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mice with Alzheimer disease via the NRF2/NF-kB signaling pathway
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Abstract Objective To investigate the cognition-improving effects of total flavonoids of Dracocephalum moldavica L. (TFDM) in mice
with Alzheimer disease (AD) and elucidate the underlying mechanisms. Methods ~ Fifty SAMP8 mice were randomly divided into model,
donepezil positive control,low-dose TFDM, intermediate-dose TFDM , and high-dose TFDM groups (n = 10/group),and 10 SAMR1 mice
were selected as the normal control group. After 30 consecutive days of intragastric administration of TFDM or corresponding agents , aging
scores were assessed and the Morris water maze test was performed to evaluate spatial learning and memory abilities. Hippocampal CA1
neuronal morphology was observed using Nissl staining. The serum levels of TNF-a, IL-13, and 11.-6 were measured using the enzyme-
linked immunosorbent assay. The expressions of SYN,PSD95,NRF2,HO-1,and NF-«B protein and mRNA in the hippocampus were
detected using Western blotting and real-time quantitative PCR, respectively. Results Compared with the model group,low-,interme-
diate-, and high-dose TFDM groups and donepezil positive control group exhibited significantly improved aging scores and prolonged time
spent in the target quadrant (P < 0.05). Compared with the model group ,intermediate- and high-dose TFDM groups and donepezil positive
control group showed significantly reduced escape latency , increased platform crossing times, intact hippocampal CA1 pyramidal neurons,
lower serum levels of inflammatory cytokines,upregulated expressions of SYN,PSD95,NRF2,and HO-1 protein and mRNA ,and down-
regulated expressions of NF-kB protein and mRNA (all P < 0.05). Conclusion TFDM delays the progression of aging, ameliorates spatial
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cognitive dysfunction, alleviates hippocampal neuronal injury, and suppresses neuroinflammation in AD mice. The underlying mechanism

may involve modulation of the NRF2/NF-«B signaling pathway.

Keywords total flavonoids of Dracocephalum moldavica L.; SAMP8 mice; NRF2/NF-kB signaling pathway ; cognitive function; inflam-

matory cytokine
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L2 F1,



780 -

HREERRESR H55%

A, control group; B, model group;C,donepezil positive control group;D,low-dose TFDM group; E, intermediate-dose TFDM group; I, high-dose TFDM

group.

E1 MRIBBCAIXEREE x40
Fig.1 Nissl staining of the CA1 region of the hippocampus of mice x40

(AN

A, control group;B,model group;C,donepezil positive control group;D,low-dose TFDM group; E, intermediate-dose TFDM group; I, high-dose TFDM

group.

E2 /INFMorris7kik B SEIGE 75 B 4k B
Fig.2 Trajectory maps for mice in the Morris water maze test
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Tab.1 Comparison of escape latency, time spent in the target quadrant, and number of platform crossings among the mice groups

C Escape latency (s) Time spent in the ~ Number of platform
roup " Day 3 Day 4 Day 5 target quadrant (s) crossing
Control 10 38.67 +2.32 28.46 £2.72 2632 +1.95 25.10 £ 1.56 6.33+1.03
Model 10 49.15 + 1.74" 45.89 + 1.40" 46.07 +2.91" 11.29 + 1.66" 2.00 +1.26"
Donepezil positive control 10 41.92+2.16” 3223 +2217 28.94 + 1.54” 23.45 +0.85” 5.00 + 0.89”
Low-dose TFDM 10 4491 +2.25” 40.68 + 1.85 38.02 +2.387 14.27 + 1.47” 3.33+0.82
Intermediate-dose TFDM 10 42.03 +2.48” 35.06 = 1.16” 32.93 +2.09” 20.61 + 1.52% 433 +0.82%
High-dose TFDM 10 4271 £2.36” 35.43 +3.37” 30.89 +2.64” 21.17 £1.70” 4.67+0.52”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group.

2.4 TFDMA/INERUIALIE Hh A8 0E A 52

57 R LA AR /N BRI 3 P TN F -0 IL-18
FIL-67K 7B B TH (P < 0.05)  SHAIZE s, £
Z8 WR 55 BH X BEZH IR S TFDMA | v 5] S TFDM
20 A A S TFDMAL /N B VS HHTNF-ofIL- 187K~
HH {2 FAIK (P < 0.05), Z2 23 WR 57 B X HE AT Pl

TFDMZL 1 5 57 S TFDMZHIL-67K - W i [ A (P <
0.05) . IL32.
2.5 TFDMXS /MR E thSyn  Psd95 , Nrf2 , Ho-1F11
NF-kB mRNAZ A 152

550} B b, AR 20 /)N B 2 R Syn Psd95
Nif2F1Ho-1 mRNAZK A 7KV B I FEAIK, NF-kB mRNA
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Fk KBTS (P <0.05) SRR ks, 248
WR 5% BH 4 X5 B8 2 L A 55 SR TFDMZH Al = 7 S TFDM
2H /N U 5 TR Syn  Psd95 \Nrf2 FllHo-1 mRNAZ ik 7K

SE-BH 8 FF B NF-kB mRNAZE ik 7K F B 5 &A% (P <
0.05) W3,
2.6 TFDMX} /N BRI 55 iSYN . PSD95 \NRF2 \HO-1

F2  HBHNRIMTE P AEEEFKRFRLLER
Tab.2 Comparison of the serum levels of inflammatory cytokines among the mice groups

IL-6 (pg/mL) TNF-a (ng/L)

Group n IL-1B (ng/L)
Control 6 35.03 +0.68
Model 6 88.48 +8.93"
Donepezil positive control 6 56.26 +0.95”
Low-dose TFDM 6 79.00 + 2.89”
Intermediate-dose TFDM 6 61.65 + 1.43%
High-dose TFDM 6 60.59 + 1.59”

93.33 + 1.96
171.74 = 5.80"
108.17 + 3.54”
162.10 + 18.07
123.80 +3.67"
120.03 + 3.87%

176.60 = 2.42
755.60 +29.26"
343.01 + 13.54”
656.89 + 32127
387.20 + 17.55”
369.00 + 13.94”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group.

*3 KHNRBEGHSYn, Psd95. Nrf2, Ho-1FINF«xB mRNAZRZEKFEHI L5
Tab.3 Comparison of the expression levels of Syn, Psd95, Nrf2, Ho-1, and NF-«B mRNA in the hippocampus among the mice

groups
Group n Syn mRNA Psd95 mRNA Nrf2 mRNA Ho-1 mRNA NF-k B mRNA
Control 3 0.98 +0.01 1.00 = 0.02 0.99 £ 0.05 0.97 +0.06 1.02 £0.04
Model 3 0.46 + 0.05" 0.35 £0.06" 0.33 £0.06" 0.46 + 0.01" 3.84 +0.32"
Donepezil positive control 3 0.89 +0.05” 0.86 +0.05” 0.86 = 0.02” 0.88 + 0.04” 1.24 £0.13”
Low-dose TFDM 3 0.57 £0.08 0.52 £0.03” 0.50 = 0.09” 0.50 +0.01 3.23£0.12”
Intermediate-dose TFDM 3 0.81 £0.04” 0.77 £ 0.04” 0.80 = 0.02” 0.82 £0.01” 1.44 +0.07”
High-dose TFDM 3 0.79 +0.05” 0.78 + 0.04” 0.79 + 0.04” 0.82 +0.05” 1.39 +0.03”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group.

FINF-«BAE [ 3K A5 1)

55 X) B2 b, AR H /N R S HS YN PSD9S
NRF2FIHO-12 [ 2 15 7K °F B I [ 1K, NF-«BEE 11
FRACEI BT E (P <0.05) SROBIZH L, 245

WR 5% BH P4 X B 41, 55 S/ TFDMZ A 55 5] TFDM
2H /)N BUIE S AR SYN  PSD95  NRF2HITHO- 14K FH % 34
IR B 8 T i, NF-«BEE 2835 /K7 B I8 AR (P <
0.05) .UlL3%4 K13,

F4 FBHMRESHSYN, PSD95, NRF2, HO-1FINF«BE HRIEKFHILLE
Tab.4 Comparison of the expression levels of SYN, PSD95, NRF2, HO-1, and NF«B protein in the hippocampus among the mice

groups
Group n SYN PSD95 NRF2 HO-1 NF-«kB

Control 3 1.04 +0.04 0.98 +0.05 1.05£0.12 1.10 £0.11 0.34 £0.05
Model 3 0.38 + 0.08" 0.43+0.01" 0.49 + 0.05" 0.43 +0.09" 0.92 +0.08"
Donepezil positive control 3 0.94 +0.18” 0.90 +0.01” 0.90 + 0.09” 0.94 +0.16” 0.44 +0.08”
Low-dose TFDM 3 0.65 +0.08” 0.49 +0.11 0.66 +0.01 0.47 £0.12 0.77 +0.06
Intermediate-dose TFDM 3 0.85+0.18” 0.86 + 0.06” 0.83 = 0.06” 0.75 + 0.05” 0.56 + 0.13”
High-dose TFDM 3 0.91 £0.13” 0.87 £0.12” 0.84 +0.08” 0.76 +0.07" 0.56 +0.20”

1) P < 0.05 vs. control group;2) P < 0.05 vs. model group.
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1, control group;2,model group;3,donepezil positive control group;4,

low-dose TFDM group;5,intermediate-dose TFDM group; 6, high-dose

TFDM group.

E3 /MERESHSYN, PSD95,. NRF2, HO-1#INF«BEHFKix

Fig.3 Expressions of SYN, PSD95, NRF2, HO-1, and NF-
kB protein in the hippocampus of the mice
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T2 S R, A S A 5 0 28 RE IR A A 00 R
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ADJR LIRS T, NRF29 1 B 5 S50bt 010 B 100 ik

55 , MTNF-« Bk B2 s NN p 28 90 , W2 2[R
B 2T A BT 1 B . NRF2BESTE )5, G nT 38
1o T R P S R I RN F«BYE AL , M AEFHASNF-«B
EIDNAZE G, T 98 A 5% 53 o A 98 45 SR 4R
TFDMA] fi 38 1t P8 FENRF2FINF-BAY 26 3k, & 4% #f
ZORIER
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ARSI LT, —EARE R A G S
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