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[ Abstract )

metabolism in rats with splenic deficiency and hyperlipidemia, and to further explore the possible mechanism of Xiangsha

Objective  To investigate the effect of TMAO, a metabolite of intestinal flora, on hepatic lipid
Liujunzi Decoction in the treatment of hepatic lipid metabolism disorder. Methods SD rats were divided a blank control
group (C group), blank control + TMAO inhibitor DMB group (C + D group), spleen deficiency hyperlipidemia group
(PG group) , spleen deficiency hyperlipidemia + DMB group (PG + D group), and spleen deficiency hyperlipidemia +
Xiangsha Liujunzi Decoction group (PG + XS group). Except C group and C + D group, the other groups were used to
establish a spleen deficiency hyperlipidemia model (12 weeks of modeling) by combining excessive fatigue and a high fat
diet. After model establishment, C + D group and PG + D group were administered 1% DMB in drinking water every day,
and the PG + XS group was administered Xiangsha Liujunzi Decoction (11.34 g crude drug/kg) every day. The other
groups were administered the same amount of normal saline. Blood lipid levels were measured by an automatic biochemical
method after 4 weeks of intragastric administration. Morphological changes of the liver were observed by HE staining. Lipid
deposition in the liver was observed by oil red O staining. Liver FFA, TG, and TC were measured by ELISA. Plasma
TMAO content was measured by LC-MS. Relative mRNA expression levels of PERK, FOXO1, SREBP-2, ABCA1, and
miR-33 in the liver were measured by qRT-PCR. SREBP-2 and ABCA1 contents in the liver were measured by Western
Blot. Results Serum contents of TC, TG, and LDL-C in the PG group were significantly higher than those in the C group,
and HDL-C was content was significantly lower than that in the C group. FFA, TG, and TC contents in liver tissue of PG
rats were significantly increased compared with those the C group. Compared with the C group, lipid deposition in the liver
was aggravated and vacuoles were increased significantly. There was no difference in the above indexes between group
C + D group and C group. Compared with the PG group, PG + D group and PG + XS group had significantly reduced
serum contents of TC, TG, and LDL-C, increased HDL-C content, reduced FFA, TG, and TC contents in liver tissue,
alleviated lipid deposition in liver tissue, and reduced liver vacuoles. No significant difference was observed between
PG + D group and PG + XS group. Compared with the C group, the plasma TMAO content of the PG group was
significantly increased, mRNA expression PERK, FOXO1, and miR-33a in the liver was significantly increased, and liver
SREBP-2 and ABCA1 mRNA and protein expression was significantly decreased. No difference in the above indexes was
observed between C + D and C groups. Compared with the PG group, PG + D group and PG + XS group had significantly
reduced plasma TMAO content, decreased mRNA expression of PERK, FOXO1, and miR-33a in the liver, and increased
SREBP-2 and ABCA1 mRNA and protein expression in the liver. No significant difference was observed between PG + D
group and PG + XS group. Conclusions TMAO may regulate the SREBP-2/miR-33a/ABCAL1 signaling pathway through
the PERK/FOXO1 axis to cause liver lipid metabolism disorder in rats, and Xiangsha Liujunzi Decoction may inhibit liver
lipid metabolism disorder by reducing TMAO content.

[ Keywords] TMAO; spleen deficiency and hyperlipidemia; lipid metabolism; Xiangsha Liujunzi Decoction; rat
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111 SERsh¥
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220 g, W10 TRAA AR AR A R A [ SCXK
(1L)2020-0001 ], AL 7° o B 25 K2 g ) 5L 9 %
[ SYXK(1)2019-0004 ) 47 % HLGA 5% (fH IR 22 ~
25°C fHIE 40% ~ 60% , 37452 B ) |, FRRE /s
FARACE) EWRHHA RA R 4L, SCE
LThmBEHNR¥LRH YR ME RSN
(21000042022008)
1.2 FERF S5

Anti-SREBP-2 ( Proteintech, 28212-1-AP ) , Anti-
ABCA1 ( Abcam, ab66217) , DMB (3, 3- . H 3&-1-T
M bR TEAK, D832026) , 4% 2 W 5 K & Y
WAL O Yl (LI < K P0099, CO105S,
CO0158S) , MH[E i) & Hvh = Bl &, (ot
A 20210806 , 20210809 ) ; K KLU 25 i 17 R ( FFA)
ELISA 2 & (_ETIEA | YI566656)

4 H AR ( H 7, 7180 B HAR) (£3)
AE 4 K BEFR 1Y ( SpectraMaxi3, MD, 3£ [ ) ; = Pk HE
HAKHL(ASP 6025, Leica, HZA) FrrHH# Bk
Wif% 2 5t ( M8, Precipoint, 85 [# ) ; 52 B} 9¢ Y6 & &
PCR 1% (7500, ABI, 35 [H) ,
1.2 FHik
12,1 o] K SCs 1

50 HRRIER 1 JEG , HEHLA A 5 4L, 2 5ok .
D7 FX IR (C A1)« 3838 faDRk i I IE 8 IROK

@z AXTIE + DMB 2H(C + D 4H) . 38 1a) el e i |
T3 12 FJS KR IA 1% DMB(TMAO ##il5#])
A 4 8 ; R = IR MUAE A (PG 41) < R =i g 1]
RE+ R A RN A 12 J @R R
M4E + DMB 41( PG + DMB 41) . SR & gtk + i
HES AR 12 B, Z R 45T DMB (1K
KA 1% DMB) ,4 Jil; @ & A5 ILAE + >
ANHEFHA(PG + XS A) R ARFEE + R E
AR ER 12 L EEEDAE T4
JE HEmT A R B AR 11,34 ¢ 422/ ke,
AR SR 4 2 B 10 H
1.2.2  Hubt

R F 25 25 1 058 Wi, I8 S sl kCR i
AU —F B FHE 2 h J5 B0 20 min (3000 r/min) B
A I A, — 3 A 4 i B B 4 R 1L (3000
r/min 2.0 20 min ) B L3 FFZH 2053 51) 5325 [
FE T 4% 22 KW h S RAFAAE-80°C VKAR
1.2.3 4 [ 3hA AR o Bt 785 1f iR 25 £k

N HIA A AP HrASGHEA T R BRUMNTE TG |
TC .LDL-C HDL-C & & Ak
1.2.4 &Y (HE Je et 0 e ) Wigg
AR Ak

WIS e AF () A AT A 5 D) 1, B AE 4% IR HE
Pt R AT G AR 10 x 40 f558 T 4R,
[ 58 1 B9 I 41 2L OCT A 38 b MLk A7 vk R 4
(6 wm) , MRYEHL O Yok G THAE, Hih i
e R, 10 x 40 {5455 T HIRE .
1.2.5 ELISA 35 KB bR A0 & kil i TG\ TC
FFA &5

i B ELISA 328 7] &5 i bm 0 500 6 iy A 22
KGR JE AL i W AT AR, 2 )5 22
PRE I FT B FFA TG\ TC K,
1.2.6 LC-MS Azl il % TMAO 7K~

PRV AR IR 80% L NE /K WA TR
BULVE ; TR 25 L 25 [ 3R VR 28 LSRR JTORE AR
HIA 25 pL AR AT 50 pL 80% Z M KIs R EAT
DUVE 3 B L IRHEA 73 SR e TR 21 J5 , 4°C 520> 30 min
(3500 r/min) , #2050 wL EIFWEAE EAL,
1.2.7 qRT-PCR %4 0H PERK ,FOXO1 ,SREBP-
2 . ABCA1 .miR-33 mRNA #ik/KF-

RNA J5 #2BUR S s mRNA 2 5 A7 473
W&k GAPDH U6, 2 3Lk 1T e Ja Ge /04, 51
YIFHI(% 1),
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Table 1 Primers sequence

A S5 -37) TS5 -3")
Gene Forward primer(5°-=3") Reverse primer(5°-3")
GAPDH AGGTTGTCTCCTGTGACTTCAA CTGTTGCTGTAGCCATATTCATTG-3
PERK TCGGATACGGCATTTGGCTT CGTCTTCCACGGTCACTTCG
FOXO1 CAGCCAGGCACCTCATAACA TCAAGCGGTTCATGGCAGAT
ABCA1 GCAGCGACCATGAAAGTGAC GAGGCGGTCATCAATCTCGT
SREBP-2 GGGACATCGACGAGATGCTA CCAGGGAAGGAGCTACATAGT
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
miR-33a ACACTCCAGCTGGGTGCAATGCAACTACA TGGTGTCGTGGAGTCG

1.2.8 Western Blot Ki{ill it SREBP-2, ABCA1 & H
o

PRI A, | A 5 ( BCA ) /KK T -
FE R R 4°C R —HUIEE  TBST BRI — 90
1 h TBST ek M e /e 4520 B8, i J5 W FH Tmage
Studio X447,
1.3 FitFESR

SPSS 19. 0 G it45 WA, LUFHIMH + il
(x = s) 7w, 2400 LR FH B R 2 22081, P <
0.05 XRBEA G L,

2 FR

2.1 IMmAEZE{k
5 C ML, PG KEUMME TC TG .LDL-C 7K

F+E W1 &, HDL-C 7K FREAL (P < 0.05 B¢ P <
0.01),C + DA ELI; 5 PC ML, 5%
T TMAO #ifil57) DMB 3 B &5 H )5, PG
+ D A1 PG + XS KR IEH Y TG \LDL-C 7K
B F#A , HDL-C /KETHE (P < 0.01) 4541 TC %
HARGER TR EH2ER ;5 PC + D 4lML, PG
+ XS 4k LDL-C &/ B E RN (P < 0.01) ,
RIA(FE2),
2.2 BTHE #f

HE Ze ] UL C 20 K% C + D 20 1T 40 i 5 b 1
A1, TR AS B 5 ¢ A, PG 4 H BT A3
WIS, 5 PC AL, PG + D 4} PG + XS 4K
B 2H 2 9 4 M A J57 2 Y6 000 I 35 ek 2 240 L s o
HHTRE (K1),

T2 BHKBIMIEKFE (% + s,mmol/L,n = 6)

Table 2 Serum lipid levels of rats in each group(x = s,mmol/L,n = 6)

4

TC LDL-C HDL-C
Groups
4]
‘C A 1.62 + 0.23 1.47 £ 0. 14 0.34 + 0.05 0.59 = 0.07
C group
4
C+DA 1.63 = 0.35 1.35 +0.33 0.32 = 0.06 0.54 = 0.08
C + D group
il 2.00 +0.35" 2.16 £ 0.17™ 0.51 £ 0.05™ 0.30 £ 0.05™
PG group
D + 4|
PG + D4 1.72 + 0.28 0.58 + 0. 08" 0.35 + 0.05% 0.45 + 0. 10"
PG + D group
G + XS 4
PG+ XS 41 1.73 + 0.30 0.67 = 0.40" 0.44 = 0.05"4 0.52 = 0.06"
PG + XS group

5 C4ME, *P <0.05, ™ P <0.01;5 PG ML, ™P < 0.01;5 PG + D AAML,*2P < 0.01, (FFIH)
Note. Compared with C group, *P < 0.05, ™ P < 0.01. Compared with PG group, *P < 0.01. Compared with PG + D group, **P < 0.01. (The

same in the following tables)

2.3 RFEERRIMARIER

HATVHEL O e T A C 4 .C + DA
KEFTCNE IR 5 ¢ A, PG 4K BT (4
I, AR IS 5 PG 414
b, PG + D 4 K% PG + XS 4K EUF AR BTN 4
A—E BRI (E2)
2.4 BFFFA.TG.TC & &

5 C @M, PG H KB FFA TG . TC /KF-F+

IR (P <0.01),C + DAHTBENER, 5 PG
A, 457 TMAO il 57 DMB A& P75 H 1 7
WS, PG + D 4 PG + XS 4 Kl FFA [ TG .
TC K FRARIA (P < 0.05,P < 0.01) ; 5 PG + D
AL, PG + XS TE B EM 2R (£ 3),
2.5 I3 TMAO & EXAF PERK FOXO1 mRNA
T

m#k 4 B, 5 C M, PG 41K B 2%
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C# C group C+D# C+D group PG# PG group

100.pum 100 pm 100 jim

PG + D# PG + D group PG + XS#4 PG + XS group

100 um 100 pm

1 A4URET HE 3¢

Figure 1 HE staining of liver of rats in each group

PG4 PG group

PG + D4 PG
- .

Ry .
O
bty

iy L

2 AHRRUIR BT B

Figure 2 Liver lipid deposition of rats in each group

x3 KHKEM FFA TG . TC & (x +s,n = 5)
Table 3 Liver FFA, TG and TC contents of rats in each group(x £ s,n = 5)

4
s FFA ( pmol/L) TC( mmol/L) TG ( mmol/L)
Groups
4
cH 1442. 11 + 129. 64 1.31 + 0.05 18.23 + 3. 12
C group
4]
C+Dd 1466. 08 + 80. 52 1.41 £ 0. 16 15.68 = 1.18
C + D group
PG 4
i 1754.82 + 218.48™ 2.90 £ 1.18™ 24.80 + 2.87™
PG group
PG +DH4 " " 4
PG + D group 1374.35 + 64. 19 1.73 £ 0.17 21.48 £ 3.25
PG + XS4 " " "
PG + XS group 1383.73 = 115.19 1.62 +0.22 19.61 = 2.27

E: 5 PG 4L, "P < 0.05, (TR
Note. Compared with PG group, *P < 0.05. (The same in the following tables)
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TMAO 7K3F AF PERK . FOXO1 mRNA kKI5
BEP<0.01),C+DYIFLRENEELR, 5 PC
HAH, PG + D Z0H1 PG + XS 4K EUHI2E TMAO
JKF JF PERK .FOXO1 mRNA 357K Y RAR B i
(P<0.01);5 PG + D 414t PG + XS 41 PERK
mRNA FKIEFFEIRII (P < 0.01)
2.6 FFd SREBP-2 miR-33a , ABCAImRNA 254},
5 c HMIL, PG 4 K AT SREBP-2, ABCAI
mRNA 5K (P < 0.01), miR-33a mRNA # ik
THE (P <0.01),C +DXBHATLRENEZER, 5
PG #4111, PG + D 41 K SREBP-2 mRNA ik T+
B (P < 0.05), miR-33a mRNA £ kMK (P <
0.01) ,ABCA1 mRNA ik th Ft i (H 2 TG i & 7k 22
5 ,PG + XS 41 K FUIF SREBP-2 ABCA1 mRNA ik
FHE (P < 0.01), miR-33a mRNA FEikFEK (P <
0.01) ;5 PG + D 4., PG + XS 2 SREBP-2  ABCAL1
mRNA Fikit—2 T+ & (P < 0.01) , miR-33a mRNA
TS BB EEER (RS) .
2.7 BF SREBP-2_ABCAl1 EERIETL
mFEe K3 iR, 5 CHMt, PG 4K BT

SREBP-2  ABCA1 & [ £ kML B (P < 0.01),
C+D XA TRENZER; 5 PCHLL,PC + D
4] SREBP-2, ABCAl A £ S A EWE (P <
0.05) ,PG + XS 41 SREBP-2 ABCA1 % 43k T
(P<0.01);5 PG + D4, ,PG + XS 41 SREBP-2
ABCAl HHFEXFFE (P <0.01),

>
P £ S8

P

& cf%éf CFETCe

& AR R
o
S| - S e - -
%
<
2 - S - - -
jan}
| e
4

B3 KEUF SREBP-2 ABCAI & 1%k 1k
Figure 3 Relative contents of SREBP-2 and
ABCAT1 protein expression in liver of rats in

each group

K4 HHAKREIME S TMAO ZAT PERK . FOXO1 mRNA 254k (x + s,n = 3)
Table 4 Plasma TMAO content and liver PERK and FOXO1 mRNA expression levels of rats in each group(x = s,n = 3)

3

TMAO(ng/L) PERK FOXO1
Groups
4
cd 344.86 + 17.40 1.00 + 0.02 1.00 + 0.08
C group
4
,C +D4 328.38 + 46.93 1.11 = 0. 16 1.06 = 0.06
C + D group
PG 4
il 721.52 £ 3.26™ 9.11 £ 0.50™ 2.22£0.10™
PG group
PG + D4
: 194.78 + 10. 54% 3.17 = 0. 06% 1.49 = 0. 18%
PG + D group
PG + XS4 # #AA w
PG + XS group 193.86 + 3.33 1.54 £ 0.02 1.37 £ 0.25

£ 5 YU SREBP-2 miR-33a, ABCA1 mRNA (& 5K (2 £ 5,n = 3)
Table 5 mRNA expression levels of SREBP-2, miR-33a and ABCAL in liver of each group(x £ s,n = 3)

e

; SREBP-2 miR-33a ABCA1
Groups
4]
CH 1.00 + 0.02 1.08 + 0.54 1.00 + 0.07
C group
4]
,C+D’E 0.96 + 0.07 1.11 = 0.31 1.07 + 0. 11
C + D group
PG ¢
4l 0.15 +0.02™ 7.23 £ 0.41* 0.25 + 0.02*
PG group
+ 4
PG+ DAL 0.21 = 0.02% 2.70 = 0.39% 0.26 + 0.01
PG + D group
. »
PG + X5 & 0.38 + 0. 02%#44 2.51 + 0. 14" 0.53 + 0.03%44

PG + XS group
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® 6 FULIKEUF SREBP-2 ABCA1 & A& IAARAN
FE(x£s,n = 3)
Table 6 Relative contents of SREBP-2 and ABCA1 protein

expression in liver of rats in each group(x = s,n = 3)

434 Groups SREBP-2 ABCAI1
P
¢ Al 1.17 £ 0.13 1.09 + 0. 16
C group
4
C+DA 1.29 + 0,04 1.16 £ 0. 11
C + D group
PG ¢ -
. il 0.74+0.11™ 0.57 +0.01*
PG group
PG + D 4l . "
PG + D group 0.92 + 0.01 0.84 + 0.04
PG + XS 4 ” #A
PG + XS group 1.01 +0.21 1.07 + 0.07

W5 PG + DAL, P < 0.05,
Note. Compared with PG + D group, P < 0. 05.

3 g

R AL 2 51 R N8 I I | 3l o #F s 4k
T B ILAE 45 2 5, L 45 JR Al ok T H R4 5
U RN AR IR Y 2 . (FK ) - Lk
SIER Y UL IRATHE Wk, DT, MR
BORE, b3 T il G R K, R s e, K
fjgeeeees”, AIALBGE LAY ML < Mg 0T
HEE B ARG 0 WA stk T RE 5 B AR i
PRI 5 % V) SC B, < L2 52 Ak, i i ik
(AP UG IR Rl - BRAK VR ) =« “ A B A% AR, LA
FACORF, ZE M PR AT L E I RIR 6, B R I
S EEETREIR E , E— 25 R M A R
R I K, 2 RO IR I 2 AL, 3T e
SER I3 R R AR AR TMAO Y™ H i
R TMAO SRCMZEHLS 142 ASCVD By &A=
RIREA—E MM, K25 T shlichremmie ™
LI B A S R I K A R R A
K RRER P R, I EHESEY & B FLAT
B ZDY04 R TMAO 553 1) ApoE ™~ /NRUA P Y
ks FERE AL, FEHLH] AT B 8 i A E RCT 2 5
IEANE B TMAO 5 i 5 BEH (T8 A HR 561 , OF Rk
) AL P ) 06 1) A2, 0 I S BUIR AR R
A0 e B TMAO A 3 3 52 WA U 5 R A
T /NEFEASEAEHEO T IR LA, $278 TMAO 7K
AL ASCVD % 1 & J8 2 X FE %, TMAO 19
FEIRIRIT ASCVD BRI A FORM 2 —, FWAE
Tt ACE 52 BEITE) , Al g s 5 E
BRI S e 2 — 2 i T /e IR A
WA SE F AR IR 25 BA — e

TR, EARBL A e

ARSI AR v S DA AR A B i, e DAL
JE IMUCAE A RSB AL |43 25T TMAO ##]5%) (DMB) |
FANE T AT T, WEE TMAO X 4% fdt iz 51
HEC T M Bt i e i 5 | R 1) B B T R A 5 i) B & D
ANE TN T LGS . AREI PG 41K Fum
JRAEAL JEZS ARk K i 3 o TMAO A8 4k 55 141 BA i
WgE R —5 | R K BUF TG TC  FFA 7K1 &
40 45 F DMB X% TMAO #E47 1, & B DMB A
DL 6] TMAO (4 B, LAk TMAO ##0 il J5
CIER AN Ay GGG W e
% WAL T F 75 H T ] 38 1 B AR I 5%
TMAO & it , #F 17 e i AR FC I 2L RE AR 25 6L
FIIRGE , HACR LT TMAO #1415 DMB, (R &h5z2
ISR TMAO XJ PN ot ) R it # A — 2 1+
P s Saaoud S [RIRE K BN Y BT (ER ) B 34
i PERK ( TMAO #Z 1K) , & #4il TMAO 75 5 1)
HAECs ##1% . XCSKHE (forkhead box FOX) H 5% 5
ARG ekt 2 1 e s I Y SR R FOXO1 &
5/ B0 S8 S ORR A 5 10 ] e 2 R O
G 1L A8 5 5 %) S B L 5T FOX O 38 iK% Ty E
Wt o T BCAE RS A T S koS A A AE 45 g
950, Chen £ & 9 PERK 5 TMAO %54, i 1
G PERK 43¢, A i — 2015 3 % 5k [ F FOXO1,
T 5206 LG 2 5 S 1 A A i, 278 TMAO/
PERK/FOXO1 55l m] i 5 g F Qa2 B UIAH G

AR ER, PG ALK UMLK TMAO & &7,
T &% - PERK .FOXO1 mRNA K 7K 14 3235 W i 1%
Jin, #2785 TMAO I LLJS 8 PERK/FOXO1 1 5
FOXO1 X FEAs A 19877 ; 45 7 DMB J5 o] L)L i
FRER TMAO 1Y & i AT R I PERK  FOXO1
Bk RFES T H/HWNE Fima, vl DL i 4
TMAO 4 TMAO/PERK/FOXO01 flii 1k,

FOXO1 A& 5 N ZF0 K7 A ia 4y, w5
71 [ BEE 5 TC 45 & 26 11 -2 ( SREBP-2) 1] LLFE 5 5%
K FOXO1 45" SREBP-2 % 5 JIH [ AL,
RS R O R R R R4S S LDLR . HMGCR 45 5
RS 53 R LT 1 3 5 R % SCAP/SREBP-2 i
S T A o A BRI R A g 2 AL A B 5 i
Fh/INEL B W 40 i IR Bt & AR 5 SREBP2 3K ik AH
SO0 IR i 30 S BRNGL R 1 R I K U e
FR M B 25 &L 7T BE 5 miR122a/SREBP-2 i B A
S miRNAs E—2AE4i % RNA, 2 50k N £
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PSR 20 #20%  miR-33a H1 SREBP HE[H &
T %, 2 5 BR800 o & B
miR-33a 7] 5 SREBP-2 Bt & $ i 40 it P JE [ 7K
S, I i BE AR ZE AL, T L miR-33a 5
SREBPs P[] 1 FH & A2 i g 5T 1000 OG5 20 3R
SHERRARAT S A BBk A(ABCAL) 25 HDL 4
Bt R P A 32 5] miR-33 B EHE , miR-33a /K F
RS T34 I ABCAT 28 35 F 40 it P AH [ Bt i
/NEAR NS miR-33 R EE A H ABCAL 33k, 4
RO B A R miR-33 9 7 09 /0 BUAR Y
ABCA1 kM E Al UL ABCA1 /2 miR-33 ELIFEfY#
FRIER

SREBP-2/miR-33a/ABCA1 =/ KL | I AT
JEAE R A A B, 5 6 IR B DR B 1 &
KET, ALK LU, £ PC 41K BT+
SREBP-2 ABCA1 mRNA M %K [13% ik #4 A [ 2 B [
£, miR-33a mRNA £k 3% [ F+; 457 DMB 5]
PIik—E {2k SREBP-2 ABCAImRNA M 7& £k,
M miR-33a mRNA £ ik, [ FEA RPN H F X
SREBP-2/miR-33a/ABCA1 f A%/ H 5 DMB —
., AT UL DMB AT LLidE i ] TMAO (132 35 T 5%
iy TMAO/PERK/FOXO1 %4 5 19 F i SREBP-2/
miR-33a/ABCA1 3 fi M i 410 1 A g 48 1 25 L = 3%
MIRE BT DT AR B 42 B D /S B 7 1 Al vl i o 4
TMAO A9 2348 252 0 TMAO/PERK/FOXO01 %4
S0 F % SREBP-2/miR-33a/ABCA1 18 8% 15 FH , ik
11T T AR AR ZE AL A4 B2 280400 i K BRUFF i B ie
R MAERE,

Zi b pr ik, TMAO 1] BBl i3 2 5 ¥ #% PERK/
FOXO1 1 i %, 2 ) & % A SREBP-2/miR-33a/
ABCA1 {553 %, 50 ABCA1 3k, PE T 51 & T i
FRUURL RS T o] i TMAO 19335,
P4 PERK/FOXO1 1R 5l % i & i¥ SREBP-2/
miR-33a/ABCA1 3 % , #F Ifif o 3% JF 1 A ) 2= AL 9L
%, (AARMFRAATAE— & R R, FASE T
SR A T T I PR T B TMAO 19 48 FH HIL il
RN AL ER R IR AT,
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