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ABSTRACT

Background and Aim: Cholestasis is characterized by impaired bile flow, which can cause
accumulation of bile acids in the liver and development of metabolic disorders, resulting in
hepatocellular necrosis and apoptosis. Mitochondria are a critical cellular organelle that
produces most of the cellular energy. Mitochondrial morphology varies from an
interconnected filamentous network to isolated dots. This processes are called mitochondrial
fission and fusion. Disrupted mitochondrial morphology has been observed in cholestatic liver
disease. Dynamin related protein 1 is one of the genes involved in mitochondrial fission and
plays a role in apoptosis. In this study we investigated Drpl gene expression in the liver of
cholestatic rats.

Materials and Methods: In this experimental study, male Wistar rats (290+£25g) were
divided into three groups of control (non-operated), sham (operated without common bile duct
ligation) and BDL (operated with common bile duct ligation). On the 28" day of BDL, rats
were weighed and sacrificed. Biochemical assays for measurement of bilirubin level and liver
enzymes, and also dissection of liver tissue for histopathological analysis were performed.
Drpl gene expression was evaluated by semi-quantitative RT-PCR technique.

Results: The results showed that serum levels of total bilirubin and liver enzymes (ALT,
AST, ALK) were significantly increased in BDL group compared to those in the control and
sham operation groups (P<0.0001 and P<0.001). Histological examination revealed bile
ductular hyperplasia, focal liver necrosis and fibrous tissue expansion in BDL group. The
result of RT-PCR indicated significant increase of Drpl gene expression in the liver of the
rats in BDL group compared to that in the other groups (P<0.001).

Conclusion: In this study we found that liver cholestasis increased expression of Drp/ gene
which led to increased mitochondrial-mediated apoptotic effect with resultant liver cell death.
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1 Dynamin-related protein (Drpl)

2 Tota bilirubin(TBil)

3 Alanine Aminotransferase (ALT)
4 Aspartate Aminotransferase (AST)
5 Alkaline Phosphatase (ALP)


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

¢q  ghiypguud ghgi)s

s 55 o« FISL 5 DRPL gl 55, 11 w5 ke
MENL2 s OPAL laypss, 5 S s slid
Ol Lyl R (g)AS s e D "y
S545 o 5o OPAL , MENLIMEN2 s 55
GoAS s 0dd osb e DRPL oluz 5 ous
4 e Lk 3 oo n opl Sl (A-F) 348
33 0ds g (ATP) Sliwd 5 cp sl Ol J2als
N sk dlny by 3 58 g0 S )S sn s gLt
s s 35 ek (S5 slaglasl las s
T (glag ) sn cpl 53 315T O3S 6‘-"“5; Ay
5 Sbley 48l SGlT e SRl s
S n Slgslen 53 Oy anb (6551 st > Sl
s S 5 Gl (1)l sas 518
S o8> S Wl T S5 55 Ll e (58 s
Losles ool bl Cals 53 Wig e & Sl
Sl Ko o oS Sldlas 4 slael b ib e
S S Gl 4 dke Obley 5 U8 e
VY 5IF) ol ot o3ls olzs (NAFLD) oSuSU1 2
Cd iy 53 GoUS fe olig S5 Sl DIls 4

2 s g 58 (Sl sl 2T
ot (6 )AS se glis i s« DRPL S
5 6Lk oIl S Ao 5 g sladi 53 )l
SoAS 52n w555 53 55 5 2015 LIS ()8 e o j
a5 U (VF) S o ol 1) age 285 dshe J21s s
Sl ks quT 23 688 g S LGP
5 s sandllan 53 b sl Sl roman 5 AL e oo
T s 33 (6348 e plie OIS 25 O, s
g ol (V0) Sl 0k 0513 Ol jladS” 51 56 S
Drpl o5 ol luds™ 0L 2 52 LT &8 ol )b 16
2l Jes bl b Ghass ool 02 Sl b
Slime 03,5 35 5 AT 6855 Bse )

S Gy e adis 5,8 gl 5 S ke ol jho

8 Non-alcoholic fatty liver disease
°Yu

doddo

23 o B ATl Dy sl o e S LS
e plie 5 s daz 51O (ST sbe Jlasl 1 55k
8 S Slstgn e A5 gladly sl
Solem w2)ls Calizes Jalge 0135 oo 5 05,5 b
5035 4 S Sl ho 0L o 0 ks b jldST (U S
5 A4S 53 o dS 5 s sl e Skl pens
2 Sslhe Gladl e 38 paie Ll
Col oS ol 1S T ol e GGladST (6 las
350 33l 53 555, s sl Jske 5
w@iﬁ:.&:\.:jw.(\)\') ::J?d,gfo:\: Caws 5l
AR oS e 5 Sas 53 s ez I (S koo
(S5 el SIS a0 ladal O gl
23 1) ol ol pon SIS 153 5 (51 o 2alS
& e S 5on 53 05| Jlab s1a6 S A 5 S
S Glad s T a3 5 slenSTT o sl 5l
S8 5l e SadS (b imen 5
Sadshe & e Lol 4S5 (5l he sladel IS e
b 5 Sl slad sk 5 Shas 53 Bt ¢ anilly
S asyle oS W (F) sshe 4SS
DNA Gl 5 alsw e 3580 e JSY5b
55 Il 4 b S s e OB (6,8 e
uu\fgﬁ..u;,i@).as.\fd&fuohﬁw
S GoAS e Fis 03 S dshe 2B s P
(¥ 50) W,ls

S e Sl 0555 Sl LS g S s
5t OAd 5 b g sy o2 b 3 pslide sl
clales "Cals 57 s pman ladnT 5 31 s g, o)
Sl Slaitis 5,8 e e T s 5 s
GoAS e Galid 5 man 5 SIS o T 55 oS
518 dzes GTPESE o3l sl glassis  olyls i

Lhu.:f]}j_ Uf-‘ J-M Lledd .b.d:- g_)b‘-bt'.m;_ Uﬁ.’;ﬁ

5 Fusion
" Fission

1099 90T § 3 7 @93 § Gy 8)9s 7 pliw)S ¢S}y eole alGihiils (alc alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

0y 1 )ElS Y31 Lwy Vo

S bl (5l ks () e s It 4 VU Jol e
355 5 o3 Ky i ol Jes plsil 5l A )
BDL s 5 Coibgn odins Ol Olp 55 0dd
axlllae Sl L g @5V ol LB Lglign oS (G50 3 0
(19) Bas o 15

ot S5t 530 YA 5 ol e 1 S 1S s
5 o S (mleT slaes 8 s 0 S 055
S 5L i 0T dbis 4 s (5,8 o)l leuds”
0313 by oSS ol 5 okd b age p Ol s CpelS
b ) 5 0 o B a8 s Sl e
Gy 08 e VED 035 b GlilsS AST g o)
GO 555 S S5 @ o i (cladi gai s (g)ls 5
oS,z RNAlAer Jgow g5l 45 U85 51 g)le
glAel Gl L 8 fame g (ST w3LS
318 ol amys ¥ gles 5> RNAlGEr J s 55 0t
RNAISEr J s ¢ e 5 6,165 ol YF ks &,
il sl Gl ss S s S b e b s
SIS Sl wrs A 558 s Elnal Ol b oaS
e g S lp (1Y) WS
b i OSS eAS SbesT s masid
o oslizal (O 5l 0 3031 ol &S,

oo 4 RNA sl 1as” ik 5 RNA 21 5
RNX-PIUS Jgous 1 aslizal U 5 "' Jgs 5 5 eslizal
W plmil (3 Slalllas b Gollas (O1,) (05l &ST5)
A A8 Sl ) asks oS5 RNA sl ol (W)
J=1s 5 fjfgsl':“ Ve Ois 4 AL S5 S
Silent  Jaw) ,L5ses L RNX-PlUS Ul
s e eSS (OWT dsils o5 s Crusher S
St Sle ol bl 5 "BCP 035 6Ll L e
56 s S5 5uS 5 b (Olad aY aw o555 S
Jie L iy S 4 e baug Olis (ST

)}L—lﬁ 4 J}:U‘ 5 S Jf\g_}ﬁ)ﬂ‘ PR DL JJ“.)J?

" Trizol
2Bromochloropropane

Sl ey AKaLT e (a&ulbeT o5
Siss 53 DIPL 05 0l Sl e j 45 3l

a;)‘}w)jJ)fL;‘ﬁ)‘w‘)})Y/\LSJM

S22 P9
o VS o G ol s o lT 5 e Sl

c:}u\m BE) ‘.)L'I.wa“) :‘}4 J: GAK.:%L:)T Cif)j ul}ﬁ

" Ol 53 Sl g ol ok oalizal o 8 YEYS S35

4 B s b Ol S ol ol 0aSCnils Gl
ar s (Ld g LEG > 5 8 el YF) 16 5 OT
Sl oldgy 0yss 5 S sl am s YREY &) >~
WolS psr & Dl Ldd (6, aele VY
L) o (ol (ol ) J 287 (N=A) 05 5 4w & o3las
L) kS 5 (sl he 6l e sl Oy (> > Jos
plod s o (S5 o0 e Bl 5 (2 Jos
el Ul L)) (I 5l pe bl LT
L gelae Olws S otils SV S Al 4 o5 A2

el ook y (el o 53
A i Jas S Sl SldS 0 8 3L
BDL: Bil€) wi w LT sl ¢l e 5 43,5
oolS S 5 gliw Js0s 3,5 L .(Duct Ligation
D oz i 4 (MOKY) 515 5 0-MY/KQ)
5 o3l 3 Sals” (S8 Gle 4l g s Sl Y
33 Fesle ¥ ojlul 4 Jsb O o s Gsie Lo
IS S s L WS Gy bl (S Gl b
Sows oy oS L) (S35l o (51 s OIS by 5 LS 03
b 33 53 o o S 5 Sl e3lial b (Sl bl sLis]
cabis 93 OT ule 5 0dd 5s (S50 (5 o 481
b b (S e OT 5l day s S e 58 aly
Jl i odle e &6 Ol (ol Jos plast 51 g
o e O OLL S e s S G5 Sl 51
plod b 03,5 533 8 G sieds Sls” U1 5 sl L

Owistar

1099 50T g 30 7 @93 9 Cuny 8)gy 7 OLWY)S ¢ Lhy eole slEinils ¢alc dlas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

VI gidyguui goghd

ST gy 035 Jor 5 sy 035 6K Solg )
33 bl (ol 5o 3 )se lals @ by s e sSe
03,57 Y Jsdo 55 0T Jig &8 s § >l b 055
Sl 3G pde 5l Oluabl (sl oMo 4 Il ok
J7S PCR bl p&n 55 55 DNA Clebis
CDNA 4 RNA L5 isTy s 8 =) "NRT
IS 5 (g ot oslimel  ySan Jls paens @ 5T
55 €DNA &, 035 6lsl o J=5) "NTC
5ol 5y g0 Slaks 2SS pre s oLt PCR plo
pde 5 (Sl 25 sl ges (2 PCR s s lelas
DNA L sus gl RNA Glwses Ssg7

25 S
Gk ey lo s STy Ulady (slo iy 28T
05 & by b Ad 2l ¥ st s ol el
b gsos pibe 2 WL gl PCR ,s Drpl
shie ods 2G5 Y pame PCR oLl 1 gy sl
o)z 33 8T U5 a5 p 05 Ok Olge o
@b i Ve U5 i L s B s S
Szt 5550 Slakad LG Al 5 L Joee Laieis ol
A oslizal 58T J5 535 DIPLoj 5 STk 05 5
Yo Sk 4 by kil LS 5T 655 5
OWIT (556 oS ,8) "eSTs J5 5l eslizal b caids
ST wil, oSS @y s plasit Lad I s p o Se
4 58T U5 63 p ssmpe skl dMaged e

.JATJJ‘?SQ)M

No reverse transcriptase control
®No template control

SDNA ladder

Gel documentation system

b 6Ll S GRNA lias s RNA as O
T oS lee TS Sl 5 b edd e
sl ) sl GRNA g s 5 s el "RNasE
s IS 51 S sl aomys =AY 5 s

kS sap o 4 RNA (WS (ST o
J5 650 0T 555580 51 cods ol 3l JS GRNA
SBRNA =5l lasl s eslicad 7y 58T
4 el 60 @ 53 (o8 ol 5 IAS S YAS agism )
02 e gl JST GRNA 055 e oS3 0l ge
ChlE o gl oS St () JS8) 2 3 8 L
s A el (g5 s Sl Bs) 4 (JST GRNA
Sl sl Y8 g0 dsb 55 oleT sty o Ol
o3lial Lot goi 3l o -l el JS GRNA ke o
Sz el Casas RNA Chle o5 Ol
i 5 25T 058 pa sladiged I B3lal (54 sas
YAC 4 Y5 Slagss b 55 baised ol Ol Ol
oins OLiS &S el VY s Y2 Glag se I b 5 sasil
Vdsde 3 Sl ok 2l gl GRNA 5 gls 0l
sl 0 03,97

sly oks eslimal GRNA cLle €DNA cxL
5 e (Lol bk sel ples s CDNA ==L
Loy CONA cabe s oslizal 55 S0V Sl
S se S3lgd LIS sy Gillas 5 Sliep ST A S
s 5 ool oS 3

S N G ol 5o DIPL oj ol S s
RT-) ey lojmis 2S5 = osSan smsins
03l 05 Ol Ol i oy 1 oS 4o (PCR
(NM-053655) Drpl slao; sMRNA Jig s
S bus R Il o1y 5 (NM-031144) ST b
65 S 6l el Cews 4 NCBI sledbl oKL o3l
s Zhy gl 5 SO DNA Jlesl S

BDiethyl Pyrocarbonate (DEPC)

* RNase inhibitor

SReverse transcriptase-polymerase chain reaction
18Semi-quantitive

1099 90T § 3 7 @93 § Gy 8)9s 7 pliw)S ¢S}y eole alGihiils (alc alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

0l ) BwS B Ly VR

1YA s'TRNA
YA S'RNA

S Sl ot sl GBRNA & by 5585 20 U5 e - Y S
G0 Ll oyt Kbls F Y sl . aleiT 0 8 aw 3 AS

odd 0313 LS b 4ges o H> AL s ‘5&.&\.»)"( aj; A3 Bl

AL s VAS 5 YAS a5y SRNA & Ly e

Sler ool KU F B Y shael . 2ol 055 a3 ST 3l Sl o gl GRNA o s gl jast s 5 ke (6,8 o510 s -\ Ut
Al s Son g0 85 Sr o pRNA GBI 2o (2le3T 03 8 5 s (oLl 4500

S9 A0 S me 3l b ad JAs
¥ Y Y | f Y Y \ f v Y |
/ey \¥A /vy Vv YA \Ivs \Ivs vy V¥ AN Vo v/¥o e
RNA

/.4 Y/ V/ao \IAS Vidd VIvs JAVN TN v/a4 /4. V/ag /8 —
Y5 /YA

/v VA /¢ v/ Y/ VIve V/aA /.5 /A /.o Y/.v Y10 =
Yselvy

W--*J'-U"ai}r\’ S35 i sad ¢ oY 5 Ol
amicros AUSTRIA =57,5) 5 oS S b
S e ok sl Dk 5 (G AST 8L ey 4 (U S
.Mc&l:ﬁ‘,&)g}jﬁfa);l{wm):jw
syl st Kile &g 4 = T
31 0lzebl 3l day s 0Ly 03,5 58 3 st Ls (SEM)
0531 Sl oolinad b (087 Slayine w5 025 Jlej
TR G I PR 6 B PG Y WOR S PR W g
eSS 05037 0T JLws 5 (One-way ANOVA)
dap LS eslaal 45\?4;{ S las ‘_;lﬁTukeys
s 4 S L5yl gme P[00 s Lo

2 K olmogorov-Smirnov

03 8w A8 5 Bl i 1S SISl s o
o 330 YA b 4 (Bl Sk )2 sl ialeST
s 23S p 5 IS L E e (5l o (Sl sll
sttt 51 ey 5 o sl O 1 OT ST e
Log i oslinul oS Sl Olsie 4 deoys Vo odlejp
Oolid Sy 3 eslial by g, ST (JSII 1 eslizal
2L s Hs bd g A ol e s Ll Cl’u‘ Solw
sy p s Son Sl eslizal b s ks ¢, £ I6 Sl
Lo sy (Ol Gew ws oS 0 DS 8402 Ju)
455 15 oY (5 Ladipas o planil 05 SCn 0 Cualind
4 s TS, i) m oS e b e
Sheslizal b (Bl gl Do GY5b s e

1099 3UT § 30 7 @03 9 Cuny 8)gs / HBIWY)S (b eole oGkl (ol alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

VI gdggpud (jisgis

Cel S oS sl plas ¢Sleds S sy AS
Solome SLbI 55 L ST ma 5 55 b 5L p s
2sbie 3l he Solre S 5 Jnd S e S ple
(E;sCr2)

Ji 4 by il ous Drploj ok gw)» Lo
4 p3lie e 5 0l fdS (oS plie 4 )5 Sl
4 S s a5 DIPLOS 0l ol el s
sl 0k Jlo (ST 05 6l el s 4y pslie
i Ol doys Ve Olse 4 ST 05 8 s 05 0L
05 0l & by slaesls 5 s w3 5 s Drplos
A alie J S 05 8w i a5 ol s Drpl
05 Ok Olge (P<elov) lsigme 2l mls
5 JRS Slaes 8 o 4 STk 65 8 5 1, Drpl
(P JS8) das o 0L o

ast

AR 85 (gl o ol anglie (23 al )3
Mot 8 6K i o o5 8 slaton b eSS o5
emed (ng,;) sls Olas 1y Llal s sy r’.s
(P< 120¥) (o)ls s 055 2l eSS (sla o o
053 S ol 4SS o 53 clinls Ol oo 3l
o) .(P= ~/‘\~‘\) 345 > s r..:. B)Jf sla g s
Slers S0 b LW S5, 055 el o pe Laal
Al Olis Gi\iLAJ'T

35 b awlae s &gw,,ﬁ);T Bil CI““G"‘JJi
ol (P<Ln) s ol gyl gme oulis [Sos 03 8
AST, ALT, duﬁjT‘jﬂck.uO‘kﬁAJy)é‘,ﬁ‘
sy Olas 1y ols gme il 5 a3 Gole ALP
ALP r—ijT LS)"@*‘ Ol 5o .(\‘ J;-b,-)(P<~/~~\)
SALT Gl 5T s ols sme Oln 5l i (P<H[2v0y)
3l 55y Son bl ) 2 (P<:/+1) AST

Sl 51y 535 YA e Gian LA (13 05 8 ol hge s pls anlie =Y KD

Sl Sl b sds (ol s g 3 g3 5 S 04 355 (B) sl e e

Sy h o3 m b s 4 S5l e

-act sDrpl glad; @l pods (b sla sl y S =¥ Jgur

Ol WS dxtad Lait S 'Y N
fl;f) e (?3’;-35:) A =
" ATGCTCGCTATCACTGCCAAC =
rer o CGTTTGCCAGTAAGCAATTTAACC s Drp1
" GGCACAGTCAAGGCTGAGAATG =,
" 24 ATGGTGGTGAAGACGCCAGTA S pact

1099 90T § 140 7 @83 § Cuwyy ayes /7 oliwyS ¢Sy eole alSiliils ¢alc alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

0l 1 )EwlS ¥ ey VIE

PCR‘_;‘J;.AM‘..:LJLUJ{"'J}A?

(°C) ks (4l) Obo Joty0 bds o sloxd 3
0 4.5:5:" A:J}‘C,thub A»'ﬂ\ \
af 4By Syl Y
\Al 4ass Y b ¥

,***P<00001 645 ‘SLA\..L};T} Jf w})éf < c]a.n ‘5;6)"&‘ JAU: ‘_gﬂjd..p 5b>u sl j‘ hf'zl" c‘_{.‘:'j).‘ﬁ_}:s Q‘ﬁ.‘.’.‘; @\‘.’:'F d}-\q-
JRS b Gy 5L s me U3l atiasgplis ¥¥P<0.001

S9! 580 Sl om0 Sl b . " ;
Fosr = IR o 255
MyYAL Y[y*** VAIVAN% et v T Bil (mg/dl)

ost \FF* Yvtols Ywts ALT (u/l)
YYQEA) ¥¥ \OAL Y YaEard AST (U/L)

VYPA £\ gARRE YoALAY IXLERIVN ALP (U/L)

(35 5 kS e 5Oy sl Ao (sl me sl s ob ¢ S 05 8w Glabge LS il 05K S e ¥ s
SBT3 1) o S8 U)o 5 (580 3L O 55 Eed S lS 5 020 J 557 ppn blin s b s 4 CUA Gl S
3 IS 08 o in oS oo g by e 5 0 B 5 D a5 X100 (5 5)(C JS8) ns o 0t S5 5 0 5 ol

(X400 LS )5 (B JSK8) das o 0l 1y o5l 6l 25 OIS, oS 5 ) SlS 05

1099 90T g 30 7 @03 § Cunyy a)gs / HliwnyS ¢Sy eole alSiiils (ale alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

VO  gbhygpund gi)s

Drp1 454 bp
-

B-act 200 bp s W . - - - - -

Drpl mRNA Fold Change

1

Y T T % NIC NRY

o ]
59 e

Conwol

Cholestasis

B 055 DIPLoj ol bsye 55585 0 d5 5 s Yy Cond -F KD
S5 oSl b Kl sass ol M cadte . alejT o5 8w s Actin

Wsas B oiyled 58 adeie beSlaly g5y F LY slasl 5 g5l i Vet
—ACtin 5 Drpl slaos bl Jous il o iole3T 05 8 o 55 Solas
3 eslizal 09t J 28 G 5a0) NTC ol o jaseian T Ll o 58 55 f8
NRT «(PCR gl 53 (2T slasisei 51 (S sl Jila-CDNA
Jit CDNA w5 55 o sSxn o 55 5T 51 oslind 03 J 7257 &5 50)
41, DIPL o5 0l Ol ee 1 g0 sl Connd (tole3T sladi god 51 S sl
JAS 05,5 b s ime sl ¥*FP<0.001 .ss e 0Lt J 25705 5

o 5l (535 S 5 g D1 T 03 5 KT
Sl 3555 4 Loy o Sl 1 hdw 555 oo Jlas!
PR s blawgla S e lid s (ool ke
S S S ) 4 S e D e
oo Gladel Sy ol Sl )45 se slis
5 GoAS e slis Jouily 5 Sl ok Ll Ll 5
4 Gl gl @ls 53 050 ATP Wy tals
QU o mi5 ot 5T 5l oS0’ b s
o T slas Shas (55 5 LS o0y i 1) 05,
(F) Lyls ite 31058 Jbb sbaas & s ATP W g
5 MIDNA Gl 5 ()i 520 5550 6K o5 2l
(F) ol oz esls Ol Se GV b kST s
LS fe 4 oS kS Wil S plie o 2l

O Jles C&b -L.J‘}.:‘_sﬁ g-\...fu’.ﬁ :)‘) g.:—»T d}l-w

s g Oy 505 S

o

Slers S 3 A4S (63 Shee Gl (o e il
A4S SleldST LWL a8 sy Ol andlae opl 5y Caliie
s JES Glers 8wl 4 o L 5T ) el
L Kaler mli ol 3L GBI Sl Dy ga
il g S SldS” Js LI L adasly 55 asline Slales
(AT) 25 48 @ Slas Gl sT o o
ok ealiie S 5 S S5 ISk Sl Orer
4S5l Ol Leas S le b dnslie 53 5dS 65 8 s
2l b s s plonil sy SlndS 05 8 Sl 3 Je
(VA 5YY YY) 5505 S o ) ol 53 s

S35 5 5bedS” & Mo Oyley (555 ook plawil Sl o
O 1) 6551 b gresn ok SllS Slallae sladie

o|};ﬁ4{4:m.{63\}é.‘:6u4:.«\@qdl{jw)a.asd

1099 9T g 10 /7 @03 § Cuny 8y / PliwsyS ¢ Siby eole alSikils ¢ alc alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

-0l )85 B uyp VY

L) 4 (6 )hS s oSG e 5> SJ=s L DRPL
Glomy ol adlllas 3 (YA) uS o ¢SS S T
55 S S Jue S &S sl oles Drpl o ol
slelsbe DIPL 05 ol (il Sob glee Sise
s S plo b awslie 53 5kdS 05 8 55 (4SS sl
Osn s 05 Ok Sl mhae Jlest Il
S et e 51 S oS sl 55 DRPL
Sl O Wge anllas pl el ol LS SlzadST
A3 xS sk 53 DRPL 55, 05 0y )51
S5l Ly Sl 5l U Sl Jde s ks el

oy T Sl a1 s
5 s b ok plnil gaddlle s L glaasl Al )
Ol oS Lamme )3 o s Slel s 655 2 OLSen
5 GoAS 50 0 4SS &S g0 (GCDC 8™ aas s
DRPL (55, 05 0k IS5 L 5 2580 (oo 5o
o ROS Wiy 5 Sl b dedsbe o) 0
Sledpe 53 SdS QUL pdises Cpl caalsl 53 b
@l Lsls 13 s 2 3550 ) Drpl o ja& ase )l 5
ROS als” el Drpl o ol Llge o5 sls Ol T
o B ey Ol lbe 5 ssh e ST
Comsl il 5 A o (oo T 315 0 50
b (S g Lol ials s ROS Sl oS
G (S e SIS w13 lee S 3 3l
55 s b 3 (10) sui e ROS Wy tals
oo (K 2 Cor 4S8 ol w)le Lo sledis
5 Ssp Lile A (e 25 sl DRP1 .5,
S MFFT sy, (Y8) spde S o
23 8 Sl 548 e ol slE 55y slaes,E
41y Jasse DRPL sy glie C38 o
ooz Gl da 55 (1) LS o (6,08 0 O b
ol 0 0 s AMPK™ 555, tlad 2alS” s

%% Mitochondrial Fission Factor
# (AMP)-Activated Protein Kinase

S opl igd (S e (CBIKE) O oSS oSS T
Gl 3l e S e g B 4 e O S
S5h e Sl 4 e L o 35050 55 b (65 s
sl b5 GldST g5, wid8 Sldlas s (YY)
Alasls o S8 ki (SlapilSe 4 5 4SS T
& pp oo ;S S i s S I Likmn s
s s 5l s Fas il Jjlu gl 55 5 352 g0
DB S SanT W s a8 e 4 ls oS
Sl e eSS e o plodS e Sl o3yl
9 Lg,xS}:,e @)B slis C}A; J.iv\.i}}ﬂ.! el
4Cpy S s Bl ST Sy SLosn S5l
3,8 o Do W3LalS 0t Jlab g 5 0ds g s
5 3K s D)oty S e 58050 i (F)
LS o foaed 1 Snl pas 0T glad 0us &G S
3PP Dk oS sl il s (YF-YF)
sdalive Comw la slgd s o) gmw J513 53 (6,48 20
Ohyles A4S G35 » &S glandlas 55 (VY 5IY) Col ous
Ol el 28 (s plonil (ST )l SldS 4 )le b
Wl p s s, opl s edalie MEN2 5y,
il (plae S38 Se) (6548 s slid Bren
GEn Ol e AT e ) AS e A
33 Sl b S 5l sl s iS55 1, MEN2
5SS {GCDC™) oS STy S i
Al p e edd Bl e Golihe Gl (o fege
25 oSS b a (V) LT s 5 Glds
wln a® Gols 4 b s oAS e S8

Wl ol oo ST Hs (g8 s
s Al e L e eyt s
OSss WEAS s SIS s s Sdsose
«J gk o J'}:'!J%T C}é} ﬂf.‘.a 33 .Sl DRP]_QJ”}::M

é‘j)z .J}QU;A oS 59 g)‘.’.‘ C,.:Jls.é))}«é} gJ:”'.'.‘JS‘

22 Glycochenodeoxychol ate

1199 90T § 3 7 @93 § Camyy 8)9s / oliws)S ¢, Sibvjy eole alGihiils ¢ ale alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

VYV dhdsgpud gl

S108 g U5
Sl s S e dlie ol OB W 5 db st
Qt}w:; ali.i}‘) (a}.l.c o.\g..iu") U;';‘AJ}- g;a)\:u)‘ ‘) A}>'
og..lﬂ C}.\& ali..ﬁ‘b .\S E) ui)‘}? C)Ld..bu:“ 3 ;JA E)

dib Lol MFF (55 5, 050d 5 b 55 0ol (F)
ol (70) 553 e (68 sme SIS § 585 5 0T 08
Ly e 5kl Je 5o DRPL sy, ol ol
SRl Gl b sl ke Sk S Ol (Sl
T gl 51 s ol |, AMPK s

ey

S 5 domis

@S sl 5> Drpl o ol Sl corse (Gl
5 s 0o el Gl 1SSl s e
I Ll SbdST (5l 3 6AST Gldsbe o5
O I Sdamls (68 e HSKE Ul b
.12, DRPL

References

1. Li T, Chiang JY. Bile Acid signaling in liver metabolism and diseases. J Lipids
2012;2012:754067.

2. Mahi H, Gores GJ. Cellular and molecular mechanisms of liver injury. Gastroenterology
2008;134:1641-54.

3. Arduini A, Serviddio G, Tormos AM, Monsalve M, Sastre J. Mitochondrial dysfunction in
cholestatic liver diseases. Front Biosci 2012;4:2233-52.

4. Arduini A, Serviddio G, Escobar J, Tormos AM, Bellanti F, Vina J, et a. Mitochondria
biogenesis fails in secondary biliary cirrhosis in rats leading to mitochondrial DNA depletion
and deletions. Am J Physiol Gastrointest Liver Physiol 2011;301:119-27.

5. Perez-Carreras M, Del Hoyo P, Martin MA, Rubio JC, Martin A, Castellano G, et d.
Defective hepatic mitochondrial respiratory chain in patients with nonalcoholic
steatohepatitis. Hepatology 2003;38:999-1007.

6. Landes T, Leroy I, Bertholet A, Diot A, Khosrobakhsh F, Daloyau M, et a. OPA1l
(dys)functions. Semin Cell Dev Biol 2010;21:593-8.

7. Rahimmi A, Khosrobakhsh F, lzadpanah E, Moloudi MR, Hassanzadeh K. N-
acetylcysteine prevents rotenone-induced Parkinson's disease in rat: An investigation into the
interaction of parkin and Drpl proteins. Brain Res Bull 2015;113:34-40.

8. Yu T, Wang L, Yoon Y. Morphological control of mitochondrial bioenergetics. Front
Biosci 2015;20:229-46.

9. Yu T, Robotham JL, Yoon Y. Increased production of reactive oxygen species in
hyperglycemic conditions requires dynamic change of mitochondrial morphology. Proc Natl
Acad Sci USA 2006;103:2653-8.

10. Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB, Contos MJ, Sterling RK, et al.
Nonalcoholic  steatohepatitis. association of insulin resistance and mitochondrial
abnormalities. Gastroenterology 2001;120:1183-92.

1099 90T § g0 7 03 § Gy 8)gs 7 Olws)S ¢Sy eole alSiils ¢ale alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

0l 13)BwlS )3 Ly YA

11. Lomonaco R, Sunny NE, Bril F, Cusi K. Nonalcoholic fatty liver disease: current issues
and novel treatment approaches. Drugs 2013;73:1-14.

12. Caldwell SH, Swerdlow RH, Khan EM, lezzoni JC, Hespenheide EE, Parks JK, et al.
Mitochondrial abnormalities in non-alcoholic steatohepatitis. J Hepatol 1999;3:430-4.

13. Cadwell SH, de Freitas LAR, Park SH, Moreno MLV, Redick JA, Davis CA, et a.
Intramitochondrial crystalline inclusions in nonacoholic steatohepatitis. Hepatol ogy
2009;49:1888-95.

14. Reddy PH, Reddy TP, Manczak M, Calkins MJ, Shirendeb U, Mao P. Dynamin-related
protein 1 and mitochondrial fragmentation in neurodegenerative diseases. Brain Res Rev
2011;67:103-18.

15. Yu T, Wang L, Lee H, O'Brien DK, Bronk SF, Gores GJ, et a. Decreasing mitochondrial
fission prevents cholestatic liver injury. JBiol Chem 2014;289:34074-88.

16. lzadpanah E, Hassanzadeh K, Yousefingad V, Shahveis K, Fatahi N, Moloudi MR.
Effect of selegiline on liver cholestasis induced by bile duct ligation in rat. Scientific Journal
of Kurdistan University of Medica Sciences (SIKUMS) 2016;21:20-30. [In Persian]

17. Ahmadi S, Karami Z, Mohammadian A, Khosrobakhsh F, Rostamzadeh J. Cholestasis
induced antinociception and decreased gene expression of MORL in rat brain. Neuroscience
2015;284:78-86.

18. Giménez-Garz? C, Salhi D, Urios A, RuZ-Sauri A, Carda C, Montoliu C, et a. Rats with
mild bile duct ligation show hepatic encephalopathy with cognitive and motor impairment in
the absence of cirrhosis: effects of acohol ingestion. Neurochem Res 2015;40:230-40.

19. Nabavizadeh F, Moloudi R, Dehpour AR, Nahrevanian H, Shahvais K, Saimi E. The
effects of cholestasis and cirrhosis on gastric acid and pepsin secretionsin rat: Involvement of
nitric oxide. Iran JBasic Med Sci 2010;13:207-12.

20. Moloudi MR, Hassanzadeh K, Rouhani S, Zandi F, Ahmadi A, Khalwatian P, et al. Effect
of chloroformic extract of Cichorium intybus on liver function tests and serum level of TNF-a
in obstructive cholestasis in rat. Scientific Journal of Kurdistan University of Medical
Sciences (SIKUMS) 2014;19:10-19.

21. Mitchell C, Mahrouf-Yorgov M, Mayeuf A, Robin MA, Mansouri A, Fromenty B, et al.
Overexpression of Bcl-2 in hepatocytes protects against injury but does not attenuate fibrosis
in a mouse model of chronic cholestatic liver disease. Lab Invest 2011;91:273-82.

22. Edimi ID, Oryan S, Nabuni M, AzarinaZ M, Tabatabaei Z.S. The considering of
histological changes of liver in cholestatic rats in different time periods. Cell Tissue Res
2013;4:55-61.

23. Mishra P, Chan DC. Mitochondrial dynamics and inheritance during cell division,
development and disease. Nat Rev Mol Cell Biol 2014;15:634-46.

24. Montessuit S, Somasekharan SP, Terrones O, Lucken-Ardjomande S, Herzig S,
Schwarzenbacher R, et al. Membrane remodeling induced by the dynamin-related protein
Drpl stimulates Bax oligomerization. Cell 2010;142:889-901.

25. Youle RJ, Karbowski M. Mitochondrial fission in apoptosis. Nat Rev Mol Cell Biol
2005;6:657-63.

26. Green DR, Gdluzzi L, Kroemer G. Metabolic control of cell death. Science
2014;345:1250256.

27. Chen Y, Lv L, Jang Z, Yang H, Li S, Jang Y. Mitofusin 2 protects hepatocyte
mitochondrial function from damage induced by GCDCA. PloS One 2013;8:e65455.

28. Elgass K, Pakay J, Ryan MT, Pamer CS. Recent advances into the understanding of
mitochondrial fission. Biochim Biophys Acta 2013;1833:150-61.

1199 90T § 3 7 @93 § Camyy 8)9s / oliws)S ¢, Sibvjy eole alGihiils ¢ ale alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html

[ Downloaded from siku.muk.ac.ir on 2026-07-05 ]

[ DOI: 10.22102/22.4.68 ]

VA iy (bgi)s

29. Galloway CA, Lee H, Brookes PS, Yoon Y. Decreasing mitochondrial fission aleviates
hepatic steatosis in a murine model of nonalcoholic fatty liver disease. Am J Physiol
Gastrointest Liver Physiol 2014;307:G632-41.

30. Toyama EQ, Herzig S, Courchet J, Lewis TL, Los?n OC, Hellberg K, et a. AMP-
activated protein kinase mediates mitochondrial fission in response to energy stress. Science
2016;351:275-81.

1099 90T § g0 7 03 § Gy 8)gs 7 Olws)S ¢Sy eole alSiils ¢ale alas


http://dx.doi.org/10.22102/22.4.68
http://sjku.muk.ac.ir/article-1-3402-fa.html
http://www.tcpdf.org

