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Effect of Guizhitang on Atherosclerosis by Regulating Immune and Intestinal Flora
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[ Abstract] Objective: To observe the effect of Guizhitang (GZT) on peripheral blood monocytes,
intestinal flora and AS plaque formation of ApoE” mice induced by Western diet (WD). Method: In this study,
40 12-week-old homozygous female ApoE” mice were randomly divided into chow diet (CD) group ( ApoE"+
CD), WD group (ApoE"+WD), GZT group (ApoE"+WD+GZT, 7.83 g-kg') and atorvastatin (Atr) group
(ApoE"+WD+Atr, 3.33 mg-kg"'). And 10 matched C57BL/6 mice were set as wild CD control group (C57BL/

6+CD). Except the CD group, the rest groups were given WD to induce models. Treatment groups were given
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Guizhitang or atorvastatin orally in addition to WD, while ApoE”"+CD and ApoE"+WD model groups were
treated with the same volume of double steam water at the same time. After 4 weeks of intervention, 5 mice in
each group were selected to collect the eyeball blood samples. The levels of plasma lipids were detected by
automatic biochemical analyzer, and the proportion of peripheral blood mononuclear cells and its subtypes, and
the expression levels of surface receptors toll like receptor 4 (TLR4) and CD36 were detected by flow
cytometry, the intestinal flora of mice was detected by 16S rDNA sequencing. The remaining 5 mice in each
group were intervened for 12 weeks, and the aorta was taken to detect the formation of aortic plaque by oil red O
staining. Result: After intervention for 4 week, compared with C57BL/6+CD group, the levels of plasma total
cholesterol (TC) and low-density lipoprotein (LDL) levels in ApoE”+CD and ApoE"+WD groups were
increased (P<0.01). ApoE"+WD group showed increase in the proportion of monocytes, their inflammatory
subtypes Ly6C" , and TLR4 expression on monocyte surface in blood (P<0.05). ApoE"+WD group induced the
imbalance of intestinal flora, with increase of Firmicutes and decrease of Verrucomicrobia in ileum of
ApoE” mice. Compared with ApoE"+WD group, there was no significant change in blood lipid level and
monocyte proportion in ApoE"+WD+GZT group, but with decrease in the proportion of Ly6C'", increase in the
proportion of anti-inflammatory subtype Ly6C", and decrease in the expression of TLR4 and CD36 on monocyte
surface (P<0.05). ApoE"+WD+GZT group showed decrease of Firmicutes and increase of Bacteroidetes and
Verrucomicrobia in ileum of ApoE” mice. After 12 weeks of intervention, ApoE”+WD group showed increase in
the number and area of aortic plaques in ApoE” mice. ApoE"+WD+GZT group showed decrease of the area of
aortic AS plaques. Conclusion: GZT can reduce the immune damage and imbalance of intestinal flora caused by
WD, then inhibit the formation of AS plaque.
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THE B B2 W), 0 A 3 1 I R Rz S R
1 ##
1.1 2 A B 58 3 M7k 12 J8 % C57BL/6 K
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Ly6C-FITC( 3 [# BD Pharmingen A &) , It 5 43 51
553129,553104) ; 5t/ BT Toll £ 3Z 14 4(TLR4) -
PE,CD36-PE #i {£ ( 3 [ eBioscience 24 7l , #t 5 43 %
g 12-9041-80, 12-0361-82) ; QIAampDNA Stool
Mini Kit i& 7 & ( & Qiagen 2 ® , #it =
Qiagen51504) ; MiSeq Reagent Kit v2( 2 [# Illumina
LS MS-103-1003) 5 Q5 i {4 B DNA B 4 il
( 3 E New England Biolabs 2% ] , it 5 #M0494X) ;
Kapa 3 JE & & ik 7 & ( & + Roche A 7 , it &
KK4824),

1.3 {¥#% Beckman CX4 %4 [ A4k i (3£
U1 3E 8 o JiE JR 5N 7)) FACS Callibur 37 X 41 g
X (% [E BD 23 H] ) ; GENESYS 10S Vis %I 48 4 7] If,
43 M6 1 (35 B Thermo 23 /] ) 5 411 4R T100 7 4 Ji
PCR {¥ ( % [ Bio-Rad /A 7 ) ; Illumina Miseq il 5% 4%
(& E Hlumina A ] ) .

2 FHik

21 W H LTI LRSS A, A
10 H/NEL . C57BL/6+3 £ (C57BL/6+CD) W iF %
4 3 ApoE"/IN R I HC X L 5875 B AL 3 ApoE ™ +3%
B4 (ApoE"™+CD) , ApoE "+ I§ 4 (ApoE"+WD) ,
ApoE"+ [ I + # A % 4 (ApoE"+WD+GZT) ,
ApoB " +E G +PFE M 7T 4 (ApoE"+WD+Atr) .
JE T BE B 78.85% FE il A BL L 0.15% fIF [ B, 21% HE
s A /N BURR 4 1A 5 R R R 4 T I R S A
) (FER 7 7.83 g-kg, FIFE 7T 3.33 mg-kg') -
I PR 38 R0 i N5 /08 B 3R T AR LA TS A 1
RIS G700 o AR 0 9.1 %5 o Hefth /N2 R FH 45
gl VoK WE o R TR R I AR T A AR AR 43 ST T 4 R
12,

2.2 KR bR K Ok T4 B CSTBL6 K
ApoE /INERL, BRI S H, 5 80 W A RR L /)y LA
iR Bk R EDTA $t &E ifiL , 2 0> (800xg, 10 min) J5 B Il
$ R T I ARSI ot 2 A A T g A L SORS I b
FE /N B, BUIRT B 9 25 90 F T 16S tDNA I T 43 BT .

F 1 ERFI/NRMEMAEKFEFEM (X+s,n=5)

AR /N RS T 102 12 8, 5 00kE WA R B, B
Fohk, ML ogf,
2.3 4 S A Ak A B AR T it B K S /s B Il
5 R P i S A B R I G TC; i 7 i/ H I R I AR
b Tl — 3k S0 i LE €0 1 0 2 TG B 4295 0 & LDL
M HDL.
2.4 3 A ARG T AR FE B R AN i AR R
CDI11b #1 Grl 3k, 43 i CD11b"Gr Hu % 40 f ¥ , AR
P Ly6C ik &% 43k Ly6C™, Ly6C' Hll Ly6C™ 3 /1~
W Sl EAVE I 75" TG
25 WMFsath bl iz WAEYE R T #4850
CS57BL/6 J ApoE” /N I i N 45 ) R H1 QlAamp
DNA Stool Mini Kit i 7 £ 42 It DNA; R H W 2
PCR L, M g /INELU 16 N 459 16S tDNA I 7 3L
| H Tllumina Miseq U 73 F & 254700 7 5 0 7 45 58 R
J QIIME %4, GreenGenes B & & , R(3.4.3) B A4 F
Past 3.0 #4740 B AT TG
2.6 JHIZL O G o A I i A 2 21 AS B s B AR Ak
T 12 J& () C5TBL/6 K ApoE™ /)N B, 31 &5 i 7 &=
Bhfk , F 4% 2 5 I [ 22, 20% RERE K , 29041 O
et b JE WAL .
2.7 SN LR EE 3K, AR
H GraphPad Prism 6.0 3 F 247 414047, £5 £l 24
DL x+s 2o, £ R 53 ) 5 BF 2R 5 B 41 ApoE™
1o T L T E R, R AT e K AL IR B 1) R R,
i# F7 Wilcoxon £ % , P<0.05 £/~ 2 % A & it 2
3 #7
3. X/ R i B K 52 e 5 C57BL/6+
CD 41 %, ApoE”+CD 41/ R i i§ TC #1 LDL 7K
3% Th 5  HDL W F FEAR(P<0.01) ;4 S IR IR 5
2 ApoE” /N BLI TC #1 LDL /K - #f — 2 14 5 (P<
0.01) ; ApoE"+WD+GZT £l ApoE"+WD+Atr T T 5
/NELTC, TG, LDL #1 HDL Y /K F 2% 55 Jc B 5 455 3

Table 1 Effect of Guizhitang (GZT) on blood lipid level of mice in each group (x+s,n=5) mmol - L™
21 51 i /mg- kg TC TG LDL HDL
C57BL/6+CD 1.96+0.15 0.84+0.14 0.16+0.03 0.61+0.11
ApoE”+CD 7.74+0.66>% 0.86+0.09% 0.84+0.16>% 0.07+0.03%
ApoE"+WD 17.46+3.29? 0.70+0.12 2.49+0.44% 0.06+0.062
ApoE"+WD+GZT 7 833.33 17.36+1.49 0.66+0.12 2.56+0.17 0.03+0.04
ApoE"+WD+Atr 3.33 15.95+1.48 0.66+0.15 2.30+0.30 0.08+0.08

. 5 C57BL/6+CD 4 HL % VP<0.05,2P<0.01;5 ApoE"+WD 4] L% ¥P<0.05,9P<0.01(F 2~4[d] ) .
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3.2 XF/INER AR I S A% AR i 1 5

3.2.1 X /N BRUAI AL ot BR A% A6 L L ) B R 5% T A7 AR
TLR4 1 CD36 £ ik K -5 5 C57BL/6+CD
20 L%, ApoE™+CD 41 /Iy ERUAI A 1 50 4% 48 A L 5] K

PR 4 M LY 45 RN A7 4R TLR4 3% 34 (P<0.05) , ApoE™+
WD+GZT + i J5 /)™ B 5 A% 48 i Lo 3] 22 S E W] 2 456
g (0 H R 32 /K TLR4 A CD36 3 1k B i %
i (P<0.05) ; ApoE " +WD-+Atr T T J5 /> BB A% 20 g
H 100 52 /K TLR4 Ml CD36 335 2% 5 W W 48 2% N H:F2 10 32 /K TLR4 1 CD36 %1k 24 3 LW W 483t
B, ARSI BN ApoET /N ANE I R, W2,

®2 EREGIDNRBZAMELL SR REZE TLRY, CD36 RIEHI M (x+s,n=5)
Table 2 Effect of GZT on ratio of monocyte and its receptor TLR4 and CD36 of mice (x+s,n=5)

215 #l 4 /mg- kg M/% TLR4/MFI CD36/MFI
C57BL/6+CD 2.89+0.86 181.17+18.25 18.63+5.54
ApoE”+CD 3.70+1.499 161.00+14.70% 20.06+4.11
ApoE"+WD 7.68+3.01" 218.80+7.85" 15.38+3.87
ApoE"+WD+GZT 7833.33 7.5442.51 190.80+14.79% 11.01£1.57%
ApoE"+WD+Aftr 3.33 8.15+0.65 230.17+58.63 13.75+5.26

3.2.2 XF /N BUAN R O B A% A0 B AR EE ] 1) 5 ) F& IS 40 & . Y Ly6C He f51] (P<0.05) , ApoE"+WD+

5 C57BL/6+CD 4 L #5¢ , ApoE"+CD # /] [j 71 J&]
M B Il 2 R T RSt E . 5
ApoE"+CD 41 It %% , 4 J& 19 = Mg ok & W1 & 3% Jn
ApoE" /N EUAI i It BR A% 41 A %% 5E Y Ly6C™ LL 4] ,

R3 ERHWNRAZMAMITR L GIE N (X£s,n=5)

GZT T 1 5 B A% ApoE™ /N BUAI J&] 1 5 4% 40 it 4% i
WA Ly6C™ Lt ], 34 m 4 48 3 AL LyeC Lt 9] (P<
0.05) ; ApoE " +WD-+Atr T FlJ5 /s 5B A% 21 it WY B 22
SEHBGEITEE L k3,

Table 3 Effect of GZT on ratio of monocyte subtype of mice (xi+s,n=5) %
21 5 i /mg-kg! Ly6C' Ly6C* Ly6C

C57BL/6+CD 59.25+7.79 24.53+4.81 15.06+4.48
ApoE”"+CD 50.42+16.60% 28.70+11.58% 19.32+5.269
ApoE"+WD 76.34+9.09" 14.13+6.16" 8.56+2.99V
ApoE"+WD+GZT 7 833.33 64.82+5.75% 19.34+3.22 14.50+3.28%
ApoE"+WD+Atr 3.33 75.03+6.20 13.58+3.31 10.224+3.99
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ApoE” /N EU 7 iE Firmicutes 34 ill , Verrucomicrobia £l
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Hb , ApoE"+WD+GZT ik [ Ik Proteobacteria [, ffi
LK1,
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Il Actinobacteria

w
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m g a

(; 2I0 4I0 6I0 8I0 100
Letil/%
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B1 =E&EFINRBEREENTKR TR W
Fig. 1 Effect of GZT on phylum level of mouse intestinal flora

Jn. @ BE ) ME ApoE” /I B Firmicutes #F — 25 H4 i
(P<0.05) , F/B it — L1 fil . ApoE"+WD+GZT #
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x4 BERFHNRBEESHF/BRIEIN (X+s,n=5)
Table 4 Effect of GZT on F/B in intestinal flora of mice (x+s,n=5)

21 5 i /mg-kg! Firmicutes/% Bacteroidetes/% F/B

CS57BL/6+CD 29.58+14.17 28.43+11.28 1.33+1.03
ApoE”"+CD 35.99+14.57 20.34+11.60 1.78+0.28
ApoE"+WD 62.41£23.66" 21.11+18.77 6.52+5.29
ApoE"+WD+GZT 7 833.33 36.86+18.60 35.62+16.63 0.71+0.83
ApoE"+WD+Aftr 3.33 36.86+£15.51 37.46+16.55 1.26+0.91

3.4 XF/NERFE Sk AS BEEIE B AY R T 12
G, Fsh bk & A o Yeanl W, = i S E
ApoE"+WD 4 /)N B 3= 3l ok IfiL 45 B 2 A'S g A8 A B ™

. .
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BREEESEZS

 ; ApoE +WD+GZT -+ il J5 W1 . 0 % 3 30 bk 5 Bk
AS J% A5 7 3 ApoE +WD+Atr — & T2 Ji i 5% 7 50
Pk BEH: AS A5, LA 2,

A. C57BL/6+CD 4 ; B.ApoE”+CD 4 ; C.ApoE”+WD 41 ; D.ApoE"+WD+GZT 41 ; E.ApoE"+WD+Atr £

B2 #HHEFNREDKMDE AS TR0 (HL 0,%50)

Fig. 2 Effect of GZT on atherosclerotic plaque formation of aorta in mice( i O, x50)
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