CCK-8  assay  was  performed  to
examine the cell viability and to screen for the effective intervention concentration. HESCs were divided into 3 groups, the
control group, the H2O2 model group, and the H2O2+QCT group. Intracellular levels of reactive oxygen species (ROS) were
precisely  quantified  using  the  DCFH-DA  fluorescence  assay,  a  method  known  for  its  accuracy  in  detecting  and
quantifying oxidative changes within the cell.  The mitochondrial  membrane potential  was determined by JC-1 staining.
Annexin Ⅴ/PI  double  staining  and  flow  cytometry  were  performed  to  determine  the  effect  of  QCT  on  H2O2-induced
apoptosis of HESCs. Furthermore, to delve deeper into the cellular mechanisms underlying the observed effects, Western
blot analysis was conducted to measure the expression levels of the critical proteins involved in oxidative stress response,
including  NADPH  oxidase  4  (NOX4),  p38  mitogen-activated  protein  kinase  (p38  MAPK),  and  phosphorylated  p38 
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MAPK (p-p38 MAPK). This analysis helps increase understanding of the specific intracellular signaling pathways affected
by QCT treatment, giving special attention to its potential for modulation of the p38 MAPK/NOX4 pathway, which plays
a  significant  role  in  cellular  defense  mechanisms  against  oxidative  stress. Results　 In  this  study,  we  started  off  by
assessing the toxicity of QCT on normal endometrial cells. Our findings revealed that QCT at various concentrations (0,
10,  20,  and 40 μmol/L) did not  exhibit  any cytotoxic  effects,  which laid the foundation for  further investigation into its
protective roles. In the H2O2-induced HESCs injury model, a significant reduction in cell viability was observed, which was
linked to the generation of  ROS and the resultant oxidative damage.  However,  pretreatment with QCT (10 μmol/L and
20 μmol/L) significantly enhanced cell  viability after 24 h (P<0.05), with the 20 μmol/L concentration showing the most
substantial  effect.  This  suggests  that  QCT can  effectively  reverse  the  cellular  damage  caused  by  H2O2.  Furthermore,  the
apoptosis assays demonstrated a significant increase in the apoptosis rates in the H2O2 model group compared to those in
the control group (P<0.01). However, co-treatment with QCT significantly reversed this trend (P<0.05), indicating QCT’s
potential protective role in mitigating cell apoptosis. ROS assays showed that, compared to that in the control group, the
average  fluorescence  intensity  of  ROS  in  the  H2O2 model  group  significantly  increased  (P<0.01).  QCT  treatment
significantly  reduced  the  ROS  fluorescence  intensity  in  the  H2O2+QCT  group  compared  to  the  that  in  the  H2O2 model
group,  suggesting  an  effective  alleviation  of  oxidative  damage  (P<0.05).  JC-1  staining  for  mitochondrial  membrane
potential  changes  revealed  that  compared  to  that  in  the  control,  the  proportion  of  cells  with  decreased  mitochondrial
membrane potential significantly increased in the H2O2 model group (P<0.01). However, this proportion was significantly
reduced  in  the  QCT-treated  group  compared  to  that  of  the  H2O2 model  group  (P<0.05).  Finally,  Western  blot  analysis
indicated that the expression levels of NOX4 and p-p38 MAPK proteins were elevated in the H2O2 model group compared
to those of the control group (P<0.05). Following QCT treatment, these protein levels significantly decreased compared to
those of the H2O2 model group (P<0.05). These results suggest that QCT may exert its protective effects against oxidative
stress  by  modulating  the  p38  MAPK/NOX4  signaling  pathway. Conclusion　 QCT  has  demonstrated  significant
protective  effects  against  H2O2-induced  oxidative  damage  in  HESCs.  This  protection  is  primarily  achieved  through  the
effective reduction of ROS accumulation and the inhibition of critical signaling pathways involved in the oxidative stress
response,  notably  the  p38  MAPK/NOX4 pathway.  The  results  of  this  study  reveal  that  QCT’s  ability  to  modulate  these
pathways plays a key role in alleviating cellular damage associated with oxidative stress conditions. This indicates not only
its  potential  as  a  protective  agent  against  cellular  oxidative  stress,  but  also  highlights  its  potential  for  therapeutic
applications  in  treating  conditions  characterized by  increased oxidative  stress  in  the  endometrium,  thereby offering  the
prospect  of  enhancing  reproductive  health.  Future  studies  should  explore  the  long-term  effects  of  QCT  and  its  clinical
efficacy in vivo, thereby providing a clear path toward its integration into therapeutic protocols.

【Key words】　　Quercetin　　Endometrial stromal cells　　Oxidative stress　　Apoptosis　　Reactive
oxygen species 

子宫内膜是女性生殖系统的关键组成部分，由功能

层和基底层组成，包括上皮细胞和间质细胞。诸多疾病

与子宫内膜容受性异常相关，包括不孕、复发性流产和反

复着床失败等。氧化应激是一种复杂的生理状态，源于

细胞和组织内活性氧（reactive oxygen species, ROS）的积

累与生物解毒清除能力的失衡[1]。目前，已有文献报道，

氧化应激会导致子宫内膜细胞蜕膜化异常[2]，继而诱发细

胞增殖受抑、衰老、凋亡；并且氧化应激在多囊卵巢综合

征[3]、卵巢功能不全、子宫内膜异位症[4]等疾病导致的内

膜功能受损中都充当了炎症进展的核心环节。因此，研

究和开发能够抵抗和修复子宫内膜受氧化应激影响的药

物，有望提高子宫内膜容受性，对于临床治疗具有重要的

意义。

黄酮类化合物（flavonoids）是一类具有芳香环结构的

羟基化酚类化合物，而槲皮素（quercetin, QCT）是其中的

一个特殊亚型。槲皮素是一种强大的抗氧化剂，能够有

效地提高植物在应激和非应激环境下的耐受性[5]。不仅

如此，槲皮素在人体内也具有多种药理功效，包括抗

菌[6]、抗病毒[7]、抗氧化[8]、调节免疫[9]、改善代谢综合征

（降血糖、降血脂、降血压）[10]等诸多方面。本研究采用

H 2O 2诱导人子宫内膜基质细胞（human endometrial

stromal cells, HESCs）建立氧化应激损伤模型，通过细胞

及分子生物学技术探讨槲皮素对HESCs氧化应激损伤的

保护作用及其作用机制。 

1     材料与方法
 

1.1    细胞

人子宫内膜基质细胞系，由厦门大学医学与生命科

学学院王海滨教授馈赠。 

1.2    主要药品及试剂

槲皮素（粉末）购自成都植标化纯公司，使用前用

DMSO（D2650, SIGMA）进行溶解。DMEM/F12（11320033,
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ThermoScientific）；澳大利亚胎牛血清（10099141C，美国

Gibco）；BCA蛋白定量试剂盒（71285-3，北京中生华美）；

DCFH-DA荧光探针ROS检测试剂盒（ab113851, Abcam）；

一抗抗体β-actin、NADPH氧化酶4（NADPH oxidase 4,

NOX4）和p38丝裂原活化蛋白激酶（p38 mitogen-activated

protein kinase, p38 MAPK）（英国Abcam公司）；CCK-8试

剂盒（C0038）、羊抗兔和兔抗鼠二抗（北京碧云天公司）；

超敏ECL化学发光液（LD-8012, LDBIO）；细胞培养箱（德

国Eppendorf公司）；JC-1检测试剂盒（Abcam公司）；

Anexxin Ⅴ FITC细胞凋亡试剂盒（V13241）和多功能酶标

仪（Multiskan GO）（美国Thermo Scientific公司）；全自动

化学发光成像分析系统（Tanon-5200，上海天能公司）；电

泳、转膜装置（美国 Bio-Rad 公司）；流式细胞仪（FACS

AriaⅢ，美国BD公司）。 

1.3    细胞活力检测

使用CCK8试剂盒，按照推荐方案评估细胞活力。将

HESCs接种到96孔板中，每孔7 000个细胞，然后加入不同

浓度的槲皮素（0、10、20和40 μmol/L）作用24 h[11-12]，评估

细胞活力。将HESCs接种于96孔板中，采用250 μmol/L的

H2O2孵育细胞12 h（关于H2O2剂量和处理时间的选择为

本课题组前期研究成果，尚未发表），建立H2O2刺激HESCs

损伤模型；并分别用10、20、40 μmol/L槲皮素预孵育细胞

24 h，再用250 μmol/L H2O2处理细胞12 h后，每孔加入

CCK-8溶液（10 μL/孔），37 ℃、体积分数为5%CO2培养箱

中继续孵育2 h，采用酶标仪于450 nm处检测各孔吸光度

（A450）值，检测细胞活力，筛选有效的干预剂量作为后续

实验的槲皮素药物处理组条件。 

1.4    细胞内ROS的检测

细胞接种于6孔板，分为空白组（细胞未予H2O2和槲

皮素处理）、H2O2模型组、H2O2+槲皮素组。其中，H2O2+

槲皮素组用20 μmol/L槲皮素预处理24 h，随后H2O2模型

组和H2O2+槲皮素组加入250 μmol/L H2O2作用12 h。收集

各组细胞，加入终浓度为20 μmol/L的DCFH-DA并于37 ℃

孵育30 min，以磷酸盐缓冲液（PBS）洗涤3次，利用流式细

胞仪进行分析。 

1.5    流式细胞术检测细胞凋亡比例

将HESCs接种于6孔板中，按照1.4的分组方法处理后

收集各组细胞，以预冷的PBS洗涤2次，室温下与100 μL含

PI（1 mg/L）的1×AnnexinⅤ工作溶液避光孵育15 min。随

后加入400 μL 1×结合缓冲液并迅速涡旋后，立即使用流

式细胞仪分析晚期凋亡细胞比例。 

1.6    线粒体膜电位评估

线粒体膜电位（mitochondrial membrane potential,

MMP）用 JC-1检测试剂盒按照说明书进行检测。将

HESCs接种于6孔板中，按照1.4的分组方法处理后收集各

组细胞，与3 μmol/L JC-1工作液在37 ℃避光孵育20 min。

细胞用DPBS清洗3次后，用流式细胞仪进行分析。结果

以线粒体膜电位较低的细胞比例表示。 

1.7    Western blot检测HESCs NOX4、p38 MAPK及磷酸

化p38 MAPK（p-p38 MAPK）相对表达量

将HESCs接种于6孔板中，按照1.4的分组方法处理

后收集各组细胞，加入哺乳动物蛋白抽提剂超声提取

1 min。裂解终止后，将细胞裂解液在4 ℃、12 000 r/min

离心15 min，收集上清液用于蛋白表达分析。BCA法测

定蛋白含量，电泳时加入15 μL样品；120 V电压电泳，转膜

后1%BSA封闭2 h；加入一抗NOX4（1∶10  000）、p-p38

MAPK（1∶5 000）、p38 MAPK（1∶5 000），4 ℃孵育过夜；

TBST洗4次，每次5 min；加入二抗室温孵育2 h；TBST洗

4次，每次5 min；ECL显影，以β-actin为对照，image J软件

分析灰度值。目的蛋白相对表达量=目的蛋白灰度值/内

参蛋白灰度值×100%。 

1.8    统计学方法

x± s

采用S P S S  2 2 . 0统计软件进行分析，计量资料以

表示，多组间比较采用单因素方差分析（One-Way

ANOVA），组间多重比较采用LSD-t法，P<0.05为差异有

统计学意义。 

2     结果
 

2.1    槲皮素预处理改善H2O2诱导的HESCs活力下降和凋亡

本研究首先验证了给予不同剂量的槲皮素对正常子

宫内膜细胞没有毒性（图1A）。采用CCK-8法检测槲皮素

对H2O2诱导的细胞损伤的保护作用（图1B），与空白组相

比，H2O2处理导致HESCs活力下降（P<0.01）；与H2O2模型

组相比，槲皮素（10，20 μmol/L）预处理组在给药24 h后，

HESCs活力增强（P<0.05），其中20 μmol/L效果最为明

显。因此，20 μmol/L槲皮素用于后续实验。细胞凋亡检

测结果显示（图1C、1D），H2O2模型组细胞凋亡率较空白

组增加（P<0.01），而与槲皮素共同作用则逆转了细胞凋

亡率的增加（P<0.05）。 

2.2    槲皮素减轻H2O2诱导的HESCs氧化应激

结果显示（图2），与空白组相比，H2O2模型组ROS的

平均荧光强度升高（P<0.01），而与H2O2模型组相比，槲皮

素预处理下调了ROS的平均荧光强度，减轻了氧化损伤

（P<0.05）。 

2.3    槲皮素对H2O2诱导的HESCs线粒体损伤的保护作用

结果显示（图3），与空白组相比，H2O2诱导所致的线
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粒体膜电位降低的细胞比例增加（P<0.01），而槲皮素预

处理后线粒体膜电位降低的细胞比例与H2O2模型组相比

下降（P<0.05）。 

2.4    槲皮素降低HESCs中NOX4、p38 MAPK及p-p38

MAPK蛋白的相对表达量

Western blot结果显示（图4），与空白组相比，H2O2模

型组NOX4蛋白、p-p38 MAPK蛋白相对表达量升高

（P<0.05）；而加入槲皮素后，与H2O2模型组相比，NOX4蛋

白、p-p38 MAPK蛋白相对表达量降低（P<0.05）。 

3     讨论

子宫内膜是胚胎着床和妊娠维持的关键组织，其健

康状况直接影响女性的生育能力。随着女性生育年龄的

推迟，子宫内膜衰老及容受性下降，导致生育能力降低。
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图 1  槲皮素对细胞活力和细胞凋亡的影响

Fig 1  The effect of QCT on cell viability and cell apoptosis

A, Assessment of the viability of HESCs treated with different doses of QCT; B, cell viability determined by CCK-8 assay; C, apoptosis in HESCs as determined by

flow cytometry (the concentration of QCT is 20 μmol/L); D, quantitative analysis of the ratios of apoptotic cells (the concentration of QCT is 20 μmol/L). ## P<0.01, vs.

control group; * P<0.05, ** P<0.01, vs. H2O2 group.
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图 2  槲皮素对H2O2诱导HESCs细胞ROS的影响

Fig 2  The effect of QCT on H2O2-induced ROS in HESCs

A, The ROS levels expressed in HESCs as determined by flow cytometry; B, quantitative analysis of the mean ROS fluorescence intensity. The concentration of QCT

is 20 μmol/L. * P<0.05, vs. H2O2 group; ## P<0.01, vs. control group.
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子宫衰老主要由子宫内膜干细胞衰老和子宫内膜基质细

胞蜕膜化受损来介导[13]，包括氧化应激、炎症、纤维化和

DNA损伤等过程[14]。虽然ROS在细胞内信号传递方面发

挥重要作用，但是当细胞内ROS浓度过高时，细胞被诱导

至氧化应激状态，甚至触发程序性死亡。在生理条件下，

随着年龄的增长，ROS失衡也会促使子宫内膜细胞凋亡[15]。

因此，研发新药逆转子宫内膜细胞氧化应激损伤，在改善

子宫内膜容受性及延缓子宫衰老等方面具有重要意义。

截至目前，槲皮素被认为是自然界中最强大的类黄

酮抗氧化剂，由双键和酚羟基提供相应的抗氧化活性[16]，

在治疗氧化应激相关疾病中应用广泛，包括心血管疾病、

神经炎症性疾病、癌症、2型糖尿病、非酒精性脂肪肝、

肥胖等。具体作用机制为：槲皮素能够抵抗癌症代谢，通

过调节 PI3K/Akt/mTOR、Wnt-β-catenin和MAPK/ERK1/2

通路，促进细胞活力丧失、细胞凋亡和自噬[17]；缓解动脉

粥样硬化，通过抑制p38 MAPK/p16通路，减慢巨噬细胞

中被氧化的低密度脂蛋白诱导的衰老[18]；通过调节SIRT1/

FOXO3A和p38 MAPK信号通路，减轻视网膜缺血再灌注

损伤（retinal ischemia-reperfusion, RIR），而ROS的过量产

生被认为是RIR损伤的主要原因[19]。受上述研究思路的

启发，本文拟深挖槲皮素在子宫内膜基质细胞中的抗氧

化机制，研究其能否有效逆转H2O2诱导的子宫内膜基质

细胞氧化应激损伤。

近年来，有关槲皮素在女性生殖系统中作用的研究

相对较少，主要聚焦于子宫内膜纤维化方面。目前已证

实槲皮素能够通过多条途径缓解子宫内膜纤维化进程：

包括上调miR-145，抑制TGF-β1/Smad2/Smad3通路的激

活[20]；与NR4A1直接结合，抑制mTOR信号传导[21]。但是，

目前在应用槲皮素逆转子宫内膜氧化应激损伤中的研究

尚存空白，H2O2诱导的细胞损伤可能导致线粒体内膜上

线粒体渗透性转换孔开放，导致线粒体膜的去极化，并促

使凋亡细胞因子的释放[22]。因此本研究通过构建H2O2刺

激的HESCs损伤模型，证明了槲皮素可以提高子宫内膜

基质细胞的活力，同时槲皮素（20 μmol/L）预给药24 h能

够明显改善H2O2诱导的子宫内膜基质细胞的凋亡，减少

ROS的过度产生，维持线粒体膜电位的稳定性，减少线粒
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图 3  通过JC-1染色和流式细胞仪测量的线粒体膜电位

Fig 3  Mitochondrial membrane potential (MMP) as measured by JC-1 staining and flowcytometry

A, MMP as measured by JC-1 staining and flowcytometry; B, the proportion of cells with decreased MMP. The concentration of QCT is 20 μmol/L. * P<0.05, vs. H2O2 group;
## P<0.01, vs. control group.
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图 4  Western blot检测各组NOX4、p38 MAPK及p-p38 MAPK蛋白相对表达量

Fig 4  Western blot was performed to determine the protein expressions of NOX4, p38 MAPK, and p-p38 MAPK in the three groups

A: Blank group; B: H2O2 group; C: H2O2+QCT (20 μmol/L) group. * P<0.05, ** P<0.01, vs. H2O2 group; # P<0.05, ## P<0.01, vs. control group.
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体通透性转换孔的开放，减缓氧化应激损伤。

上述结果证明，槲皮素同样可以在子宫内膜基质细

胞中发挥相似的活性，但其下游发挥关键作用的通路仍

未知。NOX4是一种NADPH氧化酶，通过催化电子从

NAPDH转移到分子氧而产生超氧阴离子[23]，进而影响线

粒体代谢[24]。而MAPK家族中p38 MAPK表达的变化对氧

化应激损伤尤为重要，其在缓解心肌氧化应激纤维化中

的作用已被证实，经由TGFβ/NOX4/ROS/p38 MAPK通路

有望提供新的治疗靶点[25]。目前，已有诸多研究证明靶

向p38 MAPK/NOX4通路在疾病治疗中的优势。全身炎

症通过TGFβ/NOX4/ROS/p38 MAPK通路导致心肌氧化

应激纤维化，有望提供新的治疗靶点[26]。多巴胺D4受体

通过降低p38 MAPK/NOX4轴相关氧化应激来减慢腹主

动脉瘤的生长趋势[27]。然而，目前尚无此通路在保护子

宫内膜损伤中的作用的相关研究。本研究证实，H2O2刺

激的HESCs损伤状态下其p38 MAPK和NOX4表达明显上

调，而通过给予槲皮素治疗后，可明显降低p38 MAPK和

NOX4的表达。这提示槲皮素在一定程度上可以抑制p38

MAPK和NOX4的表达，进而通过抗氧化作用保护H2O2诱

导的人子宫内膜基质细胞氧化应激损伤。

综上所述，本研究明确了槲皮素在保护子宫内膜基

质细胞免受氧化损伤中的作用，其机制可能与减少ROS

过量累积以及通过抑制p38 MAPK/NOX4信号通路有

关。因此，槲皮素可能成为子宫内膜基质细胞的保护药

物，并有望为子宫内膜损伤及其相关疾病的临床治疗提

供新的途径。但本研究主要集中于槲皮素对氧化应激损

伤的保护作用，而对于槲皮素在子宫内膜基质细胞中的

全面作用了解可能存在不足，需要进一步探讨。

*　　　　*　　　　*

作者贡献声明　陈秀楠负责正式分析、初稿写作和审读与编辑写作，王

瑞琦负责正式分析、可视化和初稿写作，单红英负责提供资源和监督指

导，周平负责数据审编、研究方法、提供资源和审读与编辑写作，李蓉负

责论文构思、经费获取、监督指导和审读与编辑写作。所有作者已经同

意将文章提交给本刊，且对将要发表的版本进行最终定稿，并同意对工

作的所有方面负责。

Author Contribution　 CHEN Xiunan is responsible for formal analysis,

writing--original draft, and writing--review and editing. WANG Ruiqi is

responsible for formal analysis, visualization, and writing--original draft.

SHAN Hongying is responsible for resources and supervision. ZHOU Ping

is responsible for data curation, methodology, resources, and writing--

review and editing. LI Rong is responsible for conceptualization, funding

acquisition, supervision, and writing--review and editing. All authors

consented to the submission of the article to the Journal. All authors

approved the final version to be published and agreed to take responsibility

for all aspects of the work.

利益冲突　人子宫内膜基质细胞系为厦门大学医学与生命科学学院王

海滨教授馈赠。除此之外，所有作者均声明不存在利益冲突。

Declaration of Conflicting Interests　Human endometrial stromal cells

(hESCs) used in the study were donated by Professor WANG Haibin from

the School of Medicine and Life Sciences, Xiamen University. Other than

this, all authors declare no competing interests.

参　考　文　献 

 FORMAN H J, ZHANG H. Targeting oxidative stress in disease: promise

and limitations of antioxidant therapy. Nat Rev Drug Discov, 2021, 20(9):

689–709. doi: 10.1038/s41573-021-00233-1.

[1]

 DERYABIN P I, BORODKINA A V. Stromal cell senescence contributes

to impaired endometrial decidualization and defective interaction with

trophoblast cells. Hum Reprod, 2022, 37(7): 1505–1524. doi: 10.1093/

humrep/deac112.

[2]

  SREERANGARAJA URS D B, WU W H, KOMRSKOVA K, et al .

Mitochondrial  function in modulat ing human granulosa cel l

steroidogenesis and female fertility. Int J Mol Sci, 2020, 21(10): 3592. doi:

10.3390/ijms21103592.

[3]

 SCUTIERO G, IANNONE P, BERNARDI G, et al. Oxidative stress and

endometriosis: a systematic review of the literature. Oxid Med Cell

Longev, 2017, 2017: 7265238. doi: 10.1155/2017/7265238.

[4]

 SINGH P, ARIF Y, BAJGUZ A, et al. The role of quercetin in plants. Plant

Physiol Biochem, 2021, 166: 10–19. doi: 10.1016/j.plaphy.2021.05.023.

[5]

  NGUYEN T L A, BHATTACHARYA D. Antimicrobial activity of

quercetin: an approach to its mechanistic principle. Molecules, 2022,

27(8): 2494. doi: 10.3390/molecules27082494.

[6]

 Di PETRILLO A, ORRÙ G, FAIS A, et al. Quercetin and its derivates as

antiviral potentials: a comprehensive review. Phytother Res, 2022, 36(1):

266–278. doi: 10.1002/ptr.7309.

[7]

 XU D, HU M J, WANG Y Q, et al. Antioxidant activities of quercetin and

its complexes for medicinal application. Molecules, 2019, 24(6): 1123. doi:

10.3390/molecules24061123.

[8]

 SHEN P, LIN W, DENG X, et al. Potential implications of quercetin in

autoimmune diseases. Front Immunol, 2021, 12: 689044. doi: 10.3389/

fimmu.2021.689044.

[9]

 HOSSEINI A, RAZAVI B M, BANACH M, et al. Quercetin and metabolic

syndrome: a review. Phytother Res, 2021, 35(10): 5352–5364. doi: 10.

1002/ptr.7144.

[10]

 FOROUZANFAR F, TABATABAEI Z, EMAMI S A, et al. Protective

effects of fruit extract of Rosa canina and quercetin on human umbilical

vein endothelial cell injury induced by hydrogen peroxide. Food Sci Nutr,

2023, 11(12): 7618–7625. doi: 10.1002/fsn3.3681.

[11]

 KONDO-KAWAI A, SAKAI T, TERAO J, et al. Suppressive effects of

quercetin on hydrogen peroxide-induced caveolin-1 phosphorylation in

endothelial cells. J Clin Biochem Nutr, 2021, 69(1): 28–36. doi: 10.3164/

jcbn.20-190.

[12]

 WU Y, LI M, ZHANG J, et al. Unveiling uterine aging: much more to[13]

第 3 期 陈秀楠等: 槲皮素通过抑制p38 MAPK/NOX4信号通路减轻H2O2诱导的人子宫内膜基质细胞氧化应激损伤 557  

https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1093/humrep/deac112
https://doi.org/10.1093/humrep/deac112
https://doi.org/10.1093/humrep/deac112
https://doi.org/10.3390/ijms21103592
https://doi.org/10.3390/ijms21103592
https://doi.org/10.1155/2017/7265238
https://doi.org/10.1155/2017/7265238
https://doi.org/10.1155/2017/7265238
https://doi.org/10.1016/j.plaphy.2021.05.023
https://doi.org/10.1016/j.plaphy.2021.05.023
https://doi.org/10.1016/j.plaphy.2021.05.023
https://doi.org/10.3390/molecules27082494
https://doi.org/10.3390/molecules27082494
https://doi.org/10.1002/ptr.7309
https://doi.org/10.1002/ptr.7309
https://doi.org/10.3390/molecules24061123
https://doi.org/10.3390/molecules24061123
https://doi.org/10.3389/fimmu.2021.689044
https://doi.org/10.3389/fimmu.2021.689044
https://doi.org/10.3389/fimmu.2021.689044
https://doi.org/10.1002/ptr.7144
https://doi.org/10.1002/ptr.7144
https://doi.org/10.1002/ptr.7144
https://doi.org/10.1002/fsn3.3681
https://doi.org/10.1002/fsn3.3681
https://doi.org/10.3164/jcbn.20-190
https://doi.org/10.3164/jcbn.20-190
https://doi.org/10.3164/jcbn.20-190
https://doi.org/10.3164/jcbn.20-190
https://doi.org/10.3164/jcbn.20-190


learn. Ageing Res Rev, 2023, 86: 101879. doi: 10.1016/j.arr.2023.101879.

  GAO Y, LI J, WANG J, et al .  Ginsenoside Rg1 prevent and treat

inflammatory diseases: a review. Int Immunopharmacol, 2020, 87:

106805. doi: 10.1016/j.intimp.2020.106805.

[14]

 MERESMAN G F, GÖTTE M, LASCHKE M W. Plants as source of new

therapies for endometriosis: a review of preclinical and clinical studies.

Hum Reprod Update, 2021, 27(2): 367–392. doi: 10.1093/humupd/

dmaa039.

[15]

 ALIZADEH S R, EBRAHIMZADEH M A. Quercetin derivatives: drug

design, development, and biologicalactivities, a review. Eur J Med Chem,

2022, 229: 114068. doi: 10.1016/j.ejmech.2021.114068.

[16]

 REYES-FARIAS M, CARRASCO-POZO C. The anti-cancer effect of

quercetin: molecular implications in cancer metabolism. Int J Mol Sci,

2019, 20(13): 3177. doi: 10.3390/ijms20133177.

[17]

 RICHE K, LENARD N R. Quercetin’s effects on glutamate cytotoxicity.

Molecules, 2022, 27(21): 7620. doi: 10.3390/molecules27217620.

[18]

 FENG Q, YANG Y, QIAO Y, et al. Quercetin ameliorates diabetic kidney

injury by inhibiting ferroptosis via activating Nrf2/HO-1 signaling

pathway. Am J Chin Med, 2023, 51(4): 997–1018. doi: 10.1142/S0192415X2

3500465.

[19]

 XU J, TAN Y L, LIU Q Y, et al. Quercetin regulates fibrogenic responses

of endometrial stromal cell by upregulating miR-145 and inhibiting the

TGF-β1/Smad2/Smad3 pathway. Acta Histochem, 2020, 122(7): 151600.

doi: 10.1016/j.acthis.2020.151600.

[20]

 ZHANG L, MOHANKUMAR K, MARTIN G, et al. Flavonoids quercetin

and kaempferol are NR4A1 antagonists and suppress endometriosis in

female mice. Endocrinology, 2023, 164(10): bqad133. doi: 10.1210/

endocr/bqad133.

[21]

 LIN X, DAI Y, TONG X, et al. Excessive oxidative stress in cumulus

granulosa cells induced cell senescence contributes to endometriosis-

associated infertility. Redox Biol, 2020, 30: 101431. doi: 10.1016/j.redox.

[22]

2020.101431.

 PEÑUELAS-HARO I, ESPINOSA-SOTELO R, CROSAS-MOLIST E, et

al .  The NADPH oxidase NOX4 regulates redox and metabolic

homeostasis preventing HCC progression. Hepatology, 2023, 78(2):

416–433. doi: 10.1002/hep.32702.

[23]

 PARK M W, CHA H W, KIM J, et al. NOX4 promotes ferroptosis of

astrocytes by oxidative stress-induced lipid peroxidation via the

impairment of mitochondrial metabolism in Alzheimer’s diseases. Redox

Biol, 2021, 41: 101947. doi: 10.1016/j.redox.2021.101947.

[24]

 HUANG Y, CAI G Q, PENG J P, et al. Glucocorticoids induce apoptosis

and matrix metalloproteinase-13 expression in chondrocytes through the

NOX4/ROS/p38 MAPK pathway. J Steroid Biochem Mol Biol, 2018, 181:

52–62. doi: 10.1016/j.jsbmb.2018.03.001.

[25]

 WU M, XING Q, DUAN H, et al. Suppression of NADPH oxidase 4

inhibits PM2. 5-induced cardiac fibrosis through ROS-P38 MAPK

pathway. Sci Total Environ, 2022, 837: 155558. doi: 10.1016/j.scitotenv.

2022.155558.

[26]

 LIU X, GUO Y, YANG Y, et al. DRD4 (dopamine D4 receptor) mitigate

abdominal aortic aneurysm via decreasing P38 MAPK (mitogen-activated

protein kinase)/NOX4 (NADPH Oxidase4) axis-associated oxidative

s t r e s s .  H y p e r t e n s i o n ,  2 0 2 1 ,  7 8 ( 2 ) :  2 9 4 – 3 0 7 .  d o i :  1 0 . 1 1 6 1 /

HYPERTENSIONAHA.120.16738.

[27]

（2024 − 01 − 29收稿，2024 − 05 − 08修回）　

编辑　余　琳　

开放获取　本文使用遵循知识共享署名—非商业性使用

4.0国际许可协议（CC BY-NC 4.0），  详细信息请访问

https://creativecommons.org/licenses/by/4.0/。

OPEN ACCESS　This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 《四川大学学报（医学版）》编辑部　版权所有

Editorial Office of Journal of Sichuan University (Medical Science)

 558 四川大学学报（医学版） 第 55卷

https://doi.org/10.1016/j.arr.2023.101879
https://doi.org/10.1016/j.arr.2023.101879
https://doi.org/10.1016/j.intimp.2020.106805
https://doi.org/10.1016/j.intimp.2020.106805
https://doi.org/10.1093/humupd/dmaa039
https://doi.org/10.1093/humupd/dmaa039
https://doi.org/10.1093/humupd/dmaa039
https://doi.org/10.1016/j.ejmech.2021.114068
https://doi.org/10.1016/j.ejmech.2021.114068
https://doi.org/10.3390/ijms20133177
https://doi.org/10.3390/ijms20133177
https://doi.org/10.3390/molecules27217620
https://doi.org/10.3390/molecules27217620
https://doi.org/10.1142/S0192415X23500465
https://doi.org/10.1142/S0192415X23500465
https://doi.org/10.1142/S0192415X23500465
https://doi.org/10.1016/j.acthis.2020.151600
https://doi.org/10.1016/j.acthis.2020.151600
https://doi.org/10.1210/endocr/bqad133
https://doi.org/10.1210/endocr/bqad133
https://doi.org/10.1210/endocr/bqad133
https://doi.org/10.1016/j.redox.2020.101431
https://doi.org/10.1016/j.redox.2020.101431
https://doi.org/10.1016/j.redox.2020.101431
https://doi.org/10.1002/hep.32702
https://doi.org/10.1002/hep.32702
https://doi.org/10.1016/j.redox.2021.101947
https://doi.org/10.1016/j.redox.2021.101947
https://doi.org/10.1016/j.redox.2021.101947
https://doi.org/10.1016/j.jsbmb.2018.03.001
https://doi.org/10.1016/j.jsbmb.2018.03.001
https://doi.org/10.1016/j.scitotenv.2022.155558
https://doi.org/10.1016/j.scitotenv.2022.155558
https://doi.org/10.1016/j.scitotenv.2022.155558
https://doi.org/10.1161/HYPERTENSIONAHA.120.16738
https://doi.org/10.1161/HYPERTENSIONAHA.120.16738
https://doi.org/10.1161/HYPERTENSIONAHA.120.16738
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 材料与方法
	1.1 细胞
	1.2 主要药品及试剂
	1.3 细胞活力检测
	1.4 细胞内ROS的检测
	1.5 流式细胞术检测细胞凋亡比例
	1.6 线粒体膜电位评估
	1.7 Western blot检测HESCs NOX4、p38 MAPK及磷酸化p38 MAPK（p-p38 MAPK）相对表达量
	1.8 统计学方法

	2 结果
	2.1 槲皮素预处理改善H2O2诱导的HESCs活力下降和凋亡
	2.2 槲皮素减轻H2O2诱导的HESCs氧化应激
	2.3 槲皮素对H2O2诱导的HESCs线粒体损伤的保护作用
	2.4 槲皮素降低HESCs中NOX4、p38 MAPK及p-p38 MAPK蛋白的相对表达量

	3 讨论
	参考文献

