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Fig 2) Anti-tyrosine hydroxylase immunohistochemistry of rat midbrain substantia nigra after neurotoxin injection,
showing the density of TH-positive neurons in the sham (A) and Parkinsonian model (B) groups
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Fig 3) (A): Adipose tissue stem cells at passage 3 with spindle-shaped and elongated morphology were adhered to the
bottom of the culture flask. (B): The same cells were BrdU labeled prior to transplantation
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Fig 4) Homing of cells at the graft site were detected
with dark brown BrdU-positive nuclei at the injury site

el b Sdysass 0y Ol e,

RT-PCR &
NT3 BDNF clois5 o by 55580, U3
sybe salie (0) U2 L5 GAPDH , NGF
sl S Sl T L Laesls
eSS 0050 o er 4 (One Way ANOVA)
52 &S shilla 38 S5 ) 5,5 Tukey
BDNF slaos 0ly o5d e sdalin () K2
DS penSol Jas 55 55 NGF , NT3
Oeen s 0L o8 b anlie s 1) (ols e
5 oS OL e slaes S s (ol sre L

Sale3l 5590 W05 5,585,230 I3

GAPDH:203 bp {NGF:164 bp (NT3:181 bp BDNF:405 bp sleo; 5,585,201 J5 0 [
Fig 5) The gel electrophoresis of BDNF: 405bp, NT3: 181bp, NGF: 164bp and GAPDH: 203bp

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.25.3.227
http://ismj.bpums.ac.ir/article-1-1626-fa.html

YO / (G oS ol o gm0 biyds 5,5 Oy

[ Downloaded from ismj.bpums.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/ismj.25.3.227 ]

g;-i"‘.uﬂ 6"‘“3;

BDNF

. Lot
Wali B Gl bds W

55 NGF 5 NT3 BDNF ladj ol ol

NT3 NGF
bl sla °3J§

Wit e + i w i

JU IS o + sk b (613 ime ® 028 5 5l Jie (slaos S L slsime T 0 L (s lains * (P U502
Fig 6) * significant versus sham; # significant versus Parkinsonian model and culture groups; $ significant versus
cell+conditioned medium group

B T N P ECSPIa | B CUN S P U o B
S goben 558 B e gt gl S
dbe o35 5 &S sl Ol @Lﬂ A esleal
TH « & by sbos,s oS5 SeaSil
Sl e ebew e 4l s Wlesls ol xuly
S opl el 4Bl RalS 3 ey S 4
e 058 55 oweliss Gla0 s, 8 g B0 skiasolis
ezt el S S 555 G P Sl o P SOb
BDNF s 5555 b ol sl adlias s
L laes S olad 5o Lo oo s NGF 5 NT3
Ol Ll gme S s S, s RT-PCR 3,
L oanslis 55 SamiS sl Jo 08 55 S0 slal;
ol 53 S e ol Jhe s saiS L 2
Ol Sosk a s edd ey 8 @ G
308 5 OseSol ARG e 4

GLos Ol L3 (gl sme el &S Ll 1 sy

Jhe gl ise idgbe Jold bl glaey 8
ASCs sl 1x) 0 slus ol a4 & ¢ g giS L
Jle gla i e 1o S James + J gk €A 5255
4 ASCS Jshee Vx40 slas Lol @ 45 ¢SS L
M GF el Joe 3 LSS Lo ol
ol S Lama 3 oS ASC sladsle iois
s els i i, ARELT Lyl £
oS $sss LU 4 & Sl G pmnS ol ok
Cly G Babases i 3 Wb S pen
ol Jlop Lol @ &S Lls e fd D s
G babasis o 4l s S5 clbr

Cou
Sy 4k oGy o adle ol s

esliul Lalasis o 53 ol sl 12 6-OHDA

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.25.3.227
http://ismj.bpums.ac.ir/article-1-1626-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/ismj.25.3.227 ]

AR A )ﬁ,@.@}.ﬂ.}fi/\‘ a)w/r-".r-'-;}\:m-:-jdb

o g ;:,.b/“"f

M 5 andls ol Jomn 3 1) bid ke S S5
2SS 5 S e W S S5 gla, sSU
023 Mgy 2le & ool ladshe S 505 L anlis
el Glalsys il 3 (g fte SHB
2 i &b gladshe ol 0L =l s el
St kB e 5l Akl cis Ll s
bagy G2 me 53 5B U3 5 Lgm Ol ey s Lo
slos Ok LUl 3l bl sla, st sl
i NT3 eis 55058 s syt Sdyisss
Sbabse o 1 Sle e S5l bos s
(V8 518) das o il 3l ol o

5 oS ey S 53 NGF 03 0l addlas o0l s
+ dshe o5 S L anslie o 1y (ol pme malS gl
IS Slos € i s 13 0L S S L
Jsko cpl by Al sdalin (g by sme Dt J5lu
s slsSt gsl oS JLi kS Laos o jen 4
05 Ol Gl 4 e ol e 3 03y Joh
S| 5 Ley S nl o bl )5 ool 0as NGF
305548 05 0l S o bag eall L 1) (5l gme
s ol il e 53 NGF 5 01 Jss &
o S 5o Gl el 03 S (9350 L)
spdoes 1y LOT Slays 5,08 & Wijls oAb S ae
badsSge ol 35 B JpS050 035 (3 51 S n
YV ) 355 0 Sy 955 e 3l O e e 33
(YA

Sl zo b Olajles mn S Coler Cou Al

St
ol glad g s ans 53 ool Slides 058

d&@bﬂwhﬂﬁﬁwdug)pq&ﬁ

sdalie CiS 5 JaedSOL Jbe laes S o S
53 Ss 5005 Sd3 Ol U5 55 (g Ol or S
Al cis Lle cou ASCS slad she
sl S Sb e 53 0d el (glad sk wlis
+ Jshe slaes S 53 BDNF 03 Ol Jls sxs ol
Ol i8S 05 5 L alis > Jhor 5 JLiolilS Lo
S AT s Bl s sl glad b ol
S Gl e Sl G 05 Ok s 2L LUl
Joee 53 Jip S Lo Lol pon by 5 ol 4 ad 5k
el 4 Loy B o g s ]
S5 BDNF 05 0l g 55 1, adshe 26,06
lacrsys cdiblons s s (g8l 5 il Dlalllae S
1y 3130553 BDNF 5 b 5l oanl Jalpe 2ln 0
() Wlosls 5158

L 55SE S ey el LUBIS S S
4 26, Ske )sSb d30s . (BDNF) (gime nas
Sups 4 e g o0 S = St A Sl e
Slalen 53 3 35 OF s & 5 2130505
(Y0 55 o3 53 53555

S s ign ol 0L 3k ) s RT-PCR gl
JEi kS Loms + Jobo b5 2l & slo Ll &
NT3 05 Ols 53 (ulssme Lasl5l g 0l 033 Lisw
5 oSl o glaos S L alin 53 ol s 3
SalS S 0y 8 s S e s sl olis s
Glaos S L aslin L3 806 05 Oy > (ol e
Loloa by olgs @ sk cpl ol cdd sdalin jlas
NT3 05 ol (il 5306 ol fowe 53 il 5
03,5 35 Osd 0 o gme als 50 B b 3ol el
Lo JLiy bl Lo + Sl 058 4 o Jle
S lmd des 4 ol gbdshe o]

Lo 3l m ol Si55a08 slaysSb sl

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.25.3.227
http://ismj.bpums.ac.ir/article-1-1626-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/ismj.25.3.227 ]

YYV /S gmiaS 5L o g 5o pdy 59,9 Ol

S0 5 ol
e LS I sl aabobl 5l ise Jol= dlas oyl
sl SIS s 0 S e A
dowgols ibe Olaels ol T oKl
Slan fas cpl so S ol S 5 OB 5
Olaals Dl sl31 ol Kils arly ke saSLiils 5 s S

JJ)\J‘)J(J)JB}J&JJJL&S

étﬁ)w

i OBk buy Wle Sl £S5z
C,..w\oJ...:..:QL::

References:

Cwd 4 @Lﬁ Sl ol ad gl ol K e
INVItro Lol & s bad shee esls 0Lz andllas ol 51 kel
Wl g la 2 S5 5 s0) Ol oUls )
(JLisdilS Lazes) OLalnd 5ol pon & oS Slos s
4l Loy ) U o Lipd G5 el e 3
G030l S 3 Ly sl el slad g 5536
ok S @ NGF 5 NT3 BDNF s 55,5
Slod Jsh S ol A Wad gl ) Cgr
Szdl i Glp 1 Glosb Al & g Lalt

S o el b oSl (S35 o e

1.Chan TM, Chen JY, Ho LI, et al. ADSC
therapy in neurodegenerative disorders. Cell
Transplant 2014; 23(4-5): 549-57. doi:
10.3727/096368914X678445

2.Chen L, Qiu R, Xu Q. Mesenchymal stem cell
therapy for neurodegenerative diseases. J
Nanosci Nanotechnol 2014; 14(1): 969-75.
doi: 10.1166/jnn.2014.9126

3.Zakrzewski W, Dobrzynski M, Szymonowicz
M, et al. Stem cells: past, present, and future.
Stem Cell Res Ther 2019; 10(1): 68. doi:
10.1186/s13287-019-1165-5

4.Mousaei Ghasroldasht M, Seok J, Park H-S, et
al. Stem cell therapy: From idea to clinical
practice. Int J Mol Sci 2022; 23(5): 2850. doi:
10.3390/ijms23052850

5Zhang J, Liu Y, Chen Y, et al
Adipose-derived  stem  cells: current
applications and future directions in the
regeneration of multiple tissues. Stem Cells Int
2020; 2020: 8810813. doi:
10.1155/2020/8810813

6.Glavaski-Joksimovic A, Bohn MC.
Mesenchymal stem cells and neuroregenera-
tion in Parkinson's disease. Exp Neurol 2013;

247: 25-38. doi:
10.1016/j.expneurol.2013.03.016
7.Elsworth JD. Parkinson's disease

treatment:past, present, and future. J Neural
Transm (Vienna) 2020; 127(5): 785-791. doi:
10.1007/s00702-020-02167-1

8.Barbuti PA, Barker RA, Brundin P, et al.
Recent Advances in the Development of Stem
Cell-Derived Dopaminergic Neuronal
Transplant Therapies for Parkinson's Disease.
Mov Disord 2021; 36(8): 1772-1780. doi:
10.1002/mds.28628

9.Liu Z, Cheung H-H. Stem cell-based therapies
for Parkinson disease. Int J Mol Sci 2020;
21(21): 8060. doi: 10.3390/ijms21218060

10.Panicker N, Dawson VL, Dawson TM. The
cell biology of Parkinson’s disease. J Cell Biol
2021; 220(4): €202012095. doi:
10.1083/jcb.202012095

11.Mustapha M, Mat Taib CN. MPTP-induced
mouse model of Parkinson's disease: A
promising direction of therapeutic strategies.
Bosn J Basic Med Sci 2021; 21(4): 422-433.
doi: 10.17305/bjbms.2020.5181

12.Mendes-Pinheiro B, Anjo SI, Manadas B, et
al. Bone marrow mesenchymal stem cells'
secretome exerts neuroprotective effects in a
Parkinson's disease rat model. Front Bioeng
Biotechnol 2019; 7 294, doi:
10.3389/fhioe.2019.00294

13.Torrente Y, Polli E. Mesenchymal stem cell
transplantation for neurodegenerative diseases.
Cell Transplant 2008; 17(10-11): 1103-13. doi:
10.3727/096368908787236576

14.L PK, Kandoi S, Misra R, et al. The
mesenchymal stem cell secretome: a new
paradigm towards cell-free therapeutic mode
in regenerative medicine. Cytokine Growth
Factor Rev  2019; 46: 1-9. doi:
10.1016/j.cytogfr.2019.04.002

15.Pawitan JA. Prospect of stem cell
conditioned medium in regenerative medicine.
Biomed Res Int 2014; 2014: 965849. doi:
10.1155/2014/965849

16.Gunawardena TNA, Rahman MT, Abdullah
BJJ, et al. Conditioned media derived from
mesenchymal stem cell cultures: The next
generation for regenerative medicine. J Tissue
Eng Regen Med 2019; 13(4): 569-86. doi:
10.1002/term.2806

http://bpums.ac.ir


http://bpums.ac.ir/
https://journals.sagepub.com/doi/10.3727/096368914X678445
https://www.ingentaconnect.com/content/asp/jnn/2014/00000014/00000001/art00065;jsessionid=9e0alntf08cnq.x-ic-live-02
https://stemcellres.biomedcentral.com/articles/10.1186/s13287-019-1165-5
https://www.mdpi.com/1422-0067/23/5/2850
https://pubmed.ncbi.nlm.nih.gov/33488736/
https://pubmed.ncbi.nlm.nih.gov/23542820/
https://link.springer.com/article/10.1007/s00702-020-02167-1
https://movementdisorders.onlinelibrary.wiley.com/doi/10.1002/mds.28628
https://www.mdpi.com/1422-0067/21/21/8060
https://pubmed.ncbi.nlm.nih.gov/33749710/
https://pubmed.ncbi.nlm.nih.gov/33357211/
https://www.frontiersin.org/articles/10.3389/fbioe.2019.00294/full
https://journals.sagepub.com/doi/10.3727/096368908787236576
https://pubmed.ncbi.nlm.nih.gov/30954374/
https://pubmed.ncbi.nlm.nih.gov/25530971/
https://onlinelibrary.wiley.com/doi/10.1002/term.2806
http://dx.doi.org/10.52547/ismj.25.3.227
http://ismj.bpums.ac.ir/article-1-1626-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/ismj.25.3.227 ]

AR A )ﬁ,@.@}.ﬂ.}fi/\‘ a)w/m;cﬁdu

17.Xu R, Wu J, Lang L, et al. Implantation of
glial cell line-derived neurotrophic
factor-expressing  adipose  tissue-derived
stromal cells in a rat Parkinson’s disease
model. Neurol Res 2020; 42(8): 712-20.
doi:https://doi.org/10.1080/01616412.2020.17
83473

18.Allen SJ, Watson JJ, Shoemark DK, et al.
GDNF, NGF and BDNF as therapeutic options
for neurodegeneration. Pharmacol Ther 2013;
138(2): 155-75. doi:
10.1016/j.pharmthera.2013.01.004

19.Ruozi B, Belletti D, Bondioli L, et al.
Neurotrophic factors and neurodegenerative
diseases: a delivery issue. Int Rev Neurobiol
2012; 102: 207-47. doi: 10.1016/B978-0-12-
386986-9.00009-0

20.1brahim AM, Chauhan L, Bhardwaj A, et al.
Brain-Derived ~ Neurotropic ~ Factor  in
Neurodegenerative Disorders. BioMed
2022;10(5):1143. doi:
https://doi.org/10.3390/biomedicines10051143

21.Binder DK. Neurotrophins in the dentate
gyrus. Prog Brain Res 2007; 163: 371-97. doi:
10.1016/S0079-6123(07)63022-2

22.Tome D, Fonseca CP, Campos FL, et al. Role
of Neurotrophic Factors in Parkinson's
Disease. Curr Pharm Des 2017; 23(5):
809-838. doi:
10.2174/1381612822666161208120422

23.Collier TJ, Sortwell CE.Therapeutic potential
of nerve growth factors in Parkinson's disease.
Drugs Aging 1999; 14(4): 261-87. doi:
10.2165/00002512-199914040-00003

24.Mahendru D, Jain A, Bansal S, et al.
Neuroprotective effect of bone
marrow-derived mesenchymal stem cell
secretome in 6-OHDA-induced Parkinson's
disease. Regen Med 2021; 16(10): 915-30. doi:
10.2217/rme-2021-0018

25.Kim HJ, Lee JH, Kim SH. Therapeutic
effects of human mesenchymal stem cells on
traumatic brain injury in rats: secretion of
neurotrophic  factors and inhibition of
apoptosis. J Neurotrauma 2010; 27(1): 131-8.
doi: 10.1089/neu.2008.0818

26.Trzyna A, Banas-Zabczyk A.
Adipose-derived stem cells secretome and its
potential application in “stem cell-free
therapy”. Biomolecules 2021;11(6):878. doi:
10.3390/biom11060878

27.Nakhaeifard M, Kashani MHG, Goudarzi I,
et al. Conditioned medium protects
dopaminergic neurons in parkinsonian rats.
Cell J 2018; 20(3): 348-354. doi:
10.22074/cellj.2018.5343

28.Munoz JR, Stoutenger BR, Robinson AP, et
al. Human stem/progenitor cells from bone
marrow promote neurogenesis of endogenous
neural stem cells in the hippocampus of mice.

Proc Natl Acad Sci USA 2005; 102(50):
18171-6. doi: 10.1073/pnas.0508945102

29.Hoban DB, Howard L, Dowd E.
GDNF-secreting mesenchymal stem cells
provide localized neuroprotection in an
inflammation-driven rat model of Parkinson’s
disease. Neuroscience 2015; 303: 402-11. doi:
10.1016/j.neuroscience.2015.07.014

30.Wei X, Du Z, Zhao L, et al. IFATS
collection: the conditioned media of adipose
stromal cells protect against hypoxia-ischemia-
induced brain damage in neonatal rats. Stem
cells 2009; 27(2): 478-88. doi:
10.1634/stemcells.2008-0333

31.Gu H, Wang J, Du N, et al. Adipose stromal
cells-conditioned medium blocks  6-
hydroxydopamine-induced neurotoxicity and
reactive oxygen species. Neurosci Lett 2013;
544: 15-9. doi: 10.1016/j.neulet.2013.02.057

32.Noverina R, Widowati W, Ayuningtyas W, et
al. Growth factors profile in conditioned
medium  human  adipose tissue-derived
mesenchymal stem cells (CM-hATMSCs).
Clin  Nutr Expert 2019; 24: 34-44.
URI:http://repository.maranatha.edu/id/eprint/
27381

33.Betarbet R, Sherer TB, Greenamyre JT.
Animal models of Parkinson's disease.
Bioessays 2002; 24(4): 308-18. doi:
10.1002/bies.10067

34.Larsson E, Nanobashvili A, Kokaia Z, et al.
Evidence for neuroprotective effects of
endogenous brain-derived neurotrophic factor
after global forebrain ischemia in rats. J Cereb
Blood Flow Metab 1999; 19(11): 1220-8. doi:
10.1097/00004647-199911000-00006

35.Molinari C, Morsanuto V, Ruga S, et al. The
Role of BDNF on Aging-Modulation Markers.
Brain Sci  2020; 10(5): 285. doi:
10.3390/brainsci10050285

36.Bondarenko O, Saarma M. Neurotrophic
Factors in Parkinson's Disease: Clinical Trials,
Open Challenges and Nanoparticle-Mediated
Delivery to the Brain. Front Cell Neurosci
2021; 15: 682597. doi:
10.3389/fncel.2021.682597

37.Modller JC, Sautter J, Kupsch A. Potential of
neurotrophic factors in therapy of Parkinson's
disease. J Neural Transm Suppl 1996; 48:
103-12. doi: 10.1007/978-3-7091-7494-4 10

38.Zare MA, Baghaban Eslaminejad MR,
Hosseini A. Study of mesenchymal stem cells
derived from human umbilical cord vein wall
and determining the process of differentiation
to cartilage and bone. Iran South Med J 2015,
17(6): 1135-1142.
http://ismj.bpums.ac.ir/browse.php?a_id=629
&sid=1&slc_lang=en&ppup=

http://bpums.ac.ir


http://bpums.ac.ir/
https://doi.org/10.1080/01616412.2020.1783473
https://doi.org/10.1080/01616412.2020.1783473
https://pubmed.ncbi.nlm.nih.gov/23348013/
https://pubmed.ncbi.nlm.nih.gov/22748832/
https://pubmed.ncbi.nlm.nih.gov/22748832/
https://doi.org/10.3390/biomedicines10051143
https://pubmed.ncbi.nlm.nih.gov/17765730/
http://www.eurekaselect.com/article/80223
https://link.springer.com/article/10.2165/00002512-199914040-00003
https://www.futuremedicine.com/doi/10.2217/rme-2021-0018
https://pubmed.ncbi.nlm.nih.gov/19508155/
https://www.mdpi.com/2218-273X/11/6/878
https://pubmed.ncbi.nlm.nih.gov/29845788/
https://www.pnas.org/doi/full/10.1073/pnas.0508945102
https://pubmed.ncbi.nlm.nih.gov/26166730/
https://pubmed.ncbi.nlm.nih.gov/19023032/
https://pubmed.ncbi.nlm.nih.gov/23562515/
http://repository.maranatha.edu/id/eprint/27381
http://repository.maranatha.edu/id/eprint/27381
https://onlinelibrary.wiley.com/doi/10.1002/bies.10067
https://journals.sagepub.com/doi/10.1097/00004647-199911000-00006
https://www.mdpi.com/2076-3425/10/5/285
https://pubmed.ncbi.nlm.nih.gov/34149364/
https://link.springer.com/chapter/10.1007/978-3-7091-7494-4_10
http://ismj.bpums.ac.ir/browse.php?mag_id=40&slc_lang=en&sid=1
http://ismj.bpums.ac.ir/browse.php?mag_id=40&slc_lang=en&sid=1
http://ismj.bpums.ac.ir/browse.php?a_id=629&sid=1&slc_lang=en&ppup=
http://ismj.bpums.ac.ir/browse.php?a_id=629&sid=1&slc_lang=en&ppup=
http://dx.doi.org/10.52547/ismj.25.3.227
http://ismj.bpums.ac.ir/article-1-1626-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-07-12 ]

[ DOI: 10.52547/ismj.25.3.227 ]

Iran South Med J 2022; 25(3): 227-239

Original Article

Expression of Neurotrophins in Adipose-derived Stem
Cells during in vitro Culture and Posttransplantation in
Parkinsonian Rat Model

A. Kousha (mse)t”, M. Haji Ghasem Kashani (php)?™, Gh. Vaezi (php)?,
V. Hojati (Php)?

! Department of Biology, Damghan Branch, Islamic Azad University, Damghan, Iran
2 Department of Cellular and Molecular, School of Biology, Damghan University, Damghan, Iran

(Received 28 Jul, 2022 Accepted 19 Sep, 2022)

Abstract
Background: Adipose tissue stem cells (ASCs) cause faster repair of damaged tissue posttransplantation
by releasing growth factors in neurodegenerative diseases. ASCs secrete factors in the culture medium
called conditioned medium (CM) in vitro. This study investigated the expression of neurotrophin genes in
vitro culture and transplant of ASCs in Parkinsonian rats.
Materials and Methods: In this study, expression of neurotrophin genes was investigated in vitro and in
vivo. In vitro means evaluating expression of genes in the conditioned medium from 21-day culture of
ASCs (culture group) and the transplantation group, which were divided into subgroups of Parkinsonian
rat model receiving ASCs (Cell group), and another group reveiving cells and conditioned medium
(Cell + Conditioned Medium group). The sham groups were designed with Parkinsonian model and sham
animals injected respectively with 6-OHDA (neurotoxin) and normal saline (neurotoxin solvent) instead of
neurotoxin. All the injections were performed stereotaxically into the right striatum. After eight weeks of
treatment, the transplantation areas were isolated and stored at -70 °C. Then, the exression of neurotrophin
(BDNF, NT3 and NGF) mRNAs was analyzed.
Results: BDNF and NT3 mRNA expression levels were significantly higher in the cells+conditioned
medium and cell, as compared with the culture group. A significant decrease in NT3 gene expression in
cell group was observed compared to that of cell group + conditional medium. NGF expression of the
culture and cell groups showed a significant decrease compared to the cell+conditional medium group.
Conclusion: In vitro cultured ASCs cannot significantly induce expression of neurotrophin genes, but
when the cells are transplanted along with secretions (conditional medium) at the site of injury, the
microenvironment of the transplantation site can induce higher expressions of neurotrophins. These cells
will be good candidates for cell therapy.
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