Bile duct ligation increased dopamine levels in the cerebral cortex
of rats partly due to induction of tyrosine hydroxylase
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Abstract

Background and Purpose Liver failure is often associated with psychiatric alterations, partly resulting from the increased
dopamine levels in brain. We aimed to investigate relationship between increased dopamine levels and mental abnormalities
using bile duct ligation (BDL) rats and document mechanism that liver failure increased dopamine levels in SH-SY5Y cells.
Experimental Approach Psychiatric alterations were operated following 14-day BDL. Dopamine and its metabolite levels in
cortex, expressions of enzymes and transporters related to dopamine metabolism and transport in cortex and hippocampus
were measured. SH-SY5Y cells were used to investigate whether NH4Cl, bile acids and bilirubin affected expression of tyrosine
hydroxylase (TH) or not. TH expression in SH-SY5Y cells co-incubated with bilirubin and signal pathway inhibitors was
measured. Key Results Open-field test results showed a remarkable increase in exploratory behavior following BDL. BDL
increased dopamine levels and expression of TH protein in cortex. MAO-A and Mb-COMT slightly but significantly decreased.
Data from SH-SY5Y cells showed that increased bilirubin levels was a factor in inducing TH expression. Both inhibitor of
NF-xB pathway BAY117082 and silencing p65 remarkably reversed bilirubin-induced upregulation of TH protein. NF-xB
activator TNF-o increased expression of TH protein. Roles of bilirubin in TH expression and increases in dopamine levels
were documented using hyperbilirubinemia rats. Significant increases in dopamine levels, expressions of TH, p65 and p-p65
protein were observed in hyperbilirubinemia rats. Conclusion and Implications BDL significantly increased dopamine levels
in rat cortex partly due to bilirubin-mediated TH induction. Increased bilirubin induced TH expression via activating NF-xB

signaling pathway.

Hosted file

Manuscripts.pdf available at https://authorea.com/users/401396/articles/513485-bile-
duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-
induction-of-tyrosine-hydroxylase

Hosted file

Table 1.pdf  available at  https://authorea.com/users/401396/articles/513485-bile-duct-
ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-
induction-of-tyrosine-hydroxylase

Hosted file

Table 2.pdf  available at  https://authorea.com/users/401396/articles/513485-bile-duct-
ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-
induction-of-tyrosine-hydroxylase

Hosted file


https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase

Table 3.pdf

available

at

https://authorea.com/users/401396/articles/513485-bile-duct-

ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-
induction-of-tyrosine-hydroxylase

Relative travelled time inside

Relative travelled distance

A
Sham ‘l ,
B
BDL ([ —
B
Time inside
*
10
2
v
s 5
L=k To
day 0 day6 day13
D
15 Distance inside
*
£ 10
<
w
B ri
oL

day 0 day 6 day 13

day 6

e —

Relative travelled distance
(of Sham)

Relative travelled distance
(of Sham)

Figure 1

=
o

(%))

daY_l?’ [ sham
1 [ soL

Total distance

i

10

[,

day 0 day 6 day 13

Distance outside .

L

day 0 day 6 day 13


https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase
https://authorea.com/users/401396/articles/513485-bile-duct-ligation-increased-dopamine-levels-in-the-cerebral-cortex-of-rats-partly-due-to-induction-of-tyrosine-hydroxylase

>

D Sham

30 Phe Tyr
*k % 40 BDL
c ’g *k = T *% .
2 S £ 30
g EZO B E fuad
c = € =
i g%
S 2% 8 1o
o Y -
cortex hippo plasma cortex hippo plasma
C 2 DA D
DOPAC
8 o =3
)
2 SE
— -
o
.E 1 g 22
- * %k
© o ©
5 g X
g S %
e = *
o
o
0 0
cortex hippo cortex hippo plasma
Figure 2
A cortex C [ sham [ 8DL
T = BDL Sham 3
S § Y TLLLLLL § T
3 TLLLLLLIEE
<§! * S e fY T LLLLL] 25
-actin EEE S S S v
z 5 B-actin EF == v www]| g,,,
. 5
hippo OC'I:1 8 1
Peactin
0 ol
OCT1 OCT2 OCT3 DAT cortex hippo
B 2 hippo D BDL Sham
c
i oo O EmEm® f2) T . T
<&, T, B-actin [ e wwwe] i
€ 5 S
ES hippo 0CT2 ] &
-actin [ ww v wwe]
o 0¢
OCT1 OCT2 OCT3 DAT cortex hippo
BDL Sham
E
[
T3 e wewmwew| £
cortex ocr3 i ° E
B-actin 851
, g
hippo OCT3 E le)
Bractin EEET===s]
0
cortex hippo

Figure 3



[ sham [ BDL

>
w
@]

cortex hippo 5 MAO activity
o
T - T = )
3 £1 %% 3 E1 ‘é" *
<5 L5 = X
Es g5 g
2 e £1
£
2
0 o <o
TH MAO-A MAO-B COMT TH MAO-A MAO-B COMT MAC-A VIAG-B
D , E 2
BDL_ Sham BDL Sham £
——— ,E —_ * — — s E
THamm= "77F 3£ MAOA[ = —====] & &
cortex 68 cortex o *
B-actin mem====E] 5 & BactinCoooe=mm] § 41
‘s o
i ™EE o £ 21  MAoAFEEEEE] S
hippo . hippo s
B-actin [ Y —
o 0 -
cortex hippo cortex hippo
BDL Sham G BDL Sham c cortex hippo
—— Mb-COMT S =
cortex MAO-B [FEES = S g E 1 cortex  S-COMT m‘}'ﬁ g E 1 X ¥
B-actin EEWWWSES] 5 § B-actin £%
maosFEEvweal] 38 mb-coMT g2
hippo ) s hippo  S-COMT o
B-actin Bactin .
o cortex hippo Mb-COMT S-COMT Mb-COMT S-COMT
TH DAPI Merge
E 30
Sham £
= *
7
o
o 20
-
=
3
© 10
Qo
BDL T
o

Figure 4



A NH4Cl (mM) B ucB (pMm) C _CIR_ _BAs

SR 01035 5. R |
TH === = | TH [ 55 SN - =8 | Bactm[m|
B-actin | ] Bactml—..————-—-—ﬂ
=3 E
(3 3 *¥ Q
'- b
E - *k * 21 T
L1 Q2 <
£ £ S
(7] [ o
S 84 s
o Q E
= F 0
0 0 CTR  BAs
CTR 01 05 5 CTR 001 01 05
D CR_ uc 2 O cmr
0.1 pM UCB
moAE===] & Boiu
B-actin [o= e v =] %5
MAO- B— c1
Bractin ] 2
[3)
SCOMT[= = ——1 &
B-actin 0
MAO-A MAO-B S-COMT
E UCB (uM) F
CTR 001 01 05
p-THE- -« -« o5 oo s ma g |
B-actinf= — — — — — — —] = UCB (uM)
=] Ocr Qo1
3 %%
E?a -.62 - Ooor Eos
s © *
€2 >
S 29 *
1 <
al 2
z o
a | | E |
CTR 001 0.1 TH MAO-A MAO-B COMT

Figure 5



A 0.1uM 20nM  50nM B ucB+ c UcB
_CTR_ _UCB_ MG-132 MG-132 CTR_ _UCB__ U0126 CTR UCB +BAY
TH S e HE —s=s==w= ™H A
B-actin (o= = == — — — — =] padtinEE=s====—x] Bractin [= = o= = = —]
=5 *%
=5 Ocmr = =2
b M 0.1uM ucs - G, i G
5 410 20nm MG-132 5 5
=3 |:|50nMMG 132 £ 3 =
E 22 g1
3 i ’_T_| g g
Q
rl Tl I—-r—l T
|— | | - |—
0
CHX+  CHX+MG- CTR UCB UCB+U0126 CTR  UCB UCB+BAY
D CHX MG 132 132+UCB E ;
HEe==e==——] T
o]
B-actin u
= CHX+ CHX+ CHX+ L1
z CHX_ MG-132 0.1 UCB 0.5 UCB 5
51 THE=S See--sees) °
5 B-actin[ | ;‘
g -
e 0
E 50nM CHX + + +
50nM CHX + 50nM MG-132 = + - -
50nM MG-132 = + + 0.1yM UCB = - + -
0.1pM UCB = - + 0.5uUM UCB = - - +
SiRNA
CTR_ SiRNA +UCB UCB_
G [ | F
HEES=-—— —eue
L | - ol *

O o UCB (uM) 9 _2 **UCDB (um)
=2 SiIRNA+UCB o CTR
£ @ A  Buc ClR 001 01 05 ¢ E Ooot
E’, p65--—_—-_-.--- -§“_1 no.l
K oY e ————— oL Hos
ﬁ B-actin [ce e e e = = == - a
£
g p65

p65 TH
H CTR TNF-a I BDL Sham
p65 p65 [ R v ]
TH p-p65 [uin Sl o - e - o ]
B-actin p-actin| I
—_ E [ sham
E Ocr E TNFa s @ eoL
< 2 ok 22 *
o )
° )
2 >
2 1 24
£ £
0 a0
p65 TH p65 p-p65

]
oQ
c
=
(¢
(<))



F

CTR

HB

v [Ocmr

& 18

Al

(=2
o

20

addd

'
o

Concentration (ug/g or ug/mL)
N
=]

Concentration (pg/g or pug/mL)

o

cortex hippo plasma D cortex hippo plasma
. DA E, DOPAC
— E
2 5
2 =
5 2 :
2 2
s 1 2
3 s
[1} S0
cortex hippo o cortex hippo plasma
HB CTR G HB CTR
Hea— — — = — - —
tin] - —— p-p65 B B8 e ww &~ o ]
B-actin le= B-aCtin [T —r—— — —— - |
4 < 4 *
3] 5]
3 53
£ T @ sk
g1 32
2 £
z g!
'— S
0 *o
p65 p-p65
TH DAPI
=5
E *
- 4
)
c 3
(V]
&1 T
S
Q.
1l
-
0

Figure 7



