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The Role of Nrf2 Pathway Activation in Hippocampal Neuron Injury of Neonatal Rats with Bilirubin
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[ Abstract]  Objective To explore the effect of nuclear factor-erythroid 2-related factor (Nrf2) pathway
activation on hippocampal neuron damage in neonatal rats with bilirubin encephalopathy. Methods Neonatal rats were
randomly assigned to a control group (Control), a model group (Model) and an Nrf2 activator TBHQ (tert-
Butylhydroquinone) group (TBHQ), with 20 rats in each group. Bilirubin solution was injected through the
cerebellomedullary cistern to establish the neonatal rat model of bilirubin encephalopathy. Neurobehavioral changes were
observed in rats and the water content of the brain tissue was measured. Nissl staining was done to observe the damage of
hippocampal neurons. TUNEL staining was used to observe the apoptosis of hippocampal neurons. Colorimetric analysis
was done to determine the Caspase-3 activity in the hippocampus. The content of malondialdehyde (MDA) and reduced
glutathione (GSH) and the activity of superoxide dismutase (SOD) in the hippocampus were examined by chemical
analysis. qRT-PCR and Western blot were done to measure the expression of Nrf2 and heme oxygenase-1 (HO-1) mRNA
and proteins in the hippocampus. Results ~ After injection of bilirubin into the cerebellomedullary cistern, the young rats
in the Model group and the TBHQ group showed different degrees of neurological abnormalities, while those in the
control group showed no significant neurobehavioral abnormalities. Compared with the Control group, the Model group
had severe neuronal damage, and the water content of brain tissue, the apoptosis of hippocampal neurons, the activity of
Caspase-3 and the content of MDA content significantly increased (P<0.01), while the SOD activity, GSH content, the
expression of Nrf2 and HO-1 mRNA and proteins significantly decreased (P<0.05). Compared with the Model group,
neuronal damage was improved in the TBHQ group, and the water content of brain tissue, apoptosis of hippocampal
neurons, activity of Caspase-3 and MDA content were all significantly reduced (P<0.01), while SOD activity, GSH content
and the expression of Nrf2 and HO-1 mRNA and proteins were significantly increased (P<0.05). Conclusion Activation
of the Nrf2 pathway can improve hippocampal neuronal damage in neonatal rats with bilirubin encephalopathy and
inhibit neuronal apoptosis and the oxidation reaction.
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Fig 1 Nissl staining was done to observe neuronal damage in hippocampus (n=12) . x 400

**P<0.01, vs. control group ; #P<0.05, vs. model group.



EXE

R he 5 55 Nrf23 i A A8 LT 2 I 3 A K e A e ot 0 P AR

963

T, B2 T BTN A K50 )2 IR 5 X5 B4 [
e, ARV K R 5 X A L HE S R i 25 L, S0 (8 IR,
JE IR E I/ (P<0.01) s SHEALZH H AL, TBHQAH K Kl
13 5 X 2 ML HES R, JE IR it 1% 22 (P<0.05) o
23 BHARMEZTATER

W2 FT7, 5% BRAH P, AU 2H R BRI 5 DX 240
P T2 4 FlCaspase- 31 1 THiF (P<0.01); SHCAIA LL#L,

30
o
£
=)
< 20
Z
=
°
<
@
g 10
<
7
'] L] {‘q‘l U
\ ooy
RET 1§ A
64 5 % i
¥, oy 5 & \ h‘. 0
, .."-;;"t.“‘\.\' < L]
IRt e 80
OGN 7 el
(S
13!' e .’ »” 2
" .. < 60
2
8
]
w
3 40
a,
)
&
S 20
Modelgroup

TBHQZH K Bt H X 4 Ji 8 1~ # Fl Caspase- 31 PEFFAIL
(P<0.01),

O HLAMDA . GSHFISODEM Y,

ME LR, 55X A LA, A2 K BRI S 41
MDA 7} 5 (P<0.05), 1ii GSH & & AISOD I 4 F#AIK
(P<0.05); S5 RI2H s, TBHQAL K UG B4 ZIMDA &
IR (P<0.01), 1T GSH & & FISODIE PEHE Il (P<0.05) .

##
Control group Model group TBHQ group
Control group Model group TBHQ group

E 2 £AiESHALATUNELS EFCaspase-3iFtELL % ( n=12)

Fig 2 TUNEL staining was done for comparison of Caspase-3 activity in the hippocampus tissue of each group (n=12)

A: TUNEL staining to observe neuron apoptosis in the hippocampus (x200); B: Comparison of Caspase-3 activity in the hippocampus. **P<0.01, vs. control group;

##P<0.01, vs. model group.

®1 FHEDHELMDA.GSHEEMSODFEMELLE (n=12)
Table1 Comparsion of the content of MDA and GSH and the activity
of SOD in the hippocampus of each group (n=12)

Group GSH/(umol/mg) MDA/(nmol/mg) SOD/(U/mg)

Control 15.75+4.02 1.65+0.57 5.21+0.54

Model 7.24%326 5.39+0.81" 1.12£0.30"
# ## ##

TBHQ 25.46+8.57 3.07+1.04 3.03+£0.62

F 7.46 15.55 49.21

p 0.0236 0.0042 0.0002

*P<0.05, **P<0.01, vs. control group; # P<0.05, ##P<0.01, vs. model group.
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Fig 3 The mRNA and protein expression levels of Nrf2 and HO-1 in hippocampus of each group (n=12)

A: qRT-PCR was done to examine the expression levels of Nrf2 and HO-1 mRNA; B: Western blot was done to examine the expression levels of nuclear protein Nrf2

and whole protein HO-1. *P<0.05, vs. control group; ##P<0.01, vs. model group.
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