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SH BRI A B B AL IR 3 (P<0.01), R A #RiESh 4, RMULIR A I, A 40 w48 LAY 2 TR
GARER G, MEY% . RERTRPL, BAFHRAILLSHRTFRARREP<0.01). HCERE
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Abstract
Lycium ruthenicum murr flavones (LRMF) on depressed mice and the differential expression of TLR4/MyD88/NF-

This work was aim to investigate the antidepressant effect of aerobic swimming (SW) and

kB related factors in brain and blood. Fifty male KM mice were used to construct a depression model, which was
administered by swimming and/or black flavonoids (200 mg/kg). The behavior of mice, the morphological changes
of brain tissue and the expression of related factors proteins and mRNA under the intervention of aerobic exercise
and flavonoids were tested by behavioral assessment, ELISA, brain tissue Nissl staining, immunohistochemistry
(IHC) and qRT-PCR. The results of behavioral evaluation showed that the CUMS group had a very significant
differences in behavioral evaluation compared with the control group after modeling (P<0.01). After intervention,
intervention group had different degrees of improvement in behavioral evaluation compared with group M (P<0.05,
P<0.01). The contents of 5-HT (5-hydroxytryptamine), NE (norepinephrine) and DA (dopamine) in the brain
tissue of the intervention group were higher than those in the M group, and the LRMF+SW was highest (P<0.01),
followed by the SW group. The results of microscopic observation showed that the neurons in the model group had
the highest degree of injury, nuclear fixation, deep stained and cavitation, and the LRMF+SW group had the best
intervention effect. IHC showed that the expressions of TLR4, MyD88, NF-kB and IL-1p protein in the intervention
group were lower than those in M group (P<0.05, P<0.01), and the expression level of LRM+SW group protein
was the lowest (P<0.01), followed by the LRMF group. The results of qRT-PCR showed that the expression levels
of TLR4 and MyDS88 in brain tissues were higher than those in blood tissues (P<0.05), and they were positively
correlated. Compared with group M, the expressions of TLR4, MyD88, NF-kB and IL-1 mRNA in LRMF+SW
group were the lowest (P<0.01), and SW group was lower than those in LRMF group (P<0.05). The results showed
aerobic swimming and dark fruit flavonoids could relieve or treat brain damage caused by depression in mice,
enhance immunity and neuronal repair, and the combined intervention had the best effect. The mechanism may be
through antagonizing TLR4 inhibition MyD88, anti-inflammatory gene activation, TLR4, MyD88 in the brain tissue
and blood tissue there is a moderate correlation. As an early detection method, the detection of circulated RNA in
plasma is a good clinical prospect for the diagnosis and monitoring of brain injury caused by depression.
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Toll¥: 52 /4 (Toll-like receptors, TLRs)& tH 5t /4
N5 RIR % 3 G0 5% AH S I B A5 5 %, 2
e R AR G P R AT M e (A 2. A5 5 E
% (PO B A B AR, — % A2 K EMyDS8S
T8 K R T R ORE OB, ) — 2% & T AL TIR(Toll/IL-1



K5 EIE BN S B X FIARAE /N B A T 70 & TLR4/MyD88/NF-k Bl i AH 5 R T 4L R 2= e R 1K 1849
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B EH W R BT SR e Sk SIS B ) R L (VF AT IE
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mild stress, CUMS)HE 45 4 #% F0L 95 DAL 1) A, 2
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CUMSA (M4, SW#4l. LRMF4L. LRMF+SW#)
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T I~2F0 AN ) BRI, b /I BRAS AT 900 38 1D A
B R ROEOTEIN T - A58 I8 (CT, 12 h). 45 °CH
T VK(S, 5 min). 7K-FZE(CS, 1{X/s, 5 min). %%
B (F, 24 h). MM RO, 12 h). 4 °CUKIKIHFIK(C,
5 min)~ FBHR 1 emAb$2 I 5 R(T, 2 min) B HE(R,
24 h). W4(B, 25 min). HHEHEEIM, 8 h). B
(WN, 24 h). 57K (W, 24 h). [8] W8 5'%)HEIS, 5 h).
FEHET28 K (K)o FFIIas H G BT IR AT N 2248
PROPE K i S0 . WORE SE5G . SRIAFDK . IR )R)
R it
1.3 FMAR

P INAR A i Th 5, SW2H. LRMF+SW41 R
FAUEK IR, B R T -4 5575 KIRA3S em, EL1£80 cm
(R VKA R AT, A3 K& B T K 30 min/d, B 53
RIBH10 min/d, HZE60 min/d, 4EFF LR FIZEh6)H,
BRI TR . WK E I/ BT B iR &I
A AHLKRTFo LRMFZ. LRMF+SW4H % [ 2 1
FIfC A RE B, G EE NS/ BAR R TR T
5M200 mg/kg, WEARE0.2 mL, BRI, 6. M
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1.4 ERMICEIARIAR BRI
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FHEEAT BRI, i i K SRl ™ AT 3 2 AT, AHEE
T RRHES AR E T T, WA Al T
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Table 1 Flow chart of each stimulate factor in the construction of depression model

I [k HIR 2R H3IR EZPN ERPN EAPN EYPN
Time First day Second day Third day  Fourth day Fifth day Sixth day  Seventh day
The first week o.M S, IS CS, T M, CT F C,B CS,0

The second week WN W B, IS R CT,C O, T B,M

The third week IS, CT WN M, T C, S CT F C, IS

The fourth week R S, CS WN .M 0, CS M,B S, C
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1.5 HmRESAE

SIS WG, R, R 1% E %
BN(500 mg/kg)BEAT BRIVE, BY L IRERHILBKEK,
HRERVEI AL I -5 mLyTEEE H, 2214 000 r/minfg
015 min, W EIE, MERNAR FH 5 B REERIESE Y,
B3 K MBERNA T80 CORAEA o W 58 L i b
Ja WLSTME AL BE, T AR BT /N o ) B9 P, 5% 3 fidi 2H 2K,
TR T T 77K FLAEANE (B 5 ORI AR 1)
MRER NIRRT ) o T RTARI Rz 2 AR T e IR
YIEU ZH 2450 mg, A2 1 mL Trizol¥a Wi B 250
EHAFIRNA; # H THAR BRI E R, R
o BT 4%% BRI [ €48 hil B, s g
L, ARSI OIS HRF B AR B R
L6 THIITAFUR
1.6.1 #EKARHF 56 (sucrose preference test, SPT)
B 7K A 2 S 56 /T 75 1HEAT Bl AR A & S, R — IR
1% BEREK X —fHAE7K TN GEH, 12 b5, TR PIRK
A B FHRALE T, B 24 he BE7K R L 9556
[EARIKAEEB24 ha, BEIETRN Yo BEHE 7K S 4l K &
150 mL. 2 hje R P/ e, 3054 hA BEREZK &
KRN, THE KRG L. B 7K i B =Chi 7K
THFE R AT FEE)*100%
1.6.2  #k A 55 B (open box test, OBT) M4 ik i
50x50x50 em® ) (€ IE 7 44, 72 R 5 5e 28 73 1
BR25 UK 10 em I IETT T, AEBEAS 286 7 vh 3
T 5 ARG B IR, B S BRUT R K RS Sk
SE R BT, Wl /DR E HIE S AT R
SUREIN R 7)> B 7 AR A SO, A DB 18] 2495 miin,
05 TR R e K SRS T H NS TR 5 ST
HEATEE = R RG, 75 B O Y IR, IR IR
B
1.6.3  3&i875 KN X (forced swimming test, FST)
PN BB TR A KR SE20 cmy WK ALS emf
Pergas A . 5 L1036 min/ AT AR, BT
2 minz&id NN A], FEEE [F4 mindT AEEE. K
IR PR TC LRI NEE ) S AN BN [A) (B A4 L7 ) T bk
AT G AN TEIR A A R AT — RN R, S
55 58 B fa S RIKE B R, il g
1.6.4 5%i8 & MK (forced tail suspension test, FTST)
KHABHREE, RAT /DR B2 cmit, B
50 cm, F/NRBEHEER . Pr kSIS FE R
FERAEMLTE, R BT E o SIS AR/

AT AR PEAT RS T EREE . S256 10 326 min,
AT 1 min A& R, Giit a4 min/s REHRES FAS)
RFIA] o
1.7 BNZRZR$EFRIEN

FEVKTH _EFREN40 mghi 20 AR A 52 2 T EPA
H, N ZH A3 70600 pL(AT AR J18 75 22 10 B (A FE
W) . 4 °C. 11 000 r/minE5 05 min, WEC_F i
1.5 mL EPE H, —70 °CLRA7F 5. K FElisafi}
BB A 92 VR X PR 2R SR SRR B (S-HT) . L HVE b
IR F(NE) & 2 L Z(DA) R FE 3t AT R, 77 &0
H bilgsh LR AR A
1.8 JRIREEME

Fii 2HL 2R e IR T U0 B, JEFENS pm, IR A
40 °C, M. ZHZEBLEE27¢(15 min, 10 min).
T FE RS 527K 100%I A5 24% (5 min/iR) 95%~ 90%
Je80% P KE %5 mino. ZETR/KECHI 1% FF R s, THIR
F40 °CH 15 min, FKMYE, 5 F MG ERE R,
Al FHO.5%UKBEBRHEAT 04k o ARG B BE K, — 2K
T, AR st SR 2 2R 4 AT M 2 ) % 52
TG o
1.9 HRALRLE

% FISABCYZE #h 25 20 23 4%, 2% v k6 I Jigi 25 21
TLR4. MyD88. NF-kB. IL-1B%E A &iAKF. il
AR V) A Bl K, I FIMEER £h 22 b
VA W B AT LR B H 3 min, WK MYE. FEHL
2T SRR A B R B, PBS T (PBS 28 18K
TWEEN-204% i B 15 Lb 41 i Eb), W BUH,O,BH Wr i)
50 uL. =i E 10 min, % FRPBS, PBSHERZE M £k
W3R *3 min. WS I3, =T,
A 1:300 PBSTE B M B, = IR & 1 h, PBSHYE,
WP, 15 minf5 92, DABE. (L (BLECEL ) 4 min,
ZAIRIK M BE20 min, BE F LS, A TRAR R E G,
AKEE, VRS 5 AR R 1990 H1]1% 25 iR HE 4T 4> €1, P
Voo MR LT A AR IR ELIR #55~10 s, Jli/K, —
FZEIE B, P R d Fr o Simple PCIEPEAE L &
B0 T A LG AR G IR - PH MR IR T AR, PH MR IA
TH AR =FH R T AR/ B T A
1.10 qRT-PCR# U X 2B 42 X I & H TLR4.
MyD88. NF-kB. IL-18 mRNAZRIA
1.10.1 #82 ERNARRERIEF WL % i
RNAFEHCK F TrizoliZi (S04 41 1L 7 40 B 73 25 ¥k
A& H Fig S ERERARAF).
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SBR[ TaKaRa A &), BSOS $id#
2R R H] . FBREE N L DNAR HARBAE IR vk
b e /E, W BUSxgDNA Eraser Buffer 2.0 uL, gDNA
Eraser 1.0 uL, 4 %%, & & W H{RNase Free dH,0 /&
Total RNA(H i Total RNAIKRE)ZE10 pL, 25 °CJ M
25 min, il IE S WiMaster Mixm. JEEFEEUT:
VK - #24E, RNase Free dH,O 4.0 uL. 5%Prime Scrript
Buffer 2(for Real time) 4.0 uL+ RT Primer Mix 1.0 pL+
PrimeScript RT Enzyme Mix I 1.0 uL, 733410 uL& %
BRI ZHDNA R B H, 37 °CHFE 15 min. £ R
cDNAR]-20 °CLRAFEGHAT N — B PCRIJN R
1.10.2 gRT-PCR 2 #5SYBR® Premix Ex Taq™
I(TaKaRa 2 &) )i 71l &k B BAE oK B AT, 5l
YIF 5N, TLR4 1% 51 9: 5'-GAA TGA GGA CTG
GGT GAG AAA C-3', TLR4 R i 51 #): 5'-ACC AAC
GGC TCT GGA TAA AGT-3'; MyD88 L5149 5'-
GCC TTG TTA GAC CGT GAG GA-3', MyD8S |
W51 5'-GGG ACA CTG CTT TCC ACT CT-3/;
NF-xB I3i51%): 5'-GCA TTC TGA CCT TGC CTA
TCT-3', NF-kB i 5% : 5'-CTC CAG TCT CCG
AGT GAA GC-3'; IL-18 Li#5190: 5'-GGT ATG AAA
TGG CAA ATC G-3', IL-1B 514 : 5'-GTC GTA
GCA AAC CAC CAA G-3'; GAPDH L5 : 5'-
CCA CCC ATG GCA AAT TCC-3', GAPDH R 514):
5-TGG GAT TTC CAT TGA TGA CAA G-3'. #ik
=271 Hoh, AACeE=[ B R 1) CHE (R A )-8
FH: R I CHE(FE A - H 1 3 R B CHE (1 1E 4)—-
BRI I CHE R IE4L)]

111 FitFESHH

2 SPSS 19.08 k47 Gi it 5 7 #r o 4l
DLV S50 AR 22 (eks) R, A1) bUECR H B R R 7
ZE50 AT, PR ELABCR B XU a4 562, P<0.05 8 2 7
.

2 R
2.1 1TRFITEH

TEAARR 5 ST TG AT 20 AR AT N FE A VA,
el e AT N VPAS 7756 BE K A i 52 56
WCRE SESG . BERAE Y VORH 5 R R .

HH BT A, I IR MAL, OGHL L & 3 1 %
F(P>0.05). B, 50GH tL i, CUMSH B /K 7H
FE D2 PRI, MR S50 77 B+ 20k, Bl [a]

B, SRR BRS04 R B I A 2 BT,
H e vk B (P<0.01). 1A, SMA R, F
TRALBEAKIEFE T 20 H. 750, 2RI A H I
AFIFREE BT, 25 A ]k (P<0.05, P<0.01),
HLRMF+SW4H &£, KR NSWA .
2.2 FRZALAEAREZERRS-HT. NE. DA

FE2R] %0, AHEEMZH, OGH . T i 20 £15-HT+
NE. DA% & fH A [A 2 & F+ & (P<0.05, P<0.01),
LRMF+SW T T R 5 ££(P<0.01). SLRMFZH L%,
LRMF+SW#15-HT. NE. DA & B Atk & 3 M2
F(P<0.01). HSWHLLL#, LRMF+SW4 B & %
PEZE 5 (P<0.05), OGZH B A 1) 2. & P 22 7 (P<0.01)
2.3 FR4AZRERCE

BI3IE 7, FH I R e o 5 fof 4 42 0 2 B /N
B8RO, IR, M ERES. MATER
IMERRGe, LK B AAZE G R %, 5
M %, T e IRAMA IS E 3 2, TEARIE
W ARG L RPEEEE L IS R A
SWHL. LRMF+SWZHL#£8 judin {4 2 & kb, Je IRk
ORI T AT L, AR T-OGH
24 REBHANFRE

B &4, 50 A1, T i 241 P TLR4. MyDSS.
NF-«B. IL-1p%E H R IA /K- 3K TMZ4, HLRMF
+SWAH R IA MK (P<0.01), FINSWH . FHMERIE
AR R OG<LRMF+SW<SW<LRMF<M.
2.5 FNZE4ATLR4. MyD88. NF-kB. IL-1pEH
ZENE

FH 6T %1, MAL A i 2 23 1 & 7 JZTLR4
MyD88. NF-kB. IL-1B% [ & & fi i1, OG4 i ik
FHEEMZL, SW4L. LRMFZITLR4. MyD88. NF-«B.
IL-1B55 17 & 2 A 3 1 2 7:(P<0.05), LRMF+SW
4. OGHEATEAAMEZEMZER(P<001). 5
LRMF4L L%, LRMF+SWZHTLR4., MyDS88. NF-«B
AR AW E M ZE R P<0.01), IL-1BE A F
A B 2 R (P<0.05).
2.6 Mi&KKEMKLELATLRY, MyD88, NF-kB. IL-
18 mRNAZRIE

B 7A 0, M4 B 2H 48 &% I i R TLR4.
MyD88. NF-kB. IL-18 mRNAZE & f &, M HEMA,
T 4 %% P FmRNAZ 3& K [(P<0.05. P<0.01).
HLRMF4 L%, LRMF+SW. OG4 % ik B A W i
7 5 (P<0.01), SWH B A 2 M % 7(P<0.05).
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Bl FA/DRAERERTASFITEE

Fig.1 Behavioral assessment of mice in different groups at different times
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Brain tissue related index protein expression
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##P<0.01, SMZLLLEL; "P<0.05, "P<0.01, 5 SWH LLHL; “P<0.05, ““P<0.01, 5SLRMF4 4.
**P<(0.01 vs M group; “P<0.05, *P<0.01 vs SW group; “P<0.05, “*P<0.01 vs LRMF group.
E2 FEMELRHEEEMEZERS-HT. NE. DANEE

Fig.2 Contents of monoamine neurotransmitters S-HT, NE and DA in brain tissue of each group
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Fig.3 Nissl staining of the prefrontal cortex of mice in each group
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Fig.4 Immunohistochemical staining of brain tissue related factor protein in each group of mice
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El5 &4/RTLR4, MyD88, NF-kxBFIIL-1pfAMERIARILLEL
Fig.5 Comparison of positive expression of TLR4, MyD88, NF-kB and IL-1p in each group of mice
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*%P<(0,01 vs M group; "P<0.05, *P<0.01 vs LRMF group; “P<0.05, ““P<0.01 vs SW group.
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Fig.6 Protein content of prefrontal cortex in each group of brain tissue
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*%P<0.01 vs M group; "P<0.05, *P<0.01 vs LRMF group; “P<0.05, ““P<0.01 vs SW group.
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Fig.7 Expression of TLR4, MyD88, NF-kB, IL-1f mRNA in blood and brain of mice
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Table 2 Correlation of brain tissue, blood TLR4, MyD88, NF-kB, IL-1 mRNA expression

b BilR3 fidiZH 21 B

Index Blood Brain tissue Correlation coefficient
TLR4 2.11+0.16 2.51+0.42 0.55%

MyD88 2.03+0.32 2.4240.39 0.63*

NF-kB 2.56+0.27 3.254+0.25 0.37

IL-18 2.15+£0.36 2.63+0.18 0.42

*P<0.05, SINAHLZAELL .
*P<0.05 compared with brain tissue.
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