-

M VFee bl Y oyladds /o23lsd Jlo (oo clides (slouings

$) rb gl 9 (5559La8" pgle oI

o> Slidsi Sleudingss " w&sf Jo"

ShawoS )3 (2 Johw & onlilie sadslw led p2 (Blo (1€9, 85,1550 5

T dowier S (g0 dllans g F o Lo s T Ggedl sl e oSS acblé ! Sy i)

(arash.veshkini@yah00.com : Jgguw odiug) (lyl ccadsaSly ¢l ya5 oKl ()b yoal a3y cj5ab g ol pole 05,5 ¢(c 3> (gl —)
Ol (s @isliin 59l liiod S po ( J3ge 095 ¢jlokial ¥
Ol Sl ol oSty ol o i 41> sl 09,5 kil =Y
Ol «xBaSl o5 o8l (ol (el 9 Pl psle 09, )bl ¥
WAV /NN 1o pdy )b WAR/ Y/ e icdl s )b

W L M axio

LYW eS
owidlze (63l (S Jokw ;5 puddgilio 5 Jobw 4 ya (b b b e (MIRNA) glapse 5 Logy5 ol caddlhe (ol
MhwsS (comiilie (63 SJghw A (owyp T el 0pr gLl @i plgiedr (ale 9, Hlodd CoU G5 WuwgS
o o9y Sl o 32 05 (e 10 jpde pas b g jeds 3 Bl N (o) 2 (Sl g OST politeds (55wl I
555 ) i 5 5031 (5 lagialussld oS 43 W Jshas 5 09,5 b 3 005 (53100l 0 5 0 Wl 5 Jsbos 43 3 2305 jlos
29,5 93 1 )3 (12 4 jalad gl s po 3 Cawd mly S0 9 B ol b ol il (Liulojl (Sib 3 (Jiame
P o5 Jla s wBD 55VL 4gl seuml e Bl g, b oad jled cendilie laglw b dwlie
Soldore jebar letTa puo o Gl Jla ol b 38,55 158 jlod il Codl (s aled SWme o 0850 1,8 I Cod
ow»ls" 1, peroxisome proliferator-activated receptor (5 (o ol 2l (39, Hlowd 8L a2l €4, 09,5 4o
&9y <8l Lials PPARG by (252 & 4Bl ulod gJobw 45 31> (V/AS) Liul381 1, Interleukin 1 beta oyly g (+/¥4)
b peiine ;U @25k 1) (o252 Cooww 4 (conlilie (S gbw Lol g2 (Lo (19, 83,1351 (ol addllas (ol S (i) on

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

i ool o OBl 6 o by 43 (5415 (o gl Jla il b 31D LS PPAR coudild youns 3 padiane o

Sl i gigy Jolg ¢ o2 Johaw ¢ Johaw a5 1 5alod F ol oyl 5k ga] 1 g lS (gLaojlg

S598L015050] ol ASle ¥ Bl yo; Ay oy glad]
ad Ll (C22:6 N-3) S8l 355585 Al 4 (C20:5 n-3)
9y Jolos 9 (0) by (cedal slaiiSly ac g
2ol odomy Cigimw ol &S Wb (V0) (laws
JoSo (S @) pbcod WiegS olisl g gl )
(F) cdF HE Y K G gl b oo (gl
JoSo oS sy plis podga Kkl Gllbe (yisen
» MIR-21(]) 3 miR-16 (Y¥) Lo Wiy o ¥ K

sl JoSo il odlatnl 4y (ool aMe L8l gladnsy
epadd pb 4ds ¥ Bl G cladl 4l p 02
oo 0 S GleMb] Jb ol b el o Jlsl 09 o
St Jeo bl jor 9 Ll 2 b ol G
R KGRTEN

2 B aleds Sl 4 B uis Oldles (Jlbcpl b
9y Jlos om bshe LS sl (Sse 2590
e gty dhsS eriilye (sla oo polo adlas
s b ol 2l 089y SiledeSe Sl adlas 4l
A5 eolawl u.:l)u.:)> 9 W)}uj o u.o.Jau dL“)""

dodlo

Slosbs o @b ) Gite etilis ool
(2 Sdoke 4 pls 4 B &S ws Sl o3l
csodilie slasho 51 (VF) a8l (o Sloeial 5 g pas
5 Splie cldlas (dlp ol glafie lyiea
o B wle Sdplie sl )bual  logase
w2 5 ] ortilye sla sk pedptis 5> JS] sl
Cd iy & Sl oo W 53 &S 390 o 9 (2]
£ S 5 s Jolse dlar J (YA) 45 SeS o
gy slygsl add e Gl
peroxisome proliferator-activated receptor v Joli
(SREBP-1) sterol regulatory element o (PPARY)
Jolss ol walas (Ve F+) aiL . binding protein-1
aALfAfﬁﬁ <sLRNA foadiano )ub“m Sl P9
olyod aye ;50 jliedy 3y 1,8 (1e0) MIRNA sl
sbodole plos 3 (Lol i Glaws gy Jolse L
(VEND) 85,15 popetsljo

Kl e Sl 45 Canl o 03l Ol Oi‘ B o
ouisdl i 2o cdld alopdy) pie I Y
JoB s jein 355 Sl yews Jlacul b exiyls (YOY)
sl Glaed ¥ Kl O slaal Wleass aslis
Pyl s clls g Wed o 4Bl gyapd oy
I8 e Sl (ple gy (V) 8 o


http://dx.doi.org/10.52547/rap.12.32.88
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.32.1.4
http://rap.sanru.ac.ir/article-1-1139-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

A

dotns Sis goe s 5 o Lo Jlas (gall sl Lo ySasS acblb o 2y )]

VFee bl Y oyladds /o23lsd Jlo (oo clides (slouings

» (oo 31 st s olgiea) hydroxytoluene
el YF ja 5 cliglejl 4l )3 s ealil cusS’ bsxe
Sliglof]l b g alopiyy 5 Jsle cutShoxe
09 Jaslinsd 5l b Sl Joho 32 5 (ol j 4l
e Sl wetilie ladshe b i b she 55y »
cuS Gl YF Gk o (Al ya 0 Jso Yeor (ST )
i 09,5 80 4 b Johw «elw V¥l a9 W 00l
095 5 (1015) i bame b basbo I (ag)S
a8 less (alocstg Sl e 3 )5 e VO L ()50
05 ¥ Glajgy 0 MTT (o) b b Job (ol
S yogidy Sl olSiwd ool b og)S 53 2 53 )les 3l
yogl OYe zeo ,» (USA  Beckman Coulter)
A (6 Sl

CulS Wb b )l 53 pgw Ly cendilie (sla Job
Sl plegfey oot b g b ady dspe )3 b Jol cins
4 b Jolw celo YA 5l o 0 o celo YA o
5 Jobo 2 U o (5r) Lojl 2l sk olSilo]]
A5 0liw 3 jgisa]

slodgle ples g ole ofg) b oy glaies
V) Gdeds pylea Slob slashe (o2 Gty (onitilse
YA p S )8 e sledsle plbs bexe ) )
» Sk 10 L sks I (e il Jyl csl
e cpled obl 3 6ad les ey sl e
o S5 agl jelateds 0il red ) eslizul b b Jobe
ol el 5 s ly laole ik B0d (550l
olS ybody Lo jsled 31 s 505 o0lil a5 g Loy
S5 atd sl lind 3L L jbaw b sk o3 4zl
gl b Ll bl 4 01 30 3l mlibe K
cS 3 odlid b e sl ) RNA S
ool 5 4 (Korea (RiboEXTM LS) GeneAll
o RNA osls 05 sbol osijles 665 Jadll gt
NanoDrop™ 2000c¢ (¢ yieg5sdg xSl 3l odlatwl L
gyl RNA 6wy, (USA Thermo Scientific)
@ aBbiy CSp ecn pepate o SeS4 odd
det-7g < let-7a e by o oy 5 Jsas CDNA
MiR-103 miR-101 miR-33a miR-27b miR-17
miR- mMiR-143 miR-142 miR-125b miR-122
mMiR-2368 s miR-200b .miR-200a miR-195 . 146
dL1B PTGS2 PPARG SREBF1 ACSL6 cls; 4
» 9 RT Real-time PCR 9,4, TNFa 4 NF-kB
ABI 157 PRISM 7500 real-time PCR o&ws
8,8 ebul (USA Applied Biosystems) system
255 sl Real-time PCR iS1y ooy ¢ (olod basl i
0 oo b adgl cudywly alsyo 50 Jolds a5 5 boyse
Gl Cudpoly uow 5 4l VW Csody ol Sl 4
do > Fr g il gy Gaedy 3,8 Sl a2 A0 A3 ol
(obl )0 g ddpe Frogly asl Ve csea ol F il
@ o) ol 4 bsye ol (CT) (slailial (sl JSus
ol bl Hled g Jald sleog )5 cladigel > Ban g

g, g dlge
@lisl o 8l olhd j etilie slashe
olf)t;f.‘.f )b) LY Jl;';} CJL u».uo duw )'l [ RW) d)?lé“-?
P glial oy <8l s glpl (Oled 38 sbog
DMEM cuSlaxe gols s O+ Liloil g
Oemlog sl [ opliw i dogdw b oodd (gl JoSe)
Sigma-) z,Bas ol woy 4w 4 (Sigma-Aldrich)

Sohayile g Jite (Sei Bl 4 badigel gy (A
9 78 slJslS b wad (adds gy Gdedy )90 VVe)
4 baiges b ST b dw dbs e opl g ;_é.'\>_.\,,m
pSske Vo b oloa DMEM (gsl> s> iulejl o)
Fe Gty 9 BAS Jite (Invitrogen) < gg 5L
S 59y CO2 dop> gty 9 3Kl 423 TV > i
5 Seid Gaxs Sl ead lr e Jghe aiad asSSl
T Gdedsy yed VWWer) Sauty il SaSa UM culled
DMEM Lo 45 b Jsbos Caly g 505 0013 ogus) (ke
duopddw (555 paw doydV0 b oodd (il oo i
Jite z)Bas odle Mopddw 5 penlogt il cplow o
deo gy 9 Kl da)d YV HeleSSl o b ol us
P Sl sy collae Cumex 4 iy loj b CO;,
Caslio o & b Jolw olaad iy 51 s W05 03l cuS
SLaslefl ol lnJsbo | oo,S 5 3 ool 5ol bk
WD 3258 (Sdn

L Jsl 420 0 o s sla Johw 05 puiiilje &l
sl (o olanl bl 4 (Sl )y
lwg CD166 4 CD73 D45  fols  ewiilie
a3l b sk g5ty Juwily el 2 ogdle 25
b ol o bl o WS oLl O‘9:>'r.‘:.w| 9 &2
el oo Sy 53el35 | olyen 4l DMEM
doyd Voog Yee L 0+ isobutylmethylxanthine
Joy e pp bawgio g 59y YV Sdedy ba Jobo 392 (598 p
ke YV o) 5l e -0 el Cod e g LG
~ Sy b g Gt o Hlex 50l sl Ll pled sla
laJolo gl 4 pled (gl X505 S5, 0il red (¢l
Veo L ooad il JoSe DMEM e |
i Jyyuals b Ygoidio Vo sl Vg ko
CuliS (5388 pyw doyd 0 g Syl duwl ;Yoo Lo B¢
23l 3L L b sl jsy YV o VF Cus3S 5l ae i
Alizarin red &, b Lo 5 S05 Cuid Juopd,le>
D (50l S5y 085l ol ygod 3 (Gl <0isie)

dgame o)led) )bw (plopsisy, 4*’”"-" ol 52
A ol (JolwcdiS (gl cuslio (ol oS 50 F8020
Ak 3 p S eV 89y 2l cale > (b,
F9) ey g SeSa ((A) (L3 adlhe Iz yt)
g b ddeadgel (LX) Eren5S (s hasland (55
butylated (559  Si5) ey /Y olead


http://dx.doi.org/10.52547/rap.12.32.88
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.32.1.4
http://rap.sanru.ac.ir/article-1-1139-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

15 255 s 5 gl Cuamdy 32l b sk lgiis
sl gl coe zesgh @l ol () JS2)
VO GilweSo 2,8 w1y ewiilie ey (ool
cordilie slasho & (ale (29 e )3 P e
Gy )08 (om0 aals el oy gl Sded pow Sl
SilodeSe vy 59y ) S Sl ol Jlocnl b end b Jobes
(k5 adlllas ) ale (29) Jge il (Y JSL3) 392 ylaline
jo> &5 A ol gl osejl @l 9 wb Qb (A)
w2 J9) 4 )S] s oxitS b Jsle ln (Bl
o 5 o el A 05 00l 55 Lo Jgles 05, ytnlS
GO-GL 6 5 sl (xSike (2le g9, b sk
ol b edl Gl (ale (129) 095 )3 )lge psboa
8l pials Jolw 4552 S 56 55 ol (nSle b
hM B s badske o) (ale sy e (pinen
P gl jeuel W jenel Ll mls b el

(¥ JSs) ol gl 1) (ale (49, b osd jlow (sl Jobs

doutr St (ghome allies 5 oo Lo s o salgisl Lo SingS dablb (25 )l

LaweS 33 2y Jobw 4 eniilie sla ol e p oale (€9, 015,l55L I

&2y SBoj ol Sle 4 Cond Ban layf ol
W duolxe 2-AACE 59,4 SNORD 4 B-actin

sleodls i sl u..ul.a)] ol Jie JSS aw
5 U chgial SoSay jaugl 5 Jow 2 ) Jobs
U 2-AACE hgy SeSa ayi ole 51 ols slaodls
JEER

oSl 1o lulinl Glypdl £ (. Ske gy aodly
5 4 b Al o ae 5)lol jla 5 p<e/e0 g ad ol
VA, 4 SPSS il | eslizl L o)l oo
A5 plool (o1ete YL (o155 SPSS)

Coy g b
Jols eniilie slaJshe (polaidl o S5l oL
5 Cudo oA K0S M‘}*’ s Jslw ;o CD734, CD166
Oered Doy Ao CD45 doLa.‘&l E dlm)isw ul.u
SrelSSy S Ll 4 ples s o & e
Y 9y 0 el (ile S g 4l [ 0 o jhad

S —

BLI-A BLI-A BL2A- BL2A
0.028% f\ 1000% 99.7% | 0.283%
e
4:1—4
I
5] ' I l
| | |
1“ | ! | J |
5 | |
I ‘M
| | |
|
| || ‘
Kr | 1
g g \
0 il ge (D id op SO 20 TS “1..' 0 v Bk ) "‘13 1"}‘ f'sl “s'l '7"!
10! 102 10° 10t 10> 10 10 ' 10° 100 10 10° 10° 10

BLT-AZBLI-A BL2-A: BL2:A

IV o) il slo ok (s3olsisgn (C 5 B il slo Joho (oSl 5 (oSl slo S5 ol (A=) JS3
(yo koo /0 uliio) alizarin red (¢ 5.1, (E 0il red (¢ juel S5, (D

Figure 1. A) Expression of specific and nonspecific mesenchymal cells markers, B and C) Morphology of
mesenchymal cells (scale 0.1 Mm), D) oil red staining E) alizarin red staining (scale 0.5 mm)
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Fi?ure 2. Effect of fish oil administration (15 mg / ml) on the viability of sheep mesenchymal cells on different days
of measurement after treatment, columns with different letters represent significant difference (p <0.05). The error
bar indicates the standard deviation from the mean (three independent replicate).
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Figure 4. Effect of fish oil administration (15 mg/ml) on the microRNA expression of sheep mesenchymal cells

during the growth phase, the column with a star index indicates a significant difference (p <0.05) to the control group.
The error bar indicates the standard deviation from the mean. The microRNA expression in the control group was
assumed to one with a standard deviation of zero by the Rest software, and microRNA expression in the treatment

group was represented by a ratio (increase or decrease) to the control.
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assumed to one with a standard deviation of zero by the Rest software, and gene expression in the treatment group
was represented by a ratio (increase or decrease) to the control.


http://dx.doi.org/10.52547/rap.12.32.88
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.32.1.4
http://rap.sanru.ac.ir/article-1-1139-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

ay

Aot St (ghoze s g (o Lo lue o Sgall sl o (o Sngs aablé ( Ssg i)l

Voo bl /XY oyl /omd3ley Jlo ol @ladss slouimg s

51y sl Wl Vlis 5 ool blis oyl o (VETF)
3T3L1 ool o ¥ Kl Gy el Slo ol
P ges Judoay baes U285 pl aS” (ANA) Wlea S lgie
S o 33,5 oy o olitwl Oyl Cund g E55 cpuio
5l &C...m P Sl by 4&[.0)1 C)?.I 5 ool
by Glo 5y Loyl pl o8 2l e g 08 Jolje
Sy 3las > e oo 8o b Ll Ll ples 3
Dl 0
Bl 02 ol @i plyied (alo (19, cggoome 5
D ot oo Caots oo (o Jok 3L ¥
e slayee Gly 2 ym )5 e PPARY jone 310
o b ot plod dpe > dr Ad) A
s Sidny diej cnl 080 IE b ey,
5 oV gaw > (OmICs) Vb o3jl b slasiolgiss

b2 Cowds plod (oudal (gl e ASl95 o (g5

) PPARG (o (wag LB j5b 4 (ale (129, oS

asls > (0 JSs) sl ilial 1y TL-1B Lo ¢ ol il
slael (8,5 3 jles sbces ASCLE i lo
Gilwosb g JuSiss ales 51 alisee (o yuo ASCL edlgsls
ol 1) (Jobo pled g bjmadS 05 st daagd ol jlab
aos | sdie sl pne ASCL oyl slacl S e
5 g 0yl 65 it daaed lilad (g5l g JoSis
pols glaadl b sl o (A) a8 o puas 1y Jole
b 2 ACSL s Jlglyd oS s ools oyl ol 51 iy
Jolss 51 S plgisay PPARY el el i
e sl plos (ol oS ol lsicr gy
(¥R) WS o Wl 1y 095 eulas i@ PPARY (08 Jlkd
Sl o2e)S Cwl 31y cou og 4 00 Oldlles pls
o pled p VIRl Gy sl (glee 5151 e

10.

11.

12.

13.

14.
15.

Wil bl i ) G ) sl wledls cund PPARG oy ials &y 1y il ol 5 Wlazis

&l
Abdi, J., J. Garssen, J. Faber and F.A. Redegeld. 2014. Omega-3 fatty acids, EPA and DHA induce
apoptosis and enhance drug sensitivity in multiple myeloma cells but not in normal peripheral mononuclear
cells. Journal of Nutritional Biochemistry, 25(12): 1254-1262.
Abdollahi, A., A. Akhlaghi, M.J. Zamiri, A. Niazi, S. Kargar and Z. Ansari Pirsaraei. 2020. The Effects of
Different Fish Oil Levels on Productive and Reproductive Performance and Blood Attributes In Female
Chukar Partridges (Alectoris Chukar). Research on Animal Production, 11(29).
Arner, P. and A. Kulyte. 2015. MicroRNA regulatory networks in human adipose tissue and obesity. Nature
Reviews: Endocrinology, 11(5): 276-288.
Awada, M., C.O. Soulage, A. Meynier, C. Debard, P. Plaisancie, B. Benoit and M.C. Michalski. 2012.
Dietary oxidized n-3 PUFA induce oxidative stress and inflammation: role of intestinal absorption of 4-
HHE and reactivity in intestinal cells. Journal of Lipid Research, 53(10): 2069-2080.
Davidson, L.A., N. Wang, M.S. Shah, J.R. Lupton, I. Ivanov and R.S. Chapkin. 2009. n-3 Polyunsaturated
fatty acids modulate carcinogen-directed non-coding microRNA signatures in rat colon. Carcinogenesis,
30(12): 2077-2084.
Ellis, J.M., L.O. Li, P.C. Wu, T.R. Koves, O. llkayeva, R.D. Stevens and R.A. Coleman. 2010. Adipose
acyl-CoA synthetase-1 directs fatty acids toward beta-oxidation and is required for cold thermogenesis. Cell
Metabolism, 12(1): 53-64.
Green, C.J., C. Pramfalk, C.A. Charlton, P.J. Gunn, T. Cornfield, M. Pavlides and L. Hodson. 2020.
Hepatic de novo lipogenesis is suppressed and fat oxidation is increased by omega-3 fatty acids at the
expense of glucose metabolism. BMJ open diabetes research and care, 8(1): e000871.
Han, S., X. Sun, J.D. Ritzenthaler and J. Roman. 2009. Fish oil inhibits human lung carcinoma cell growth
by suppressing integrin-linked kinase. Molecular Cancer Research, 7(1): 108-117.
Hanada, H., K. Morikawa, K. Hirota, M. Nonaka and Y. Umehara. 2011. Induction of apoptosis and
lipogenesis in human preadipocyte cell line by n-3 PUFAs. Cell Biology International, 35(1): 51-59.
Huang, Q., C. Ma, L. Chen, D. Luo, R. Chen and F. Liang. 2018. Mechanistic Insights Into the Interaction
Between Transcription Factors and Epigenetic Modifications and the Contribution to the Development of
Obesity. Frontiers in Endocrinology, 9: 370.
LeMay-Nedjelski, L., J.K. Mason-Ennis, A. Taibi, E.M. Comelli and L.U. Thompson. 2018. Omega-3
Polyunsaturated Fatty Acids Time-Dependently Reduce Cell Viability and Oncogenic MicroRNA-21
Expression in Estrogen Receptor-Positive Breast Cancer Cells (MCF-7). International Journal of Molecular
Sciences, 19(1): 244.
Li, J.Z., H. Qu, J. Wu, F. Zhang, Z.B. Jia, J.Y. Sun and K. Kang. 2018. Metabolic profiles of adipose-
derived and bone marrow-derived stromal cells from elderly coronary heart disease patients by capillary
liquid chromatography quadrupole time-of-flight mass spectrometry. International Journal of Molecular
Medicine, 41(1): 184-194.
Lorente-Cebrian, S., A.G. Costa, S. Navas-Carretero, M. Zabala, J.A. Martinez and M.J. Moreno-Aliaga.
2013. Role of omega-3 fatty acids in obesity, metabolic syndrome, and cardiovascular diseases: a review of
the evidence. Journal of Physiology and Biochemistry, 69(3): 633-651.
Manickam, E., A.J. Sinclair and D. Cameron-Smith. 2010. Suppressive actions of eicosapentaenoic acid on
lipid droplet formation in 3T3-L1 adipocytes. Lipids in Health and Disease, 9: 57.
Martinez-Fernandez, L., L.M. Laiglesia, A.E. Huerta, J.A. Martinez and M.J. Moreno-Aliaga. 2015.
Omega-3 fatty acids and adipose tissue function in obesity and metabolic syndrome. Prostaglandins and
Other Lipid Mediators, 121(Pt A): 24-41.


http://dx.doi.org/10.52547/rap.12.32.88
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.32.1.4
http://rap.sanru.ac.ir/article-1-1139-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

ot S (shana i 5 (il Lo e sl sl e SnsS aabl iy ]
a¥ oS 5> oy Jobe 4 enilie slaJslo e p oale (84, 01335k Sl

16. Meale, S. J., J.M. Romao, M.L. He, A.V. Chaves, T.A. McAllister and L.L. Guan. 2014. Effect of diet on
microRNA expression in ovine subcutaneous and visceral adipose tissues. Journal of Animal Science,
92(8): 3328-3337.

17. Moustaka, K., E. Maleskou, A. Lambrianidou, S. Papadopoulos, M.E. Lekka, T. Trangas and E. Kitsiouli.
2019. Docosahexaenoic acid inhibits proliferation of EoL-1 leukemia cells and induces cell cCycle arrest
and cell differentiation. Nutrients, 11(3): 574.

18. Murali, G., C.V. Desouza, M.E. Clevenger, R. Ramalingam and V. Saraswathi. 2014. Differential effects of
eicosapentaenoic acid and docosahexaenoic acid in promoting the differentiation of 3T3-L1 preadipocytes.
Prostaglandins, Leukotrienes, and Essential Fatty Acids, 90(1): 13-21.

19. Music, E., K. Futrega and M.R. Doran. 2018. Sheep as a model for evaluating mesenchymal stem/stromal
cell (MSC)-based chondral defect repair. Osteoarthritis and Cartilage, 26(6): 730-740.

20. Naderi, N., E.J. Combellack, M. Griffin, T. Sedaghati, M. Javed, M.V. Findlay and 1.S. Whitaker. 2017.
The regenerative role of adipose-derived stem cells (ADSC) in plastic and reconstructive surgery. Int.
Wound J., 14(1): 112-124.

21. Navidshad, B. 2013. Effects of Dietary Inclusion of Fish Qil, Soybean Oil, Palm QOil or Conjugated Linoleic
Acid Supplementation on Performance and Meat Fatty Acid Composition of Broiler Chickens. Research on
Animal Production, 4(7): 35-46.

22.Nguyen, Q.V., B.S. Malau-Aduli, J. Cavalieri, A.A.E.O. Malau-Aduli and P.D. Nichols. 2019. Enhancing
omega-3 long-chain polyunsaturated fatty acid content of dairy-derived foods for human consumption.
Nutrients, 11(4).

23. Pittenger, M.F., A.M. Mackay, S.C. Beck, R.K. Jaiswal, R. Douglas, J.D. Mosca and D.R. Marshak. 1999.
Multilineage potential of adult human mesenchymal stem cells. Science, 284(5411): 143-147.

24.Rodriguez-Cuenca, S., S. Carobbio, V.R. Velagapudi, N. Barbarroja, J.M. Moreno-Navarrete, F.J.
Tinahones and A. Vidal-Puig. 2012. Peroxisome proliferator-activated receptor gamma-dependent
regulation of lipolytic nodes and metabolic flexibility. Molecular and Cellular Biology, 32(8): 1555-1565.

25.Romao, J. M., W. Jin, M.V. Dodson, G.J. Hausman, S.S. Moore and L.L. Guan. 2011. MicroRNA
regulation in mammalian adipogenesis. Experimental Biology and Medicine (Maywood, N.J.), 236(9): 997-
1004.

26.Sam, M.R., M. Tavakoli-Mehr and R. Safaralizadeh. 2018. Omega-3 fatty acid DHA modulates p53,
survivin, and microRNA-16-1 expression in KRAS-mutant colorectal cancer stem-like cells. Genes and
Nutrition, 13(8): 1-12.

27. Sanjurjo-Rodriguez, C., R. Castro-Vinuelas, T. Hermida-Gomez, T. Fernandez-Vazquez, |.M. Fuentes-
Boquete, F.J. de Toro-Santos and F.J. Blanco-Garcia. 2017. Ovine mesenchymal Stromal Cells:
Morphologic, Phenotypic and Functional Characterization for osteochondral tissue engineering. PloS One,
12(1): e0171231.

28. Sethi, J.K. and A.J. Vidal-Puig. 2007. Thematic review series: adipocyte biology. Adipose tissue function
and plasticity orchestrate nutritional adaptation. Journal of Lipid Research, 48(6): 1253-1262.

29. shi, C., F. Huang, X. Gu, M. Zhang, J. Wen, X. Wang and X. Guo. 2016. Adipogenic miRNA and meta-
signature miRNAs involved in human adipocyte differentiation and obesity. Oncotarget, 7(26): 40830-
40845.

30. Siershaek, R., R. Nielsen and S. Mandrup. 2010. PPARgamma in adipocyte differentiation and metabolism-
-novel insights from genome-wide studies. FEBS Letters, 584(15): 3242-3249.

31.Skarn, M., H.M. Namlos, P. Noordhuis, M.Y. Wang, L.A. Meza-Zepeda and O. Myklebost. 2012.
Adipocyte differentiation of human bone marrow-derived stromal cells is modulated by microRNA-155,
microRNA-221, and microRNA-222. Stem Cells Dev, 21(6): 873-883.

32.S0, W.W., W.N. Liu and K.N. Leung. 2015. Omega-3 Polyunsaturated Fatty Acids Trigger Cell Cycle
Arrest and Induce Apoptosis in Human Neuroblastoma LA-N-1. Cells. Nutrients, 7(8): 6956-6973.

33.Sun, T., M. Fu, A.L. Bookout, S.A. Kliewer and D.J. Mangelsdorf. 2009. MicroRNA let-7 regulates 3T3-
L1 adipogenesis. Molecular Endocrinology, 23(6): 925-931.

34.Tanabe, Y., Y. Matsunaga, M. Saito and K. Nakayama. 2008. Involvement of cyclooxygenase-2 in
synergistic effect of cyclic stretching and eicosapentaenoic acid on adipocyte differentiation. Journal of
Pharmacological Sciences, 106(3): 478-484.

35. Todorcevic, M. and L. Hodson. 2015. The effect of marine derived n-3 fatty acids on adipose tissue
metabolism and function. J. Clin. Med., 5(1).

36.Wei, J., H. Li, S. Wang, T. Li, J. Fan, X. Liang and R.C. Zhao. 2014. let-7 enhances osteogenesis and bone
formation while repressing adipogenesis of human stromal/mesenchymal stem cells by regulating HMGAZ2.
Stem Cells Dev., 23(13): 1452-1463.

37.Yun, UJ., N.J. Song, D.K. Yang, S.M. Kwon, K. Kim, S. Kim and H. Kang. 2015. miR-195a inhibits
adipocyte differentiation by targeting the preadipogenic determinator Zfp423. Journal of Cellular
Biochemistry, 116(11): 2589-2597.

38. Zaiou, M., H. EI Amri and A. Bakillah. 2018. The clinical potential of adipogenesis and obesity-related
microRNAs. Nutrition, Metabolism, and Cardiovascular Diseases, 28(2): 91-111.

39.Zhang, Y.F., H.M. Xu, F. Yu, M. Wang, M.Y. Li, T. Xu and P.F. Li. 2018. Crosstalk between microRNAs
and peroxisome proliferator-activated receptors and their emerging regulatory roles in cardiovascular
pathophysiology. PPAR Res., 8530371.


http://dx.doi.org/10.52547/rap.12.32.88
https://dor.isc.ac/dor/20.1001.1.22518622.1400.12.32.1.4
http://rap.sanru.ac.ir/article-1-1139-en.html

[ Downloaded from rap.sanru.ac.ir on 2025-11-06 ]

[ DOR: 20.1001.1.22518622.1400.12.32.1.4 ]

[ DOI: 10.52547/rap.12.32.88 ]

Research on Animal Production, Vol. 12, NO. 32, SUMMEr 2021 .........ooiuiriii e 95

The Inhibitory Effect of Fish Oil on Mesenchymal Stem Cells Differentiation to
Adipocytes in Sheep

Arash Vashkini*, Fatemeh Koohkan?, Ali Asadi Alamouti®, Abdolreza Salehi* and
Abdullah Mohammadi Sangcheshmeh®

1- PhD Student, Department of Livestock and Poultry, Abu Reihan Campus, University of Tehran, Pakdasht, Iran
(Corresponding Author: arash.veshkini@yahoo.com)
2- Assistant Professor, Molecular Group, Cell Technology Research Center, Tehran, Iran

3- Assistant Professor, Department of Livestock and Poultry Sciences, Abu Reihan Campus, University of Tehran,
Pakdasht, Iran

4- Associate Professor, Department of Livestock and Poultry Sciences, Abu Reihan Campus, University of Tehran,
Pakdasht, Iran

Received: 26 September, 2020 Accepted: 31 December, 2020

Abstract

In this study, the expression of genes and miRNAs related to differentiation, cell cycle and
metabolism was investigated in Zandi sheep mesenchymal cells (ADSC) under fish oil
treatment as a source of omega-3 fatty acids. Isolated sheep mesenchymal stem cells were
confirmed for pluripotency. ADSCs were treated in the presence or absence of 15 mg / ml fish
oil, and cell cycle and apoptosis induction were measured in each group (three independent
repeat) via Flow cytometry. In a similar experiment, the expression of downstream miRNAs and
genes at the growth and differentiation stages to adipocyte was compared in both groups.
Mesenchymal cells treated with fish oil had a higher percentage of late apoptosis, while the
percentage of cells in S phase decreased. The expression of miRNAs did not change
significantly, however, let-7a was significantly decreased in the fish oil group. Fish oil treatment
decreased (0.39) relative expression of peroxisome proliferator-activated receptor G (PPARG)
and increased (1.85) Interleukin 1 beta expression. In adipocyte-differentiated cells, PPARG
expression was decreased. The results of this study showed the inhibitory properties of fish oil
on adipocyte differentiation of mesenchymal cells through direct or indirect effects on PPAR
pathway. However, no significant difference was observed in the expression of selected
miRNAs.

Keywords: Adipocytes, Apoptosis, Cell cycle, Differentiation, Nuclear transcription factors,
Omega-3 fatty acid
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