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Abstract

Background: Diabetes is a common disease affecting majority of populations
worldwide. Diabetes is characterized by high levels of circulating glucose and leads to
most microvascular and macro vascular complications. Bone marrow vascular
disruption and increased adiposity are also linked to various complications in type II
diabetes mellitus. In addition to these complications, type 2 diabetic patients also have
fragile bones caused by faulty mineralization. Diabetic osteopathy is one of the diabetes
mellitus complications. N-acetyl cysteine as an antioxidant can improve the
differentiation process of mesenchymal stem cells into osteoblasts in a high glucose
medium.

Methods: Human adipose-derived stem cells were cultured in different glucose
concentrations, and MTT checked their proliferation and survival. Osteogenic
differentiation of adipose stem cells was analyzed by examining the expression of
RUNX2 and osterix genes by real-time polymerase chain reaction. The alkaline
phosphatase expression was analyzed after 14 days of differentiation of these cells. N-
acetyl cysteine antioxidant was added to the differentiation medium, and its effect was
studied on the Adipose stem cells differentiation into osteoblasts.

Results: the finding of the study show N acetyl cysteine has antioxidant effect on the
proliferation, survival, and differentiation of adipose stem cells into osteoblasts in a high
glucose medium significantly. N-acetyl cysteine improved osteogenic parameters as
RUNX2, Osterix, alkaline phosphatase in high glucose culture condition.

Conclusion: Generally, the results of the present study show the protective effects of N-
acetyl cysteine on the proliferation, survival, and differentiation of adipose derived stem
cells into osteoblasts in a high glucose medium and can be used as an antidiabetic drug
in the treatment of osteopathy caused by diabetes.

Keywords: N-acetyl cysteine, ADSCs, Osteoblastic differentiation, High glucose.

Introduction two main types of this disease; Type 1 and

Diabetes is a chronic disease in which the Type 2. Apart from these two main types,

body cannot use or store glucose. There are
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pre-diabetes and gestational diabetes also
exist [1].

The World Health Organization (WHO)
predicts that the population of diabetics will
increase to 552 million in 2030 [2].

Bone problems such as osteoporosis, one of
the complications of diabetes, are public
health problems growing with age and
population. This disease is a common
disorder characterized by a systemic defect
in the bone mass and its microstructure,
which results in bone fractures [3].

Researchers have shown that high glucose
concentration increases cell growth and
mineralization and suppresses the
expression  of markers  with
osteoblasts, such as runt-related
transcription factor 2 (runx2), collagen type
I, osteocalcin, and osteonectin [4].

Moreover, part of the diabetes effects on
osteoporosis may be caused by humoral
factors. In general, diabetes negatively affects
ossification and is associated with an
increased risk of osteoporosis and fragility
fractures [5].

Chronic high blood sugar in diabetes
increases free radicals, which damages the
adipose, proteins, and nucleic acids. Oxygen
free radicals are molecules with a more
significant number of unpaired electrons that
are formed in cells [6].

Free radicals are very reactive that combine
with any molecule and eventually cause
damage to vital macromolecules and cell
membranes. Under normal conditions, free
radicals are broken by the defense system of
antioxidants [7].

Natural antioxidants trap free radicals and
prevent oxidative damage. N-acetyl cysteine
is an antioxidant supplement converted into
an amino acid called cysteine in the body.
Cysteine helps produce glutathione, an
antioxidant

several

compound that plays an
important role in regulating many cellular
functions and maintains the immune system
in optimal condition [8]. Mesenchymal stem

cells are multipotent cells widely used for
regenerative  and
Mesenchymal stem cells are obtained from
various body sources that differentiate into
cells such as osteocytes, chondrocytes, and
adipocytes in in vitro conditions [9].

Thus, this research aims to investigate the
effect of high glucose medium on the
proliferation and differentiation of ADSCs as
well as the effect of N-acetyl cysteine (NAC)
on mesenchymal cells differentiation into
osteocyte cells in a high glucose medium.

medical  purposes.

Material and Method
Cell Culture

Two million human adipose-derived
mesenchymal stem cells were purchased
from the Research Center of Tissue
Engineering Research Center. They were
incubated in DMEM/F12 culture medium
with 10% FBS supplement at 37 °C and 5%
CO2 and 95% air atmosphere. After the third
passage, the cells were incubated in different
concentrations of glucose (25 pM, 50 uM, and
75 uM) for 72 hours. The control group was
considered with 5.5 pM glucose.

3-(4, 5-Dimethyl-2-Thiazolyl)-2, 5-Diphenyl-2-
H-Tetrazolium Bromide (MTT) Assay

MTT assay was performed to investigate
cytotoxicity. To perform this assay, about 5 x
103 cells were cultured in 96-well plates and
treated with the desired concentrations of
Zingron for 24, 48, and 72 hours, and then
the supernatant was removed and 200 ul of
0.05% MTT solution (Sigma-Aldrich) was
added to each well. After one hour of
incubation at room temperature, the
supernatant was removed, and dimethyl
sulfoxide (DMSO, Sigma Aldrich) was added
to each well to dissolve the formazan
crystals. Finally, the optical density (OD) was
measured at 570 nm by a spectrophotometer
(Thermo Fisher).
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Admscs Differentiation into Osteocytes

5*10% cells were cultured in 24-well plates
covered with vitronectin in DMEM/F12
medium and FBS (10%) to differentiate
mesenchymal stem cells into osteoblast cells.
The cells were cultured with one mM NAC for
72 hours, and then glucose with different

concentrations was added to the
differentiation medium containing
dexamethasone (1 mM), ascorbic acid
diphosphate (0.1 M), and glycerol

diphosphate (1 M) in the presence of NAC.
The cells were cultured in the differentiation
medium for 14 days.

Quantitative Real-Time Polymerase Chain
Reaction (Qrt-PCR)

The total RNA of ADMSCs cells were

isolated using TRIzol reagent (Sigma-
Aldrich). cDNA synthesis was done using the
cDNA reverse transcription kit of Pars Tous
company. The ¢gRT-PCR
performed using SYBR Green PCR Master Mix
manufactured by Amplicon Cc. The relative
expression of genes was calculated using the
formula 2-24Ct, 3-actin gene was used as the
internal control.
The genes evaluated in this reaction include:
RUNX2: F: CCCAGTATGAGAGTAGGTGTCC, R:
GGGTAAGACTGGTCATAGGACC. OSTERIX
(08X): F: ACCCGTTGCCTGCACTCTCF, R:
CACAATGTTCTCTCCCCAAGCT, and f-actin:
F:  GGCATCCTCACCCTGAAGTA and R:
TGAGTGTAAGGACCCATCGGA as the internal
control.

reaction was

Alkaline Phosphatase Assay

After 14 days of treating ADMSCs with
different glucose concentrations, the cells
were washed several times with PBS, lysed
by NP40 lysing buffer, and the resultant

solution was centrifuged at 12,000 rpm. The
solution) was
separated. The alkaline phosphatase activity
was tested using the alkaline phosphatase kit
(Pars Azmoon, Iran) at a wavelength of 450
nm with the colorimetric method and

supernatant (supernatant

spectrophotometer [11].

Statistical Analysis

All experiments were repeated three times.
The obtained data in SPSS software version
16 were analyzed as mean *SD using the

ANOVA test (P<0.05).
Results

Cell Viability in High Glucose Culture

The results of ADSCs culture in different
concentrations of glucose (25 pM, 50 pM, and
75 pM) by MTT assay show that with

increasing glucose concentration,

survival rate of the cells decreased so that
the lowest cell survival rate is observed at
the concentration of 75 pM. Adding 1 pM
NAC antioxidant to the cells increased cell
survival and did not show a significant
difference with the control group (with

normal sugar) (Figure 1).

RUNX2 and Osterix Genes' Expression In The

Presence Of NAC

In the high glucose medium, the RUNXZ and

OST  genes'  expression

decreased compared to the control group, so
the greatest change was observed in the 75
UM sugar group compared to the control
(P<0.01). By adding NAC antioxidants, the
genes
increased and approached the control group

expression process of osteocyte

(Figure 2).
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Figure 1 Antioxidant effect of NAC in different glucose concentration of ADMSCs culture. MTT assay
revealed NAC effect on different glucose concentration in 24h, 48h and 72h culture
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Figure 2 Expression of specialized osteogenic genes in ADSCs at high glucose and NAC. (A) RUNX2 gene
expression in ADSCs in the presence of different glucose concentrations (25, 50, and 75 uM and NAC 1 uM
after one week). (B) OST gene expression in ADSCs in different concentrations of glucose and NAC

(*P<0.05 and **P<0.01)

Alkaline  Phosphatase  Expression in
Differentiated Osteocyte Cells in High Glucose
Medium

After 14 days of culture of mesenchymal
stem cells in the differentiation medium, the
alkaline phosphatase expression decreased
significantly in the concentrations of 50 puM
and 75 pM glucose with increasing glucose

concentration in the culture medium.
Alkaline phosphatase expression increased
by adding N-acetylcysteine to the
differentiation  culture = medium and
neutralizing the oxidative effect of high

glucose (Figure 3).

129|Page



Piravar et al.

Int. J. Adv. Biol. Biomed. Res. 2023,11(4):127-133

ALP Test (14 DAY)
0.8
0.6
o *

= e
<04 :
= 5

0.2 :

0 (' o

Control 25uM 50uM 75uM

Control#NAC  25uM+NAC SOUM+NAC TSUM+NAC

Figure 3 Alkaline phosphatase expression in the osteogenetic medium after 14 days of culture in the
presence of different glucose concentrations. The alkaline phosphatase expression decreased significantly
in the concentrations of 50 uM and 75 pM glucose (P<0.05). Alkaline phosphatase expression increased by
adding 1 uM NAC in all glucose concentrations close to the control group (*P<0.05)

Discussion

Diabetes mellitus is a metabolic disease
known as one of the oldest diseases. Since
diabetes mellitus causes many bone diseases
such as osteoporosis and fragility due to the
long-term exposure to high sugar drugs that
reduce blood sugar or its effects can reduce
diabetic osteopathy significantly [12].

Proliferation and  differentiation  of
osteogenic cells are keys to the bone health.
Hyperglycemia has an adverse impact on the
proliferation and differentiation of these
cells. Mesenchymal stem cells contribute to
bone tissue health by secreting the
extracellular matrix and repairing bone
damage in bone differentiation [13].

In this study, ADSCs were cultured in
different concentrations of glucose to create
a hyperglycemic medium, and the effect was
investigated  on
osteoblasts. Furthermore, the simultaneous
effect of glucose and NAC was studied on the
osteogenic differentiation of cells. The results
of the present study are consistent with

differentiation into

those of previous studies. They show that
high glucose harms the differentiation
process of stem cells to osteoblasts by

inhibiting stem cells' proliferation and
differentiation [14].

Moreover, NAC significantly reduces the
inhibitory effects of high glucose on stem cell
differentiation and proliferation [15].

ALP is a membrane glycoprotein
abundantly expressed in the placenta,
intestines, kidneys, liver, and bone [16].

The present study evaluated ALP as a
marker for the activity of osteoblasts. In
addition, genes involved in the osteogenic
differentiation of cells such as RUNX2 and
osteocalcin were investigated as osteogenic
markers. In previous studies, metformin, as
an inhibitor of high glucose harmful effects,
causes the proliferation and differentiation
of osteogenic cells [17].

Although high glucose increases cell
survival insignificantly in the first to the
third days of cultivation, a significant
decrease in cell survival and proliferation
was observed from the fourth day. The
differentiation process does not occur at high
glucose due to the decrease in the speed of
metabolic reactions and enzyme activities,
and as a result, the production and
accumulation of oxidative stress in cells [18].
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The limitation of the present study is
ignoring the amount of glucose absorption in
the cytoplasm after adding NAC. Previous
studies show the effects of reduced bone
differentiation and mineralization due to
ROS generated by high glucose. High glucose
damages the
potential and disrupts its function [19].

NAC is naturally found in small amounts in
some fruits and vegetables. NAC benefits
include increasing glutathione S-transferase
activity, eliminating free radicals, stabilizing
protein structures with cysteine disulfide
bonds, and antioxidant and anti-
inflammatory properties. NAC traps the ROS
accumulated in the cell and blocks the factors
that prevent ATP  synthesis and
mitochondrial transcriptional activity [20].

Increasing glucose level activates the ROS-
AKT-mTOR pathway in the cell and disrupts
the physiological processes of the cell, such
as proliferation and osteogenic
differentiation. It is still unclear whether NAC
directly disrupts the ROS-AKT-mTOR
signaling pathway or exerts this role
indirectly [21].

mitochondrial membrane

Conclusion

Although NAC improves ADSCs' proliferation
and osteogenic differentiation by reducing
the effects of oxidative stress caused by high
glucose, its should Dbe
investigated and more studied. According to
the results, the protective role of NAC can be
used for therapeutic purposes and
restorative medicine in people with diabetes
and improve the resulting bone problems.

mechanism

Declarations

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to
influence the work reported in this article.
The authors declare that there is no conflict
of interest.

Authors' Contributions

Zeinab Piravar and Mina Ramezani designed
this study. Ramtin Hamidian obtained and
analyzed the data. Zeinab Piravar, Mina
Ramezani, and Ramtin Hamidian proceeded
to the quality control and the manuscript
drafting. Zeinab Piravar revised the final
version.

Conflict of Interest

The authors declare that there is no conflict
of interest in this article.

Consent for Publications

All authors agree to have read the
manuscript and authorize the publication of
the final version of the manuscript.

Availability of Data and Material

Data are available on request from the
authors.

Funding/Support
Not applicable.

Ethics Approval and Consent to

Participate

The ethical approval was certified by Islamic
Azad University Tehran Central Branch
(Ethic Committee Reference NO.:
IR.IAU.PS.REC. 1398.323).

Acknowledgments

This study was financially supported by the
Tehran Central Branch, Islamic Azad
University. The authors would like to thank
the director and administrative staff of the
Iranian  Biological = Resource Center
Laboratory and Dr. Shahi in the Cell Culture
Laboratory.

131|Page



Piravar et al.

Int. J. Adv. Biol. Biomed. Res. 2023,11(4):127-133

ORCID

Zeinab Piravar
https://orcid.org/0000-0001-8949-362X
Mina Ramezani
https://orcid.org/0000-0002-9982-1276
Ramtin Hamidian

https://orcid.org/0000-0002-8757-5821

References

1. Petersmann A, Miller-Wieland D, Miiller U,

Landgraf R, Nauck M, Freckmann G,

L, Schleicher E.
Classification and

Heinemann
(2019).Definition,
Diagnosis of Diabetes Mellitus, Experimental
and Clinical Endocrinology & Diabetes., 127:
S1-S7. [Crossref], [Google Scholar],
[Publisher]

2. Kanter | E, Bornfeldt KE. (2016).Impact of
Diabetes Mellitus, Arteriosclerosis,
Thrombosis, and Vascular Biology., 36: 1049-
53. [Crossref], [Google Scholar], [Publisher]

3. Wu Y Y, Xiao E, Graves D T.
(2015).Diabetes mellitus related bone
metabolism and periodontal disease,

International journal of oral science, 7: 63-
72. [Crossref], [Google Scholar], [Publisher]
4. T. (2019).Regulation  of
Proliferation, Differentiation and Functions
of Osteoblasts by Runx2, International
journal of molecular sciences., 20: [Crossref],
[Google Scholar], [Publisher]

5. Ma H, Wang X, Zhang W, Li H, Zhao W, Sun
], Yang M. (2020).Melatonin Suppresses
Ferroptosis Induced by High Glucose via
Nrf2/HO-1 Signaling
Pathway in Type 2 Diabetic Osteoporosis,
Oxidative medicine and cellular longevity.,
2020: 9067610. [Crossref], [Google Scholar],
[Publisher]

6. An Y, Zhang H, Wang C, Jiao F, Xu H,
Wang X, Luan W, Ma F, Ni L, Tang X, Liu M.
(2019). Activation of ROS/MAPKs/NF-
kappaB/NLRP3 and of
efferocytosis in osteoclast-mediated diabetic
osteoporosis, The FASEB Journal., 33: 12515-

Komori

Activation of the

inhibition

12527.
[Publisher]

[Crossref], [Google

7. Xie C, Yi ], Jing Lu J, Nie M, Huang M,
Jianfang Rong ], Zhu Z, Chen ], Zhou X, Li B,
Chen H. (2018). N-Acetylcysteine Reduces
ROS-Mediated Oxidative DNA Damage and
PI3K/Akt Pathway Activation Induced by

Helicobacter pylori Infection, Oxidative
Medicine and Cellular Longevity., 2018:
1874985. [Crossref], [Google Scholar],
[Publisher]

8. Hou, Q., Huang Y, LiuY, Yiwen Luo Y,
Wang B., Deng R. Zhang S, Liu F, Chen D.
(2018).Profiling the miRNA-mRNA-IncRNA
in MSC osteoblast
differentiation induced by (+)-cholesten-3-
[Google

interaction network

one, BMC Genomics., 19: 783.

Scholar]

9. Wei ], Shimazu ], Makinistoglu M, MauriziA,
Kajimura D, Zong H, Takarada T, lezaki T,
Karsenty G.
(2015).Glucose Uptake and Runx2 Synergize
to Orchestrate Osteoblast Differentiation and
1576-1591.

Pessin | E, Hinoi E,

Bone Formation, Cell, 161:
[Crossref], [Google Scholar], [Publisher]

10. Buranaamnuay K. (2021).The MTT assay
application to measure the viability of
assay
protocols, Open veterinary journal., 11: 251-
269. [Crossref], [Google Scholar], [Publisher]

11. Li W, Zhang S, Liu ], Liu Y, Liang Q.
MC3T3E1
osteoblast differentiation and mineralization
through autophagy induction, Mol Med Rep.,
19: 3676-3684. [Crossref], [Google Scholar],

spermatozoa: A variety of the

stimulates

(2019).Vitamin K2

[Publisher]

12. Aroda V R, Knowler W C, Crandall ] P,
Perreault L, Edelstein S L, Jeffries S L, Molitch
M E, Pi-Sunyer X, Darwin C, Heckman-

Stoddard B M, Temprosa

(2017).Metformin for diabetes prevention:
insights gained from the Diabetes Prevention

Program/Diabetes  Prevention Program
Outcomes Study, Diabetologia., 60: 1601-
1611. [Crossref], [Google Scholar],
[Publisher]

132|Page

Scholar],


https://orcid.org/0000-0001-8949-362X
https://orcid.org/0000-0002-9982-1276
https://orcid.org/0000-0002-8757-5821
https://doi.org/10.1055/a-1018-9078
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%29.+Definition%2C+Classification+and+Diagnosis+of+Diabetes+Mellitus.+Exp+Clin+Endocrinol+Diabetes&btnG=
https://pubmed.ncbi.nlm.nih.gov/31860923/
https://doi.org/10.1161/ATVBAHA.116.307302
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kanter+J+E%2C+Bornfeldt+KE.+%282016%29.+Impact+of+Diabetes+Mellitus%2C+Arterioscler+Thromb+Vasc+Biol.+36%286%29%3A+p.+1049-53.+&btnG=
https://www.ahajournals.org/doi/full/10.1161/ATVBAHA.116.307302
https://doi.org/10.1038/ijos.2015.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wu+Y+Y%2C+Xiao+E%2C+Graves+D+T.+%282015%29.+Diabetes+mellitus+related+bone+metabolism+and+periodontal+disease%2C+Int+J+Oral+Sci.+7%3A+63-72.+&btnG=
https://www.nature.com/articles/ijos20152
https://doi.org/10.3390/ijms20071694
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Komori+T.+%282019%29.+Regulation+of+Proliferation%2C+Differentiation+and+Functions+of+Osteoblasts+by+Runx2%2C+Int+J+Mol+Sci.+20%3A&btnG=
https://www.mdpi.com/1422-0067/20/7/1694
https://doi.org/10.1155/2020/9067610
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ma+H%2C+Wang+X%2C+Zhang+W%2C+Li+H%2C+Zhao+W%2C+Sun+J%2C+Yang+M.+%282020%29.+Melatonin+Suppresses+Ferroptosis+Induced+by+High+Glucose+via+Activation+of+the+Nrf2%2FHO-1+Signaling+Pathway+in+Type+2+Diabetic+Osteoporosis%2C+Oxid+Med+Cell+Longev.%2C+2020%3A+9067610&btnG=
https://www.hindawi.com/journals/omcl/2020/9067610/
https://doi.org/10.1096%2Ffj.201802805RR
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Y%2C++Zhang+H%2C++Wang+C%2C++Jiao+F%2C++Xu+H%2C++Wang+X%2C+et+al.+%282019%29.+Activation+of+ROS%2FMAPKs%2FNF-kappaB%2FNLRP3+and+inhibition+of+efferocytosis+in+osteoclast-mediated+diabetic+osteoporosis%2C+FASEB+J%2C.+33%3A+12515-12527&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6902677/
https://doi.org/10.1155/2018/1874985
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Xie+C%2C+Yi+J%2C+Jing+Lu+J%2C+Nie+M%2C+Huang+M%2C+Jianfang+Rong+J%2C+et+al.+%282018%29.+N-Acetylcysteine+Reduces+ROS-Mediated+Oxidative+DNA+Damage+and+PI3K%2FAkt+Pathway+Activation+Induced+by+Helicobacter+pylori+Infection.+Oxid+Med+Cell+Longev.+2018%3A+p.+1874985&btnG=
https://www.hindawi.com/journals/omcl/2018/1874985/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hou%2C+Q.%2C+++Huang+Y.%2C++Liu+Y.%2C+Yiwen+Luo+Y.%2C++Wang+B.%2C+Deng+R.+et+al.+%282018%29.+Profiling+the+miRNA-mRNA-lncRNA+interaction+network+in+MSC+osteoblast+differentiation+induced+by+%28%2B%29-cholesten-3-one.+BMC+Genomics%2C+2018.+19%281%29%3A+p.+783&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hou%2C+Q.%2C+++Huang+Y.%2C++Liu+Y.%2C+Yiwen+Luo+Y.%2C++Wang+B.%2C+Deng+R.+et+al.+%282018%29.+Profiling+the+miRNA-mRNA-lncRNA+interaction+network+in+MSC+osteoblast+differentiation+induced+by+%28%2B%29-cholesten-3-one.+BMC+Genomics%2C+2018.+19%281%29%3A+p.+783&btnG=
https://doi.org/10.1016/j.cell.2015.05.029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wei%2C+J.%2C+Shimazu+J.%2C+Makinistoglu+M.%2C+MauriziA.%2C+Kajimura+D.%2C+Zong+H.%2C+et+al.+%282015%29.+Glucose+Uptake+and+Runx2+Synergize+to+Orchestrate+Osteoblast+Differentiation+and+Bone+Formation.+Cell%2C+2015.+161%287%29%3A+p.+1576-1591&btnG=
https://www.sciencedirect.com/science/article/pii/S0092867415005796
https://doi.org/10.5455/OVJ.2021.v11.i2.9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Buranaamnuay+K.+%282021%29.+The+MTT+assay+application+to+measure+the+viability+of+spermatozoa%3A+A+variety+of+the+assay+protocols%2C+Open+Vet+J.+11%3A+251-269&btnG=
https://www.ajol.info/index.php/ovj/article/view/210426
https://doi.org/10.3892/mmr.2019.10040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Li+W%2C+Zhang+S%2C++Liu+J%2C++Liu+Y%2C++Liang+Q.+%282019%29.+Vitamin+K2+stimulates+MC3T3E1+osteoblast+differentiation+and+mineralization+through+autophagy+induction%2C+Mol+Med+Rep.%2C+19%3A+3676-3684.+&btnG=
https://www.spandidos-publications.com/mmr/19/5/3676
https://doi.org/10.1007/s00125-017-4361-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aroda+V+R%2C++Knowler+W%2C++Crandall+J%2C+Perreault+L%2C++Edelstein+S%2C++Jeffries+S%2C+et+al.+%282017%29.+Metformin+for+diabetes+prevention%3A+insights+gained+from+the+Diabetes+Prevention+Program%2FDiabetes+Prevention+Program+Outcomes+Study%2C+Diabetologia.%2C+60%3A++1601-1611.+&btnG=
https://link.springer.com/article/10.1007/s00125-017-4361-9

Piravar et al.

Int. J. Adv. Biol. Biomed. Res. 2023,11(4):127-133

13. Jiating L, Buyun ], Yinchang Z. (2019).Role
of Metformin on Osteoblast Differentiation in
Type 2 Diabetes, BioMed Research
International., 2019: 9203934. [Crossref],
[Google Scholar], [Publisher]

14. Watanabe A, de Almeida M O, Deguchi Y,
Kozuka R, Arruda C, Berretta A A, Bastos ] K,
Woo ] T, Yonezawa T.(2021).Effects of
Baccharin Isolated from Brazilian Green
Propolis on Adipocyte Differentiation and
Hyperglycemia in ob/ob Diabetic Mice,
International Journal of Molecular Sciences.,
22: [Crossref], [Google Scholar], [Publisher]
15. Alnahdi A, John A, Raza H. (2019). N-
acetyl cysteine attenuates oxidative stress
and glutathione-dependent redox imbalance
caused by high glucose/high palmitic acid
treatment in pancreatic Rin-5F cells, PLoS
One., 14: e0226696. [Crossref], [Google
Scholar], [Publisher]

16. Azpiazu D, Gonzalo S, Villa-Bellosta R.

(2019).Tissue Non-Specific Alkaline
Phosphatase and Vascular Calcification: A
Potential Therapeutic Target, Current

cardiology reviews., 15: 91-95. [Crossref],
[Google Scholar], [Publisher]

17. Aung M, Amin S, Gulraiz A, Gandhi F,
Escobar ], Malik B. (2020).The Future of
Metformin in the Prevention of Diabetes-

Related Osteoporosis, Cureus., 12: e10412.
[Google Scholar], [Publisher]

18. Sun Y, Zhu Y, Liu X, Chai Y, Jia Xu J.
(2020).Morroniside attenuates high glucose-
induced BMSC dysfunction by regulating the
Glo1/AGE/RAGE axis, Cell Proliferation., 53:
e12866. [Crossref], [Google Scholar],
[Publisher]

19. Wang Y, Shi P, Chen Q, HuangZ, Zou D,
Zhang ], Gao X, Lin Z. (2019).Mitochondrial
ROS promote macrophage pyroptosis by
inducing GSDMD oxidation Journal of
molecular cell biology., 11: 1069-1082.
[Crossref], [Google Scholar], [Publisher]

20. Nogueira G B, Punaro G R, Oliveira C §,
Maciel F R, Fernandes T O, Lima D Y,
Rodrigues A M, Mouro M G, Araujo S R, Higa
E M. (2018). N-acetylcysteine protects
against diabetic nephropathy through
control of oxidative and nitrosative stress by
recovery of nitric oxide in rats, Nitric Oxide.,
78:  22-31. [Crossref], [Google Scholar],
[Publisher]

21.Tian Y, Song W, Xu D, Chen X, Li X, Zhao Y.
(2020). Autophagy Induced by ROS
Aggravates Testis Oxidative Damage in
Diabetes via Breaking the Feedforward Loop
Linking p62 and Nrf2, Oxidative Medicine and
Cellular ~ Longevity,  2020:  7156579.
[Crossref], [Google Scholar], [Publisher]

How to cite this article:

Zeinab Piravar, Ramtin Hamidian, Mina Ramezani. Antioxidant Effect of N-acetyl
cysteine on the Differentiation Improvement of Human Adipose-derived Stem Cells in a
High-glucose culture. International Journal of Advanced Biological and Biomedical
Research, 2023 11(3), 127-133.

Link: https://www.ijabbr.com/article_705785.html

Copyright © 2023 by authors and SPC (Sami Publishing Company) + is an open access article
distributed  under the Creative Commons  Attribution License(CC  BY) license
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cite

133|Page


https://doi.org/10.1155/2019/9203934
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jiating+L%2C+Buyun+J%2C+Yinchang+Z.+%282019%29.+Role+of+Metformin+on+Osteoblast+Differentiation+in+Type+2+Diabetes%2C+Biomed+Res+Int.+2019%3A++9203934.&btnG=
https://downloads.hindawi.com/journals/bmri/2019/9203934.pdf
https://doi.org/10.3390/ijms22136954
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Watanabe+A%2C++Almeida+M%2C++Deguchi+Y%2C++Kozuka+R%2C++Arruda+C%2C++Berretta+A.+et+al.%282021%29.+Effects+of+Baccharin+Isolated+from+Brazilian+Green+Propolis+on+Adipocyte+Differentiation+and+Hyperglycemia+in+ob%2Fob+Diabetic+Mice%2C+Int+J+Mol+Sci.%2C+22.+&btnG=
https://www.mdpi.com/1422-0067/22/13/6954
https://doi.org/10.1371/journal.pone.0226696
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alnahdi%2C+A.%2C+A.+John%2C+and+H.+Raza+%282019%29.+N-acetyl+cysteine+attenuates+oxidative+stress+and+glutathione-dependent+redox+imbalance+caused+by+high+glucose%2Fhigh+palmitic+acid+treatment+in+pancreatic+Rin-5F+cells.+PLoS+One.+14%2812%29%3A+p.+e0226696&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alnahdi%2C+A.%2C+A.+John%2C+and+H.+Raza+%282019%29.+N-acetyl+cysteine+attenuates+oxidative+stress+and+glutathione-dependent+redox+imbalance+caused+by+high+glucose%2Fhigh+palmitic+acid+treatment+in+pancreatic+Rin-5F+cells.+PLoS+One.+14%2812%29%3A+p.+e0226696&btnG=
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0226696
https://doi.org/10.2174/1573403X14666181031141226
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Azpiazu%2C+D.%2C+S.+Gonzalo%2C+and+R.+Villa-Bellosta+%282019%29.+Tissue+Non-Specific+Alkaline+Phosphatase+and+Vascular+Calcification%3A+A+Potential+Therapeutic+Target.+Curr+Cardiol+Rev.+15%282%29%3A+p.+91-95.+&btnG=
https://www.ingentaconnect.com/content/ben/ccr/2019/00000015/00000002/art00005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=.+Aung%2C+M.%2C+++Amin+S.%2C++Gulraiz+A.%2C++Gandhi+F.%2C++Escobar+J.%2C+and++Malik+B.+%282020%29.++The+Future+of+Metformin+in+the+Prevention+of+Diabetes-Related+Osteoporosis.+Cureus.+12%289%29%3A+p.+e10412&btnG=
https://www.cureus.com/articles/39715-the-future-of-metformin-in-the-prevention-of-diabetes-related-osteoporosis#!/
https://doi.org/10.1111/cpr.12866
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sun%2C+Y.%2C+++Zhu+Y.%2C+++Liu+X.%2C+++Chai+Y.%2C++Jia+Xu+J.+%282020%29.+Morroniside+attenuates+high+glucose-induced+BMSC+dysfunction+by+regulating+the+Glo1%2FAGE%2FRAGE+axis.+Cell+Prolif.+53%288%29%3A+p.+e12866.&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1111/cpr.12866
https://doi.org/10.1093/jmcb/mjz020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang%2C+Y.%2C++Shi+P.%2C++Chen+Q.%2C+++Huang+Z.%2C++Zou+D.%2C++Zhang+J.+et+al.+%282019%29.+Mitochondrial+ROS+promote+macrophage+pyroptosis+by+inducing+GSDMD+oxidation.+J+Mol+Cell+Biol%2C+2019.+11%2812%29%3A+p.+1069-1082.+&btnG=
https://academic.oup.com/jmcb/article/11/12/1069/5375994
https://doi.org/10.1016/j.niox.2018.05.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nogueira%2C+G.B.%2C++Punaro+G.%2C++Oliveira+C.%2C+Maciel+F.%2C+Fernandes+T.%2C++Lima+D.+et+al.+%282018%29.+N-acetylcysteine+protects+against+diabetic+nephropathy+through+control+of+oxidative+and+nitrosative+stress+by+recovery+of+nitric+oxide+in+rats.+Nitric+Oxide.+78%3A+p.+22-31.+&btnG=
https://www.sciencedirect.com/science/article/pii/S1089860317302562
https://doi.org/10.1155/2020/7156579
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tian%2C+Y.%2C++Wei+Song+W.%2C+1+Dongsheng+Xu+D%2C%2C+1+Xiao+Chen+X.%2C+1+Xiaojiao+Li+X.%2C+2+and+Yuguang+Zhao+Y.+%282020%29.+Autophagy+Induced+by+ROS+Aggravates+Testis+Oxidative+Damage+in+Diabetes+via+Breaking+the+Feedforward+Loop+Linking+p62+and+Nrf2.+Oxid+Med+Cell+Longev.+2020%3A+p.+7156579&btnG=
https://www.hindawi.com/journals/omcl/2020/7156579/
https://www.ijabbr.com/article_705785.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

