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W OE: B EAAMAT B A (extracellular regulated protein kinases, ERK) /AN ER IR S N Te 445 & 58 H (cyclic
adenosine monophosphate response binding protein, CREB) /it #4575 #: KT (brain-derived neurotrophic factor, BDNF)
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p-ERK1/2. CREB. p-CREB. BDNF & HRiX. R HHEMALE, #AKEFREDNREKRITFEEE, R (P<0.0D),
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Effect of Zishui Qinggan Yin on ERK/CREB/BDNF pathway and gut microbiota
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Abstract: Objective To investigate the intervention effect of Zishui Qinggan Yin (#%%7Ki& #F7X) on depression model of mice
prepared by chronic restraint stress through extracellular regulated protein kinase (ERK)/cyclic adenosine monophosphate response
binding protein (CREB)/brain-derived neurotrophic factor (BDNF) signaling pathway and gut microbiota. Methods Except the
control group, other mice were induced to establish the chronic restraint stress model. After 21 d of modeling, mice were randomly
divided into model group, fluoxetine hydrochloride (0.01 g/kg) group, Zishui Qinggan Yin low-, medium- and high-dose (8.835, 17.67,

35.34 g/kg) groups according to the results of sucrose preference test. The sucrose preference test and behavioral test were conducted
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after weekly administration. Hematoxylin-eosin (HE) staining was used to observe the pathological changes of the whole brain and
colon of mice. The fluorescence intensity of ionized calcium binding adapter molecule-1 (Iba-1), a marker of microglia cells in
hippocampus, was determined by immunofluorescence staining. Superoxide dismutase (SOD) activity, malonaldehyde (MDA), 5-
hydroxytryptamine (5-HT), adrenocorticotropic hormone (ACTH), corticotropin releasing hormone (CRH) and corticosterone (CORT)
levels in serum were detected. BDNF, 5-HT, MDA levels and SOD activity in frontal cortex of mice were detected. The composition
and structure of gut microbiota in colon of mice were examined by 16S rRNA gene sequencing. The expressions of ERK1/2, p-ERK1/2,
CREB, p-CREB and BDNF in prefrontal cortex tissue of mice were detected. Results
preference rate of mice in Zishui Qinggan Yin group was increased (P < 0.01), immobility time of tail suspension experiment and
forced swimming experiment weas significantly shortened (P < 0.05, 0.01), the contents of MDA, ACTH, CRH and CORT in serum
were decreased (P < 0.05, 0.01), SOD activity and 5-HT content were increased (P < 0.05, 0.01); The contents of BDNF, 5-HT and
SOD activity were increased in prefrontal cortex of mice (P < 0.05, 0.01), the content of MDA was decreased (P < 0.01); The

Compared with model group, sucrose

pathological conditions in CA1 region of hippocampus, cortex and colon tissue were improved, the fluorescence intensity of Iba-1 in
CA1 region of hippocampus was decreased; The abundances of probiotics Bacteroidota, Actinobacteria, Dubosiella, Lactobacillus and
Lachnospiraceae were increased, while the abundance of harmful bacteria Firmicutes, Proteobacteria and Helicobacter pylori were
decreased; The expressions of p-ERK1/2, p-CREB and BDNF protein in prefrontal cortex tissue of mice were increased (P < 0.05,
0.01). Conclusion Zishui Qinggan Yin significantly improves depressive like behavior in chronic restraint stress mice, and its
mechanism may be related to the regulation of ERK/CREB/BDNF pathway and the composition of gut microbiota in mice.

Key words: Zishui Qinggan Yin; depression; chronic restraint stress model; gut microbiota; ERK/CREB/BDNF signaling pathway;
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(extracellular regulated protein kinases 1/2, ERK1/2) $T
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i R -3- T R I &8 ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) $iffk (4tt5 10017731) 19 H
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( cyclic adenosine monophosphate response binding
protein, CREB) FifA (4it5- 4000000113). p-CREB #t
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min FIHEICIRAS, /N ERAES 2% Th I B B 1K
SHERT N RETFEAS), HARRITESS 4 min B [H]
B B RSB A
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AT R K, Bk, FRARZREG 3~S5min, FHK
Kok, R, WK, FPAOY Smin, BiK, FEH,
PR IR E A, BB RS A/NRIE D CAL
X B2 K2 SR EAR A
2.4.2 IR CIAKT MG Tba-1 FRiL RIS
KEMPUEBEE, ¥iEFESUREEE 4 CH 4%
FHEFER R, SREAEER N IR 4R i

TEEA 1h, W0 Iba-1 itk (1140000, 4 CEE
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p-ERK1/2. CREB. p-CREB. BDNF EH%i%

HO/NERATR K2 2, TN B 85 1 g A i 750 A
TR EEANHIFIM RIPA AW, ROWHE, 4 CEO
I &, KA BCA @& &N e &AWk
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A ERK1/2(1 : 1000).p-ERK1/2(1 : 3000). CREB
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SKH SPSS 26.0 B4 #r, it EEERA X £
For, FOESSME, ZARBERH SRR £
7#T (One-way ANOVA), 77 255 12 1H] LR H
LSD J5i%, 77 Z A5 408 bR H Games-Howell 7
o ARG IES i, ZAHAIELECR RS HR L .
3 %R
3.1 EHACGERFRHIER N R AT A FE R RN
3.0 K AT ST /IS BROBE 7K D - 28 (1) 5% 1)
mE 1R, SWRALLE, SZRTHRAH K55
KRR EE T (P<0.01). 4425 7d )5,
R LR, SRR AU VT 2 R0k ks R b 7
MK WIFEEZE FTH (P<0.05. 0.01). %4324 14d
G, AR K IR R EA S (P<0.01).
3.2 GRS AT /N B Ak 2 S8 R 5 it vk
SEIGABI RN R Ak 2 fiow, SR,

®1OEKEFRIHIEN B RFROFNME (X+s,n=9)

Table 1 Effect of Zishui Qinggan Yin on sucrose preference rate of depressed mice (X £ s, n=9)

. N _ BE KR/ %

A ke D Ggi %774 7 1ad
papiS — 90.01 +2.16 91.97+3.25 89.55+4.74
A — 52.76+10.83% 51.88 £3.45% 46.36+7.80%
SREHE T 0.01 55.06+13.86" 72.74+5.30" 84.36+9.01**
BRI PR 8.835 54.76+9.56" 67.53+12.94 79.90+7.67*

17.670 56.02 = 8.73% 7730+£11.17% 84.53+5.25*
35.340 55.40+12.41% 69.591+15.04 80.96+8.27""

HXTHRALEES: #P<0.05 #P<0.01; SEAALE: "P<0.05 "P<0.01, FE[H.
#P<0.05 *P<0.01 vs control group; “P<0.05 *"P<0.01 vs model group, same as below tables.
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® 2 EIKERFRR AR/ R R R LI A58k SR A RIES BB (X £5,n=9)
Table 2 Effect of Zishui Qinggan Yin on immobility time in tail suspension test and forced swimming test of depressed mice

(Xts,n=9)
5 FR ke ™) — BRASS [H)/s SRR A B [/

RYj7d 7575 14d Yy 7d %5 14d
pagil — 88.324+13.22 90.194+23.18 86.11+12.59 80.37+11.62
T — 150.154+15.17# 154.35+8.50% 146.39+14.36* 150.424+16.57%
SRR TWIGYT 0.01 101.01+8.33* 97.07+14.23" 101.92+8.65* 87.59+15.98"
WK IR 8.835 125.46+9.48" 116.94+15.13" 126.77£15.00 120.01 +£14.57"

17.670 108.46+9.48* 100.94+16.13" 102.06+20.13" 90.65+16.36™
35.340 120.3+20.95* 115.54+25.95* 133.234+18.28 118.95+10.78"

TR 261/ B L R S 6 36 itk S 3 AR 1] B 5
Whn (P<0.01). 45257, 14d )5, SHEMALLR,
K /N BRI AR F I I B B 45 (P< | |
0.05. 0.01). 44257 d J&, HhERIRIGTT 4 Ktk i S 0 I
FF R R LN BB i VKR Bh R ) B 4 (P< Ny 1
0.01); £52 14d J&, #4254/ aRa firik A st T .
[ 44 (P<0.01). B s
32 HEKCEBFIRRTHIAR N R 2 B R A R IR T AL = T
AT
320 WEKIEFFOHIEN R D CAL X KR4
BRI ASRE A B 1 R, W \
SLANRIET) CAT X % B R4 U b 2 2 O B 75
W, A, SAIRALIE, BUNAmIRAY,  EE ¢ |
BB ELR R, SRS, A0 o R
HE . SRR, WA AR5 T
P A A R A SO, SIS,
A 2 L P A e P R T A i AR IE L 4
IS o K HRLLN B S I BB L p e ke, eI
N, fakassdIEs, RpER, 5IEmAMLL, L
BN R TR O™ 8, ORI s .
TEMGELTWAMN, IAZ e E, SR
I, H U2 I SR B -
3.2.2  WEKIERHNAR N S CAL X Tba-1 %
BRI W 2 f, SRR, RN
U DAL IR N R AN A, S R g, B
AR, SRR A, %48 2 L/ I A
EW) Tba-1 RIAH T
33 SHKGERFRRTHIER RIS B SOD FEMEA 5-
HT. CORT. ACTH. CRH. MDA 7KFEgy50
N 3 Pis, SR, RN R L

Xof HE

B

B R .
8.835 gkg! o 1

I

It

KPR X
35.340 g-kg!

Ie

15 CAL X Bz
kAR
Arrow indicates injuries.
EENCGERFR AR NRIB D CAl X RERHEARLE
PA4RLRTRIE LRI (HE, X200)
Fig. 1 Effect of Zishui Qinggan Yin on pathological

changes in hippocampal CA1 region, cortical tissue and

colon tissue of depressed mice (HE, x 200)

SFRERL (P<0.01), SOD JEMHEETE (P<

i 5-HT /KA1 SOD 353 FRK (P<<0.01),
CORT. ACTH. CRH. MDA KFEEHE (P<
0.01); SHAIA LA, K452540 ACTH #1 MDA 7K

0.05. 0.01); EREZTRIETT L AIEE /KI5 FF b R & 4
5-HT 7KF&EEF5 (P<0.05.0.01), CORT I CRH
KFERBZEREL (P<0.05. 0.01).
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WK
8.835 g'kg™!

TKIER
17670 gkg™!

WA R
35340 g'kg!

2 EAGERFRIHIENNRIE D CAl X Iba-1 FRIKHIF
Mg (X 400)
Fig. 2 Effect of Zishui Qinggan Yin on Iba-1 expression in

hippocampal CA1 region of depressed mice (x 400)

3.4 EAGERT RS HIER R BIEAM B E SOD &M
#15-HT. BDNF. MDA 7K RS20

W 4 frox, SOHBEA R, AL/ R AT AT
R 2 5-HT. BDNF /KPRl SOD i 14 45 2 2 B¢
ik (P<<0.01), MDA /K RE I m (P<0.01); 5
BRI L, S a2/ RAr@int & ZH 5-HT.
BDNF 7KF-F1 SOD &5 3 F+ s (P<<0.05.
0.01), ERFRFIG VT AL KIE K F . mFlEd
MDA 7K E I (P<0.01).
3.5 EIKGERT RS HIER /R AA B B B R =2
351 BEH#ENFERBEST SHNREHA
BYIFES ORI ZE LA 3-A, ENEEAE, W
FEIR B AL DLW A2 5 S 7t . 0 2R £ LI 3-B,
FERE A BT 3 (1) [T, Bt LA R4 B RS
B 2R3, UiaE N RO PR S R S
352 HUH4KEEMERIT (operational taxonomic
unit, OTU) A BAEENE & 4 fios, SXTER4 T
B, BB P ECE PR, SRR A,
PE KT A b 7R B 2 B SR R VG VT M TR Rl 4
BT E, BEAE R GRS,
353 a ZREMESTT WE 5 PR, SXTIRAILE,
R Chaol F8%0/% Observed species TEH1 %
&A% (P<<0.05), Simpson $5%{/% Shannon 1E¥C
BEZRR SEBAIE, WoKIE R R4 A

3 EICERFIRXHNAR R ILE B SOD SEMEAN 5-HT. CORT. ACTH. CRH. MDA KEHIENE (X+s,n=9)
Table 3 Effect of Zishui Qinggan Yin on SOD activity and 5-HT, CORT, ACTH, CRT, SOD, MDA levels in serum of
depressed mice (Xt S,n=9)

5 7/ 5-HT/ CORT/ ACTH/ CRH/ SOD/ MDA/

) (gkg) (ngmL™ (ng'mL™") (pgmL™) (pg'mL™") (UmL™) (nmol-mL™")
pagiil — 193494642  192.96+2.58 61.50+3.89  78.25+0.77 120.09+3.39 5.27+0.44
Y —  176.26£2.52%  221.16:13.87% 76.8612.54% 972443 42% 79.141+10.64%  8.26+1.51#
EREIEIT 001 191.731+6.84"  192.23+5.15° 63.8612.62" 80.73+£3.66™  122.15+9.88" 5.48+0.48"
BEKIERTIL  8.835 177.15+£5.58  196.28+3.56 68.30£2.39" 88.57+10.15 100.22+9.50** 6.83+0.60"

17.670 186.12+£3.13*  192.18+2.14" 63.931+2.17" 80.84+£5.36™  111.33+5.64™ 5.86+0.47"
35340 180.42+10.76 204.621+4.07 66.17+0.71"  87.90+6.68 90.34+15.19" 6.96+0.55"

R4 HEKGERFRIHNEN R BTEM B SOD SEMA 5-HT. BDNF. MDA KEHSM (X+5s,n=6)

Table 4 Effect of Zishui Qinggan Yin on SOD activity and 5-HT, BDNF, MDA levels in prefrontal cortex of depressed mice
(Xts,n=6)

2H ) A&/ (g kg™ 5-HT/(ng'mL™") BDNF/(pg-mL™") SOD/(U-mgprot ™) MDA/(nmol-mgprot ™)
xof — 304.84+12.91 824.38+32.34 222.24419.19 8.421+1.93
A — 245.99+11.10% 741.61 £7.56" 183.40 = 11.82# 15.43+3.85%
RS YT 0.01 289.42+7.72"* 815.46+25.91* 260.84427.01" 7.72+3.28"
WA R 8.835 262.66+9.93" 796.21+21.32" 213.22+26.83" 11.71£1.90
17.670 286.13+9.14" 814.60+19.12* 235.834+13.97" 730+£1.51"
35.340 277.87+6.52" 804.83+22.72* 233.69414.85" 9.91+2.66™
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Fig.3 Quality analysis of sequencing results of intestinal flora in mice
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Table 5 Effect of Zishui Qinggan Yin on intestinal flora diversity index of depressed mice (Xt s, n=3)

2H ) HE/(gkg™ Chaol 5% Simpson TE#k Shannon 5%k Observed species 18 %1
xR — 2054.24+123.07 0.9540.01 6.3840.31 1 868.20+ 157.49
it — 1 830.36+28.77" 0.96+0.01 6.0410.96 1 661.90+7.18"
R FETT 0.01 1 966.69+96.32* 0.9540.01 6.3140.51 1802.80+37.91*
WBEIKTE R 8.835 1 853.90+124.23 0.95+0.03 6.1610.06 1614.13+157.85
17.670 2 149.69+51.95" 0.9540.02 6.7140.14 1 968.70+193.96"
35.340 1 944.33 +179.49* 0.9540.01 6.4240.52 1752.07+118.27
BELET 1K B Rh a4 7 b (B 6-A), S5 3%
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Fig. 6 Composition of top 20 biological species at level of phyla and genus in intestinal flora of depressed mice
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Fig. 7 ERK1/2, p-ERK1/2, CREB, p-CREB and BDNF

protein expressions in prefrontal cortex of mice in each group
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Table 6 Effect of Zishui Qinggan Yin on ERK1/2, p-ERK1/2, CREB, p-CREB and BDNF protein expressions in prefrontal

cortex tissue of depressed mice (X +S,n=3)

EiRA A&/ (g kg™ p-ERK1/2/ERK1/2 p-CREB/CREB BDNF/GAPDH
o e — 0.93+0.04 0.77%0.05 0.90+0.03
A — 0.11£0.01% 0.36+0.08" 0.31+0.04"
R AETT 0.01 0.93+£0.02" 0.85+0.02" 0.54+0.06"
WK R 8.835 0.62+0.06™ 0.61£0.03" 0.61+0.03"*
17.670 0.94+0.01"* 0.70+0.07" 0.834+0.05™
35.340 0.71+0.07"* 0.56+0.04" 0.44+0.05"
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