[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

A

g pale oliuduly
Hobigs o)y g bl agy ilesd o

BT

250

| VIl (Arthrospira Platensis) Ul g T Suo> o Jlas yib
CrossMarck “. Q‘ v ‘ﬁ}‘ o & “.’.".” 60‘5‘4 sudw 2uﬁ
10.61186/ismj.27.6.409 GS'!‘“ ‘sud slu

o3l Janawl ddidiy (1o Cramol 0l gaeh Ljlo I gaas] s

Ol 909 eadgs (sSibsy pole BLLEGLS ((Suissy 63D (52 i pole 6g)S
Ol 92 g (SSisj pole BELIS gl (Sibjy ) pole 03B} (0, BRA> (23 (6918 Caun ©lains jSye

oS>

Wgdd0 o(y9)95 08) O 1 9 rac pimnw 3)8ac )3 JWS] Cucl 9251)3539)93 (sl Lo dinsj

E13l @ j2La3 (2Ulg5 cmslio GBI g x5 b plgbiel o 51 Giin anisilyo 3L s Job

M8 6130y 390 Guac sl (G5LojL )d Algie 9 3313 1) 395 jleyiny slodglw calize

O )3 bl Slbpwas 9 s (GBSIGHT Goles hly gyl Sl 35,8

@ loiwl joo jl 03 Gidie (g3Li (gL Jolw oLl Jaguud 2 Ldg sl ol oylac )1 (ool

29)5 )18 (L)l 390 (I Vitro) oKl i )3 uas glo sk

©9 Uh90 b pleximl jI (BM-MSCs) ploaiul j2o jl Gidhe (g3 slodgle oy, 9 Slge

09,5 9 bFGF g EGF olyan 4y Jolw 69,5 «J,iiS 69,5 )3 o Jolw umw 3534 8315 S g 2 lydxiiml

G OBjls il 0 @ Sgib Yoo dBe AYD oo o alize (clojes )3 Ludgpuwel s)liac b slyd Jolo
L‘"”::J' PSile ol sl (5 yiegialugld (ig) 43 sl jaleS deoJolun CudiS b Bl g 330 (G dipands
ac Jolo 85 )1)8 (HLj)l )90 Nestin
olozinl jao  loAiwl 20 | Gk (63U (oo (59 32 Udg el Sl o)liac a5 5l (yLiks MTT (905 :L>aidly
o3Iy (5log)S )3 (Nestin S)lo lw) ras Jokw 4 oyl jalas 9 gl (gl 3185 (5om )3

s 0 gt ’

03lj Jusaunl sy ils )lbee Ginldl yGhke » 03930 Yoo g 10 AV jo3 L lidg sl o)lac
esma_8420@yahoo.com 6Lk sl Jslo jolad )3 JaganS caso 393 BI3SIGDT I b Ldgyuauw] Sl 0)liac 16 paS azmis
" 0l )3 Ployd 309y S plgicdy Blgise 9 d9de Grac Jow @ ploiml jRo I Fido

IR.BPUMS RES 145 .'F AT )ladsay 5251)3539)8) (sloos)lan

For/et/et sty 320 ) Ge (3L (gl gl jolaT 3D 4 (SlaanSIET poles abuwly 4 gyl Sl o)lac i glS el
VEoF/o¥/oA oy AT Clwsdy 6151)3539,65 (sldgylay dg9ag0 33 Jude Jole S Bilgi 10 g AiS 50 SaS uac slo olw 4y lgximl

6 Iran South Med J 2025; 27(6): 409-417 [Open AcCeSS PONCY]...........coovviveeeeeeeeeeeee e B www.ismj.bpums.ac.ir


mailto:esma_8420@yahoo.com
https://doi.org/10.61186/ismj.27.6.409
https://doi.org/10.61186/ismj.27.6.409
http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

Original Article

A

oS 33 el oliisls
Holigr lerd g bl iless o

The Effect of Spirulina Algae (Arthrospira

platensis) Extract on the Differentiation of Bone
Marrow Derived Mesenchymal Stem Cells to
Neuron Cells

Houssein. Ahmadi’

! Department of Anatomical Sciences, School of Medicine, Bushehr University of Medical Sciences, Bushehr, Iran

? The Persian Gulf Marine Biotechnology Research Center, The Persian Gulf Biomedical Sciences Research Institute,

Bushehr University of Medical Sciences, Bushehr, Iran

Abstract

Background: Neurodegenerative diseases cause dysfunction of the nervous system and the loss
of neurons. Bone marrow-derived mesenchymal stem cells, under appropriate stimulation have
the potential to differentiate into different progenitor cell types, including nerve cells. Spirulina
algae has antioxidant, anti-inflammatory, and anticancer properties. This study evaluated the
effect of Spirulina algae extract on the differentiation of bone marrow-derived mesenchymal
stem cells into neuron cells /n vitro.

Materials and Methods: Bone marrow-derived mesenchymal stem cells were extracted and
cultured. Then, the cells were divided into a control group, a group with epidermal growth factor
and basic fibroblast growth factor, and a group with Spirulina algae extract at different doses of
50, 100, 125, 150, and 200 ng/mL. After four weeks of cell culture, neural cell differentiation was
evaluated by flow cytometry for the expression of the Nestin marker.

Results: MTT assay showed that Spirulina algae extract did not have a toxic effect on bone
marrow-derived mesenchymal stem cells. Cell survival and differentiation into neural cells
(Nestin marker expression) significantly increased in all groups receiving Spirulina extract
compared to the control.

Conclusion: Spirulina algae extract has no toxic effects on cells and can be considered a
promising therapeutic approach for neurodegenerative diseases in the future. It induces the

differentiation of bone marrow-derived stem cells into neural cells.

. Maria. Zahiri'?, Gholam Hossein. Mohebi?, Banafshe. Esmaeilzade'’”

y .

y B

\ /. \
u
| |
y J

CrossMarck

d

10.61186/ism;j.27.6.409

Keywords
Bone marrow
Differentiation
Spirulina

Stem cell

*Corresponding author
Banafshe. Esmaeilzade
esma_8420@yahoo.com

Ethical code
IR.BPUMS.RES.1396.34

Received: 2024/11/29
Accepted: 2025/05/29

6 Iran South Med J 2025; 27(6): 409-417 [Open Access POlICY].........ccouviirieiiriniireieeiees B www.ismj.bpums.ac.ir


https://doi.org/10.61186/ismj.27.6.409
https://doi.org/10.61186/ismj.27.6.409
http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

\Fol Midwl g (pagy /% 0)ladh /080 § Cartrad JU.iuiuiiiiiiciici e Lgiz b /P
O pld ) adiwme (2LlIgS p egMe BM-MSCs doddo

9 @0w9)39)9 RBgile i) b (uac o
Gl Gl Grobe bume wilitde 2 (5lo)eisl
0l Rlad Cgz iU (F) WS sl ras el
b GaliEe Dlge I Guac gladse 4 loske
«dimethyl sulfoxide butylated hydroxyanisole
lgo ¢l Lol .l s34 o3laiwl B-mercaptoethanol
9 2dbse pbe plusl 2 g esisdlie slodshe (glp
b (loygisl jl g cuwwl 63,5 3930 |y ol (L)
basic dnsulin-like growth factor 1(IGF-1) :aiile
epidermal growth .fibroblast growth factor (bFGF)
(Y) 350 0,2 Neurotrophin 3(NT-3) factor (EGF)
6L Plw €9 o plgicar &S Lidgpuwl Sul>
Glaiid) 2 e Sul> S @Bly )d gde diBlib
W)giody Sulz ol AL 0 Cumuwgyis A8 a5 Cawl
9 Goe S (solSiiunj )3 83)95aw 9 SiU (slodid,
WSe S5) Lazlys g el W lyse
03294 (5320 Jlge j| € Rle plgicas oSl (A)
@ Mo SS9 )10)L U (R @) )d (Hame dlge
Gz plejlw 21483 )18 4295 390 )l 3%5sgw
6% olgisay ldgyul ool 4y (WHO) caiblagy
Cawl 6355 0Ll cumub jd 39290 (ldE Slgo ¢pyie
0l 31 35 (NASA) g0l (ldd glojle 4523 (g |
RUaS lojaw (glp epid (I ploicar Sl
VL e )yl 033l Shg ol 3o o
(1) Sl gol> byl )3 o 3,5 9 Ldgpuul
G (2915 poles jl i @i S0 plgicds Ladg
(9938 (P 3mSIGET (B Shag Jolid 4 39450
(el @i 6355 C9lS (e 9 (Slbjwd
Gie ©Lil skl (e Lidg ! )3 ude GLS)S ol
Wl g egde S0 Jae Pl glodolw (g9 2
20 39290 A, Bluh 5e95 a5 Wledly i ©lesss
h Jolw (gl (glo@pl colled wilgize Lgymul
o559 yal .45 SaS DNA (¢jlojlb @ g aod ioljél
9 eedao 5142 > g paanl (VL Jawwdliy 03005 Lid
olgiedr 3lgize 9 o o Jolw SAjglgn 3)Slac
4295 3)90 (Sibjy Calite (goj9= )3 (Hloy> 4injS o
gyl o)liac o cawl oxds G)liS (1) w5 )8
Jlhedble 9 kil glpSyae e coaw

6 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

3913 0)Ldl VWIS I (5295 @2 951,359,909 (515 Lows
Wik el Wl laglan  Jolds &S
logylan ol 3950 pujgySanl Jidle 9 (9iSiule
)3 JUSl g oyg)98 0339k 9 (52235 BT Cach
dogylan €90l )3 . 33)S50 ras @i 3Slac
Rbesdon 9 ok ald )5 (o)l
G5 SN dzi )3 9 by S azge
slogylen b bl )5 (1) 90 L8 9 GiSLb
S22 45 31> 3929 (633210 (gl (LAY y9Sie
L Al o 5l Giglate wlz)s hls oy jl
9 Pl Vd)lse cml pSae gls ool (Yol
S 2L bl olpas 4 (o295 B (g)ld WUSIAS
2 o9l 398 y2io Loyl i)l Gl 4 Llgie
=8 (yloyd (HeiSU aS 3,5 o)Ll disS ¢yl 4 2L oyl
L5 ez >l 036 (Rl Wg)lan o2l glr
g)len o Copie e grgele oy @
S>> (Bl pd)lse Sl plon U s9die ol
2L S92 ohlen 53 CadsS Jlo e )3 9 S8l
(PgV)

)9ba jouo &5 Jiud Jolw jl 29 (g3 sl olw
Gilide Elgil 4 Joas bl g wlails s Jols
Gobel g 95 hls dole ol .3)1> |y o Jgle
Odol 5lwse plaie b Jolw plw jl 1) ol 45 Jiwe
T 4 a5 Cunl 3930l 1855 5> oyl (2LIgS (S
0209 .59 aauS Jolw (6505 dlael @ 30 8l
GOL o jlaie Cumsg > &S cuwl ol GShs
sdolw © cwlio bbb )3 WSlgie 9 Wlese
(F) 5id Jasss ol

3L odokw 2)5eee | Gesislie (3L (sl gk
doz jl ok glodgd ¥z @ el plgd 9 el b
Gl (0) W15 |y abae g Sgpat uac (lgiul
oy yghiedy uac L I (ebh glodsw @
2950 Lgme Sy G2 «9u3h3539)95 (5 lew
63w sl Jolw jl edlaiwl a5 Wlesls (s wladss
Voo ghRiwl ploinl e I &S esdidlie
oo QB gl I o glgieqy (BM-MSCs)
) e oA Dlgise (Pl (b lasle
sldolw 38 Ll (F9)98 slodelw @ae)S 9 (5jlejb

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

FIY /O|9'2_L.u, 20 (63 sl Jolw uac kel ) UT O g LAJJBM)] 0)liac U‘)Lixu‘b 9 (gl el

G593 )8y )d L 9 A 631> S LS 17 culy
©593L Yoo g 100 (VD (oo o) lidg mwl 6)lac waliseo
o «gpnlgSal Caclis VY5l ug 2385 )18 (ke 52
O Yo p S he O eabble b MTT Jglowe yidg)Sne
1)950eS3l 55 )50 el F e g Ak Bdlsl Solz o
I MTT (golo cudsS baamo wban opl 5l Guy .33ko (8L
OVe 23n Jsb 13 (ol 9i) sy BVl olSims

22,5 (6350)1351 yiogil

swJolw 43 BM-MSCs (gl Jolw jalas
rac oy

o3y wiS Bl 47 gloculy )3 BM-MSCs (slo Jolw
BM-MSCs (slo sl 4323 09,5 )3 (S 05)S) 332
DMEM/F12 (B27 N2 (gol> cudsS bagmo (6y20 5>
bz jo) ¥ o e ol )3 9 28T )8 g V ey
082825 5| g j9) S yungsh Gupen 4235 (oS
» 590 0 DFGF) (91> humo (1620 )3 cadS bayono
MBS 8 (idole 2 eS96 0 EGF yidibe
Glizee ()93 505 (sloeg,S ;> (BM-MSCs diff 69)3)
2 Sl Yoo g W0 APD doo e Ligyusl o)lac
el VW 0ied) bdow wuiS basw @ yidle
Spi 0o Spi Ve Spileo Spi do (clwog)3) 133)3 sl
.(Spi Yoo ¢

Nestin ,5)lo olw oliae (sl (5 yiegialugld

(6 riegilwgld 5IUT 1 o3l b 009,95 5> (uians ol
3wl b alizno (Sloj (Jolgh )d 1oyauwg)gh . 3ib (sl
sJolw 4 (55,0l Genlantis) Detachin Jgl=o I
03 13398 o Jolw ey dloye )3 Ak SLSES 3)die
Alexa Fluor® 647 (g (63LHT b caclw | hieds g
JeloS g i (gl Bab 49l & (59) i adle
Grlogialogld ol jl s Cadie o Jgle o)
A4 oslaswl FACSCanto

Gl Jaloxi g apjs
il gplel 5 51 el Cawday (glodidly (sw)p Cag
O® wnlio johiody ¢ lo/o (yiulpg Prism l38leys

6 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

Gl 035 (zaw LPS Law @)l ply )y 156,500
GBS LEL ©lus)ys 503 9 S VIGs8 Iyl @ azgs b (1)
9 95)3539)90 lo)lew (59 2 4o Gl> jsio
23 90 51 2)1s 3929 (63l ool joled 4 SaS
ol @5 apls b Shl el Gy b asllho ol
5 eslaiwl gz (gaiad))l oleWbl Nlgise asllae
o> 2 b b 9 Polil 958 leusy)

20318 LT )3 92315539)95 sleos)len

Lo ydg) 9 dlge

BM-MSCs (glo Jolw wudsS g (gjlwlas
YO-Fo 9 b B (590 Ghge al) 93 I aslllan oyl )3
pgle 68LiSls blgas GBI )5 o hge A elaiwl o)S
42)d PPEY (glod o3)lasliwl boalyds cumd ydvgy (SSudj
cclw W g (ldgy cackw W (gy85 0)93 S Blw
13¢ ¢ Of & GLGT woyiwd g B3k (6l S,
gy b ige 10Dl CadS g (gjlwlas gy 2wl
9 Siwliz j9ed plodiwl g BAb dES @)999)15
2 ol sl 9 908 loglgzinl j2e ©lgise
(DMEM (FBS (Penstrep) cuiS pogaie Swld
az)d PV gled L HgiboSil )y Swld b didy,
el FA jo 24 (61050 30> g2 CO, g oSl
Ao (Vb @S5 @ &S0l I a9 S o LS

530 0315 Sl M) Juo)d

Liadgyapul o)l dugs

1 Logls b Loyl Su> @) o jl wallae ol )
G obaus saSiegn jl &5 Ab eslatiwl duo)d
aS IS 55300 Jolowe yidohao Yoo )3 Sl ¢l .303,5
i S DAedy g 6 J= gy Jodlio Juo)yd Ae Jold
O b ()35 )99 51 )93 by )3 9 Yl baymre )
U 9 034 Blio By @ Joloo el VF i dS
G Jgame )5 8 (53)5 (gl b wl)d s
2235 03023 Jlada )3 9 axgd Sgiwl lgicay

ok =18y » Lidgpusuol 8)lac 5155 )
iy ) Uddgpuwl ojlac ()l jghiods (Gadmd opl )
09031 jl bge y908 I & y2iume BM-MSCs (glo gl
3 53 Jolw Vo™ Sl )8 ¢yl )3 b edlatiwl MTT

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ism;j.27.6.409 ]

\Fowm|9w/?o)lnﬁx/|ai§_m9wwdlw ...................................................................................................... Lgin b /FIV

42y g 53,5 1oy CwndSy (siglsdyge o Jolw 02 3 b eslatwl ANOVA cus 5l daliteo (cloog,S
M2 ¢yl ()l ) JSLh) B33y 3u0y3 0 (VL yogls A (585 (g)lslize plaw P<o/od) agllbs
(© ) JS) 3003 AP/50 (CD 44 Lanilje)S)le )50 5>
(o) JS&) o2 einilo (gl Jok Ll (gb,S)lo bo

D 9 233 631> S (ylgEiwl (2o (glogyiwl (gl Jglw

loaidly

. b
L))

6%

v

CD 45 Syizgag5lad ,S)lo (3w oljae (& .CD 44 Lamivilje )S)lo (Lo ¢ljae (0 .BM-MSCs (sloJokw cuiss (Wl .\ JSab

Fig 1. a) BM-MSCs cell culture. b) Expression of mesenchymal marker CD 44. c) Expression of hematopoietic marker CD 45

slay a5 ol Hlis gl ab pldl b olw iy ¢l allao 3,90 6[@09)5 20 Holw sl8y ()
O G SPi Yoo g SPiVbe SPiiYh (_ngog)f 2> (Folw 693 Uéy2e 5> b Joko (S)z‘f)lﬁ 5l om caclw VP
bl ylslise (iglidl JyiS 09)S iy g MTT (59057 bindg ol Sals 6, lac calizeo
L% &N S B
o.5 —

B o S »
O 4 — I
i< Sic djc Sjc

]
o.3 — I |
=
0.2 —
- » i< i .
| | |
O .1 —

N ) ,.:if3' .\ﬁ?_,f’a‘.h
= ~ >~ s =
= BT SN s s 9

Groups

oy)linn cuoVe .l 63dd Syl (85l gy o3l «J5iS 69,3 ¢ Lidgyumwl 6)lac 6358l (slog)S (pu (Jokw =l .V JSib
*r% P<ofoooo) FFP<o/o) .l )l im0 Wglad oim i
Fig 2. Cell survival between the groups receiving Spirulina extract and the control group, data are presented as mean +
standard deviation. Asterisks indicate significant differences. **P<0.01, ****P<0.00001

Nestin ,S)le a5 31> lis Udgyumel o)lac calize srac s Jolw 4y BM-MSCs (gl Jolw <Lall
(209,502 mmllia (¥ JS) wdils lalime (i3l 32 (5yhug)9h (5oLl (3) (5ykegiamwsls (lou)
SHle ol U8l &S 31> Ui JyiS 09, b =3 ©wj93 9 EGF DFGF U jg, V la)l 0)95 eladl ;I
Uinlj8l )i 69,5 4 caumd Spi o 69,5 ;> Nestin

6 Iran South Med J 2025; 27(6): 409-417 [Open ACCeSS PONCY].......c.cooveiieiriieieieieeeeeean. B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

FIF /O|9'2_L.u| 320 (63 ol uac plal ) C)T O g Lqu)_uw] 0)liac O’)Linﬂ) 9 (gl el

«Spi \oo 09)5 3> /YD &yq0as SPi be 09; 3D Quwoyd
o) V0 )04 SPI YD 65,5 53 duo)d Yo O)yguods
Spi Yoo 09)5 33 9 20> \W/oY &)yqodr SPi e 69,5 >

(F g ¥ JSi) 399 uoys PP/ oA Oyguods

sog)S Lo )5 puizas (P<o/o)) uily Hlslizo
09,5 ;> (P<o/o00l) iy lslimo (ilj8l 55 (20
)3 Joy> yhuo g0y Nestin S)lo gl pliae JyuS
OVYO &ygu0as BM-MSCs diff 69,5 ;> caud 418,5 )53

T
spi100 .| spil125

cont _{ spis0

(s riagialwglé JUT (o) @) JyiiS 09)S L ol aunlio g ldgyuwsl 031> (sloeg)S )3 Nestin )S)lo lu pliwe ¥ JSis
Fig 3. Expression level of Nestin marker in groups receiving Spirulina and comparing it with the control group (by flow

cytometry analysis)

S S S Sje

S0 — Bk o
== <40
f—
=
pe
L=
— 20 —
D_

{5‘5-& = ==
c,r“’!c;-'—’q’ SV
=
>

SGroups

ol 618 Bl £ (1S5le g1 Wodls.JyiS 6g)S b T dunlie g

Liddgpapesl 620558l (5093 5> (39)99 jalel ljee F JSib

**%%% P<o/oooo) **P<o/o) Ac;.wl)l_\b.ls.o ughu 023y Liis 6)liww Cuodle

Fig 4. Neuronal differentiation rate in groups receiving Spirulina and comparing it with the control group. data are pre-

sented as mean * standard deviation. Asterisks indicate significant differences **P<0.01, ****P<0.00001

b 9 380 021l Jolge 1L Jlgrl L (1Y)
oolaawSIGoT (W) cwl  (gy9m0  plad (glp
GG b 4 Bwe  (Rhasbn JaSe
oiSly op=5i 4 ol pkb 9 ST ol
> ok g2l ) 38g5ae like 5> guilauns]

6 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

& : J
& olgatal joo j| e asislio 6L (slasko
(dgpad (Slexiwl o Jolw 1 plad (Llgs Jud
canlio (glag)S Guac b oo Gio 9 )2
Aiwd suac bglay ©yme @SV dgu (lp

....................................................... B www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

\Fowm‘9w/?0)lmﬁ/‘qjé_m9wkjhu 44444444444444444444444444

JoSais Ginliél olellae ouises (Y1) 493,558
S e ) Ldgpuwl (93)S SLSI L 1) jauwg) o)
Nestin ;i yols agllae )5 (YW g YY) wilesls ¢lin
@ Cawd Ladgyuuwl ojlac 6aiS bl slosg)S )
w@ellae Sy el Hlali=e (ioljdl S eg)S
9 035 wyp ) Udgyrmml JaSeo Sl Jamsliy
il pae §l2y9i56 dou0 sl |y o Gleys @35
il @l 3,Slac (gl oS! wyiwl wolgil dlas
ols Hoba . cuwl 63)S diws p Sdplio OIS g
S oloicw |y Ladg el Suls 51 oslaiuwl aellas ¢yl
S Fetal bovine serum glp S5 (pjSole guwe
Gl )3 ol LawsB)l ab) g S Joiuo
0l Geb (VF) 3350 i 1) ol (sl cads |
42)2 9 (9w iS5 el bdg ] Sul> e
(Y0) sbdo seur Golw glocads )3 | Glgle
oylac auilSo )3 (gl gy iliuins wlellhe
o1 j2lad 9 BM-MSCS (glo Joluw 5 Lindgpuunl Sl

Gl 5Lo 3590 (Jolw 63) Elgil 4y

S5 4

381 Lidg el Suls oylac 4 51> pliv agllae ol
$T U g cawl BM-MSCs (slo Jglo (69) »2 (sam <l
ool 3l Jsgud ca 355 BlapS] BT
srac sdolw @ pleddwl jee I Glie (g3Lb
Glopd U8 Ui S plsicay Vlgise 14 g 33,5
33)5 g 9231)3539)9 () lens Cre2

P19)38 9 ol

GSaiiy pole a1 gy iglee I (B Xumg
P1)38 9 S 8590 Rl I e cales ybli yedg
by pole By Lguas dasllao (pl L3S (50
pole G Laegh ) VB! ainaS g VIO 35 L pdg
A5G IRBPUMS.RESIFAS. VF 1S U Sisj

&L slas
ol OBdung buwgs gl (o)le5 SoSaue

e RO

6 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

) ol ASee dablae gblawS] Gyl
opf 9 o9y «omplhud 9 el 4 pleine
olellae @ihdS aos Job ;> (IF) 3) (cdudisb
S elawSIGOT a5 Blesly s (gdaeis
S 9 o3l Huols |y gublasuS] Guyiwl 26lg3 50
el 938 0 aSh (i Sgug2 |y (5L (sl Yol
5Ly Lo aanl (1) 35,135 (50 25T 5 Lo Jolaw (52
9 Loeling ()90 )2 ot (ilwgss
Cdadloe ol Cawl (Sae a5 Cuslo colauwwS! BT
59> (15) 3L adly Luac eauSBl g (g)9)
wl (939381 a5 Wy v h)Kes g (ChOI)
Glize glowdle )3 (AAP) wlaws ¥ Su)ygSuwl
AAP g 3)13% ;50 BMS cubgimw p Blgise
V) 31 Gialiél ) Gzl jolad 54295008 Hobay
0)59JU o_\)f aslsl a5 2sls O Wi Ql)l_iA.(b 9 (2wg)
slodolw @ Vgeg)Sae o/BY/B j93 b (y2e9S)sS
9 dslw sl iRl caw 22 jl Glike (g3
obol ol plise (RO 9 IS5 il
oopiwl ahw GRS 9 g pgawlamSly
9 (Koh) 15 (5,55 a=llhas 3 .(VA) 23,5 gulasws]
Giwdled Goyb 53Tl a5 (opS9ls HT-YY
©)y90 ROS 33 LiwlS g BDNF/CREB (cloysuuns
Loead Wl oS Jaeo p> (1) @85
CS)3 )3 9 RS bdgyuwl dogige )> OHDA-?
1 om0bed ahw ol cuawles Gualill U
Sawl 352> @ille )3 (63942 9 35 plpz ) g3k )il
Gpb 1 Loyl a5 sy i agllbo oyl LaiS
Gloapl cadled Giolisl g g.8lwaS] o yiwl GiolS
02l .(Yo) aiS Jlacl Iy 395 Sikdlme w3l SOD siile
oUW a5 315 Silgspe psls dellhoe 2oli L lodish
b ) Grac kel cunl pSao Loyl 30550
ol i oSl g gl eyl oS

S g
oylac (43,5 48lsl a5 sl liv ) Ka g (XU) o5
sdow (ol S bume 4 Lol Suls
soi ol > Rl caw prae (@b
69,5 @ cawo B-tubulin g Nestin GFAP MAP2

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ®www.ismj.bpums.ac.ir


http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

18 /oloxiuwl 20 (6L (gl glw (suac plad j> ol Lid g Loyl oybac ohHKes g (glaz!

References:

1.Hashemizadeh P, Farokhipour M, Ahmadi H. Chronic ex-
posure to tramadol and neurodegeneration: A literature
review. Toxicologie Analytique et Clinique 2025.
https://www_scilit.com/publica-
tions/e6abbea99c3f583c4767a1e86012b382

2.Akhtar A, Andleeb A, Sher Waris T. Neurodegenerative
diseases and effective drug delivery: A review of chal-
lenges and novel therapeutics. J Control Release
2027; 10(330): 1152-1167. https://pub-
med.ncbi.nlm.nih.gov/33197487/

3.Kakoti BB.,Bezbaruah R, Ahmed N. Therapeutic drug
repositioning with special emphasis on neurodegener-
ative diseases: Threats and issues. Fron Pharmacol
2022; 3(13): 1007315. 10.3389/fphar.2022.1007315

4.Charitos A, Ballini A, Cantore S, et al. Stem cells: a
historical review about biological, religious, and ethical
issues. Stem  Cells Int 2021, 9978837.
10.1155/2021/9978837

5.Tan F, Li X, Wang Z, et al., Clinical applications of stem
cell-derived exosomes. Signal transduct target ther
2024;9(1): 17.10.1038/s41392-023-01704-0

6.Kim SG, George NP, Hwang JS, et al. Human bone

marrow-derived mesenchymal stem cell applications
in neurodegenerative disease treatment and inte-
grated omics analysis for successful stem cell ther-
apy. Bioengineering 2023; 10(5): 621.
https://www.mdpi.com/2306-5354/10/5/621 .
7.Guan M., Xu Y, Wang W, et al. Differentiation into neu-

rons of rat bone marrow-derived mesenchymal stem
cells. Eur Cytokine Netw 2014, 25: 58-683.
https://link.springer.com/arti-
cle/10.1684/ecn.2014.0357

8.Soheili M, .Khosravi-Darani K. The potential health ben-
efits of algae and micro algae in medicine: a review
on Spirulina platensis. Current Nutrition and Food Sci-
ence 2017; 7(4): 279-285.
10.2174/1573401311107040279

9.Grosshagauer S, Kraemer K, Somoza V. The true value
of Spirulina. J agric Food chem 2020; 68(14): 4109-
15.10.1021/acs.jafc.9b08251

10.Anvara AA, Nowruzib B. Bioactive properties of spir-
ulina: A review. Microbial bioactives 2021; 4(1): 134-
142. https://www.researchgate.net/publica-
tion/351998235_Bioactive_Properties_of_Spir-
ulina_A_Review

11.Ngu EL, Tan CY, Lai NJY, et al. Spirulina platensis
suppressed iNOS and proinflammatory cytokines in
lipopolysaccharide-induced BV2 microglia.

8 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

Metabolites 2022, 12(17): 1147.
https://www.mdpi.com/2218-1989/12/11/1147

12.Mattei V,.Delle Monache S. Mesenchymal stem cells
and their role in neurodegenerative diseases. 2024,
1309): 779. https://www.mdpi.com/2073-
4409/13/9/779

13.Perez-Araluce M, Jungst T, Sanmartin C, et al. Bio-
materials-based antioxidant strategies for the treat-
ment of oxidative stress diseases. Biomimetics 2024.
9(1): 23. 10.3390/biomimetics9010023

14.Kiran TR, Otlu O, Karabulut AB. Oxidative stress and
antioxidants in health and disease. Journal of Labora-
tory Medicine 2023. 47(1): 1-11. 10.1515/labmed-
2022-0108

15.Panahi M, Rahimi B, Rahimi G et al. Cytoprotective
effects of antioxidant supplementation on mesenchy-
mal stem cell therapy. J Cell Physiol 2020 ; 235(10):
6462-6495. 10.1002/jcp.29660. Epub 2020 Apr 2

16.Trotta T, Porro ch, Cianciulli A, et al. Beneficial effects
of spirulina consumption on brain health. Nutrients,
2022. 14(3): 676. 10.3390/nu14030676

17.Choi KM, SeoYK, Yoon HH, et al. Effect of ascorbic
acid on bone marrow-derived mesenchymal stem cell
proliferation and differentiation. J Biosci Bioeng 2008;
105(6): 586-94. 10.1263/jbb.105.586

18.Yousefi F, Lavi Arab F, Jaafari MR, et al. Immunoreg-
ulatory, proliferative and anti-oxidant effects of
nanocurcuminoids on adipose-derived mesenchymal
stem cells. EXCLI J 2019; 18: 405. 10.17179/ex-
cli2019-1366

19.Koh EJ, Seo YJ, Choi J, et al. Spirulina maxima ex-
tract prevents neurotoxicity via promoting activation
of BDNF/CREB signaling pathways in neuronal cells
and mice. Molecules, 2017; 22(8): 1363. 10.3390/mol-
ecules22081363

20.Chattopadhyaya |, Gupta S, Mohammad A, et al. Neu-
roprotective effect of Spirulina fusiform and aman-
tadine in the 6-OHDA induced Parkinsonism in rats.
BMC Complement Altern Med 2015, 15:296.
10.1186/s12906-015-0815-0

21.Xu J, Hsu SH. Enhancement of cell behavior by the
polysaccharide extract of arthrospira and potential bi-
omedical applications. Molecules 2023; 28(2): 732.
10.3390/molecules28020732

22.Zhang J, Li Ch, Zhao Y, et al. Effect of Plant-Derived
and Microbial Feed Additives on the Growth Perfor-
mance and Biochemical Composition of Juvenile Sea
Cucumber Stichopus monotuberculatus. Aquac Nutr
2025; 2025:6521606. 10.1155/anu/6521606

23.Wang M, Yin Z, Zeng M. Microalgae as a promising
structure ingredient in food: Obtained by simple

....................................................... B www.ismj.bpums.ac.ir


https://www.scilit.com/publications/e6a6bea99c3f583c4767a1e86012b382
https://www.scilit.com/publications/e6a6bea99c3f583c4767a1e86012b382
https://pubmed.ncbi.nlm.nih.gov/33197487/
https://pubmed.ncbi.nlm.nih.gov/33197487/
https://doi.org/10.3389/fphar.2022.1007315
https://doi.org/10.1155/2021/9978837
https://doi.org/10.1038/s41392-023-01704-0
https://www.mdpi.com/2306-5354/10/5/621
https://link.springer.com/article/10.1684/ecn.2014.0357
https://link.springer.com/article/10.1684/ecn.2014.0357
https://www.eurekaselect.com/article/41751
https://doi.org/10.1021/acs.jafc.9b08251
https://www.researchgate.net/publication/351998235_Bioactive_Properties_of_Spirulina_A_Review
https://www.researchgate.net/publication/351998235_Bioactive_Properties_of_Spirulina_A_Review
https://www.researchgate.net/publication/351998235_Bioactive_Properties_of_Spirulina_A_Review
https://www.mdpi.com/2218-1989/12/11/1147
https://www.mdpi.com/2073-4409/13/9/779
https://www.mdpi.com/2073-4409/13/9/779
https://pubmed.ncbi.nlm.nih.gov/38248597/
https://www.degruyterbrill.com/document/doi/10.1515/labmed-2022-0108/html
https://www.degruyterbrill.com/document/doi/10.1515/labmed-2022-0108/html
https://pubmed.ncbi.nlm.nih.gov/32239727/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8839264/
https://pubmed.ncbi.nlm.nih.gov/18640597/
https://pubmed.ncbi.nlm.nih.gov/31338010/
https://pubmed.ncbi.nlm.nih.gov/31338010/
https://pubmed.ncbi.nlm.nih.gov/28817076/
https://pubmed.ncbi.nlm.nih.gov/28817076/
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-015-0815-0#citeas
https://pubmed.ncbi.nlm.nih.gov/36677794/
https://pubmed.ncbi.nlm.nih.gov/40160493/#:~:text=The%20results%20showed%20that%20all,impact%20on%20the%20nutrient%20accumulation.
http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-01 ]

[ DOI: 10.61186/ismj.27.6.409 ]

\Fowml9w/?o)w/@m9wdw 44444444444444444444444444

thermal and high-speed shearing homogenization.
Food Hydrocolloids 2022, 131: 107743.
10.1016/j.foodhyd.2022.107743

24 Jeong Y, Choi WY, Park A, et al. Marine cyanobacte-
rium Spirulina maxima as an alternate to the animal
cell culture medium supplement. Sci Rep 2021; 11(7):
4906. 10.1038/s41598-021-84558-2

8 Iran South Med J 2025; 27(6): 409-417 [Open Access Policy]

25.Im ST, Heo SY, Kim EA, et al. The potential of Spir-
ulina maxima extract-treated conditioned medium
from adipose-derived mesenchymal stem cells for hair
growth promoting effect on human dermal papilla
cells. Regen Ther 2025, 29: 184-91.
10.1016/j.reth.2025.03.013

....................................................... ®www.ismj.bpums.ac.ir


https://www.x-mol.net/paper/article/1516625010584100864
https://pubmed.ncbi.nlm.nih.gov/33649424/
https://pubmed.ncbi.nlm.nih.gov/40225048/
http://dx.doi.org/10.61186/ismj.27.6.409
https://ismj.bpums.ac.ir/article-1-2168-en.html
http://www.tcpdf.org

