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The effects of bile duct ligation on motor cortex region morphology
and aquaporin 4 protein concentration in male Wistar rats
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Abstract. Impaired motor functions were reported in cholestatic animals. This disorder in the function and death of motor
neurons is highly dependent on changes in the environment around astrocytes and the blood-brain barrier, which is
moderated by the aquaporin 4 protein. For this reason, the effects of cholestasis on motor cortex histology and morphology
and aquaporin 4 protein levels were investigated in this study. Samples were stained by hematoxylin-eosin method .
Histological changes in cortical brain were investigated. The amount of AQP4 protein in control, sham, and experimental
groups were tested by immunohistochemistry. The thickness of motor cortex in cholestatic samples increased in
comparison with the control and sham groups. Also, cholestasis caused wrinkle chromatic nuclei. On the other hand,
tissue necrosis was detected in cholestatic group compared with sham and control groups. Reduction of cells densities in
some cortical layers has been observed, which is probably indicative of cholestasis-induced cell death. AQP4 expression
significantly decreased in BDL (p <0.05), but not in other groups (P<0.05) .In this study, the pathology of motor cortex,
which has also been associated with the decrease of neurons, could be considered the cause of motion abnormalities and
AQP4 level reduction in cholestatic rats.

Keywords. cholestasis, immunohistochemistry, motor function, necrosis, wrinkle chromatic nuclei

Received 08.12.2016/ Revised 08.11.2018/ Accepted 01.12.2018/ Published 01.05.2019 YA/ SLSIATAV/ A/ e s /AFAVEAIY 5ol 1AFR0/+ A 3L 5

N


mailto:eslimi@khu.ac.ir
mailto:eslimi@khu.ac.ir
http://dx.doi.org/10.29252/nbr.6.1.1
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.2.7
https://system.khu.ac.ir/nbr/article-1-2692-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1398.6.1.2.7 ]

[ DOI: 10.29252/nbr.6.1.1]

Eslimi et al. The Effects of bile duct ligation on motor cortex region

}#rﬁé&j}?d«:}uﬁGS‘PG‘WQIMIRLA;‘<Q‘)&@BW‘

Gl S Glaglen adeis 53 (S - SN glagilis
.(Mechtcheriakov et al., 2005) &l Coren!
o Sl ible Juls ¢ S oS358 Loy D - J S
3o S 5 ST s B
b S S > 5,5V 4Y (Hanetal., 2018)s .8
Glolsle 4 1) ob s cwl Betz) z sbdsle
Jols s ;855 S bl s o e il 51 SSUS
RiVara et ) ae b oo ol g 5 $Sio OS¢ o 5 4t
S~ ~SS,S @l 2013; Weiler et al., 2008
b oSl o S Ol o e osle S o (sla,l,
Slaadlss 1 b0, 5 Jbe Olye & 3505 (2R ooy IS~
b Llods g ld8uS 5,0 5 anls (g o @l 0l S~
Hatsopoulos et al., 2001; ) £ 52 plil < ggu b SIS >~
Sl (Sas e 455 )3 135 ¢ 5 » (Nudo Randolph, 2006
Moayedi ) ass &) ol slagsles b oo ¢ Ml e &
o 3 45 1T i (et al., 2012; Nakamura et al., 2001
2355 0 odalia (S o Opnn glas S Jas 4SSV
Sk s S A Bl DR s & G

s azss y SSSLST ol e S e 53 F sl ST

b w9y 9 3lg0
b3l Lyl g Dblgu

Sy 315 5 gl e s o VY ) ook e o o
(,Jf YO B Yer O35 gl ol e Gla s s eslizal
st ke 2 dSEs Dl w55 S (6,16 s 5
09 )st\jfd“sb a3 Vo-Y0 les j3 )l o&sils
=5 R plmil (S, Celu VY 5 gLty Celu VY
Sems g g3y ol o Sl i Lo ASles e
Viosf ae ks (ol psb 4 ol o sl e ol azbls
o (ol 05) IS Jals Loy S Lkd s o
SSSdS 05 5 5 (Gl i Sl sl Ok (1 2)
eld Ll (Gslhe @lme sl b oln 1)
A plonil Ol bk, S e bl SlagleT
Mils s pole sdSluls BV aeS Al 4 S
Ll oy 055l 5

Shls” 1

2/%

ko

—odelB clis 1 gl a5 | aw 0L s DDl 4 kS
JH1s 4 ol Gl 5555 o U blam sl il
olew 2! (Tripodi et al., 2012) 555 o SMbI p 53 65
(S 31 o (6 e Sl 155 (6 7ol ) o 4y Sl (S
N X K P R NP ITVP- I U PEPINE P
Solme Gladshe 5 lomsla by iw S5 s I3
sl Lagyls (& 5T OL5 S L (S35 el b 55l ,he
Thomson & Shaffer, 2008; Rodriguez-Garay, ) ss §
Calten SUaland )3 Ll 5 oo S ¢ 55 cpl o o (2003
Skads” (Boyer, 2001) dib d SIS L5 beww sla
LS cwl uS s jlkuls glsl 5ol sl
poo nle du )3 g 0li ST ams 5 Jsde (G sn) 50 sla) 55
53 ks’ (Ropponen et al., 2006) 545 o ol 5,05,
4 e Ll o Colg 5o SadST spd e edalin 58 Olsl) g
35,5 SAS G5 5 55,

35 Jes  ASl5 0 S slacs les &5 ilesls OLis Solallas
Sl eas paskin &G Uil Sl S 36 he
Sl ol oy SIS 5 GUS Glagslen 53 ST ol
dox I glos 28 eae SVl ols «S'(Felipo, 2013)
5 L s S Jes Il (o)l 5 Ol S O
(Sheen et al., 2010) cul WoT oo Soales 5 S~
O Gl Saler s JlgL s S SV
IS S ot s i 5 0SS SIS S (5 )
Butz et al., 2010; Batavelji¢ et al., 2012; ) azun o & 5
(Guillermo et al., 2008; Mechtcheriakov et al., 2005
35 S o Jlesl s I 55 5 (ol amale Sialen 53 IS
Magen et ) ol sds odalie 5 s (55l 2o (G 2ma b a5

al., 2009; Butterworth et al., 2009; Dhanda et al.,

Mechtcheriakov et al., ) ol sdis jasein AS b
© sl S GOy s S e 558 Jas 5 Pl (2006
Cly G G A 5 il ol Ogol g Lame 5o D ks
Batavelji¢ ) s s o buass ¥ 50l ST 55 5 Law 5 45" Sl
23 e Eel S oS s s ol Sl (et al., 2012

oalis (Guillermo et al., 2008) 552 o F 5/ ST Ol


http://dx.doi.org/10.29252/nbr.6.1.1
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.2.7
https://system.khu.ac.ir/nbr/article-1-2692-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1398.6.1.2.7 ]

[ DOI: 10.29252/nbr.6.1.1]

Nova Biologica Reperta 6(1): 1-9 (2019)

AT V-0 8)led o 8 ol i spsle 45 s (sloasily

L a1 e e US55 s e G155 o Sl a3 Ll
33 sitad e ids 4 SOI PBS-BSA s s ¥ Jglows L
Joloun 53 LY 033,13k Jsbo S1AST, C Il s PBS
plril 42ds 03 Do 4 gl )5 Aoy +/Y STy 05954
P ol ST @ly 4l @b T Loy wd LY e i
15 BB Jsame glod 5 Cole ¢ sy (AbCAM)
kT3 L Sl eslizal b (3L ST s 4 5SSl o gb e
ot sep Ssm) dees IS 51 el L (DAB)
o sy sl L (Laboratories, Inc., Montgomery, Tx)
o5 P 5Sns S bbb T e 255 plasl (o) o548
& pleit (OLJT Ziess)

Sl ol 9 4 325 95

oS a5 o 5 T (sl 2 b sy DA floni 5 4 325
i 03T 545 by ST (WT 05057 5 slme 3l il

i ad $ 53 0/00 35 6l sre prlaw i gl ST

ol

G g (Sslie Gl e Sl ol 1 e axia o
S F o 048 255 5 (il aher Sl SldST (e gl e
Ol ) bt OIbl sl 5 s 28 b daz 5100 15
sl
Sk okins O (G5 o et Glo o) 2 Sl Jol s
4 S SGLlS e Gl 53 (S A5 B
S o 305 53 S5 o ge Blodd Sl J STy 80y S
2 LB AN JK8) dis sdalin g4l e Sl J 257 4
S Lol en 45T U edalie L 5SS (eSS & gas
oIl Jrol (oS glrosls (C Y JSKE) ol (B ploens]
ooty ST LT ey olen & 38 Calis o,
Wl ok 03,57 ) Jgdor 534S (S5 cadind O30T 54,5
S5 b sl 53 1 S ndS Gladi i 43 Sl il 33
a,;,”;wwgmmlsgugwd,:s,r:su
() Jsd) ol (p-value<0.05) Lis sxe s

SledS Sladi sai 3 wsles STy ladshe ol imman
5T (OWT )y ol ok 0357 ) Jgdr 5 J 2875 -
o) 3 Jeol lresls (S5 udiad 0931 5 48, beSS byl

3y

Sl 6AST ol I (Gsme e slhe Gl e (i
sl e ol 4k s 4 (Rodriguez-Garay, 2003)
0 (MY/KQ) (slacos & 5315 5 el S5l eslizal b ol e
okl g oty 4 1) Ol ¢ JolST o5 g Sl ey LS gV &
3 o3l b s 5 0kd 0l 5 alST (S s 4b (sla s
Sl L5 e 03 5 Sl (WS amb sy S
(K Gl bt 53 g Bl ¥ il 4 Jib S & o
.Jgujpr_i_;)uq-o)u_o;@ﬁ.41:-,»,3):,5;;;\;.1\
Tzt 0315 51 3 0T 5 gy ¢SS s (G35l a0 (51 2en L S uy
3:J>e§12.w'63)'\o;L&:‘.«:Hfm.wo:;M?OTj\b@}ééf)
oS 93 m 0T 31 e 5 035 ajfr.aj Aol b o us i
533 (S e o b oy | e 5 (pileg 03 505
Ol e 4@\ﬁ&;¢wlj\.\x{pu WS 93 S gy g dhee 4
Slale Ol Cgar (Lo 0555 Do & ol o 2 (e
o o 55 b Sl 3 8 Gy 55 Ol s w5 s )
Ao S pieds lS sl L
(PG gige 9 (B (w3 99

L g ol o Gl g0 GladS ol Sl atin 53 E3 8 I e
Cai Vo ol 53 s i )l OT e 5 4S5854
(il Olas (6, T Ly syl Laged cda alm o 3 LS
P Al o blie 45 3l L (5,8 B 5 oL b SaneT
a4 el g slapY (g5l ) 0535 S8 4 G5 Se
devy @ (Bl Gl 5 A4S el gk S Sles
Gl a3 S plnl USHIE 5 s S oS Sn
4>l o> 3l CuwJa’)a..\.‘;a;us_-,ﬂ\lmage\]J\j;\@;,'lksbxw
ke 2 53 g o Kile 5 ol 5 bt Bolal D5 4
A deke Sl uéﬁfa)m\ EE SRR E RN R PO E &
(25 8 el (8L alade 03 53 ile)T 550 058 8 5l 45

" AT 2135080k | o (em st gpm) ST 51
oo Ve Dl Bl (5T ol skie 4 (BL sl e
215318 Sl 380 (gles 55 4ids Yo e 4 PHEF L LY 4
b oadsl ool ST polastl e Jlasl gl Oodo s 8
PBS s dw)s ¥ (LK) Lg;\frf» ST ool s, slsyl 3
Lot k5 i) BBT (J pame (sles )3 el 55 61,
53 el YF Soe 4 (ADCAM) F 2 5 ) ST JL IS b (g5 T


http://dx.doi.org/10.29252/nbr.6.1.1
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.1.2.7
https://system.khu.ac.ir/nbr/article-1-2692-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24236330.1398.6.1.2.7 ]

[ DOI: 10.29252/nbr.6.1.1]

Eslimi et al. The Effects of bile duct ligation on motor cortex region

o i8S > 4l g9l ee &lyzee slasl ol 31 .leﬂn&sso.ﬁl.J

(HEE (65T K-V X e 5 5) SldS 6505.C Lo w505 B LU 28 w508 AL S 28 il -) SO
Fig. 1. Motor cortex tissue sections. A. Control sample. B. Sham sample. C. Cholestatic sample. (100X-H&E).
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Table 1. Thickness of Motor cortex and Heterochromatin cells percentage in control, sham and cholestasis groups.
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Fig. 2. Motor cortex tissue slides (V layer). A. Control sample. B. Sham sample. C. Cholestatic sample. Heterochromatin

cells (black arrows) (400X-H&E).
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