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Exploring the mechanism of action of Zhongye Zhixie Mixture on mice
with spleen—deficiency diarrhea based on the TLR4/MyD88/NF-kB pathway
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(Abstract] Objective To investigate the effects and mechanism of Zhongye Zhixie Mixture (ZYZXM) on mice with spleen—
deficiency diarrhea based on the Toll-like receptor 4/myeloid differentiation primary response protein 88muclear factor-kappa B
(TLR4/MyD88/NF-kB) pathway and gut microbiota. Methods Gavage administration of rhubarb decoction was performed to establish
a spleen—deficiency diarrhea model. Sixty male KM mice were randomly divided into six groups, including a blank group, a model

group, a positive drug group, and high—, medium-, and low—dose groups of ZYZXM, with 10 mice in each group. After successful
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model establishment, each drug administration group received corresponding medication via gavage for 7 days. The body weight,
diarrhea condition, and spleen index of the mice were compared before and after treatment. Hematoxylin—eosin (HE) staining was
used to observe the morphological changes in the colon tissues of mice in each group. 16S rDNA high—throughput sequencing was
employed to check alterations in the gut microbiota structure of mice in each group. Enzyme-linked immunosorbent assay (ELISA)
was utilized to measure the levels of interleukin—6 (IL-6) and tumor necrosis factor—a (TNF-o) in the serum of mice in each group.
Western blot analysis was performed to examine the protein expression levels of TLR4 and MyD88 in the colon tissues of mice in
each group. Immunofluorescence was used to check the nuclear translocation of nuclear factor-kappa B (NF-kB) p—p65 protein in
the colon tissues of mice in each group. Results Compared with the blank group, the mice in the model group exhibited decreases
in body weight and spleen index (P<0.05), while increases were observed in fecal water content, diarrhea index, serum levels of IL-6
and TNF-o, protein expression levels of TLR4 and MyDS88 in colon tissues, and relative fluorescence intensity of nuclear NF-kB
p—p65 in colon tissues (P<0.05). In comparison with the model group, the mice in the positive drug group and different-dose groups
of ZYZXM showed increases in body weight and spleen index (P<0.05), along with decreases in fecal water content, diarrhea index,
serum levels of IL-6 and TNF-q, protein expression levels of TLR4 and MyD88 in colon tissues, and relative fluorescence intensity
of nuclear NF-kB p—p65 in colon tissues (P<0.05). When compared with the positive drug group and the high- and medium—dose
groups of ZYZXM, the low—dose group of ZYZXM demonstrated decreases in fecal water content, diarrhea index, serum levels of
IL-6 and TNF-o, protein expression levels of TLR4 and MyD88 in colon tissues, and relative fluorescence intensity of nuclear NF-
KB p—-p65 in colon tissues (P<0.05). The results of 16S rDNA sequencing indicated that ZYZXM could regulate the gut microbiota
structure in mice, restore a and B diversity, increase the relative abundance of beneficial bacteria, and decrease the relative
abundance of harmful bacteria. Conclusion ZYZXM can alleviate diarrhea symptoms in mice with spleen—deficiency diarrhea and
improve pathological damage in colon tissues. This effect may be achieved by down-regulating the expression of proteins in the
TLR4/MyD88/NF-kB signaling pathway and improving the gut microbiota.

(Keywords) diarrhea; Zhongye Zhixie mixture; spleen—deficiency diarthea; chlorogenic acid; TLR4/MyD88/NF-kB; gut
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Fig.1 HE staining results of colon tissue of mice among different groups of mice (scale bar=200 pm, x100)
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Table 4 Comparison of a diversity among different groups of mice (x+s, n=10)

25 Chaol $8%% Simpson 544 Shannon 548 Observed species F5%X
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AT, G R W RG]  JREER ] (Firmicutes) |
AT H 1] (Bacteroidota) iZE # ] (Actinobacteria) |
AR IEHF T ] (Proteobacteria) it 4% 1T i 1] (Deferrib-
acterota) . PR F ] (Verrucomicrobiota) B A ]
(Patescibacteria) , Fo Pt B /N I8 N AT 2 11
e TR =g IR PO S-S N S S 7787
FEBT] PERRR TR XS 2 B2 S5 38 o5 BH 1 245 2 K% i
W 1k 75 5 00 A (6] 500 B 2H AT 4 B 4UURE TR 1] B
I BB A AR Ry T AT R R
ASTERFRRT ] BCERAT B 1) B Ve 1) A RE R = B2 2
WA, T T T 5 R RE B T 1% LU AR (BYF D) 2 S
JE ERFRTLA B AR AR, BRI B/F (EAT T T
K, A 25 4 R Aot k755 70 AS [R] 0] F 20 B/F (B3
A BT, PRILIE 2C,

X220/ U B AR 7K P b iy A 2H st
13030 AR R LR E 8 N - Muribaculaceae FLET
i J& (Lactobacillus ) FUAT &1 J& (Bacteroides) \Riken-
ellaceae_RC9_gut_group FE T K # )& (A lloprevotel-
la) . EM2 T B (Lachnospiraceae_NK4A 136_group ) 3%
IR IRERE UCG=001 (Prevotellaceae UCG-001)%5 .
Forp  BORIAL/ I BB N B9 Muribaculaceae TR
}%*HXULqZETF%,?E{FF%E Rikenellaceae_RC9_gut_
group FUE- TR IKH & | Prevotellaceae UCG-001 FHX
FEERE T 5 FEAE 2520 55 v 1135 5 SR [R5 4 A0
¥F % J& \Rikenellaceae_RC9_gut_group I 55 1K B
J& Prevotellaceae UCG—-001 FHXF = FE I FEAR , Murib-
aculaceae IR JEANXS FEERIHE M, UL 2D,
355 /NRIERERERRE A R RN
PESISN 43 728 % (linear discriminant analysis ef-
fect size, LEfSe) Jyik HLARH 0] 22 57, e /e F 1 I
HAREZSWYR, S5 RRU] BALZE LIA Y,
P} (Tannerellaceae) | RIHUFT B & (Parabacteroides )
F9Ed 5 EKEA i (Ruminococcus gauvreauii group) N3,
BB FHE i k7S A R m R A L Rs-
E47 —termite group®t Ml Rs—E47—termite group J& A
F AR BRI ; A 1R TS A0 R R 2 LIS A
FERSZFEIAH (Mycoplasmatales) SZFEAEH Mycoplas-

mataceae ) Fl 3 JFAKJE (Mycoplasma) 2 3£ ; 1 fp i 11
154 UG S ST 1 DA 45 B 2SR 8 (Fae-
calibaculum) F ST B T5 | 2 B A 1175 45 55
REREAT S80I o T AR5 4G . TEULIR] 2B-F,
3.6 Rt IETE &7t/ R ML iF A K E B F IL-6,
TNF-o BRI

5z At BIARLZH /N BRI H IL-6  TNF-
o F TR (P<0.05) ; SACRIZH LeET, B2 2H M
fit 1B Y5 A AR R R S ALl 3 Y 1L-6  TNF-a 5 5
IR (P<0.05) ; 5 BRI 25 20 e A 175 & 5 s b
7 i 20 A At 1k 75 R S 2H ) BRI T
IL-6 TNF-a FiREIFE(K (P<0.05), TEILE S5,

£S5 BAMRMBR IL-6 TNF-a SELLE (x+s5,n=10)
Table 5 Comparison of I1L-6 and TNF-a levels in serum

among different groups of mice (x+s, n=10)

2H 51 1L-6/(pg/mL) TNF-o/(pg/mL)
2 HA 119.26+9.02 81.96+17.96
HRIZ 138.9729.10° 155.18+8.42°
PHPE 254 125.99+7.78% 134.39+16.45%
LG AFIEAEL  126.65+2.39% 141.68£9.56"
=]

R IEEAFIPRIEL  122.00+4.66"
it 15 AR S
T 5728 FIALELER, "P<0.05 5 TR LR, *P<0.05; S FHE25 41 L
B, 4P<0.05; 15 i 1R 5 4 700 0 ) B 4 HU AL, ™P<0.05 5 5 i k15
AR A, *P<0.05,

131.92+6.48"

111.07+7.94%AM®  104.68+19.33+4W¢

3.7 R IEE & 7 X /N R 4 B 4H R b TLR4,
MyD88 & H 3RiA KM

5oz e s BRI 25 i 2H 20 TLR4 MyD88
T HFIAAKCEY TFE (P<0.05) 5 SR [ds, B
2540 K Pt 1S G R R 25 4 2% TLR4 |
MyD88 & [ KB /KRR (P<0.05) s 5 FHPEZ 4
T Api 1R Y5 A 700 s AR A, i VS A MK
i 2H 45 i 2H 2 TLR4 MyD88 2 [ K ik /K V-1
R (P<0.05), TEULIE 3,
3.8 MIEEEFIIT/NRLEHABAL D NF-«B p-
p65 EANZHI RN

Sz HA i, B 4 25 1 41 21 8% 19 NF—«B
p—p65 FHXF UG5 BE TR (P<0.05) s S L LK,
PR 2520 R At 15 A R [R5 i Al 45 B 2H 48U
NF-kB p-p65 FHXT2¢ 58 B 3 [ IR (P<0.05) ; 5 FH
PEZGZH A (Y5 G50 g A, bt kT
B FMEH R LG A L% NF-kB p-p65 FHXT 2¢
JGIR AR (P<0.05) . TEVLIE 4,
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Fig.3 Comparison of TLR4 and MyD88 protein expression levels in colon tissues among different

groups of mice (x+s, n=3)

5 A IR, *P<0.05; SR EIZE LL# , #P<0.05; 5 BHPE 24 L3, AP<0.05 ; 5 i 1 V5 & 57 S Rl i L

55 ,"P<0.05; 5 bt IS A5 sl gl g, *P<0.05,
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Fig.4 Comparison of nuclear p—p65 protein expression levels in colonic tissues among different groups of mice
(scale bar = 200 wm, x200)
T 53 HALHE, P<0.05 ; SR LA, *P<0.05; 5 FHIEZYL LA, 4P<0.05; 5 it 1L75-A 5 il ik 4 LL A%, ®P<0.05 5 S5 it 1L I5

BRI R A LA, *P<0.05,
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WHE LIHEE RO 2 ZEBE o F2RHE, i
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PR BTN R AR AL, I () 2 ER 2 R L B Tt
AR e 2l m R Y R e B TR R
PO 9 R S5 Rk 2 1EYS B 12, SRIRRRIEN
RIRPUR LT , TEAAEAH FB 720w 2, FEDt
kB I RAS R | 2 JE IR AT DARE AR TNF-a IL-6

G RN R 1 Rk, B S5 I B, FEALI
A B NF-kB {558 NG, Jk SO %
B, LRI T T R O B R A A h TLR4 R 3R
ik, BHWTIkB 5 NF-kB p65 BEfR LA | M BEL KT
RAEAH F1EF ARNER FYEE =2, ok, il
UER R S RBEE N E R 22— SRR
AT LR B A, AN AR P s L s i R
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ASBIFSE R R B IS T 1 7 I RS /) B
BERY DA 2S5 KR RTS8 B AN 48
bro SRR, Pt 1ETE A AT DL 2 el /N BRUA
FTiE GRG0 | AR/ N R S KR RE TS HR 2, ek
HEREIR

[ S 5 i T R S IR B UIA G, RSN
AR IR, BN, S E il 25 (HE
SEREAR, T 5 | TR 2R 9 5 T fi DR A 1 2R 8 S
WP, B PRER, a1 5 R RIS 1Y)
TR E , H YRR T8 #1118 Bt 5 {1
THA= PRI P21 TR S A v 48530 1 2 S e
BRI R RS S R GE, 51 &K Wi RAE , i
2 OG- HR I M #E R AT Ea  RE R A
W ZR B B MBI, TS 4 B e R G, B
R B S R 7~ 55480 ik, it — 20 i o 2 A
P, PR, deRe i e S R 2 CEE, W
TE AR 2R R AR S IR AR S R G i
FIFERE, AT R 168 tDNA P4 A, 84
W 175G RN U E RS H R T R . 45
R RV /N R T R R TR, A
T BRI BRI ) B Al R ] Muribaculaceae B 1R
PR SR = 2 TR B, TR PR A BT TR T T e
B ] UFF & Rikenellaceae_RC9_gut_group U3
FIRE B Prevotellaceae UCG-001 Z5 A *%f - &5 3%
hn, B OB/F (EA B R 2t 1B S A5 T U5, 9
T2 6 BEFN AR B 5 T A BRI A 4
ARG, B B/FAAEA B s et 1754 5
AIARCGE A EMAESZERL, A HE S5 5L %0,
A 20 /N BRI T L K ARG | AR 20 sk L,
PEA RAE AP RS A FNGYT S, /INREE 421
MOIRAAL S Bz o 1, ik 2= 40 LR AR
T ) A T T A I 00 B i 9 | B et 15 A
AT LMESE g 17 , s i E s O

JLIFE S MILAAR B R ) A1 AR L 88 B, P A S
i G FEAE IS ABIE ST SR B2/ RS
B AR, TTRE S bk L A0 2 5 S E S AT
BN 28 245 Js WU A B ] T $ s ot 1R TS G 5 AT 22
il WRNE S AE | S HEH D BRI AL

TLR4/NF-«B i [ s HLAA ] 15 58 AE 19 20
2. TLR4 PR IAE SRS 38k MyD88 i idc
PP IKK, fe i IxB B AL, HETi % AL NF-kB A
%, JA 8l TNF—o IL-6 S5 955 K 4% 5t BRI b g
FRBE=A, ARWFTE B B 25 [ 4H P TLR4

MyD88 2 [ ik K L+ NF-«kB p-p65 A%
I, M5 H TNF-o IL-6 F i3 [ F, #8678 TLR4 38
DA 5 10 Pt VS A 50 TS, TLR4 \MyD88 2
H kKR AR NF-kB p-p65 AR/ TNF-
o IL-6 Fr i BRI, BEA it (75 550 T I TLR4/
NF-B PG , G 90E , IR AP A R

DRSS BN, i 175 A 7SR 27 5
T Rl a2, FLE R AT R Ak S R T
WL REELAT e BEAR M O SR R S5 PR A, SRR AR
FR A, 5 B A PR g T SN R R R A
FH 5 i s 0] ] BE O s Sh 5 e s kAR,
R AR SRR ST RSN T e 80U 1 R R AR
BV NI B B E Y Bt D e 5 AR s
REATRY T R4,

25 LTk it 1 EVS AR BE A AR IR TS SRR
B5 I iE s, HAEFIBLE T R 541 TLR4/MyD88/
NF-B {5538 8, 875 I 18 B RSS2
AR O ARG AURFET TLR4/NF—«B {553 %,
BSAR T A 1S A 3R BT R AE A, (EG At AT R
8 6 1 AR TR AR AR AR — 2P AR5 M
Fia " 5 - S - AE Y OCHK , R G5
it 175 G FNAYT B IHS B BLE]
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