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Qingre Lidan Jiedu Recipe improves high copper load-induced cognitive dysfunction in
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rats by regulating mitophagy
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Abstract: Objective To explore the mechanisms of Qingre Lidan Jiedu Recipe (QLJR) for improving cognitive dysfunction in
rats with high copper load. Methods Seventy-five male SD rats were randomized into normal control group, model group,
QLJR group, penicillamine (PCA) group, and QLJR+ PCA group. Except for those in the control group, all the rats were fed a
high-copper diet for 12 weeks. The effects of the treatments on cognitive function of the rats were assessed using the Barnes
maze and passive avoidance tests. Hippocampal expressions of NIX, FUNDC1 and LC3 of the rats were detected using
Western blotting and immunofluorescence staining, and changes in mitochondrial morphology were observed with
transmission electron microscopy. Results Behavioral tests showed prolonged target hole latency, shortened latency to enter
the dark chamber, and increased error counts of the rats in the model group, which were significantly improved in QLJR+PCA
group; the error counts were significantly lower in QLJR+PCA group than in either QLJR or PCA group. Among all the groups,
the hippocampal expressions of NIX and FUNDCI were the lowest and LC3 I/II expression the highest in the model group;
NIX and FUNDCI expressions were significantly higher and LC3 I expression was lower in QLJR+PCA group than in QLJR
group and PCA group. Immunofluorescence staining revealed weakened NIX and FUNDC1 expressions and enhanced LC3
expression in the hippocampus of the rats in the model group as compared with those in the normal control and QLJR+PCA
groups, but their expressions did not differ significantly between QLJR and PCA groups. The rats in the model group showed
obvious structural disarray of the mitochondria, which were improved in all the treatment groups. Conclusion QLJR
improves cognitive dysfunction in rats with high copper load possibly by regulating mitophagy.
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Tab.1 Comparison of the target hole latency time in the Barnes maze experiment during the
training period among the groups (Mean+SD, n=8)

Group 1 day 2 days 3 days 4 days

NG 203.12+26.11 157.55+30.61 79.14+17.49 50.01+15.38
MG 230.58+21.85" 204.83+38.17% 142.24+15.027 134.99+32.44”
TCM 215.44+16.70 190.55+29.41 124.26+28.70” 117.23+14.60%
PCA 212.14+16.81 187.89+25.33 125.87+30.75” 120.49+15.22?
TCM+PCA 209.21+10.49 186.68+19.86 117.89+26.67" 106.59+12.45%%

NG: Normal control group; MG: Model group; TCM: Qingre Lidan Jiedu Recipe treatment group; PCA:
Penicillamine treatment group; TCM+PCA: Combined treatment group."P<0.05, ?P<0.01 vs NG group;
?P<0.05 vs MG group.

*® 2 BEXRERHEE XWX BAREEKER B b
Tab.2 Comparison of target hole latency time during the test period of the
Barnes maze experiment among the groups (Mean+SD, n=8)

Group 5 days (Short-term memory) 12 days (Long-term memory)
NG 16.02+5.54 17.88+10.21

MG 49.08+13.54” 50.32+23.64%

TCM 32.99+10.91" 31.26+£19.93Y

PCA 35.51£11.99” 33.11£20.10""
TCM+PCA 29.21£10.259 28.55+18.92%

YP<0.05, ?P<0.01 vs NG group; YP<0.05, *P<0.01 vs MG group.
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(P<0.01) , - AR RARRIR B NG 2H T ik 25 7
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23 &Kk A% X NIX.FUNDCI.LC3I.LC311¢%
western blotting 4] %3 Jb

HMGAA I NG Say 745 R BRI EIX NIX
FUNDCI [ 2635 /K V-3 7 (P<0.01) , 3k 255 B B AR
Fe HEAR R, LC3 T \LC3 I B35 K -1 B (P<
0.05,P<0.01) , F=ik Fty B I AR 4 H B8 48 1% ; TCM+
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Tab. 3 Comparison of latency and error counts in dark
avoidance test among the groups (Mean+SD, n=8)

Group Latency (s) Error count
NG 189.02+58.94 1.75+1.40
MG 64.07+40.38% 7.75+1.04”
TCM 155.224+40.82" 4.75+1.28299
PCA 152.01+48.44% 5.00£1.697
TCM+PCA 179.73+38.117 2.13+1.96"

2P<0.01 vs NG group; ?P<0.01 vs MG group; P<0.01 vs TCM+
PCA group.

PCA #41%; TCM 4 .PCA 41 NIX .FUNDC1 f) ik K F-
W I 34 155 (P<0.05) , R 3k Z%al W b 48 5 HL 20 (5 A8 K
LC3 | ZRIACHIH i/ (P<0.01) , £R PRI LC3 1T
IR i 22 5 (P>0.05) . TCM+PCAZH 5 NG
H, TCM 4 5 PCA 4 & H KB /K BT B 2= H
(P>0.05,%4 K1),
2.4 &K B A% R NIX.FUNDCI.LC3 # %% % &
Horm] 5T rb
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Fig.1 Effect of Qingre Lidan Jiedu Recipe on protein
expression of NIX, FUNDC1, LC3I, and LC3II in the
hippocampus of the rats in each group. A: NG
group; B: MG group; C: TCM group; D: PCA group;
E: TCM+PCA group.

T A A POEIR R (P<0.01), TCM+PCA 14 MG
ZH K B T X NIX . FUNDC1 £5 [ 598 G 30 B 1 5
(P<0.01), LC3 & [ 62658 B 55 (P<0.01) . TCM
ZH 3 PCA 4 45 85 LS 28O0 B o ik 22 55 (P>0.05,
Kl2.35),
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Tab.4 Comparison of relative expression levels of NIX, FUNDCI1, LC3I, and LC3II proteins in
the hippocampus among the groups (Mean+SD, n=3)

Group NIX FUNDCI LC3I LC31I
NG 0.99:0.12 1.07+0.15 0.32+0.05 0.36+0.08
MG 0.28+0.05” 0.26+0.10? 0.91+0.05” 0.95+0.05?
TCM 0.62+0.06™ 0.59+0.057” 0.67+0.067 0.66+0.13*%
PCA 0.58+0.04Y 0.59+0.037” 0.66+0.117*9 0.65+0.10
TCM+PCA 0.81+0.08" 0.80+0.07" 0.44+0.04" 0.47+0.05"

YP<0.05, 2P<0.01 vs NG group;”P<0.05, ¥P<0.01 vs MG group; *P<0.05, *P<0.01 vs TCM+PCA group.
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B2 FHFEFEEATNEEARBEDXNIX, FUNDCL, LC3 3R EMIM
Fig.2 Effects of Qingre Lidan Jiedu Recipe on the fluorescence intensities of NIX, FUNDC1 and LC3 in the hippocampus of the rats
in each group (scale bar=20 um). A: NG group; B: MG group; C: TCM group; D: PCA group; E: TCM+PCA group.

5 HEARIBDXNIX.FUNDCI.LC3 KB IR BT L
Tab.5 Total fluorescence intensities of NIX, FUNDC1, and LC3 in the hippocampus of the rats

in each group (Mean+SD, n=3)

Group NIX(x107) FUNDCI (x10” LC3(x107
NG 16.35+0.24 14.44+1.79 1.80+0.42
MG 3.24+0.78” 1.170.12? 19.4243.14?
TCM 4.27+1.117% 3.32+0.397% 8.14+1.85799
PCA 4.75+1.4179 3.27+1.687% 5.20+0.95Y
TCM+PCA 8.34:+0.677" 6.26+0.62" 1.37£0.117

2P<0.01 vs NG group; ?P<0.01 vs MG group.;P<0.05, *P<0.01 vs TCM+PCA group.
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TCM+PCA

3 ERFIBRES X EEXRIED X EMFR ST
Fig.3 Effect of Qingre Lidan Jiedu Recipe on mitochondrial morphology in the hippocampus
of the rats in each group (scale bar=2 pm/500 nm).
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