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Abstract  This study aims to investigate the mechanism by which modified Xiangsha Liujunzi Decoction ( M—XS) ameliorates
hepatic inflammation in hyperlipidemic mice by regulating the intestinal high-density lipoprotein 3 ( HDL3) level. Intestine-specific
ATP-binding cassette transporter Al ( ABCA1) knockout mice ( Abcal-Villin-ere-Tg) were randomized into 3 groups (n = 8):
intestine-specific knockout group ( Abcal®"™)  intestine-specific knockout mice fed a high-fat diet group ( Abcal®*" +HFD) and
intestine-specific knockout with Chinese herbal medicine intervention group ( Abcal®"™ +HFD+M-XS) . Littermate control mice were
randomly allocated into 3 groups ( n=8) : blank group( Abcal™") highfat diet group ( Abcal™"+HFD) and Chinese herbal medicine
intervention group ( Abcal™" +HFD+M-XS) . Except the Abcal™" and Abcal®"™ groups the other groups were fed a HFD for 10 weeks.
Drug administration lasted for 6 weeks at a dose of 23. 66 gekg™' *d™". Serum lipid profiles ( four items) hepatic histopathology ( HE
and oil red O staining) and ileal histopathology ( HE staining) were assessed. Ileal HDL3 levels were measured by ELISA hepatic
triacylglycerol ( TG) levels by the GPO-PAP method and co-ocalization of CD86 and Tolldike receptor 4 ( TLR4) in the liver tissue
by immunofluorescence. The mRNA levels of hepatic lipopolysaccharide-binding protein ( LBP)  nuclear factor kappadight-chain—
enhancer of activated B cells p65 ( NF«B p65) inhibitor of nuclear factor kappa-B alpha ( IkBa) interleukin-6 ( IL-6)  tumor
necrosis factor-alpha ( TNF-«) and interleukin-1 beta ( IL-18) were determined by real-time PCR. The protein levels of ABCA1 and
apolipoprotein A ( apoA-) in the ileum as well as LBP p-NF+«B pdkBa IL-6 TNF-w and IL-18 in the liver were assessed by
Western blot. Compared with the Abcal™" group the Abcal™"+HFD group showed increased blood lipid levels numerous vacuoles and
lipid droplets in the liver shortened intestinal villi elevated hepatic TG level reduced levels of HDL3 ABCA1 and apoA in the
ileum co-ocalization of CD86 and TLR4 in the liver and up-regulated mRNA levels of LBP NF-«B IkBa IL-6 TNF-« and IL-
18 as well as protein levels of LBP p-NF+«B pdkBa IL-6 TNF-« and IL-B in the liver ( P<0. 05) . Compared with the Abcal™"+
HFD group the Abcal™"+HFD+M-XS group showed decreased blood lipid levels reduced vacuoles and lipid droplets in the liver
increased intestinal villus length decreased hepatic TG level elevated levels of HDL3 ABCA1 and apoA in the ileum weakened
co-ocalization of CD86 and TLR4 in the liver and down-regulated mRNA levels of LBP NF«B IkBa IL-6 TNF-« and IL-18 and
protein levels of LBP p-NF«B pdkBa IL-6 TNF-w and IL-8 ( P<0.05) . Compared with the Abcal™"+HFD group the Abcal®™
+HFD group showed raised blood lipid levels increased vacuoles and lipid droplets in the liver elevated hepatic TG level enhanced co—
localization of CD86 and TLR4 in the liver and up-regulated mRNA levels of LBP NF+«B IkBa IL-6 TNF-« and IL-18 and protein
levels of LBP p-NF+«B pdkBa TNF-a and IL-HB ( P<0.05) . Compared with the Abcal™"+HFD+M-XS group the Abcal®""+HFD
+M-XS group showed raised blood lipid levels increased vacuoles and lipid droplets in the liver elevated hepatic TG level enhanced
coocalization of CD86 and TLR4 in the liver and up-regulated mRNA levels of LBP NF«B IkBa IL-6 TNF-« and IL-18 and
protein levels of LBP p-NF+«B pdkBa IL-6 TNF-a and IL-18 ( P<0.05) . In conclusion modified Xiangsha Liujunzi Decoction
ameliorates hepatic inflammation and corrects dyslipidemia by modulating intestinal HDL3 levels.
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2.8 CD8  TLR4 1
Table 1  Primer sequences
15 min fop
4 C ° LBP forward: 5"-CCTCGTCCCGTAGACAAAATG3 133
1h reverse: 5*-TGAGGTCAATGAAGGGGTCGT3"
NF«B  forward: 5-CGAGTCTCCATGCAGCTACG3" 212
. reverse: 5"-TTTCGGGTAGGCACAGCAATA 3
2.9 real+ime PCR LBP. NF+«B. IkBa  forward: 5"-CCGATGAATGGTGCGACA-3 185
IkBa~IL-6. TNF-a~ IL-18 mRNA reverse: 5°-CAGGAAGGGCTCATGCTGAT 3"
0.01 g RNA 1L-6 forward: 5-CCCAATTTCCAATGCTCTCC3” 141
. reverse: 5°-CGCACTAGGTTTGCCGAGTA-3”
cDNA. cDNA 95 C TNF-«  forward: 5"-GTGCCTATGTCTCAGCCTCTTCTC3 160
30 5;95 C 10 s; 60 C 20 s 44 reverse: 5-GTTTGTGAGTGTGAGGGTCTGG 3"
. AACH I3 forward: 5-GCTTCAGGCAGGCAGTATCA-3" 185
anc reverse: 5" AATGGGAACGTCACACACCA 3"
2 ° L. Bactin  forward: 5°-GTGACGTTGACATCCGTAAAGA 3 287
2.10 Western blot ABCA1.apoAd reverse: 5°-GTAACAGTCCGCCTAGAAGCAC3”
NF«B. pNF«B. IkBa- pdxBa- IL-6. TNF-a-
IL-1B8 0.1¢g 3
3.1
f1/1 f1/11
o Abcal Abcal™" + HFD TC.HDL-C.
95 °C 5 min - 180V LDL-C (P<0.01);  Abcal""+HFD
300 mA 4 C Abcal” +HFD+M-XS  TC.HDL-C.LDL-C
. 1h (P<0.01);  Abcal”"+HFD Ab—
Image]J . cal®""+HFD  TC.LDL-C ( P<0.05);
2.11 GraphPad Prism 9. 0 Abcal"" +HFD+M-XS Abcal *"" + HFD + M-
X+s XS TC.LDL-C (P<0.05 P<0.01);
. P<0.05 Abcal*"" +HFD Abcal *Y" + HFD + M-XS
o TC.LDL-C 2,
2 (x+s n=6)
Table 2 Effects of modified Xiangsha Liujunzi Decoction on serum lipid levels in mice ( x+s n=06) mmol L™’
TC TG HDL-C LDL-C
Abcal™! 2. 17+0. 88 0. 74=0. 33 1. 67+0. 36 0.28+0. 05
Abcal™" +HFD 6. 82+0. 93" 1. 0420. 31 4.03+1.08Y 0. 73+0. 20"
Abcal"+HFD+M-XS 5.06+2. 677 0.73+0.24 2.88+0. 42 0.42+0. 16%
Abcal AVl 2.65+0. 55 0.77+0.23 1.38+0. 24 0.30+0. 05
Abcal V"' +HFD 7.61x1.39% 0. 64+0. 31 3.22+0.78 0.90+0. 28%
Abcal V' +HFD+M-XS 6. 88+0. 88¥ 0. 65+0. 30 2.15+0. 27 0.78+0. 42°
: Abcal™", : Abcal " +HFD. : Abcal”"+HFD+M-XS. : Abcal 2Vl : Abcal *V"' + HFD.
: Abcal 2V + HFD+M-XS. . Abcal™" Y P<0.01;  Abcal™+HFD 2 P<0.05 ¥ P<0.01;  Ab-
cal”"+HFD+M-XS Y P<0.05 Y P<0.01( 3~8 ).
3.2 TG HFD TG (P<0.01);  Abcal”"+
Abcal™" Abcal™"+HFD HFD+M-XS Abcal®"" +HFD+MXS TG
TG (P<0.01);  Abcal”+HFD (P<0.01);  Abcal®""+HFD
Abcal™ +HFD+MXS TG Abcal*"" +HFD+M-XS TG
(P<0.05);  Abcal”" +HFD Abcal **" + 3.
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3 TG (x+s n=6)
Table 3 Effects of modified Xiangsha Liujunzi Decoction on he—
patic TG levels in mice (x+s n==6) mmol+L”'
TG
Abcal™! 0. 16+0. 03
Abcal™" +HFD 1.36+0.57"
Abcal " +HFD+M-XS 0. 67+0.27%
Abcal 2Vl 0.28+0. 08
Abcal 2Vl + HFD 2.06+1.22%
Abcal 2V +HFD+M XS 1. 80+0. 23"
3.3
/11
HE Abcal Ab-
cal”"+HFD :
Abcal"" +HFD Abcal”" +HFD +M XS
: Abcal"" +HFD
Abcal *Y"+HFD
: Abcal”" +HFD + MXS Abcal #"" +
HFD+M-XS . Abcal*"" +HFD
Abcal*"" +HFD+M-XS
1,
A. Abcal™™ ; B. Abcal”+HFD ; C. AbcalV"+HFD+MXS ; D.
Abcal®¥' ; E. Abcal®Y" +HFD ; F. Abcal®V" +HFD + M-XS
( 2~6 ),
1
( HE %200)

Fig.1 Effects of modified Xiangsha Liujunzi Decoction on he—

patic histomorphology in mice ( HE staining Xx200)

3.4
0 Abcal™" Ab-
cal""+HFD (P<0.01);
Abcal™" +HFD Abcal" +HFD+M-XS
(P<0.01);  Abcal”" +HFD
Abcal*"™ + HFD (P<
0.01); Abcal™ + HFD + M=XS Abeal 2V +
236

HFD+M-XS (P<0.01); Ab-
cal V" +HFD Abcal *"™ +HFD + M XS
2. 4,
2 (
0 %200)

Fig.2 Effects of modified Xiangsha Liujunzi Decoction on he—

patic lipid deposition in mice ( oil red O staining Xx200)

4 (0]
(x+s n=3)
Table 4 Effects of modified Xiangsha Liujunzi Decoction on oil

red O staining—positive area in mice ( x+s n=23)

0 /%
Abcal™! 9.08+0. 76
Abcal™"+HFD 41.39+9. 37"

Abcal " +HFD+M=XS 22.91+4. 159
Abcal V! 17.23+5.39
Abcal 2V +HFD 62.45+9. 86%
Abcal V" +HFD+M-XS 44.36+6. 217
3.5
HE Abcal™" Abcal”" +HFD
: Abcal™™ +
HFD Abcal”"+HFD+M-XS
: Abcal”" +HFD Ab-
cal *“"+HFD
© Abcal”"+HFD+M-XS Abcal*"" +
HFD+M-XS ;. Ab-
cal **"+HFD Abcal*"" +HFD+M-XS
3,
3.6 HDL3.ABCA1
apoA- Abcal™" Ab-
cal”"+HFD HDL3.ABCA1  apoA-
(P<0.01);  Abcal™ +HFD

Abcal”"+HFD+M-XS ~ HDL3.ABCA1  apoAd
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3
( HE x200)
Fig.3 Effects of modified Xiangsha Liujunzi Decoction on ileal
histopathology in mice ( HE staining x200)

(P<0.05 P<0.01) 4
5.6.

4 ABCAl  apoAd
Fig.4 Expcession of ABCA1 and apoA- levels in the ileum tis—

sue of mice

5 HDL3
(x+s n=6)
Table 5  Effects of modified Xiangsha Liujunzi Decoction on
HDL3 levels inthe ileum tissue of mice (%+s n=6)  ng*mlL™
HDL3
Abcal " 1.230. 42
Abcal™" +HFD 0.56+0.21"
Abcal"" +HFD+M-XS 1. 020. 287
6 ABCA1  apoA-d

(x+s n=3)
Table 6 Effects of modified Xiangsha Liujunzi Decoction on AB—

CA1 and apoA- levels in the ileum tissue of mice( x+s n=3)

ABCAI1/B~ubulin  apoAd/B-tubulin
Abcal ™1 0.35+0. 11 0. 74+0. 32
Abcal™" +HFD 0. 18+0. 02" 0.33+0. 05"
Abcal™ +HFD+M-XS 0.29+0. 08% 0.51+0. 197

3.7 CD86 TLR4

Abcal™"
Abcal”"+HFD  CD86  TLR4

;. Abcal""+HFD Abcal”"+HFD+M-XS
CD86 TLR4 . Abcal”" +HFD
Abcal*""+HFD  CD86 TLR4
. Abcal”" + HFD + M-XS Abcal *¥" +
HFD+MXS  CD86  TLR4 ;
Abcal "' + HFD Abcal 2" + HFD + M=XS
CD86  TLR4 5,
5 CD86  TLR4

( x400)
Fig.5 Effects of modified Xiangsha Liujunzi Decoction on the
co-ocalization of CD86 and TLR4 in the liver tissue of mice

( immunofluorescence x400)

3.8 LBP.NF~«B.
IkBa IL-6.TNF-«  IL-I8 mRNA
Abcal™" Abcal™" +HFD LBP .NF-
kB IkBa- IL-6. TNF-o IL-I8 mRNA

(P<0.01);  Abcal”"+HFD Abcal™" +
HFD+MXS  LBP.NF«B-. IkBa- IL-6. TNF-o IL-B
mRNA (P<0.05 P<0.01);  Ab-
cal”"+HFD Abcal "™ +HFD  LBP.NF—«B.

IkBa+IL-6.TNF-«.IL-18 mRNA
(P<0.05 P<0.01):  Abcal”" +HFD+M-XS
Abcal*""+HFD+MXS  LBP.NF-«B.IxBa.IL-
6. TNF-o~ IL.-18 mRNA (P<
0.01);  Abcal®""+HFD Abcal "' +HFD +
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M-XS  LBP.NF«B.IkBa-IL-6.TNF-o« mRNA 7o
7 LBP \NF«B.IkBa-IL-6.TNF«  IL-18 mRNA (x+s n=3)

Table 7  Effects of modified Xiangsha Liujunzi Decoction on the mRNA levels of LBP NF«B IkBa IL-6 TNF-a and IL-18 in the

liver tissue of mice ( x+s n=3)

LBP /B-actin NF-«B/B-actin IkBa/B-actin IL-6/B-actin TNF-a/Bactin - IL-B/B-actin
Abcal V1 1. 0020 1. 0020 1. 000 1. 000 1. 000 1. 0020
Abcal™" +HFD 1.79+0. 20" 1.85+0. 21" 2.10=0. 83" 1.95+0. 11" 2. 11x0. 52" 1. 83=0. 14"
Abcal M +HFD+MXS 1. 1120. 199 1. 09+0. 127 1.22+0. 177 1.29+0. 08% 1.24+0.03% 1.28+0. 05%
Abcal 2V 1.59+0. 22 1. 64+0.45 1. 84£0. 09 1. 64+0. 01 1.76+0. 11 1. 48+0. 04
Abcal V' +HFD 2. 83:x0. 047 2.49+0. 66 3.800.31% 3.73£0.347 3.060. 627 2.23x0. 477
Abcal 2V +HFD+M XS 2.41x0. 45 2.21x0.329 3.17+0.51° 3.210.93° 2.56x0. 52 1. 89+0. 24

3.9 LBP.NF«B.p-

NF«B.IkBa-pdkBa-IL-6.TNF«  IL-B

Abcal™" Abcal"" +HFD
LBP.pNF«B.pd«Ba IL-6.TNF-«.IL13
(P<0.01);  Abcal™"+HFD
Abcal” +HFD+MXS  LBP.p-NF«B. p-

IkBa- IL-6. TNF-. IL-18

(P<0.05 P<0.01);  Abcal”" +HFD Ab-

cal*""+HFD  LBP.p-NF—«B.pdkBa.TNF-o.1L-3

(P<0.05 P<0.01); Ab-
cal”"+HFD+M XS Abcal *"" +HFD+M-XS
LBP.pNF«B.pdkBa-IL-6. TNF-«.IL-18

(P<0.05 P<0.01);  Abcal®"™+

HFD Abcal®"™ + HFD + M-XS LBP.

pAkBa IL-6.1L-183 6. 8.

4 6 LBP.NF—«B.p-NF+«B.IxkBa.pdxBa-

IL-6.TNF« IL-1B
TG TC "o Fig6 Expression of LBP NF«B p-NF«B IkBa pIxBa
IL-6 TNF-« and IL-g levels in the liver tissue of mice
ASCVD
1445 . « ) << . )
“ ” “ o o»oow 18
e | . y o« 1921
22 .
o ( LPS)
€ - ) 24 TLR4/NF-B
> > > *® . TLR4 LPS
° LPS LBP
TLR4 88( MyD88)
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8 LBP.NF«B.p-NF«B.IkBa-pdkBa- IL-6. TNF«

n=3)

1L

(x+s

Table 8 Effects of modified Xiangsha Liujunzi Decoction on the protein levels of LBP NF+«B pNF+«B IkBa pdkBa IL-6

TNF-« and IL-183 in the liver tissue of mice ( x+s n=3)

LBP/B-ubulin ~ p-NF-«B/NF«B pdkBa/lkBa IL-6/B~ubulin ~ TNF-a/B-tubulin  1L-18/B-tubulin
Abcal™" 0. 19+0. 06 0.27+0. 04 0.43+0.05 0.22+0. 02 0.32=0. 01 0.39=+0. 02
Abcal""+HFD 0.47+0. 17" 0.52+0. 05" 0. 66+0. 13" 0.44+0. 16" 0. 56+0. 03" 0. 63+0. 09"
Abecal ™" +HFD+M XS 0.33=0.09? 0.35=0. 037 0. 49=0. 067 0.23=0. 027 0.39=0. 01 0.38=0. 017
Abcal 2V 0.36=+0. 08 0.41+0. 03 0. 52+0. 06 0.37x0. 05 0. 47+0. 04 0.53+0. 03
Abcal V' +HFD 0. 62+0. 15? 0. 67+0. 08 0.79+0. 07% 0.55+0. 08 0. 87+0. 03% 0.77+0. 13
Abcal V' + HFD+M-XS 0. 560. 11° 0. 47+0. 054 0. 66+0. 06% 0.47+0. 05 0. 59+0. 22 0. 68+0. 06
NF+«B 0, IkB CD86  TLR4
NF«B NF-«B IL18.TNF-« LBP.pNF«B.pdkBa-IL-6.TNF«  IL-B3
1L.-6 7 IL-18- TNF-« o HDL3
IL-6 R B o Ab-
cal”"+HFD Abcal*"" + HFD
2830 . TG
ABCA1 CD86 TLR4 LBP. p-NF«B.
ABCA1 N pdkBaTNF-o. IL-13 o
ABCA1 HDL3 o
I, ABCAL ABCA Abcal" +HFD+M-XS Abcal*Y" +HFD+M-XS
TG CD86 TLR4
HDL P HDL  LBP.p-NF«B. pdkBa- IL-6. TNF-a- IL-13
HDL o
HDL3 HDL3 o
0 ABCA1  HDL3
HDL3 LPB HDL3
HDL3-L.BP-LPS LPS LPS o Abcal
TLR4 o ABCA1
26 34 . HDL3
ABCA1 o
HDL3 HDL3
HDL3 R
o Abcal™® Abcal™™ +
HFD 1 VIRANIS S SMITH S C STONE N J et al. Secondary
TG HDI3. ABCA1 prevention for atherosclerotic cardiovascular disee:lsei comparing
recent US and european guidelines on dyslipidemia J .
apoA- CD86  TLR4 Circulation 2020 141 (14) : 1121.
LBP.pNF«B.pdkBa-IL-6.TNF« 2
IL1B o HDL3 2023 I
2024 39(7) : 625.
° 3 . (2023 ) T .
TG 2023 38(3) :237.
HDL3.ABCA1  apoAd 4 Lo
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