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The effects of bile duct ligation on motor cortex region morphology
and aquaporin 4 protein concentration in male Wistar rats

Delaram Eslimi Esfahanit, Shahrbanoo Oryan', Mohammad Nabiuni? & Talieh Sadat Hosseinynia®
!Department of Animal Biology, Faculty of Biological Sciences, Kharazmi University, Tehran, Iran; 2Department of
Cell and Molecular Sciences, Faculty of Biological Sciences, Kharazmi University, Tehran, Iran
Correspondent author: Delaram Eslimi Esfahani, eslimi@khu.ac.ir

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.
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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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Fig. 3. Motor cortex tissue slides (I & Il layer). A. Control sample. B. Sham sample. C. Cholestatic sample. (400X-H&E).
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Fig 4. The level of aquaporin 4 in motor cortex. A-B. Control sample. C-D. Sham sample. E-F. Cholestatic sample. G:
Image J data. (400X-1HC).

sl Sl U JELT Sk o Sl odd jabude ASL by 2alS 5 oST5 2alS Lol en bad e 0As aisles STy e

5555 (SSlST (gla B sn he 53358 gr e Z3L 03 Sk sl ol Wl )l ST e el tes ¢ B plovd
Gharooni ) sl ol sdalie b b 5 5 Odiaislag Som s Sl ige S o s el bodd S73 5,050 oS 5505 355
o 4 Nl 5 o S 4 0ds ot e (@tal, 2015 Cilas ol )l 8 Calibes Slallls 5 &S $SS ol

5/



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

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

Oryan et al., 2017) cl L5yl s ks psotiw 53 g3l
=S o g S sy (o Oljen 53 4 5 BB SRl L Sleds”
Sl ol yon ¢ LoDy )3 (69,00 Gkl (pioman 5 (G5l a0 Sla
(Kwiatkowski & Mcqill, 1998; Rodrigu, 2003)
Ssl e Sladl (snS Gmle (gl iliee (slapwslSa
S gtagays oS 4 015 p dhex OT 51457 Sl ol slgiiy
oo 5351 a5 al oS s T Ik 15 ol
35 sl dgbe GlnST (5T (s (S5l LTG5 g 5
L sl codd S350 o5 (Lamireau et al., 2003)
Eslimi et al., ) Wb o (I3l 05 53 55 b pS 5okl
el o5 4 oS 5555 e S5 3 03 (3 b 512011
oI s BB sk 4 Ol ol 53 48 LSS 2
Moezi et al., 2011; Mani et ) s,ls 555 b BT Al e
GlcwnT 5 Olael sS4 slasles L S (@l 2001
Jover et al., 2006; ) s,ls Ss&s byl g, slblie

Snyder & Bredt et al., 1991; Buldanlioglu et al.,
.(2005; Jayakumar, 2014

2345 Celol jon (g jhe WM L (S (sla g le 5 5ok

ST 53 etd slgiy 1ol & ol i e b bl
Mechtcheriakov et al., ) cwl =& Glyls sy Jubos
G e 53 &S Wlesls Glas YoVedle 3 diss (2005
5 03 I S Sl e LTl S lS
" et b S5 Sl 4 e Sulg 53 &S 550 e e
a3 ks 4 (TNF-0) 0 sn 5 oS 035 S5 5586 .3 8
ST Wl byl ST 55 5 358 0 Ols odss o
(Chaparro-Huerta et al., 2002) s,ls <55 Js,s
TNF-0 0l S 55 53 43 8 &) o Slalllas b oman
D o o5 BB LUl ¢ Kos Bk 5l B
0355 5 S lS” gl 5 g0 55 S > e Ile s TNF-0
S Sl sl zia TNF-0 0 2 K05 Sl o
o b ;I (Chaparro-Huerta et al., 2002) <l 5 oS os
ol b 5 e SINO 8 8 & o Dliions b S5
Dhanda et) sl s i35 0T 0l e S dS” (gla b g0 53 487
S Sl ods )18 amde ,NO JI )y, s @l 2013
oY b 513 pal sl 5 56 s 4 NO ol 53l

Karambaksh et ) cul sié amiee ;¥ S50 5 ,¥ 51 5 o

6/7

358 pein alS pon OAS aislag STy e 5 53S0 sl (3L
Ol a8 el 031> OLES iy Soliiis (Eslimi et al., 2017)
b ey bgles 1 ol 5o A8 i X
&S Llosls Olis Sladllas ioeen (Nakamura et al., 2001)
DLl (Ssler ol 4 e WS S A5 T
25 Lod Sl (S RS A 5o 050 elow
Llosls slgins Oliims Jie O 2 4 .(Nudo Randolph, 2006)
o Saos Dbl O e 4 (S W (S S
(Leke et al., 2012) cul S > 28 5 &l odels glaodis
VM|t G JlansT ESla 55 457 03l Ol Slidses
Calises 15 5 (6 ool (Glaodis Ol i b LL5,l 53 S >
Lazeyras et al., 2002; ) sl 4laT 5 Sl ahax 51 i3
- Jos 45 ails Oy ik uonen (Katanoda et al., 2001
39558 i S de S| (S Wl r (S 28 s S
4 .(Lindenbach & Bishop, 2013) 1wl S >~ &Y
S sl Sl (Fp s bOss Sl alie b
S 3 0, g g BB palS (Il gl Sl ol 3,18 55
o odalin w53 Sl I &S5 5 gl Ol 53 S >
53 Losys Lials uees (Katanoda et al., 2001) ool
YO 55 o b M slaaY 5 a5 Ve 550 55 O 5utS L (6 les
Col ol sdalie S > a8 VI WY 5 oy ¥ 6
3575 Ol ol opl ol L(Lindenbach & Bishop, 2013)
LT3l 0o ailey S5 by (J ol oS5 2alS o750
SLL )l g TH6 gl Jale e oyl OT & anlllas ol 55 a8
@l Gl 03 (S w35 Jes 5 (ol
Loy s S e 558 Jas 5o Il S b Slasl Sk
—S e s By mT Ogalyy Laome 3 Dk 4 (S
spier b ¥ ol ST s L g a5 el il s 5he
ShadS” &7 s s 0l SlWlke (Batavelji¢ et al., 2012)
S5 S S ila 3 F )l ST Ol 55 i sl
(Guillermo et al., 2008) wl o a8 OT 4 6 udy 358 5
55 GonlST i il oS 0l Slidnd iopes
39 SRS Gla g )3 (o sles 5 S B (Sl
sy sS Ss 3 F iyl ST oy, (Eslimi et al., 2017)

:l:;._’"l.fSbﬁQTﬂ\p‘aMJQngﬂijd‘j’.mMj‘gﬁ:



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

AT V-0 8)led o 8 ol i spsle 15 s (slaasily

REFERENCES

Batavelji¢, D., Nikoli¢, L., Milosevié¢, M., Todorovi¢, N.
and Andjus, P.R. 2012. Changes in the astrocytic
aquaporin-4 and inwardly rectifying potassium
channel expression in the brain of the amyotrophic
lateral sclerosis SOD1 (G93A) rat model. — Glia 60:
1991-2003.

Buldanlioglu, S., Turkmen, S., Ayabakan, H.B. and
Yenice, N. 2005. Nitric oxide, lipid peroxidation and
antioxidantdefence system in patients with active or
inactive behcet's disease. — Br. J. Dermatol. 153: 526-
30.

Butterworth, R.F., Lalonde, R., Power, C., and Baker
G.B. 2009. Dehydroepiandrosterone sulphate improves
cholestasis-associated fatigue in bile duct ligated rats.
— Neurogastroenterol Motil. 21: 1319-1325.

Butz, M., Timmermann, L., Braun, M., Groiss, S.J.,
Wojtecki, L., Ostrowski, S., Krause, H., Pollok, B.,
Gross, J., Sudmeyer, M., Kircheis, G., Haussinger, D.
and Schnitzler, A. 2010. Motor impairment in liver
cirrhosis without and with minimal hepatic
encephalopathy. — Acta Neurol. Scand. 122: 27-35.

Chaparro-Huerta, V., Rivera-Cervantes, M., Torres-
Mendoza, B. and Beas-Zarate, C. 2002. Neuronal
death and tumor necrosis factor-a response to
glutamateinduced excitotoxicity in the cerebral cortex
of neonatal rats. — Neurosci. Let. 333: 95-98.

Dhanda, S., Kaur, S. and Sandhir, R. 2013. Preventive
effect of N-acetyl-L-cysteine on oxidative stress and
cognitive impairment in hepatic encephalopathy
following bile duct ligation. — Free Radic. Biol. Med.
56: 204-215.

Eslimi Esfahani, D., Oryan, Sh., Nabiuni, M. and
Karimian Peiro, M. 2017. The role of cholestasis in
brain hippocampus trauma in male Wistar rat. — Nova
Biol. Reperta 4: 128-136.

Eslimi Esfahani, D., Oryan, Sh., Nabiuni, M., Karimian
Peiro, M. and Gharooni F. 2017. The effect of hepatic
impairment on the aquaporin-4 in the paraventricular
(PVN) and Supraoptic (SON) nuclei of rat
hypothalamus. — Med. Sci. 27: 252-260.

Eslimi, D., Oryan, S., Nasehi, M. and Zarrindast, M.R.
2011. Effects of opioidergic systems upon anxiolytic-
like behaviors induced in cholestatic rats. — Pharmacol.
670: 180-185.

Felipo, V. 2013. Hepatic encephalopathy: effects of liver
failure on brain function. — Nat. Rev. Neurosci. 14:
851-858.

Gharooni, F., Oryan, Sh., Nabiuni, M., Eslimi Esfahani,
D., Hosseinynia, T.S., Karimian Peiro, M. and Parsa,
S. 2015. The histopathological effects of cholestasis on
hypothalamic paraventricular and supraoptic nucleus
on male wistar rats. — Nova Biol. Reperta 1: 77-85.

Gonzalez-Usano, A., Cauli, O., Agusti, A. and Felipo, V.
2014. Pregnenolone sulfate restores the glutamate-
nitric-oxide-cGMP pathway and extracellular GABA
in cerebellum and learning and motor coordination in
hyperammonemic rats. — ACS Chem. Neurosci. 19:
100-105.

Guillermo, L., Lehmann Maria, C., Larocca Leandro, R.,
Soria Raul, A. and Marinelli. 2008. Aquaporins: Their

TV

Jlz=l o5l ol s (@, 2013; Gonzalez-Usano et al., 2014
S8 Cales il gl Sen glalde 1SS oyl sy
Gl o gy p addllas ol 55 & SSldS o5 8 45 S~
IS 3503 s s Szl ol £ gema 55 LS NO 23l
OF Jlis 4 5 e 28 (Bl Olek sl Cob el oyl

P . QPG e

G
Sl Gl god (5 2550 (Bl Dl ek s ) 5
Jols Dl ol s edalin J 2575 o5 ladisei b anglis o
ol yon L s O i5lay ST i (B § S0 calind 2ol 3
JMie FalS cpomen (Bl bl alS 5 (S5 Al L
DL T & 5505 5 s Jlazl cpl oSl F oyl ST
S OV s cadlln ol 45 S 58 3 65 b
Calizes SVe )3 oks 315 &SGldS” ol s sla i o

AL

Sl 3wl
o1s (5558 5 sy slae o Syl el s

Ly oo 5 S5 JUS G ol planil S )0l

.r.i)‘.}


http://www.ncbi.nlm.nih.gov/pubmed/22987392
http://www.ncbi.nlm.nih.gov/pubmed/22987392
http://www.ncbi.nlm.nih.gov/pubmed/22987392
http://www.ncbi.nlm.nih.gov/pubmed/22987392
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Timmermann%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Braun%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Groiss%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wojtecki%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ostrowski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krause%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pollok%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gross%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%BCdmeyer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kircheis%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4ussinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schnitzler%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20003084
http://www.ncbi.nlm.nih.gov/pubmed/20003084
https://nbr.khu.ac.ir/article-1-2950-en.pdf
https://nbr.khu.ac.ir/article-1-2950-en.pdf
https://nbr.khu.ac.ir/browse.php?mag_id=480&slc_lang=en&sid=1
https://nbr.khu.ac.ir/browse.php?mag_id=480&slc_lang=en&sid=1
http://iau-tmuj.ir/article-1-1328-en.pdf
http://iau-tmuj.ir/article-1-1328-en.pdf
http://iau-tmuj.ir/article-1-1328-en.pdf
http://iau-tmuj.ir/article-1-1328-en.pdf
http://iau-tmuj.ir/browse.php?mag_id=56&slc_lang=en&sid=1
http://www.ncbi.nlm.nih.gov/pubmed/24149188
http://www.ncbi.nlm.nih.gov/pubmed/24149188
https://nbr.khu.ac.ir/article-1-2511-en.pdf
https://nbr.khu.ac.ir/article-1-2511-en.pdf
https://nbr.khu.ac.ir/article-1-2511-en.pdf
https://nbr.khu.ac.ir/browse.php?mag_id=471&slc_lang=en&sid=1
https://www.ncbi.nlm.nih.gov/pubmed/24256194
https://www.ncbi.nlm.nih.gov/pubmed/24256194
https://www.ncbi.nlm.nih.gov/pubmed/24256194
https://www.ncbi.nlm.nih.gov/pubmed/24256194

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

}i.a)..'Z.ékslfydﬂ?Uﬁ69‘,@&‘)%31@]@1)3‘4;')‘)&@5&»‘

role in cholestatic liver disease. World J.
Gastroenterol. 14: 7059-7067.

Haan, R., Lim, J., van der Burg, S.A., Pieneman, AW.,
Nigade, V., Mansvelder, H.D. and de Kock, C.P.J.
2018. Neural representation of motor output, context
and behavioral adaptation in rat medial prefrontal
cortex during learned behavior. — Front Neural
Circuits. 1: 12:75.

Hatsopoulos, G., Harrison, T. and Donoghue, P. 2001.
Representations based on neuronal interactions in
motor cortex. — Prog. Brain Res.130: 233-44.

Jayakumar, V., Valdes, X.Y., Tong, N., Shamaladevi,
W. and Gonzalez, M.D. 2014. Sulfonylurea receptor
1 contributes to the astrocyte swelling and brain
edema in acute liver failure. — Norenberg Transl.
Stroke Res. 5: 28-37.

Jover, R., Rodrigo, R., Felipo, V. and Insausti, R. 2006.
Brain edema and inflammatory activation in bile
duct ligated rats with diet-induced
hyperammonemia: a model of  hepatic
encephalopathy in cirrhosis. — Hepatol. 43: 1257-
1266.

Karambaksh, A., Noori Mougahi, M., Hassan Zadeh,
Gh. and Tak Zaree, N. 2013. Excitatory and
inhibitory effects of nitric oxide on weight, size, and
histological changes of rat cerebellum. — Tehran
Univ. Med. J. 10: 595-600.

Katanoda, K., Yoshikawa, K. and Sugishita, M.A.
2001. Functional MRI study on the neural substrates
for writing. Hum. — Brain Mapp. 13: 34-42

Kwiatkowski, A.P. and Mcgill, J.M. 1998. Cholestatic
liver diseases in adults. — Gastroenterol. 93: 689-691.

Lamireau, T., Zoltowska, M., Levy, E., Yousef, I.,
Rosenbaum, J., Tuchweber, B. and Desmouliere A.
2003. Effects of bile acids on biliary epithelial cells:
proliferation, cytotoxicity, and cytokine secretion. —
Life Sci. 72: 1401-1411.

Lazeyras, F., Spahr, L., DuPasquier, R., Delavelle, J.,
Burkhard, P., Hadengue, A., Hochstrasser, D.,
Mentha, G., Giostra, E, Terrier, F. and Vingerhoets,
F. 2002. Persistence of mild parkinsonism after liver
transplantation in patients with preoperative
minimal hepatic encephalopathy: a study on
neuroradiological and blood manganese changes. —
Transpl. Int. 15: 188-195.

Leke, R., Oliveira, D.L., Mussulini, B.H.M. and
Pereira, M.S. 2012. Impairment of the organization
of locomotor and exploratory behaviors in bile duct-
ligated rats. — PL0oS One 7: 1-8.

Lindenbach, D. and Bishop, Ch. 2013. Critical
involvement of the motor cortex in the
pathophysiology and treatment of Parkinson’s
disease. — Neurosci. Biobehav. Rev. 1838: 1-14.

Magen, 1., Avraham, Y., Ackerman, Z. and Vorobiev,
L. 2009. Cannabidiol ameliorates cognitive and
motor impairments in mice with bile duct ligation. —
J. Hepatol. 51: 528-534.

Mechtcheriakov, S., Graziadei, I.W., Kugener, A,
Schuster, 1., Mueller, J., Hinterhuber, H., Vogel, W.
and Marksteiner, J. 2006. Motor dysfunction in

patients with liver cirrhosis: impairment of
handwriting. — J. Neurol. 253: 349-56.

Mechtcheriakov, S., Graziadei, I.W., Rettenbacher, M.,
Schuster, 1., Hinterhuber, H., Vogel, W. and
Marksteiner, J. 2005. Diagnostic value of fine
motor deficits in patients with low-grade hepatic
encephalopathy. — World J. Gastroenterol. 11: 2777-
2780.

Moayedi, M., Weissman-Fogel, 1., Salomons, T. and
Crawley, A. 2012. Abnormal gray matter aging in
chronic pain patients. — Brain Res. 1456: 82-93.

Mochizuki, Y., Mizutani, T., Shimizu, T. and Kawata,
A. 2011. Proportional neuronal loss between the
primary motor and sensory cortex in amyotrophic
lateral sclerosis. — Neurosci. Lett. 503: 73-75.

Moezi, L., Shafaroodi, H., Sarkar, S. and Emami-
Razavi, SH. 2006. Involvement of nitrergic and
opioidergic systems in the hypothermia induced by
cholestasis in rats. — Pathophysiol. 13: 227-232.

Nakamura, K., Fox, R. and Fisher, E. 2012. CLADA:
cortical longitudinal atrophy detection algorithm. —
Neurolmage 54: 278-289.

Nudo Randolph, J. 2006. Mechanisms for recovery of
motor function following cortical damage. Curr.
Opin. Neurobiol. 16: 638-644.

Oryan, Sh., Nabiuni, M. and Eslimi Esfahani, D. 2017.
Effects of cholestasis on aquaporin 4 choroid plexus
of male wistar rat. — Animal Research 11: 134-144.

Rivara, C.B., Sherwood, C.C., Bouras, C. and Hof, P.R.
2003. Stereologic characterizationand  spatial
distribution patterns of Betz cells in the human
primary motor cortex. — Anat. Rec. 270: 137-151.

Rodriguez-Garay, E.A. 2003. Cholestasis: human
disease and experimental animal models. — Ann.
Hepatol. 2: 150-158.

Ropponen, A., Sund, R., Riikonen, S. and Ylikorkala,
0. 2006. Intrahepatic cholestasis of pregnancy as an
indicator of liver and biliary diseases: a population-
based study. — Hepatol. 43: 723-728.

Sheen, J.M., Huang, L.T., Hsieh, Ch.S. and Chen,
Ch.Ch. 2010. Bile duct ligation in developing rats:
temporal progression of liver, kidney, and brain
damage. — J. Pedi. Surg. 45: 1650-1658.

Thomson, A.B.R. and Shaffer, E.A. 2008. First
principles of gastroenterology, the basis of disease
and an approach to management. — Janssen and
Ortho. 9: 514-519.

Tripodi, V., Contin, M., Fernandez, M.A. and Lemberg,
A. 2012. Bile acids content in brain of common duct
ligated rats. — Ann. Hepatol. 11: 930-934.

Weiler, N., Wood, L., Yu, J. and Solla, S.A. 2008. Top-
down laminar orga-nization of the excitatory network
in motor cortex. — Nat. Neurosci. 11: 360-366.

Yasuko, I. and Moon Young, Kim. 2015. Nitric oxide in
liver diseases. — Trends Pharmacol. Sci. 36: 524-
536.

Zhang, Y., Hong, J.Y., Rockwell, C.E., Copple, B.L.,
Jaeschke, H. and Klaassen, C.D. 2012. Effect of bile
duct ligation on bile acid composition in mouse
serum and liver. — Liver Int. 32: 58-69.

*hkkk

8/A


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776835/
https://www.ncbi.nlm.nih.gov/pubmed/30327591
https://www.ncbi.nlm.nih.gov/pubmed/30327591
https://www.ncbi.nlm.nih.gov/pubmed/30327591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4714761/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4714761/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4714761/
http://www.ncbi.nlm.nih.gov/pubmed?term=Jover%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16729306
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodrigo%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16729306
http://www.ncbi.nlm.nih.gov/pubmed?term=Felipo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16729306
http://www.ncbi.nlm.nih.gov/pubmed?term=Insausti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16729306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenbaum%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12527037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tuchweber%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12527037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desmouli%C3%A8re%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12527037
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mechtcheriakov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graziadei%20IW%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kugener%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mueller%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hinterhuber%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vogel%20W%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marksteiner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16244813
http://www.ncbi.nlm.nih.gov/pubmed/16244813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mechtcheriakov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graziadei%20IW%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rettenbacher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hinterhuber%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vogel%20W%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marksteiner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15884121
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diagnostic+value+of+fine+motor+deficits+in+patients+with+low-grade+hepatic+encephalopathy
http://europepmc.org/search?page=1&query=AUTH:%22Nakamura+K%22
http://europepmc.org/search?page=1&query=AUTH:%22Fox+R%22
http://europepmc.org/search?page=1&query=AUTH:%22Fisher+E%22
http://europepmc.org/search?page=1&query=ISSN:%221053-8119%22
http://www.ncbi.nlm.nih.gov/pubmed/15115953
http://www.ncbi.nlm.nih.gov/pubmed/15115953
http://www.ncbi.nlm.nih.gov/pubmed/23111582
http://www.ncbi.nlm.nih.gov/pubmed/23111582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532625/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532625/

Nova Biologica Reperta 6(1): 1-9 (2019) OYIA) 101 55l o & ol c g psle 10 (g sloaily

How to cite this article:
Eslimi Esfahani, D., Oryan, Sh., Nabiuni., M. and Sadat Hosseinynia, T. 2019. The effects of bile duct ligation on motor
cortex region morphology and aquaporin 4 protein concentration in male Wistar rats — Nova Biol. Reperta 6: 1-9.

B EE] d‘ﬁ}ﬂ;&ééﬁ 4>t 65}3}5)}AJ{ Lg}‘jﬁ.p S e Sl O JI AYAA LB ‘l..n_s S 9 P (‘5@.&: "U:‘ ‘Qlu.: “d ‘ele&v' W'
A=A e sk 03 g Saadl — Wl S sl e Sl 53l p8 T U

9/a



