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[Abstract] Objective Melatonin has been shown to have neuroprotective effects. This study is aimed at observing
the effects of copper deposition on cognitive function in a toxic milk (TX) mouse model of Wilson disease (WD), and
investigating the effects and mechanisms of action of Gandou Bushen Decoction (GDBSD) on melatonin synthesis and
pineal function in the WD model mice. Methods A total of 30 homozygous TX mice were randomly assigned to 3
groups (n = 10 in each group), including a WD group, a GDBSD group, and a dimercaptosuccinic acid (DMSA) group. A
total of 10 DL mice were included in the normal control (NC) group. The structure and copper content of pineal gland
tissues, oxidative stress and apoptosis-related markers, and serum melatonin levels were evaluated using hematoxylin-
eosin (HE) staining, enzyme-linked immunosorbent assay (ELISA), flow cytometry, and Western blot. Results
Compared with the NC group, the WD group exhibited decreased learning and cognitive abilities (P < 0.05), damaged
pineal gland structure, increased copper content, reactive oxygen species (ROS) levels, and mitochondrial damage rate in
the pineal gland (P < 0.01), altered levels of melatonin and oxidative stress-related markers (P < 0.05), upregulated
expression levels of pro-apoptotic proteins Bax and Caspase-3, and decreased expression of the anti-apoptotic protein Bcl-
2 (P < 0.01). After treatment with GDBSD and DMSA, the SIRT3/FOXO3a signaling pathway was activated, the copper
content in the pineal gland was reduced, and oxidative stress and apoptosis-related damages were improved, leading to an
improvement in learning and memory abilities (P < 0.05). Conclusion GDBSD can alleviate cognitive impairments in
WD mice caused by pineal gland copper deposition by inhibiting oxidative stress and apoptosis in the pineal gland. The
underlying molecular mechanism is associated with the regulation of the SIRT3/FOXO3a signaling pathway.
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Table 1 Escape latency time, number of trips across the target quadrant, and total distance travelled by mice in each group

Group n Target platform escape latency/s Target quadrant escape latency/s Number of crossings of the target quadrant Total swimming distance/cm
NC 10 11.18+6.06 6.18+£3.94 6.20£1.10 1031.44+178.20
WD 10 42.37+10.21 18.04+4.89" 3.00£0.71" 815.00£91.01°
GDBSD 10 22.96+7.47° 10.69+4.52" 5.00£1.22 977.462106.80"
DMSA 10 18.707.73" 5.75¢3.31" 6.60+1.95" 1156.38+137.77"

* P <0.05, vs. NC group; " P < 0.05, vs. WD group. WD: Wilson disease; GDBSD: Gandou Bushen decoction.
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Fig 1 Representative mouse tracking trajectories in the concealed platform experiment
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Fig 2 Morphological changes in the pineal gland tissues of TX mice
observed by HE staining (x 400)
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Table2 Rate of mitochondrial damage in the pineal tissues of mice in

each group
Group n Mitochondrial damage rate/%
NC 10 17.18+4.55
WD 10 49.16+7.84"
GDBSD 10 27.4546.94"
DMSA 10 21.8446.42°

* P<0.05, vs. NC group; " P<0.05,vs. WD group. All abbreviations are
explained in the first footnote to Table 1.
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Fig 3 Electron microscopic observation of ultrastructural changes in the

pineal gland of mice in each group

Red arrows point to mitochondria.

60

s

20 +

10 -'
ol=

0

C OO & C O O &

L QO ¢ & Q&S
Q&Q@e OQ‘%’Q%\

c(pineal gland copper)/(pumol-L™)
c(serum melatonin)/(pg/mL)

4 FHEHNFARFEEER MFREER
Fig 4 Pineal copper content and serum melatonin level in the mice in
each group
A, Pineal gland copper content (n = 5); B, serum melatonin concentration

(n=6)." P<0.05,vs.NC group; " P<0.05,vs. WD group.

WDZH /N BT 4 2B ZAENCA /N RFEMK (P<0.01), X 5
ZHTEE B IR RARLH G5 Z R AER AT & o 1
JF G ANE 7 e DMSAZ )5, tnE 4B /<, GDBSDAL I
DMSAZH /Iy B A 1L 48 2R R 7K F- 2 B W D4 - (P<
0.01), 7T AN 1 K i 25 5 DMS A4 ] g W DA
BITX/IN UL T AR PR R K
2.6 HFE#MSiZ3tWilsonfmER TX/NRRREALHA
ROSHJ 22N

Sy YW E SRR RE, 1 — 20 H 40 A it AR A DU
TSR L P ROSHY i, ANIEISEE R R, NC4L/)
SRR LU ROS 1 H A 77.62%; WDZH /N A A 20
AP FROS A 4 92.83%, SNCA M L8 £ (P<
0.01); DMSAZH K 2405 7 21 /N B AR ZH 2 i)
ROS 5 L5 4 84.01%F180.57%, 5 WD A b,
DMSAZ KT 4NF A A RARH L P ROS B 4t T [
(P<0.01),

NC WD
FITC A- FITC A+ {FITCA- FITC A+
200423.7% 76.3% 6.28% 93.7%
150
=] =]
2 2
3 1004 S
50
0 i ) Ty T oy
0 10° 10' 10° 10° 107 0 10° 10' 10° 10° 107
FLI-A=FITC-A FL1-AzFITC-A
GDBSD DMSA
FITC A~ FITC A+ 200 JFITCA FITC A+
153% 84.7% 20.5% 79.5%
1504
—
E 100
(s}
&)
50
04

10° 10" 10° 10° 107 0 10° 10* 10° 10° 107
FL1-A=FITC-A FL1-A=FITC-A

e 0
100
80

60

40

20

0

O 0 9 &
= S S
() Q&Q&&

Average positive rate/%

5 F B AR N EL AL HROSKF
Fig 5 Intracellular ROS levels determined by flow cytometry
A, Levels of ROS expressed in the pineal gland as determined by flow
cytometry; B, quantitative analysis of the mean ROS fluorescence level (n = 3).

" P<0.01,vs.NC group; " P<0.01,vs. WD group.
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Fig 6 Mitochondrial membrane potential of the pineal gland of the mice
A, Dot plot of mitochondrial membrane potential; B, mitochondrial damage

rate (n = 3). " P< 0.01, vs. NC group; " P<0.01,vs. WD group.
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