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Abstract— Recently, research has focused on mesenchymal stromal cells (MSCs) as one of the most important therapeutic 

products, which have been effectively used in the treatment of many diseases. However, the functionality and longevity of in 

vitro expanded MSCs are greatly affected by oxidative stress. Moreover, most of the transplanted MSCs are lost in few days 

following transplantation, due to the hypoxia and the presence of oxygen-free radicals in the transplant recipient, that increase 

aging factors. Therefore, strategies that protect MSCs from apoptosis and increase their resistance to oxidative stress are 

required for optimizing MSC‑based therapy. It has been shown recently that some plant compounds can protect MSC from 

oxidative stress. Therefore, the present review highlights the role of medicinal plants in modulating oxidative stress in MSC. We 

hope that this review will provide additional information that will facilitate and improve MSC-based therapies. 
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1. Introduction  
 

Mesenchymal stromal cells (MSCs) are described as cells 

capable of forming colonies with fibroblast-shaped cells in 

culture [1].  

 

Minimal criteria were proposed by The International Society 

for Cellular Therapy (ISCT) to identify human MSC: 

adhering to plastic surfaces, expression of CD105, CD90 and 

CD73, lack expression of CD45, CD34, CD19 or CD79a, 

CD11b or CD14 and HLA-DR surface molecules; and the 

ability to differentiate into adipocytes, chondroblasts and 

osteoblasts in vitro [2]. 

 

MSCs are easy to isolate from human donors or patients, and 

the MSCs culture can be rapidly expanded for ≥30 population 

doublings. Moreover, the differentiation of MSCs is simple 

under specific conditions. Due to these properties, MSCs 

have been widely used in therapeutic applications [3].  

 

The use of MSC in therapeutic applications requires in vitro 

expansion to obtain sufficient cell numbers for treatment [1]. 

However, the longevity and functionality of in vitro expanded 

MSCs are greatly affected by oxidative stress (OS) [4]. 

Excessive reactive oxygen species (ROS) can cause oxidative 

damage to DNA in MSCs, thereby affecting cell adhesion, 

migration and proliferation [5], decrease MSC 

immunomodulation, and induce senescence [4]. Moreover, 

most of the transplanted MSCs are lost in few days following 

transplantation, due to the hypoxia and the presence of 

oxygen-free radicals in the transplant recipient, that increase 

aging factors and lead to apoptosis [6].  
 

Therefore, strategies to protect MSCs from apoptosis and 

enhance their ability to counter oxidative stress are important 

for optimizing MSC‑based therapy [7]. A new method under 

consideration is to precondition cells with different substrates 

with affinity for MSCs. One such method is the use of 

medicinal plants that have antioxidant activities [8]. 

Therefore, the present review highlights the role of medicinal 

plants in modulating oxidative stress in MSC.  

 

2. Related Work  
 

A previous review discussed the effect of oxidative stress on 

Leydig cells and the effects of different plant extracts on TM3 

Leydig cells [9]. 
 

A previous study discussed the anti-oxidant effects of various 

plant extracts against H2O2-induced oxidative stress in both 

in-vitro and in-vivo models [10]. 
 

A previous study compiled the results of interesting studies 

that used cancer cell line models to evaluate the effects of 

plant-derived compounds in modulating oxidative stress [11]. 
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3. Methodology 

 

Data was obtained from online search using the keywords 

‘mesenchymal stem/stromal cells’, ‘oxidative stress’, ‘plant 

extracts’, ‘plant derived compounds’, using online databases 

such as Google Scholar and PubMed.  

 

4. Oxidative stress 

 

Oxidative stress (OS) occurs due to an imbalance between 

oxidant and antioxidant compounds. Oxidant compounds 

include ROS, reactive sulfur species and reactive nitrogen 

species [12]. The generation of ROS in the body plays a key 

role in cellular signaling process. But when large amounts of 

ROS and free radicals are generated without any 

neutralization, oxidative damage to DNA, lipids and proteins 

occurs [13].  

 

Superoxide anion, hydrogen peroxide and hydroxyl radical 

are the main types of ROS that react with macromolecules, 

causing cell dysfunction and tissue damage [14]. The 

reduction of intracellular ROS is regulated by the antioxidant 

defense mechanisms such as superoxide dismutases, 

glutathione peroxidases and catalases. The SOD enzyme 

plays an important role in eliminating ROS as it reduces 

superoxide (O2) to form hydrogen peroxide (H2O2). CAT 

enzyme catalyzes the breakdown of H2O2 produced by SOD 

into water and oxygen, protecting cells from the harmful 

effects of H2O2 [12]. However, in some cases, the 

antioxidant system may not be sufficient to maintain a redox 

balance and will easily reach saturation, causing permanent 

genomic damage and toxicity [11].  

 

5. Induction of oxidative stress 
 

Many compounds are used to induce oxidative stress in vitro, 

such as hydrogen peroxide (H2O2), tert-Butyl hydroperoxide 

(t-BHP), Monosodium iodoacetate (MIA) and hydroquinone 

[15]. The main harmful effects are caused by hydroxyl radical 

(OH·) produced by H2O2 and superoxide species (O2ˉ) 

produced in the presence of a redox active transition metal. 

H2O2 caused a decrease in cell viability by increasing the 

production of intracellular ROS, resulting in DNA damage 

and apoptosis [16]. t-BHP has been widely used as model 

inducer of oxidative stress in a many systems [17].  

 

tBHP has two metabolic pathways, both cause oxidative 

stress. The first is provided by cytochrome P450 and leads to 

the generation of peroxyl and alkoxyl radicals. Another 

pathway uses glutathione peroxidase. tBHP is detoxified to 

tert-butanol and GSH is depleted to GSSG -its disulphide 

form- by oxidation [18]. MIA enhances the level of ROS and 

thus causes membrane potential changes, upregulates 

caspase-3 activity and enhances cytochrome c release which 

ultimately leads to apoptosis [15]. Hydroquinone can also 

redox cycle with its semiquinone radical and produce ROS. 

Hydroquinone cause cytotoxicity, immunotoxicity, and 

carcinogenicity, in addition to being immunosuppressive 

upon prolonged exposure. It also increases apoptosis, 

damages cellular molecules and increases oxidative stress 

[19]. 

 

6. Medicinal plants 
Medicinal plants have been used for therapeutic purposes 

since ancient times [20]. Plants are important sources of 

antioxidants [21]. Recent studies have shown that plants can 

protect cells from oxidative stress, directly through 

antioxidant activity and/or by regulating the levels of 

endogenous antioxidant enzymes [22]. As seen in (figure 1), 

the number of publications, in the PubMed search on the 

effects of medicinal plants in modulating oxidative stress, has 

increased markedly over the past 10 years. This demonstrates 

the interest given to the study of bioactive compounds from 

plants and oxidative stress [11]. 

 

 
Figure 1. Number of publications related with plant extracts, oxidative stress 

 

Polyphenols are secondary metabolites in plants. These plant-

derived compounds have antioxidant effects that affect 

apoptosis and cell proliferation [23]. Therefore, oxidative 

stress in MSCs can be prevented by preconditioning with 

various plant-derived products [24]. Some of medicinal plants 

and plant derived products that can modulate oxidative stress 

in MSC are presented in table (1) and table (2). 
 

Table 1. Some medicinal plants that protect MSCs from oxidative stress 

Specie/ 

Family 
Extract 

Ox. 

Ag 

MSC 

source 
Effects Ref 

Cirsium 
setidens/ 

Asteraceae 

water  H2O2 
hADMSC

s 

The extract 

suppressed ROS 
production and 

increased MSCs 

survival  

[3] 

Sarcandra 

glabra/ 

Chloranthacea

e 

ethanoli

c  

FeCl

2 

plus 

H2O2 

rBMSCs  

(Sprague-

Dawley 

rats) 

The extract increased 

the survival of MSCs 

and prevented 

oxidative stress 

[25

] 

Plastrum 

testudinis/ 

Testudinidae 

ethanoli

c  
H2O2 

rBMSCs  

(Sprague-

Dawley 

rats) 

The extract repaired 

oxidative damage, 

and reduced LPO 

[26

] 

Cladophora 

glomerata/ 

Cladophoracea
e 

methano

lic  
H2O2 eADMSC 

The extract 

decreased oxidative 

stress, increased the 

antioxidant enzymes 
activities, and 

improved viability 

[27

] 

Mori fructus- 

Mori ramulus/ 

Moraceae 

aqueous  

FeCl

2 

plus 

H2O2 

rBMSCs 

The extracts 

protected MSCs 

from •OH-induced 

damage 

[4] 

Ginkgo biloba/ 

Ginkgoaceae 
- H2O2 rBMSCs 

The extract 

decreased cell death 

and reversed 

oxidative stress in 
diabetic rats 

[28

] 
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Ginkgo biloba/ 

Ginkgoaceae 
- H2O2 rBMSCs 

The extract 

decreased oxidative 

stress and increased 

the survival rate of 

MSCs 

transplantation 

[29

] 

Aesculus 

indica/ 

Sapindaceae 

methano

lic  
 MIA hADMSC 

The extract rescued 

MSCs against 
oxidative stress, 

enhanced viability, 

proliferation, 

reduced LDH 

activity and ROS 

release, and 

improved cell 

migration and SOD 
activity 

[8] 

Daphne 

mucronata/ 

Thymelaeacea

e 

methano

lic  
MIA hADMSC 

The extract increased 

the viability and 

proliferative of 

MSCs, decreased the 

LDH, ROS and 

increased SOD 

activity 

[15

] 

Ginger/ 
Zingiberaceae 

alcoholi
c  

H2O2 
rBMSC/ 

hADMSC 

The extract increased 

the bioavailability of 
MSC and decreased 

apoptosis  

[6] 

encapsulated 

nanocurcumin-

PEGOA/ 

Zingiberaceae 

- 

hydro

quino

ne 

hBMSCs 

It improved the 

viability, reduced 

ROS, and the extent 

of LPO and 

increased the 

expression of CAT 

and hemeoxygenase-
1 

[13

] 

Curcumin/ 

Zingiberaceae 
- H2O2 hADMSC 

The extract 

attenuated the 

oxidative stress 

[30

] 

Mixture of 

vitamin D, 

lactobasillus 

rhamnosus, 

ginger, 

curcumin and 
Boswellia 

extract/ 

ginger, 

curcumin 

(Zingiberaceae

)Boswellia 

(Burseraceae) 

- H2O2 hBMSCs 
The extract reduced 

oxidative stress  
[31
] 

Strawberry-

Derived 
Exosome-Like 

Nanoparticles/

Rosaceae 

- H2O2 hADMSC 

They improved MSC 

survival and 
prevented oxidative 

stress 

[32
] 

Ox. Ag: oxidizing agent; rBMSCs: rat Bone Marrow Mesenchymal Stromal 

Cells, hBMSCs: Human Bone Marrow Mesenchymal Stromal Cells, 

hADMSC: Human adipose tissue-derived MSCs, eADMSC: equine adipose 
mesenchymal stromal cells, MIA: monosodium iodoacetate, LDH: lactate 

dehydrogenase, LPO: lipid peroxidation, CAT: catalase, SOD: superoxide 

dismutase. 
 

Table 2. Plant derived compounds that modulate oxidative stress in MSCs 

Compound/ 

class 

Species/ 

family 

Ox. 

Ag 

MSC 

source 
Effects Ref 

Lycopene/ 

carotenoid 

tomatoes/ 

Solanacea

e 

H2O2 hADMSC 

The compound 
increased 

manganese SOD 

expression, 

decreased ROS 

levels and 

attenuated 

apoptosis 

[33

] 

hydroxysafflo
r yellow A/ 

flavonoid 

safflower 

(Cartham
us 

tinctorius 

β-

merc
aptoe

thano

MSC 

The compound 

improved 
viability, 

maintained high 

[34
] 

L.)/ 

Composit

ae 

l level of SOD and 

GSH, reduced 

apoptosis and 

improved the ratio 

of Bcl/Bax 

Leonurine/ 

alkaloid 

Herba 

leonuri 
(traditiona

l Chinese 

medicine) 

H2O2 

rBMSCs 
(Sprague-

Dawley 

rats) 

The compound 

decreased 

apoptosis, ROS, 
COX2 and NOX4 

levels and 

enhanced the 

differentiation 

ability  

[35

] 

Naringin/ 

flavonoid 

glycoside 

rhizoma 

drynariae/ 

Polypodia
ceae 

H2O2 hADMSC 

Naringin 

increased 

viability, reduced 

cytotoxicity and 
reversed oxidative 

stress 

[36

] 

Berberine/ 

alkaloid 

Chinese 

herb 

Huanglian 

H2O2 

rBMSCs 

(Sprague-

Dawley 

rats) 

The compound 

decreased 

apoptosis, ROS 

production and 

increased SOD 

activity 

[37

] 

Saponins/ 

saponin 

Tribulus 
terrestris/ 

Zygophyll

aceae 

H2O2 ADMSCs 

The compound 

prevented 
apoptosis and 

protected MSCs 

against oxidative 

stress 

[38

] 

a member of 

phytophenol 

family 

Maclura 

tinctoria 

/Moraceae 

Fento

n 

syste

m 

(Fe+
2+ 

H2O2

) 

rMSC 

The compound 

protected DNA 

and MSCs against 

OH-induced 
damages  

[5] 

Artemisinin/ 

sesquiterpene 
endoperoxide 

Artemisia 

annua/Ast
eraceae 

H2O2

. 

rBMSCs  

(Sprague-
Dawley 

rats) 

The compound 

improved MSC 

survival, 

decreased 

apoptosis, ROS 

production, 
Caspase 3 

activation, LDH 

release and 

increased 

antioxidant 

enzyme activities  

[39
] 

Gigantol/ 

biphenolic 
compound 

 

stem of 

Dendrobi

um 
aurantiac

um 

/Orchidac

eae 

H2O
2 

rBMSCs  

(Sprague-
Dawley 

rats) 

The compound 
inhibited 

apoptosis 

[40
] 

Geraniin/ 

Ellagitannin 

 

Geranium 

sibiricum 

/Geraniac

eae 

H2O

2 

rBMSCs  

(Sprague-

Dawley 

rats) 

The compound 

promoted MSC 

survival, reduced 

ROS production 

and maintained 
mitochondrial 

function 

[7] 

Rosmarinic 

acid/ 

phenolic 

compound 

Blechnum 

binervatu

m 

/Blechnac

eae 

H2O

2 
TMSC 

The compound 

increased the 

viability and 

reduced 

cytotoxicity 

[41

] 

Epigallocatec

hin-3-gallate/ 
polyphenolic 

compound 

- 
H2O

2 
 

hBMSCs 

The compound 

prevented 

oxidative stress-
induced cellular 

senescence in 

MSCs 

[42
] 

Quercetin/ 

flavonoids 
- tBHP 

rNPMSCs 

(Sprague-

Dawley 

The compound 

reduced oxidative 

stress-induced 

[43

] 
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rats) senescence 

Chlorogenic 

acid/ quinic 

acids and 

derivatives 

- 
H2O

2 

rBMSCs  

(Sprague 

Dawley 

rats) 

The compound 

protected MSCs 

against apoptosis 

and oxidative 

stress 

[44

] 

7β-13-

dihydroxypod

ocarpa-

8,11,13-trien-
15-oic acid/ 

abietic acid/ 

Ι. Tricyclic 

diterpenes 

The resin 

from 

Daemono
rops 

draco/Ast

erecaceae 

tBHP MSC 

It decreased 

apoptosis and 
showed good 

recovery against 

oxidative stress 

[24
] 

Eudesmane 

and 

Eremophilane

/Ⅱ.esquiterpe
nes 

Alpinia 

oxyphylla 

Fruits/ 

Zingibera
ceae 

tBHP 
mADMS

C 

The treatment 

reverted the 

damage of tBHP 

on MSCs and 

improved the 
viability 

[45

] 

Ox. Ag: oxidizing agent; rBMSCs: rat Bone Marrow Mesenchymal Stromal 

Cells, hBMSCs: Human Bone Marrow Mesenchymal Stromal Cells, 

rNPMSCs: rat nucleus pulposus-derived mesenchymal stromal cell, 
hADMSC: Human adipose tissue-derived MSCs, TMSC: Teeth 

Mesenchymal Stromal Cells, mADMSCs: mice adipose mesenchymal 

stromal cells, tBHP: tert-butyl hydroperoxide, LDH: lactate dehydrogenase. 
 

7. What is the mechanism of action of medicinal 

plants in modulating oxidative stress in 

MSCs? 
 

Most medicinal plants have been used for therapeutic 

purposes, but the precise mechanism of action on MSCs has 

been proven for only a few plant extracts [2]. It has been 

reported that the protection against oxidative stress is due to 

the ROS-scavenging effect (especially •OH scavenging) of 

phytochemicals [4].  

 

However, several signaling pathways have been indicated as 

being involved in the mechanism of action, such as miR-

34a/SIRT1 [43], mitogen-activated protein kinase (MAPK) 

[29], c-Raf-Erk1/2-p90rsk-CREB [39], Nuclear Factor kappa-

light-chain-enhancer of activated B cells (NF-κB) [8], 

phosphoinositide 3-kinase (PI3K) [44], PI3K/Akt [7, 33, 40], 

PI3K/Akt/mTOR pathways [35]. 

 

Nuclear factor‑erythroid 2-related factor 2 (Nrf2) and 

p53/p21 have also been reported to be involved in the 

protective effect against oxidative stress-induced hMSCs 

senescence [42]. In addition, there is indication that FOXO 

subfamily (FOXO1, FOXO3, FOXO4, and FOXO6) 

represent main downstream targets of the PI-3K/AKT 

pathway in response to apoptotic stimulation, which is 

associated with inactivation of pro-apoptotic proteins and 

attenuation of ROS increase. A previous study suggested that 

chlorogenic acid can suppress the ROS increase by activation 

of Akt phosphorylation, and increase FOXO family genes and 

the expression of anti-apoptotic protein (Bcl-2) in MSCs 

cultured under oxidative stress [44].  

 

8. Conclusion 
 

Generally, this review showed that plant extracts and plant 

derived compounds can modulate the oxidative stress in 

MSCs. Although there are many studies that have identified 

the molecular pathways involved in the mechanism of action 

of plant compounds, further studies are still needed to 

precisely determine the mechanism and the optimal dosage of 

natural compounds, and also to prove these effects in vivo 

through clinical trials. We hope that this review will provide 

useful information that will improve MSC-based therapy.  

 

Data Availability 

Data are available from the corresponding author upon 

demand. 

 

Statements & Declarations 

“The authors declare that no funds, grants, or other support 

were received during the preparation of this manuscript.” 

 

Author’s Contribution 

The idea for the article was suggested by Dr. Ruba joujeh. 

The literature search was performed by Dr. Dima joujeh. 

Data analysis was performed by Dr. Ruba joujeh and Dr. 

Dima joujeh. 

 

Conflict of interest 

The authors declare no conflict of interest. 
 

References 

 
[1]. D Joujeh, A Ghrewaty, C Soukkarieh, A Almarrawi, J Darwicha. 

“An optimized protocol for mouse bone marrow mesenchymal 

stromal cells isolation and culture”. Cell Th er Transplant, Vol.10, 

Issue.3-4, pp.61-70, 2021. doi: 10.18620/ctt-1866-8836-2021-10-3-

4-61-70. 

[2]. B. Saud, R. Malla, and K. Shrestha, “A Review on the Effect of 

Plant Extract on Mesenchymal Stem Cell Proliferation and 

Differentiation”, Stem Cells Int., Vol.2019, ID. 7513404, pp.1–13, 

2019. Doi: doi.org/10.1155/2019/7513404. 

[3]. J Lee, H Jung, Y Han, Y Yoon, C Yun, H Sun, H Cho and S Lee. 

“Antioxidant effects of Cirsium setidens extract on oxidative stress 

in human mesenchymal stem cells,” Mol. Med. Rep., Vol.14, 

pp.3777–3784, 2016. 

[4]. Q Jiang, X Li, Y Tian, Q Lin, H Xie, W Lu, Y Chi and D Chen. 

“Lyophilized aqueous extracts of Mori Fructus and Mori Ramulus 

protect Mesenchymal stem cells from • OH – treated damage: 

bioassay and antioxidant mechanism”, BMC Complement. Altern. 

Med., Vol.17, Issue.242, pp.1–11, 2017. Doi: 10.1186/s12906-017-

1730-3. 

[5]. 5. X Li, Y Gao, F Li, A Liang, Z Xu, Y Bai, W Mai, et al., 

“Maclurin protects against hydroxyl radical-induced damages to 

mesenchymal stem cells: Antioxidant evaluation and mechanistic 

insight”. Chemico-Biological Interactions, Vol.219, pp.221-228, 

2014. Doi: doi.org/10.1016/j.cbi.2014.06.014. 

[6]. S Dehghani, L Rouhi, N Ziya Jahromi, R Dehghani, Kh Khashei 

Varnamkhasti. “The Antioxidant Effects of Ginger Extract on 

Bioavailability and Oxidative Stress-induced Apoptosis in 

Mesenchymal Stem Cells of Human Adipose Tissue and Rat Bone 

Marrow”. Journal of Arak University of Medical Sciences. Vol.24, 

Issue.2, pp.216-229, 2021. Doi: doi.org/10.32598/ 

JAMS.24.2.6146.4. 

[7]. D Huang, L Yin, X Liu, B Lv, Z Xie, X Wang, B Yu, and Y Zhang. 

“Geraniin protects bone marrow - derived mesenchymal stem cells 

against hydrogen peroxide - induced cellular oxidative stress in 

vitro,” Int. J. Mol. Med., Vol.41, pp.739–748, 2018. DOI: 

10.3892/ijmm.2017.3276. 

[8]. H Khawaja, N Fazal, F Yaqub, MR Ahmad, M Hanif, MA Yousaf, 

N Latief. “Protective and proliferative effect of Aesculus indica 

extract on stressed human adipose stem cells via downregulation of 

https://www.sciencedirect.com/topics/chemistry/abietic-acid
file://///topics/agricultural-and-biological-sciences/daemonorops
file://///topics/agricultural-and-biological-sciences/daemonorops
https://doi.org/10.1155/2019/7513404
https://www.sciencedirect.com/journal/chemico-biological-interactions/vol/219/suppl/C
https://doi.org/10.1016/j.cbi.2014.06.014


 Int. J. Sci. Res. in Biological Sciences                                                                                                       Vol.10, Issue.5, Oct 2023   

© 2023, IJSRBS All Rights Reserved                                                                                                                                             27 

NF-κB pathway”. PLoS ONE, vol.  16, issue. 10, pp. 1-17, 2021. 

Doi: doi.org/10.1371/journal. pone.0258762. 

[9]. E Monageng, U Offor, N Takalani, K Mohlala and C Opuwari, “A 

Review on the Impact of Oxidative Stress and Medicinal Plants on 

Leydig Cells,” antioxidants, Vol.12, Issue.1559, pp.1-29, 2023. 

Doi: doi.org/10.3390/antiox12081559. 

[10]. H Kumar, R Dhalaria, S Guleria, R Cimler, R Sharma, S Siddiqui, 

“Anti-oxidant potential of plants and probiotic spp. in alleviating 

oxidative stress induced by H2O2” Oxid. Med. Cell. Longev., ID 

4586068, pp. 1–9, 2017. Doi: doi.org/10.1155/2017/4586068. 

[11]. M Vallejo, L Salazar, and M Grijalva, “Oxidative Stress 

Modulation and ROS-Mediated Toxicity in Cancer: A Review on 

In Vitro Models for Plant-Derived Compounds,” Oxid. Med. Cell. 

Longev., ID 4586068, pp.1–9, 2017. Doi: 

doi.org/10.1155/2017/4586068. 

[12]. N shakerinasab, M Bejeshk, H Pourghadamyari, H Najafipour, M 

Eftekhari, J Mottaghipisheh, N Omidifar, M Azizi, M Rajizadeh 

and A Doustimotlagh, “The Hydroalcoholic Extract of Nasturtium 

officinale Reduces Lung Inflammation and Oxidative Stress in an 

Ovalbumin- Induced Rat Model of Asthma,” Evidence-Based 

Complement. Altern. Med., ID. 5319237, pp.1–10, 2022. Doi: 

doi.org/10.1155/2022/5319237. 

[13]. S Nazem, M Masoumi, N Amirizadeh, F Zolghadr, M 

Sadeghizadeh. “Protective Effect of Encapsulated Nanocurcumin- 

PEGOA against Oxidative Damage on Human Mesenchymal Stem 

Cells Exposed to Hydroquinone as a Risk Factor for Leukemia,” 

Multidiscip. Cancer Investig., Vol.1, Issue.1, pp.1–10, 2017. DOI: 

10.21859/mci-01011. 

[14]. A El-hady and N Aljalaud, “Therapeutic Effects of Olive Leaf 

Extract or Bone Marrow Mesenchymal Stem Cells against Lung 

Damage Induced In Male Albino Rats Exposed To Gamma 

Radiation,” Egypt. J. Hosp. Med., vol. 61, pp. 685–699, 2015. DOI: 

10.12816/0018770. 

[15]. N Fazal, H Khawajaa, N Naseera, A Khanb, and N Latief, “Daphne 

mucronata enhances cell proliferation and protects human adipose 

stem cells against monosodium iodoacetate induced oxidative 

stress in vitro,” Adipocyte, vol. 9, issue. 1, pp. 495–508, 2020. Doi: 

doi.org/10.1080/21623945.2020.1812242. 

[16]. E Shaker1 and S Mnaa, “Protective Effect of Some Local Plants 

against Oxidative Stress Caused by Hydrogen Peroxide,” J. 

Environ. Toxicol. Stud., vol. 1.1, pp. 1–4, 2017. doi: 

dx.doi.org/10.16966/2576-6430.104. 

[17]. P Kaur, G Kaur, M P Bansal, “Tertiary-butyl hydroperoxide 

induced oxidative stress and male reproductive activity in mice: 

Role of transcription factor NF-κB and testicular antioxidant 

enzymes”, Reproductive Toxicology, Vol. 22, Issue 3, pp. 479-484, 

2006. Doi: doi.org/10.1016/j.reprotox.2006.03.017. 

[18]. R Endlicher,
 
T Roušar,

 
H Lotková,

 
T Garnol,

 
Z Drahota, and Z 

Červinková “The Effect of tert-Butyl Hydroperoxide-Induced 

Oxidative Stress on Lean and Steatotic Rat Hepatocytes In Vitro” 

Oxidative Medicine and Cellular Longevity, Vol. 2014, ID 752506, 

2014. Doi: doi.org/10.1155/2014/752506. 

[19]. N Bhattarai, E Korhonen, M Toppila, A Koskela, K Kaarniranta, et 

al., Resvega Alleviates Hydroquinone-Induced Oxidative Stress in 

ARPE-19 Cells, Int. J. Mol. Sci. Vol. 21, issue. 6, 2020. Doi: 

doi.org/10.3390/ijms21062066. 

[20]. D Joujeh, R Lahdo, A Ghrewaty, “Evaluation of Hemolytic and 

Anti-Hemolytic Activity of the Aerial Parts of Sonchus Oleraceus 

Extracts” International Journal of Pharmaceutical Sciences and 

Nanotechnology, vol. 10, no 3, 2017. Doi: 

doi.org/10.37285/ijpsn.2017.10.3.7. 

[21]. Y Lai, H Li, S Yang, C Tu, H Cheng, and S Lan, “Food 

Supplement 20170307-EGR May Increase the Number of 

Mesenchymal Stem Cells and the Effect of Mitochondrial 

Protection,” J. Food Nutr. Res., vol. 5, issue. 8, pp. 569–574, 2017. 

DOI: 10.12691/jfnr-5-8-6. 

[22]. D Grauzdytė, A Pukalskas, W Viranaicken, C El Kalamouni, PR 

Venskutonis, Protective effects of Phyllanthus phillyreifolius 

extracts against hydrogen peroxide induced oxidative stress in 

HEK293 cells. PLoS ONE, vol. 13, issue. 11, pp. 1-15, 2018. Doi: 

doi.org/10.1371/journal.pone.0207672 

[23]. K. Utispan, S. Koontongkaew, and N. Niyomtham, “Ethanolic 

extract of Ocimum sanctum leaf modulates oxidative stress, cell 

cycle and apoptosis in head and neck cancer cell lines,” Heliyon, 

Vol.9, Issue.4, pp.1-14, 2023. Doi: 

doi.org/10.1016/j.heliyon.2023.e15518. 

[24]. S Paudel, T Nguyen, Y Kil, H Choi, J Jeong, J Nam. “Tricyclic 

diterpenes from the resin of Daemonorops draco and their 

activities on oxidative stress-induced mesenchymal stromal cells”, 

Phytochemistry Letters, Vol.50, pp.106-111, 2022. Doi: 

doi.org/10.1016/j.phytol.2022.05.012. 

[25]. J Liu, X Li, J Lin, Y Li, T Wang, Q Jiang and D Chen. “Sarcandra 

glabra (Caoshanhu) protects mesenchymal stem cells from 

oxidative stress: a bioevaluation and mechanistic chemistry,” BMC 

Complement. Altern. Med., Vol.16, Issue.423, pp.1–10, 2016. Doi: 

10.1186/s12906-016-1383-7. 

[26]. X Li, X Xie, C Huang, Y Zhong, Y Li, J Zhou, D Chen “Repairing 

of oxidative damage to mesenchymal stem cell in rats and anti-

lipidperoxidation by Plastrum Testudinis ethanolic extract”,  

Chinese Traditional and Herbal Drugs, Vol.38, Issue.7, pp.1043-

1046, 2007. 
[27]. L Bourebaba, I Michalak, M Röcken, K Marycz. “Cladophora 

glomerata methanolic extract decreases oxidative stress and 

improves viability and mitochondrial potential in equine adipose 

derived mesenchymal stem cells (ASCs),” Biomedicine & 

Pharmacotherapy, Vol.111, pp.6-18, 2019. Doi: 

doi.org/10.1016/j.biopha.2018.12.020. 

[28]. M Ren, S Yang, J Li, Y Hu, Z Ren and S Ren, “Ginkgo biloba L. 

extract enhances the effectiveness of syngeneic bone marrow 

mesenchymal stem cells in lowering blood glucose levels and 

reversing oxidative stress,” Endocrine, Vol.43, pp.360–369, 2013. 

[29]. A Wang, Q Yang, Q Li, X Wang, S Hao, J Wang, and M Ren. 

“Ginkgo Biloba L. Extract Reduces H2O2-Induced Bone Marrow 

Mesenchymal Stem Cells Cytotoxicity by Regulating Mitogen-

Activated Protein Kinase (MAPK) Signaling Pathways and 

Oxidative Stress”, Vol.24, pp.3159–3167, 2018. 

Doi: 10.12659/MSM.910718. 

[30]. N Wang, F Wang, Y Gao, P Yin, C Pan, W Liu, et al., “Curcumin 

protects human adipose-derived mesenchymal stem cells against 

oxidative stress-induced inhibition of osteogenesis,” Journal of 

Pharmacological Sciences, Vol.132, Issue.3, pp.192-200, 2016. 

Doi: doi.org/10.1016/j.jphs.2016.10.005. 

[31]. D Kim, D Kim, B Heck, M Shaffer, J Hur, and K Yoo, “A natural 

supplement formula reduces anti oxidative stress and enhances 

osteo chondrogenic differentiation potential in mesenchymal stem 

cells,” J. Clin. Biochem. Nutr., Vol.66, Issue.3, pp.206–212, 2020. 

Doi: 10.3164/jcbn.19-97. 

[32]. F Perut, L Roncuzzi, S Avnet, A Massa, N Zini, S Sabbadini, F 

Giampieri, B Mezzetti and N Baldini. Strawberry-Derived 

Exosome-Like Nanoparticles Prevent Oxidative Stress in Human 

Mesenchymal Stromal Cells. Biomolecules, Vol.11, Issue.87, 2021. 

Doi: doi.org/10.3390/biom11010087. 

[33]. J Kim, J Lee, Y Han, J Lee, I Bae, Y Yoon, S Kwon, and S Lee. 

“Pretreatment with Lycopene Attenuates Oxidative Stress-Induced 

Apoptosis in Human Mesenchymal Stem Cells,” Biomol Ther, 

Vol.23, Issue.6, pp.517–524, 2015. Doi: 

dx.doi.org/10.4062/biomolther.2015.085. 

[34]. Xiao-qing Song, Li-ning Su, Hui-ping Wei, Ying-hui Liu, Hai-feng 

Yin. “Protective Effects of Hydroxysafflor Yellow A against 

Oxidative Damage of β-Mercaptoethanol During Neural 

Differentiation of Mesenchymal Stem Cells”. Chinese Herbal 

Medicines, Vol.9, Issue.3, pp.282-288, 2017. Doi: 

doi.org/10.1016/S1674-6384(17)60105-9. 

[35]. B Zhao, Q Peng, D Wang, R Zhou, R Wang, Y Zhu, and S Qi. 

“Leonurine Protects Bone Mesenchymal Stem Cells from 

Oxidative Stress by Activating Mitophagy through 

PI3K/Akt/mTOR Pathway,” cells, Vol.11, Issue.1724, pp.1–20, 

2022. Doi: doi.org/10.3390/cells11111724. 

[36]. L Wang, Y Zhang, X Wang, L Ma, Y Zhang. “Naringin protects 

human adipose-derived mesenchymal stem cells against hydrogen 

peroxide-induced inhibition of osteogenic differentiation”. 

https://www.sciencedirect.com/journal/reproductive-toxicology
https://www.sciencedirect.com/journal/reproductive-toxicology/vol/22/issue/3
https://doi.org/10.1016/j.reprotox.2006.03.017
file://///journals/omcl/
https://doi.org/10.1155/2014/752506
https://sciprofiles.com/profile/970280
https://sciprofiles.com/profile/439719
https://sciprofiles.com/profile/988502
https://sciprofiles.com/profile/158573
https://sciprofiles.com/profile/585478
https://doi.org/10.3390/ijms21062066
https://doi.org/10.37285/ijpsn.2017.10.3.7
https://www.sciencedirect.com/journal/phytochemistry-letters
https://www.sciencedirect.com/journal/phytochemistry-letters/vol/50/suppl/C
https://doi.org/10.1016/j.phytol.2022.05.012
https://doi.org/10.1016/j.phytol.2022.05.012
https://www.researchgate.net/profile/Xican-Li?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/scientific-contributions/Xueming-Xie-2163054523?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/scientific-contributions/Chunhua-Huang-75546307?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/scientific-contributions/Yuansheng-Zhong-75556230?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/scientific-contributions/Yiwei-Li-69402770?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/scientific-contributions/Jianhong-Zhou-12113260?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/Dongfeng-Chen?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/journal/Chinese-Traditional-and-Herbal-Drugs-0253-2670
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences/vol/132/issue/3
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences/vol/132/issue/3
https://doi.org/10.1016/j.biopha.2018.12.020
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Ming-Ren-Aff1
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Shujuan-Yang-Aff1
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Jianhui-Li-Aff1
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Yulin-Hu-Aff2
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Zhixing-Ren-Aff1
file:///C:/Users/USER/Desktop/Ù�Ù�Ø±Ø©%20Ø§Ù�Ø§Ø¬Ù�Ø§Ø¯%20Ø§Ù�ØªØ£Ù�Ø³Ø¯Ù�/Ø³Ø¯Ù�Ù�Ø©/Ù�Ù�Ø®Øµ%20Ø³Ø¯Ù�Ù�Ø©.html%23auth-Shuping-Ren-Aff1
file://///journal/12020
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences/vol/132/issue/3
https://pubmed.ncbi.nlm.nih.gov/?term=Ren%20M%5BAuthor%5D
file://///doi.org/10.12659/MSM.910718
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences
https://www.sciencedirect.com/journal/journal-of-pharmacological-sciences/vol/132/issue/3
https://doi.org/10.1016/j.jphs.2016.10.005
https://www.sciencedirect.com/journal/chinese-herbal-medicines
https://www.sciencedirect.com/journal/chinese-herbal-medicines
file://///toc/10974644/2019/120/6
file://///toc/10974644/2019/120/6
https://www.sciencedirect.com/journal/chinese-herbal-medicines/vol/9/issue/3


 Int. J. Sci. Res. in Biological Sciences                                                                                                       Vol.10, Issue.5, Oct 2023   

© 2023, IJSRBS All Rights Reserved                                                                                                                                             28 

Chemico-Biological Interactions, Vol.242, pp.255-261, 2015. Doi: 

doi.org/10.1016/j.cbi.2015.10.010. 

[37]. W Li, Y Liu, B Wang, Y Luo, N Hu, D Chen, X Zhang, and Y 

Xiong. “Protective effect of berberine against oxidative stress-

induced apoptosis in rat bone marrow-derived mesenchymal stem 

cells,” Exp. Ther. Med., Vol.12, pp.4041–4048, 2016. Doi: 

10.3892/etm.2016.3866. 

[38]. A Patel, A Soni, and P Sharma “Effect of Tribulus terrestris 

saponins on proliferation of adipose-derived mesenchymal stem 

cells”. Journal of Cellular Biochemistry, Vol.120, Issue.6, 

pp.10082-10086, 2019. Doi: doi.org/10.1002/jcb.28291. 

[39]. J Fang, X Zhao, S Li, X Xing, H Wang, P Lazarovici and W 

Zheng. “Protective mechanism of artemisinin on rat bone marrow-

derived mesenchymal stem cells against apoptosis induced by 

hydrogen peroxide via activation of c-Raf-Erk1/2-p90rsk-CREB 

pathway,” Stem Cell Res. Ther., Vol.10, Issue.312, pp.1–18, 2019. 

Doi: doi.org/10.1186/s13287-019-1419-2. 

[40]. H. Chen, Y. Huang, D. Huang, Z Wu, Y Li, C Zhou and G Wei. 

“Protective effect of gigantol against hydrogen peroxide - induced 

apoptosis in rat bone marrow mesenchymal stem cells through the 

PI3K / Akt pathway,” Mol. Med. Rep., vol. 17, pp. 3267–3273, 

2018. DOI: 10.3892/mmr.2017.8242. 

[41]. J M M Andrade, N Maurmann, D V Lopes, D P Pereira, P Pranke, 

A T Henriques. “Rosmarinic and chlorogenic acid, isolated from 

ferns, suppress stem cell damage induced by hydrogen peroxide”. 

Journal of Pharmacy and Pharmacology, Vol.74, Issue.11, 

pp.1609–1617, 2022. Doi: doi.org/10.1093/jpp/rgac061. 

[42]. J Shin, H Jeon, J Park, and M Chang, “Epigallocatechin-3-gallate 

prevents oxidative stress-induced cellular senescence in human 

mesenchymal stem cells via Nrf2,” Int. J. Mol. Med., Vol.38, 

pp.1075–1082, 2016. Doi: 10.3892/ijmm.2016.2694. 

[43]. W Zhao, X Liu, M Hu, Y Zhang, P Shi, J Wang, X Lu, X Cheng, Y 

Tao, X Feng, Y Wang, L Zhang. “Quercetin ameliorates oxidative 

stress-induced senescence in rat nucleus pulposus-derived 

mesenchymal stem cells via the miR-34a-5p/SIRT1 axis,” World J. 

Stem Cells, Vol.15, Issue.8, pp.842–866, 2023. Doi: 

10.4252/wjsc.v15.i8.842. 

[44]. S Li, H Bian, Z Liu, Y Wang, J Dai, W He, et al., “Chlorogenic 

acid protects MSCs against oxidative stress by altering FOXO 

family genes and activating intrinsic pathway”, European Journal 

of Pharmacology, Vol.674, Issues.2–3, pp.65-72, 2012. Doi: 

doi.org/10.1016/j.ejphar.2011.06.033. 

[45]. P Thapa, Y Lee, T Nguyen, D Piao, H Lee, S Han, Y Lee, A Han, 

H Choi, J Jeong, J Nam,and E Seo. “Eudesmane and Eremophilane 

Sesquiterpenes from the Fruits of Alpinia oxyphylla with Protective 

Effects against Oxidative Stress in Adipose-Derived Mesenchymal 

Stem Cells”. Molecules, Vol.26, Issue.1762, pp.1-10, 2021. Doi: 

doi.org/ 10.3390/molecules26061762. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AUTHORS PROFILE  

Ruba joujeh PhD in Plant Sciences, University of Damascus, 

Syria. She is currently lecturing in the Department of basic 

science, Faculty of Agriculture, University of Aleppo, Syria. 

Her interests are in phyto-chemistry, phyto-medicine, 

anatomical and taxonomical researches. She has published 

over 14 manuscripts both in reputable local and international 

journals, most of which is available online. She has over 10 

years teaching and research experience. 

 

Dima joujeh PhD in Biotechnology engineering (Animal 

tissue culture), Faculty of Technical engineering, University 

of Aleppo, Syria. She is currently lecturing in the Department 

of Biotechnology engineering, Faculty of Technical 

engineering, University of Aleppo, Syria. Her interests are in 

phyto-medicinal, cell culture, stem cells, molecular biology 

and Cytogenetics researches. She has published over 10 

manuscripts both in reputable local and international journals 

most of which is available online. She has over 9 years 

teaching and research experience. 

 

https://www.sciencedirect.com/journal/chemico-biological-interactions
file://///toc/10974644/2019/120/6
file://///toc/10974644/2019/120/6
https://doi.org/10.1016/j.cbi.2015.10.010
https://onlinelibrary.wiley.com/authored-by/Patel/Apurva
https://onlinelibrary.wiley.com/authored-by/Soni/Anjali
https://onlinelibrary.wiley.com/authored-by/Sharma/Preeti
file://///journal/10974644
file://///toc/10974644/2019/120/6
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1093/jpp/rgac061
https://www.sciencedirect.com/journal/european-journal-of-pharmacology
https://www.sciencedirect.com/journal/european-journal-of-pharmacology
https://www.sciencedirect.com/journal/european-journal-of-pharmacology/vol/674/issue/2
https://doi.org/10.1016/j.ejphar.2011.06.033


    

 

 
Submit your manuscripts at 

www.isroset.org 
email: support@isroset.org 

 

 

 
 

 
   

Call for Papers:  

Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for 

publication in the journal. 

All submissions:                                                                                                                          

- must be original 

- must be previously unpublished research results 

- must be experimental or theoretical 

- must be in the journal's prescribed Word template 

- and will be peer-reviewed 

- may not be considered for publication elsewhere at any time during the review period 

https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	5-ISROSET-IJSRBS-09057
	Last page of Each Paper

