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4a R AT 5 VAT R TT y PP AT R SRR B BR S 95 ORI R sk AR P 3 7 B GAC2 4 A S g e A2 B B (TC) | = BeH
W(TG) a4, 5 R F 4 4 & R0 4m L 1 69 Big 3 A0 0L 5 25 4 SREBPs 4R 3L IR i 455 , vA 25-% 35 e ) B (25-HC) 4 A
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F S B 3R B R A Bk KRR AR |3 5 F GAC2 4E A G 4a s ' SREBPs & 2 F % 2 Bl mRNA #9 & ik I ; »A SREBPs 47
4171 (25-HC ) . S6K #7471 (&t F %) A A&, & /A Western blotting 4] 48 i, 7 SREBP-1,SREBP-2 #4 %4 H 5L A %, # SREBPs
(n-SREBPs) & = |V B A8 A% S6K 5 SO6K #9 48 *F & & & Fe Al (p-S6K/S6K Hufh ) ; # A AutoDock 4.0 5 24 2 S6K 5 GAC2 #4174
Foabd, GR AP EHHNFGAC2 M fiARXT 7 A LR FEH(P>0.05), 5= G BALE, B KM T F GAC2 FH A F 44
Jo P TC A AR BAMIT A GAC2 ¥ | & Tt fe ¥ TG A& B F B (P<0.05 3 P<<0.01) , &-2-2h 48 4w fieL ¥ 44 A5 i 39 8 T
Y. 5@ sFRALILER, 25-HC 404 GAC24K . . % 1 Z 440 i P 49 SREBPs 3¢ b F BpAn & b3 2 25 44K, 25-HC 24042 GAC2 ¥ |
BE@smie T HMGCSL MVK SCD . HMGCR 2 H mRNA,25-HC 28 48 i+ DHCRT 3 Bl mRNA,GAC2 %71 %4487 SREBP-2 %
K mRNA, 25-HC £14» GAC2 % ] & 4040 JLF DHCR24 MSMO2 35 B mRNA #9485 &k 53 B 5 1K 25-HC 44 GAC24& . F . &
7 & 48 29 f, F SREBP-1 % & 89 A8 %} & ik &, 25-HC 4142 GAC2 & 77 & 28 n-SREBP-2 & &) 89 A8 &) £ ik & VA B 5 ha B 2 4142 GAC2
&3 % 248 p-S6K/S6K FefA ¥ 23 AKX (P<0.05 & P<<0.01), 4T #45 R 27 ,GAC2 Tl id 4 55 S6K 69 £ A AR 7% 2k Arg335,
Arg330.Ala332 454, %56 :GAC2 THAHL-7702 2m feL e g FiAK-F , F- A4 4F A 7T 3855 ¥k SOK/SREBPs 45 538 #5-69 F A A % .
KA R 2R C2; 4k S6 & & LBE/ 1B B R Y UAR 45 6 G 15 5 id %5 I AKS; HL-7702 2m e

Study on the Effect and Mechanism of Ganoderic Acid C2 on Lipid Metabolism of Hepatocytes by
Regulating S6GK/SREBPs Signaling Pathway

JIANG Yali', YUAN Yong*, DONG Shuai', GAO Gai', ZHAO Jianping', WANG Hui' (1. School of Pharmacy,
Henan University of TCM, Zhengzhou 450046, China; 2. Academy of Chinese Medicines, Henan University of
TCM, Zhengzhou 450046, China)

ABSTRACT OBJECTIVE: To study in vitro lipid-lowering effect of ganoderic acid C2 (GAC2), and to investigate its potential
mechanism on the basis of S6K/SREBPs signaling pathway. METHODS: Using human liver cells HL-7702 as objects, MTT assay
was used to test relative cell viability after treated with low, medium and high doses (5, 10, 20 pmol/L, hereinafter) of GAC2.
Using lovastatin as positive control, ELISA method was used to detect the contents of TC and TG in cells after treated with low,
medium and high doses of GAC2. Nile red staining was used to observe the accumulation of lipids in cells. After transfected
SREBPs report gene plasmid, using 25-HC as positive control, relative viability of SREBPs luciferase in cells were determined by
luciferase assay after treated with low, medium and high doses of GACZ2. Using 25-HC as positive control, real-time fluorescent
quantitative PCR was used to measure the mRNA expression of SREBPs and their downstream genes in cells after treated with
medium and high doses of GAC2. Using SREBPs inhibitor (25-HC) and S6K inhibitor (rapamycin) as control, Western blotting
assay was adopted to determine the expression of SREBP-1 and SREBP-2 (in the case of n-SREBPs), relative expression ratio of
phosphorylated S6K to S6K (p-S6K/S6K ratio). AutoDock 4.0 and other softwares were used for molecular docking of S6K and
GAC2. RESULTS: There was no significant effect of low,
medium and high doses of GAC2 on relative cell viability (P>

A FEGTH A FHE BT H (No.182102311159) s W HI #
AP RCE R H 4] (No. 17A360017) .
* WA-BRFEL: . BFTE 7 PR HP 252 . E-mail: 1299763863@ 0.05). Compared with blank control group, the content of TC
in lovastatin group and GAC2 high-dose group as well as the
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#AEEE  H , WA S T BEST T TP 2SI L content of TG in lovastatin group, GACZ medium- and
PRI . HLiE:0371-65962746. E-mail : whui3697@126.com high-dose groups were decreased significantly (P<<0.05 or P<<
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0.01) ; the number of lipid droplets in the cells of all medication groups decreased. Compared with blank control group, relative
viability of SREBPs luciferase in 25-HC group, GAC2 low-, medium- and high-dose groups were decreased significantly; mRNA
expression of HMGCS1, MVK, SCD, HMGCR gene in 25-HC group and GAC2 medium-, high-dose groups, mRNA expression of
DHCRT gene in 25-HC group, mRNA expression of SREBP-2 gene in GAC-2 high-dose group as well as mRNA expression of
DHCR24 and MSMO?2 gene in 25-HC group and GACZ high-dose group were all decreased significantly; relative protein expression
of n-SREBP-1 in 25-HC group, GACZ2 low-, medium- and high-dose groups, relative protein expression of n-SREBP-2 in 25-HC
group and GACZ high-dose group as well as p-S6K/S6K ratio in rapamycin group and GAC2 groups were decreased significantly
(P<<0.05 or P<<0.01). The molecular docking results showed that GAC2 could bound to amino acid residues Arg335, Arg330 and
Ala332 of S6K via hydrogen bond. CONCLUSIONS: GAC2Z can reduce the lipid level of HL-7702 cells, which may be associated
with inhibiting the expression of S6K/SREBPs signaling pathway.

KEYWORDS Ganoderic acid C2; S6K/SREBPs signaling pathway; Lipid metabolism; HL-7702 cells

P MR AH S BARGE T 45 % B, 2016 4R 3R [ A
TRE I8 S 114 RO R 2408 0.4 % , T T3 2030 4, 1ML3
JIEL T R A ST 11 S T v S R 0 i A 44
29920 J7 51", e AR AE 5 S K LA SR R RE AL I ASEAE |
o WUREAE 2 TR PR 45 22 Pl 1) & AR 25 VAR 6, ™
R R AT AR TG R BAT, IR B R RENE 2
YILMBTTI &, EEAFRIE AT AT T BTG At
1T R AT A5, RTS8 R 5 4 P i 3- 72 0 3-H Ll —
ToE 4 it A 340 )5 (HMIGCR ) >F BH T 248 it PN /) 8 25 FH G 1
FRIGHIE B , DT R IR R EE A . SR, B I
RAFFEBIANIR A | 2538 K BRALT T 225 W 7E R AR BRI
PR RV, 3 HA 5 A 505 L 5 (UL LR B
RS ) BEDR I B W T 0 S5 mAE T i A
H R R —@E R, Hik, F49 e AR

(SREBPs) f& i [t M\ Sk A5 Bl 1) 56 S S DR 7, HL R i 3
FAS . HMGCR J2= it 125 5 105 192 F1 IR [ B o v 5 B A
5 i R o Tt 1) 2 R TR A R I 2 W T 2 G X e
JEE R S6 T 114 (S6K ) & SREBPs | 22 2 iR/
TR R AR 1 , AT I 4% SREBPs 114 8 1) Kz HL ik A 4 iy
el A, DT 20 i 2 i 7 DL 15 S Sk g i
iR A R (FAS) AT HMGCR 15",

I RSE B B, R 2 HA B RRIRE ™. R2
% C2(GAC2, 4> F X h CoHuOr, AL 22 S5 2 I IR 1) &
REMEER 2 — , HA R S P bom
Tl R R S | A NE 1 S 1Y W O NI o2 1
HL-7702 M 3§ %, W1 HARTT GAC2 FIIARSMNERSVEFH , I3k
T S6K/SREBPs i B 481+ JL R (1 mT AL, LURA Ry R
GRS B I R N FH RS2

1 ##
1.1 {38

FLUOstar OPTIMA ! £ Tj fit i b7 {X (1 [¥] BMG
Labtech 22 1] ) ; Gel Doc XR B 4= f T 6 e i8N (35
Bio-Rad /A ] ) ;7500 Fast BY S A 28 M iE 10 3R A BB X
I (PCR)Y (32 [ ABI /A ] ) 5 Series 1T Water Jackxet %Y
CO. i L 55 F5: 486 . Multiskan GO 14> I 1K Mg b A (35
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Bl GAC2HLZEZEHK
Fig1 Chemical structure of GAC2

Thermo Fisher Scientific 2 5] ) ; SW-CJ-ZF B4 TAES
(RN T3 A 1B 25 A B> | ) 5 Eclipset S100 79 ] & 1
8 ( H A Nikon 2~ A ) ; Microfuge 20R BY ¥4 7k &5 .0 AL
(Z£[E Beckman Coulter 22 ) ) .
1.2 #AR5RF

GAC2 X BE iy OBl ER 5 SR A W R R | L 4t
2:150320, 45 . =98% ) ; 25- ¥ HEH [ 5 (25-HC ) Xof R
i (5 H1015, 463 . =98% ) e T X% IR 5L (HE S
M2537, 45 : =98% ) & ARA VT X B i (FiE45 - M2147,
4. =98% ) EMAAE 2 BEAS (L5 : R0395, 4l . =
98% ) ¥4 [ 3£ ¥ Sigma /3 F ; 5 -5 R 2 WPT MTT it
F B . sk R (BCA) 2 I I H & (b st &R
e ERHL A BR A F L #5405 20191126, 725C056
20191128 ,PC0020) ; iy 4 IfiL % . F-12K Nutrient Mixture
K 9% 5L (3£ B Gibeo 24w, L5 43 5l o 42G3279K
1930074) ; J& ' 41 Yl ( il 42 e A= AR R AT FRA A
fit 5 : C10558414) ; fik g £& 11 1M 7% (LPDS, 3£ [& Kalen
Biomedical /A, it 5 : BS042101) ; RIPA 241k ( |28
= REYHARARR A F L LS : P0013B) ; Poly Jet {A4Mk
e RN BRHE DR A FRA AL L5 :20191126) 5
20 B s A P (TC) = H b (TG) 57 s 2 17 £
(bt ) 3 I R B AR BN W, 5 43 51 o E1015,
E1013) ; i Y5 SREBP-1 H. 57 p 404 ( 55 [¥] Santa Cruz 24
AL 45 2 se-13551) 5 S SREBP-2 £2 v [ 47 4k (3 ]
Abcam 23 1] , 5 : ab30682) ; fi I S6K B FEFEHLIA L fi
TRBETR AL AZ BRI S6 2 1 G (p-S6K) HL e T4 (52 [
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Cell Signaling 24 F] , #1543 51k 2708 ,92058 ) ; HAR 21 44
L (HRP) ARic i)/ ERBT A B-WL8h B 1 (B-actin) B g
PR HRP FRic i Lt E 9T/ B BR 11 G (1gG) —
Fi HRP FRICHY 1L 2E40 b 1gG —Ht (I =8 A= 4 A
F RS H] L #5435k 66009 . SA00001-1,SA00001-2) ;
Hiscript II qRT  Super Mix IT 338 5% 55351 &5 (R 5 i
AR A R A A LS . R323-01) ; Power Up™
SYBR™ Green PCR Master Mix i, 7§ £ ( 3¢ [ Thermo
Fisher Scientific /A ] , #It %5 : 775498) ; DMEM = B 1% 57
(€[ Corning 28 /], #L45 : 10013023) ; 5 Y6 K B4R 15
DRI 6 (9 4t 2k DR R A R 4 A 2 DR AL e
2[5 Promega 2\ il , #t 5 : 0000312919) ; ECL % 3% 7
% (3£ [® Bio-Rad 24w, it %5 : 1705061) 5 — H J& 3
(DMSO) &5 Har il 34 Ry o b4l , ZK 208K

1.3 ZHRa 5 RAL

N2 B HL-7702 1) [ 55 [ A5 X 85 5 9 oF 53
(ATCC) 4N )% ; SREBPs [ 4 35k R JFok ph i) g Hh 155 25
2R 2GR B A TR T
2 Hik
2.1 ZHREEESRE

B HL-7702 20 5 T2 10% a4 035 1 % 5 -5 55
WP DMEM s 22 56 (LU A fR o8 285 97 4L7)
W, 37 °C 5% CO. SRR R 240 s 7% (R R 4%
PERTRD) , B KB 1K ; R i A K m i 2249 80 % B
WA TALACEE SR
2.2 AREMEXEE SR

FKHMTT ERI . BB IR HL-7702 4 H,
o8 a3 BB A% )5 L DA 1.2x 10" /AL3E R F
96 FLAR H, 55 5% 24 h )i , K FLBEAL 23 R 25 1% B AL
GAC2% . i #HE2H (5.10 .20 pmol/L, 7| % & 5%
AU A B A5 R, TR R E 5 N AL
25 1% BEZH A 1%DMSO Y 58 4 15 95 55 100 pl, 4%
BN A AN Z) W 78 4 85 97 L 100 uL. K557 18
hJ&, iIlA 5 mg/mL MTT {5 20 pL, 46 £ 1555 4 h, 552
R BALIA DMSO 150 pL, 4% 10 min, {1 1 40
KRR T 490 nm B K A0 I 2 45 FL 6% B (OD) A,
FEIT BN B A AT IS 7 AXHE = (5641 OD A — Xt
HEZH ODMH) /KT HEZL ODE. FibiRIeE & 31k,

2.3 YHEEH TC . TG &E#

K AEAREAGIN o O K BA A HL-7702 24 g,
Fi“2.27 TR AR T 96 FLA P, KE SR 24 hE K b
MLA> R 28 A% BRAL AR AT T 4 (PR PERT R, 1 pmol/L, 5
BB SE A ™) 1 GAC2 ML . &l 4l (5.
10,20 pmol/L) , FZH I H 6 M fL. 25 FIX AL InA
1%oDMSO HY 58455 35 55 100 L, & 25 25 20 A& #H
Y TEAREFREL 100 uL, KEFE 18 him , FHIERGN 1L
L1000 r/min 50> 5 min, WA DLYE , "4 i FEAH R 105

HEZED; 2020 455 31 5 191

S UL B TR R AU K BT 500 nm K Ab
R OD R, I LA B0 20 5 25 116 B2 OD i i) Fb i 26
RTC.TGH i, FidikE L 31k,
24 YHREM RS FHERE R

KR B e a kISR L BOH BoA: K Y
HL-7702 4 Jifl , I 56 42 1% 77 FL R 5 4 i 2% 3 ), L 2.4 %
LOAN/ALEERD T 6 FLAR P, 5555 12 h ) , #4237 30 K 5 s
S AR E 3RSl S A RAN A 1%DMSO
)58 IR AL 2 mL, & 4 UM FH R 250 1Y) 58 4 455
32 mL, #5597 18 him , AIEIR £E 2% vl (PBS, pH i
7.2~T7.4)3F ¥k 3 minx3 K, B J5 AL INTA 100 pg/mL J&
B 1Y 500 pL, F 37 C T #EY A 10 min 5, 55 LY
W s FH PBS VPR 5 , 18 A 24 0% B B W8 FE 4R IR (e 1
J& , A A R SRR U AT DA £ B IR o
2.5 AREF SREBPs ¢ ¢ X B g A

R 96 ' 2 il Al A i DR A o JBOG) AR K
(Y HL-7702 2, #32“2.2" W1 F J7 38701 96 FLA L 1
21 M Sl A A B R T0 % BsF K BB AL 43 Ry 2 1 X R
ZH . 25-HC 4 (BAPERT IR, 1 pmol/L, X B S EZ B A X
BRUY, R RD T GAC2 AR A SRl 41 (5.10,20 pmol/L) ,
R 6NE AL A A A BT Y« SREBPs it 2
FERFRL, - FHE UL 6 h i BB o8 e s 9 3k, RS ks 55
WH ,FELFL W, 25 I B AR 1%DMSO f)
e R 3 (LSRR FRIRE S A9 F-12K Nutrient Mixture 3%
IR 5L F DMEM (5 4 35 55 2 5L 5T, O &% 5% LPDS
1% T 5555 2 WL 10 pmol/L FEARARTT, NI ) 100 pL,
UM T A I 25 90 B B 1 97 0K 100 pL, JE 5%
18 hJm , 7+ R RE R BE AR5 SE R R M IR P2 24 i 30
min, Ff 5 AR5 3 R 2R S, i 2 D RERgbr AL T
560 nm % 1< A 2% L 9 fb 2% & OGAE, [F] B #2 i BCA
B AR RN S PO A S F L E A, IR
. SREBPs 1% )6 28 FAH X 1 1 - 2 6 2 W AH X 6 1 =
CRIG b~ B CEAR IR E & &)/ (28 o B4l 4E
SR/ A I A E A &8 . BRI ERE 3.
2.6 ¢ SREBPs B E T i E E mRNA Rkl

K FH S 56 1 B PCR RGN o BRORE#52E 1 3
A HL-7702 4L, #4247 350 Jy 4% 0 F 6 FLAR F , 5%
F% 12 Wi K HBENL S A 2s AR IR 2 25-HC 4 (FHPEXT
B, 1 pmol/L) Fl GAC2 1 | =5 %1 & 41 (10,20 wmol/L, 4
BOUE“2.57 I R 459 Nk 1 el Al 3
HAl. 2 AN A A S 1%DMSO i 58 4 15 35 55 2
mL, &5 AN SR e R R 5L 2 mL. 3%
7% 18 hJiF , K Trizol 42 B4 il RNA , # B Hiscript 11
qRT Super Mix Il 38 %% 53] £ 156 BH 15 5% 5645 cDNA, fif
Ffl Power Up™ SYBR™ Green PCR Master Mix i 77| £ )
SERF 9 AE 1 PCRAGHATY 1S o ROWAR R (FE10 ul) -
¢DNA 4 pL, SYBR Green Mix il 5 uL, . Fi#F51 4
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(FPAI A 1) 4% 0.5 uLo WA AF: 50 CHN#L 2 min,
95 C WAL 1 2 min; 95 C7ZEHE: 15 s, 60 °CiR kK 1 min,
72 CHEAR 30 s, IL 40 MEFR . LI GAPDH NS HEN
K 279550 B ARSI mRNA AEXTRA . Bk
XIE I 3K
&1 PCREIMFIIRF=MIKE
Tab 1 Primer sequence of PCR and product length

A Elkulzll THE=KIE bp
HMGCS| Fii#:5'-CATTAGACCGCTGCTATTCTGTC-3' 160
;5" -TTCAGCAACATCCGAGCTAGA-3'

MK i#:5'-GGAGCAAGGTGATGTCACAAC-' 138
Tif:5'-CGGCAGATGGACAGGTATAAGT-3'

DHCRT 5" -GCTGCAAAATCGCAACCCAA-Y 168
Tiif:5'-GCTCGCCAGTGAAAACCAGT-3'

SCD 4f#:5'-TCTAGCTCCTATACCACCACCA-3' 8
Tif:5'-TCGTCTCCAACTTATCTCCTCCS'

SREBP- Fif:5'-AACGGTCATTCACCCAGGTC-Y' 133
T :5'-GGCTGAAGAATAGGAGTTGCC-3

HMGCR i#:5'-TGATTGACCTTTCCAGAGCAAG-3' 102
Tif:5'-CTAAAATTGCCATTCCACGAGCY'

DHCR4 Fif:5'-GCCGCTCTCGCTTATCTTCGS' 144
Tiif:5'-GTCTTGCTACCCTGCTCCTT-3

MSMO! i#:5' - TGCTTTGGTTGTGCAGTCATT-Y 143
Tif:5'-GGATGTGCATATTCAGCTTCCA-3'

GAPDH i:5'-GGAGCGAGATCCCTCCAAAAT-Y 197

5" -GGCTGTTGTCATACTTCTCATGG-'

2.7 4R S6K/SREBPs i i&H X & B RiX 7

K F Western blotting 35 6 il . B 5 4E 1< 1
HL-7702 4 Jifd , #¢ “2.47 5 F J5 ¥4 00 F 6 fLAR 15 5%
24 h5 B ELRENL Y R 2s O IR 25-HC 41 (SREBPs i
i3], 1 pmol/L) . 7 A8 K 41 (S6K il 7], 1 pmol/L, 7]
R E S0 A G B GAC2 MK . R4 (5.,
10,20 pmol/L) , B4 5 ™ fLo 25 IR AT A
1%cDMSO HI 58435753 2 mL, & 25 25 20 A S FH v 25
Y E kiR 2 mL, BigR 18 hm , 3¢ AEE9R 3L, A
RIPA 24 i 24 Mg IR U A s B A T 95 CARHE: 10
min & , R BCA il & 1 & & . BUE & s ik
AT 1 e SR R B - SR TN O R R LT, I IR IR B
2R W 3 L (PVDF) B, AR 4 03 == iR 0] 1
h, A SREBP-1,SREBP-2 ., S6K . p-S6K — i (Fi B i 14
1:1000),4 CHEF LA ; LA TBST IR UE 10 minx4
W, W8 J5 I AKH R -t (SREBP-1 % i HRP FRic i9 1L °F
B/ IgG —$i , SREBP-2., S6K ., p-S6K X Jif HRP #3ic
A IS5 1gG b, M BRI 1:2 000) = I &
1.5 h, DL TBST i W5 U6 10 minx4~5 ¥, 4 ECL i
A5, TR G ERLE , ffH Image J V1.8.0 F 4
A3 H, LU SREBPs (n-SREBPs ) 5 4 % (f-actin) 45417
[ JK BE A FL {8 % 7% SREBPs [ Al X 2236 &, 3010 5
p-S6K 5 S6K A AH X e 35 £ HLEL (8] R A “p-S6K/SEK
"), FiRARES 3K,
2.8 S6K5 GAC2HI4 F3i4E

% Chem Draw Ultra 8.0 #4221l GAC2 4> T 45
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4, F| F| Chem3D Ultra 8.0 #x {46 HBE & Ak 5 18l 4
FXF RO, B A B 5 25 #5508 14 (http : //www.rc-
sb.org/pdb/home/home.do) HH 2 48 H. 5 73 ¢ % 1 S6K £
F1 19 “PDB” SCHAAE S 43 1% 252 14 (PDB 4 %5 - 4rlp) -
{8 Fi§ AutoDock 4.0 ZcKr S6K 2 1152 4K 5 GAC2 it A ik
TN , 5% )5 R FH Ligplot V1.4 804647 AT ML AL B 45
) S6K 7E [ 32K 5 GAC2 Fit 4 2 [a] i A EL A 938
HEEGRE . 456 REBUE B /)N, W 5 A0 AR B
5L
29 SitEFIE

K HISPSS 17.0 B X B #- A T 5e it 40 #r . FIrA 2L
P ¥ Lhx + s FoR, 4L g R B I £ O 22 0 4
(One-way ANOVA) ., P<0.05 NZEFAGIT¥E X,
3 &R
3.1 GAC23tHL-7702 4HA8iE H B9 &I

GAC2 4% 7] 5 21 41 i A AR 16 7745 28 P 0T B4 T
B, SIS FE X (P>0.05), FEILE 2,
R2 GAC23 HL-7702 A pa 83t & A& 0E (x £ s,

n=3)
Tab 2 Effects of GAC2 on the relative viability of
HL-7702 cells(x+s,n=3)

45 MEAHE A i) EAIRHE A
S HMERA 1.00£0.02 GAC2 4 1.08+0.01
GACfIEHIEA 1.08£0.01 GAC2E I E4] 1.00+0.03

3.2 GAC2XFHL-7702 i ® TC. TG & =R
525 U BEAH FU R 18 AR A VT 41 A GAC2 5 751 4

A TG & it 24 2 2 B (P<<0.05 8% P<<0.01) , TE I
%3,
®3 GAC2 3T HL-7T702 A TG. TC E =M &
(x+s,n=3)
Tab 3 Effects of GAC2 on the contents of TG and TC
in HL-7702 cells(x + s,n=3)

413 TC G

= HIRE 1.01+0.04 1.00£0.03
i bTA 0734003 073£0.04
GAC2 {4 0.96+0.02 0.85£0.80
GAC2 4 091£0.02 0.75+0.01""
GAC2 il 4l 0.86£001° 0.68£0.01°

T 128 UV R4 LR, P<<0.05, 7 P<<0.01
Note: vs. blank control group, *P<<0.05, **P<<0.01
3.3 GAC2 %t HL-7702 40 i1 & B B HEFR B0 22 1)

25 0T BR AL 4B o] LR RS 2T G iR s 5 4 254
A R A R A B>, HLRE S GAC2 5 & A 3s hin , IR
AT B S TEILIE 2,

3.4 GAC2 3t HL-7702 4f it h SREBPs % 3t = i 18 3¢
e 0pA !

525 10 B4 He 8, 25-HC 41 F GAC2 K b 5 )

2 ZH 4 B P () SREBPs % ' 28 i AH X 6 14 15 5 35 AR

FPEZG 20204555 314555 1940



(P<<0.05 5% P<<0.01) , HAH X 7% 1 2 51 N B 24 61 %
19% .30% .34 % , 47 i GAC2 7| 42 14 i1 1M A IR Ak 34
PEL 4,

A ZFIXTIRZE B. At iT4l

C. GAC2 {5 D. GAC2 Hi |

E. GAC2 il 20
2 GAC2 3t HL-7702 £ B Hh s JoR 3 AR 82 I ) (2 A B
(RFa%eE,x100)
Fig 2 Micrographs of the effects of GAC2 on lipid ac-
cumulation of HL-7702 cells (Nile red staining,
x100)

F4 GAC23t HL-7702 £ Bl  SREBPs %% ¥ R Eg 48 X
AR (x £5,n=3)

Tab 4 Effects of GAC2 on the relative viability of

SREBPs luciferase in HL-7702 cells (x + s,

n=3)
] SREBPsH LR RAINHESE || 400 SREBPsje LR AN A
= FAHIRA 1.000.07 GAC2 &4 0.70£0.05
25-HCHL 039+£0.02* GAC2 Rl 0.66+0.03*
GAC2fIiH 4L 0.81+0.04"

T 52 e R R, *P<<0.05, ** P<<0.01
Note: vs. blank control group, *P<<0.05,**P<<0.01

#£5 GAC2XHL-7702 ZHpfith SREBPs B E TiffE E mRNA RiZHI &

3.5 GAC2 3t HL-7702 44 ffi th SREBPs R H T ilf &
mRNA FiXER 220G

52z X B4 A, 25-HC 4L GAC2 H | i 77l 4l
40 L HMGCS1 ., MVK . SCD . HMGCR % [Fl mRNA,
25-HC A4 DHCRT 3£ mRNA , GAC2 = 77 - 4 41
Jiti H SREBP-2 3 [Kl mRNA LA & 25-HC 41 Fll GAC2 & 7
MM H DHCR24 . MSMO1 £:[H mRNA (1) 48X 2 15
H B EFRR(P<0.058; P<<0.01),1EW35,
3.6 GAC2 ¥t HL-7702 4f i o S6K/SREB i % 18 % &
HRIEHZ M

525 I R Ho 8, 25-HC 4 F GAC2 K v s )
T2 40 AL n-SREBP-1 2 1A AR X 615 5, 25-HC 41 F1
GAC2 i FIEL2H 41 n-SREBP-2 25 [ B AH X 21k 5 DA
I FRWAEE R ALR GAC2 #5714 41 i+ p-S6K/S6K HAHE
¥ 5 2 B A% (P<<0.05 5% P<<0.01) , ¥ WL & 3 (&
pre-SREBP-1, pre-SREBP-2 % /& JC % 1 A 1 & A
SREBP-1,SREBP-2) 3 6 (FH, “—" R /R & A I AH
VRSO 7/ e e WV & VeL- )
3.7 GAC25S6KEAHNFIHEER

DT RHESE B BN, GAC2 ] 584 A S6K 45 &

A FELUARRE S 3N EIEIRIR LS &, 435Ik Arg335
Arg330 Ala332; 454 A8 & — 6.81 keal/mol (1 kcal=4.19
k), L 4,
4 g

T I 48 ML TC 88 TG 5 i v s % B g
PR S T v, X Ek R 2 R AR A R B 3
FIT 5| % () 4 B AR 0 , AR BE 2 36 0, Il B S5 &5
IS S DK s A A A e A6 B I 65 P R
DRI I, o & <5 i B T 75 Ay AR A fife DR 1% 2 ]
SREBPs 2 1 17 4l B Jig [ A5 - f5 1 A% 5 s I8 1, (4%
SREBP-1( % SREBP-1c.SREBP-1a) . SREBP-2 47 #
Hrp, SREBP-1c 3252 5y 4 PN Y5 0t o s 0 12 1) A
A A%, SREBP-2 = 223 5 JIH [ (%) A= =, 1 H AiTA %
SREBP-1a f# 5% 16 PE W 58 8 /0™, SREBPs B JE7E N
5 I TG TS PE BT (pre-SREBP) , 24 411l N TC /K-
AIGHT , pre-SREBP 5 87 U] 3 1% 25 (1 (SCAP) TR W 2 &
W 2B A AT G A T (Cop 1T D iz 2 5
IRFEAR P28 8 (1K il A% Y %24 SREBP (n-SREBPs)
J&i  SUNBAZ H i SR G XIS & TR sl NIl HMGCST

%M (x+s,n=3)

Tab5 Effects of GAC2 on mRNA expression of SREBPs and their downstream genes in HL7702 cells(x +s,n=3)

] HMGCS! MUK DHCRT SREBP-2 HMGCR DHCRM4 MSMO1

S HAIRA 1.00+0.05 1.00£0.07 1.00+0.05 1.00£0.02 1.00£0.10 1.00£0.10 1.00£0.09 1.00£0.08
25-HCHl 039+0.01"* 045+0.01" 0.71+0.02"" 041£0.10°* 0.83+0.02 0.65+0.06" 0.56+0.01"" 051005
GAC2 il 4L 0.68+0.04" 047+0.01° 1.02+0.03 0.50£0.04" 0.83£0.02 049001 0.84+0.12 1.80+0.07
GAC2 R4 0.62+0.01°" 052005 0.95+0.02 0.55+0.09°* 0.6140.06" 038001 049£0.03° 0.68£0.01°

i 528 AL AR, *P<<0.05, " *P<<0.01
Note: vs. blank control group, “P<<0.05,**P<<0.01
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Tab 6 Effects of GAC2 on the expression of protein

related to S6K/SREBPs signaling pathway in
HL-7702 cells(x £ s,n=3)

Ei] n-SREBP-1 n-SREBP-2 p-SOK/S6K
= EARA 100£0.10 1.00£0.06 1.00+0.11
25-HCHl 051£0.11° 0.64£0.07° -
FEZA - - 0.2240.048™
GAC2 I IE4t 040£0.12° 0.73£0.17 0.60£0.08°
GAC2HE4 0.39+0.10" 0.68+0.07 0.63£0.08°
GAC2 B4 0.22£0.09°" 0.53£0.13* 0461005

T 58 PO IREE LA, " P<<0.05, " P<<0.01

Note: vs. blank control group, “P<<0.05, **P<<0.01
MVK. SCD. HMGCR. SREBP-2. DHCRT. DHCR24 .
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Fig4 Docking mode of GAC2 with S6K protein
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H E AN AAWETF AR R G R AL E 4 (CKD-PEW ) AL KB B ILE 45 69 5 E1E A |, SHR T T AR a9 16 A
M, Z ik 80 R MM ARTF KA (n=10)F A0 (n=70), EHL) K KRR 5/6 BIEAIKE G (1% 878 )k E
%3 5 CKD-PEW AL A, 4438 K5 o8 7 89 50 R/ RIALS AR 41, v & F 74K 7 L &5 7 $41[2.34.4.68.9.36 g/(kg-d) , A £ 55
A A T a-BAER A [ Fa ks B, 1 g/(kg-d)], B4L10 R, BB RERMESY BT RAFER M KE T FhR AR
HAR AR IR, ELET 14d. RREHE AR D FARRE AN EHTIL(TA) R R E , 02 TARB @R &N R TARZ S
ARG o R L KR B 88 0 R E- R A B E X ORI R TA P Bk & 4w i 2(Bel-2) \Bel-2 48 5% X & & (Bax) &k
X % & B 3 (Caspase-3) mRNA F i& 7K -F ; £ B Western blotting i 4| /s &, TA L% %4 & & Fbox-1 (Atrogin-1) \JLERIE & & 1
(MuRF-1) \Rho 48 X & & i# 8 1 (ROCK1) BEER ALY 75 34 AL 1 (p-PTEN) B BEILES 3 i B (PI3K) A SRR L& & 9B B(p-Akt)
FOARKRT, R 5RFRAE ERE DN HGKRTE TARRE TA R OSBRI H AZ PI3K  p-Akt & & & ik
K F B FEAL(P<0.05), TA B8 8 A 2 28 (P<0.05) , TA & @ 4 #E4X4tH ik /) \Bax/Bcel-2 HoAf  Caspase-3 mRNA & ik /K -F Fo
Atrogin-1 , MuRF-1 ,ROCK1.p-PTEN & & % ik K-F B %45 (P<0.05)., HREMMLE , wWwEFH T 5HF858 L 5K 4
DR RIS BFRE(P<0.05), 4k vaB T 754938 m CKD-PEW A AL AR, 374 Fo B R WL 45 5 L ALH) 7T 4k 5 98
42 ROCK1/PTEN/Akt 45 5 i@ %, #74) Atrogin-1 F= MuRF-1 &k A %

KEIE  wWE T E IR B G R AL F N AL Rho A8 55 & G B 15 B ALY 5 400 I B 5 B G BEUBE-3- 0 B R 4 A B

N}

Study on the Improvement Effects of Sijunzi Decoction on Chronic Kidney Disease-protein Energy Wasting
Model Mice and Its Mecranism

XU Ye, LI Zhiming, YUAN Fang(Dept. of Nephrology, the Affiliated Hospital of Liaoning University of TCM,
Shenyang 110032, China)

ABSTRACT OBIJECTIVE: To study the improvement effects of Sijunzi decoction on skeletal muscle atrophy in chronic kidney
disease-protein energy wasting (CKD-PEW) model mice, and to explore its potential mechanism. METHODS: A total of 80 mice
were randomly divided into sham operation group (n=10) and modeling group (n=70). CKD-PEW model was established by
removing 5/6 kidneys and giving a low-protein diet (4% casein) for mice in modeling group. Totally 50 modeled mice were
randomly divided into model group, Sijunzi decoction low-dose, medium-dose and high-dose groups [2.34, 4.68, 9.36 g/(kg-d),
by crude drug], Compound o-ketoacid tablets group [positive control, 1 g/(kg-d)], with 10 mice in each group. Administration
groups were given relevant medicine intragastrically; sham operation group and model group were given constant volume of normal

saline intragastrically, once a day, for consecutive 14 d. After last medication, body weight of mice and wet mass of left tibialis

B S i e S S e S e S e e S e S S e S L e A S e et SR S

[25] OWEN JL,ZHANG Y,BAE SH,et al. Insulin stimulation nuates hypercholesterolemia through the reduction of cho-
of SREBP-1c¢ processing in transgenic rat hepatocytes re- lesterol synthesis in rat fed a high cholesterol diet[J].
quires p70S6-kinase[J]. Proc Natl Acad Sci, 2012, 109 Biomed Res Int,2019. DOI:10.1155/2019/4805926.
(40):16184-16189. [27] ZHU J,JIN J, DING J, et al. Ganoderic acid A improves

[26] SHIJ,LIR,LIUY,et al. Shuangyu tiaozhi granule atte- high fat diet-induced obesity, lipid accumulation and insu-

A AT T AR AR5 H (No.20170540607) lin sensitivity through regulating SREBP pathway[J].
* BN . BFSEI7 1 e BT B 253607 Chem Biol Interact, 2018. DOI: 10.10168/j.cbi.2018.05.

i%:024-31207298, E-mail: yeats13@163.com 014.

OB AR LRI WFSET7 10 - M A R ) o 2 2 B (Wicks H#1:2019-12-26 & [ml H ] 2020-05-17)

Je IR, HLE:024-31207028. E-mail : 18102456268@163.com (€ LTI STH )

- 2358 -+ China Pharmacy 2020 Vol. 31 No. 19 PEZGE 2020458 31555 19



