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WE HM NEFEBERDSHEMAM (HFD) #5469 & F a8 X Ry #w, ik ¥ 50 %
ALY A g 4 BRI LR | T3 XA T A5 20 ( FT3eRAL T 45 1 5 mglkg ). & & B A7k A &4 (5 g/kg ).
FEEA TR FA (10g/kg ), 410 X ;%8 HFD RA4I & S5 m AR K R, SRR RH#E T,
EFAABAML TETAREK, HR1K, £8#F 20 X, KA 4 83 ELHHAUED &2iF TC,
TG. HDL-C #= LDL-C /& -F, HE # & A ihir i &R K AIFIERIL T 4L, ELISA il 2 FF4a2E A%
(ROS), #A L (SOD), &A=& (MDA) A& kit 8L ds (GSH) K -F, RT-PCR A
Western Blot ;x4 4745 K BT NF-E2 A8 % B -F 2 (Nrf2 ) Fedesr £ mAH -1 (HO-1) mRNA &% & &%
FaRKF, R O HEFAKE, BAARE TC, TG, LDL-C # M ROS. MDA &-F4% (P<0.01),
f27% HDL-C. AFBE Nrf2, HO-1 mRNA B & &G #=#F i GSH., SOD & -F F & (P<0.01, P<0.05), FFREREH .
Red B EAR, HRDAILE, AR IRAIKAH T A 0E TC, TG, LDL-C #/F i ROS. MDA 7K-F 41k
(P<0.01, P<0.05), Nrf2, HO-1 mRNA #= & & /K F Z I It GSH, SOD /& -F 4% (P<0.01, P<0.05),
AR K RAT RSG5 Ao g B R &, 10 FH R BARD A HFD #5569 & 5 e X R AL A B e i AE
Ffi8 1L 0E Nrf2/HO-1 38 95 & 2 A o e KR 69 BAL B2 OR 5
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Impact of Huangqi Gegen Formula on Lipid Metabolism and Oxidative Stress in Hyperlipidemia
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ABSTRACT Objective To observe the effect of Huanggi Gegen Formula ( HGF ) on hyperlipidemia rats
induced by high fat diet (HFD ) . Methods Fifty rats were randomly divided into normal group, model group,
atorvastatin calcium group ( atorvastatin calcium tablet 5 mg/kg ), low-dose HGF group ( 5 g/kg ) and medium-dose
HGF group (10 g/kg ), 10 in each group. Hyperlipidemia model rats were prepared by feeding HFD, and were
given intragastric administration at the same time. Normal group and model group were given the equal volume of
normal saline once a day for 20 consecutive days. Serum TC, TG, HDL-C and LDL-C levels were detected by
automatic biochemical analyzer, and the pathological changes of liver were observed by HE staining and Oil red
staining. The levels of hepatic reactive oxygen species (ROS ), superoxide dismutase ( SOD ), malondialdehyde
(MDA ) and glutathione peroxidase ( GSH ) were determined by ELISA. RT-PCR and Western Blot were used to
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detect the mRNA and protein expressions of hepatic nuclear factor erythroid-2-related factor 2 ( Nrf2 ) and heme
oxygenase-1 (HO-1) . Results Compared with the normal group, serum TC, TG and LDL-C, as well as
hepatic ROS and MDA levels increased significantly ( P<0.01 ), serum HDL-C, hepatic Nrf2 and HO-1 mRNA and
protein expression, as well as hepatic GSH and SOD levels decreased significantly ( P<0.01, P<0.05) . Hepatic

fat and lipid droplets accumulated significantly in the model group. Compared with the model group, serum TC,
TG and LDL-C, as well as hepatic ROS and MDA levels decreased significantly ( P<0.01, P<0.05), Nrf2, HO-1
mRNA and protein expression, as well as hepatic GSH and SOD levels increased significantly ( £<0.01, P<0.05)

in low-dose HGF group. The accumulation of fat and lipid droplets in model rats were obviously improved in low-

dose HGF group. Conclusion

HGF can reduce blood lipid levels in hyperlipidemia rats induced by HFD, and

improve the oxidative stress of hyperlipidemia rats by activating Nrf2/HO-1 pathway.
KEYWORDS hyperlipidemia; Huangqi Qegen Formula; oxidative stress; Nrf2/HO-1 pathways

e i RS2 —FP LA Hh =g (triacylglycerol,
TG). & JH [ @ (total cholesterol, TC), 1% &
JEE HAHE RS (low density lipoprotein cholesterol,
LDL-C) /K-F-Thm, Btk AR E F R (high
density lipoprotein cholesterol, HDL-C ) 7K~ [k
g EERI A R, TS E O . ks
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BEYRIT s AR UAE B 259, AT DURRRSE, &
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RRFRE o TR AT R 25 P15 M s A B2

FALRHEIE IR AL (reactive oxygen species,
ROS) ZKIGTEAM N & RIS DR A SR, 5
5 R AT 1 2% 2 e s bR G . FSE R, sk
Vil m s FEWUA N A KR ROS, ZF A (L,
W E LY B LG ( superoxide dismutase, SOD ).
B H K i & 1k W i (glutathione peroxidase,
GSH) SEMTE TR REIL, AUAREEA RIS RA A
M3 Y A RIEE TR, N8 Bl Sk
B, A2 RPN % ( malondialdehyde, MDA ) ©/,
M MDA iF£, &G SOD, GSH 45 % kK Fit—
AR, EALRER SRR i

BRI N ARRBEH S5 T, 9P o #
. B B (30:10:5), AT %R
HFT P AR 17 R Rl % DU A B S A 5 RS %) S 4
RETH 4141 SOD., %A b= ( catalase, CAT)
1 GSH T ALK, IFREREIRFZHZI MDA K-,
HAPEAAEH T8, HE B AR 7 %t 5 g I A5 A
K EAVEFH ABLEI v AT A, SO bR 10058 i W 52
BB L0 Mg I O B IR s B AR AL
JEE ROS. SOD. MDA J GSH 7K. FFMER %
K ANF-E2 #5 [H -+ 2 (nuclear factor erythroid-2-
related factor 2, Nrf2) “Flifi 21 & Jin %% -1 ( heme

oxygenase-1, HO-1) mRNA 5% 15K 2545 4R
AYSENE , PRI HOG B AR S R s e

M 5%

1 Zh¥ 8 5% SPF 2 it SD K il 50 H,
KT (200+20) g, T R EFShY 50 ol
[ ATIE: SYXK () 2018-0002], #h#i % T
PN B 2 K mf o — B B B e sh o, = R
Fr12h12 h B A, R (22+£2) C, MHXHE
JE(65+5) %, KEAMBE. Yok, AUF5RHET
JoN R R 2GR — R R B e B R R & H A (No.
TCMF1-2019011 ),

2 YW Rk EEE (M NEE, S
190201651 ) W T-J A 44 77 i1 B 26 24 Mk B 1y A7 BR
OvE]; BPEAR (FRHb. YIVE, 45 20190103) 14T
et s (M) A A RTUEAT; TBREE (7=
Hi: 74, #5: 2013001) Wy T AR BT HT £ IX
FERS BRI AT IR AR BTHEARAMLITES - (10 mg, it
4309784 ) I T sl A BR ARl i h i85 &
(R EZH ) 2015 AERRAIAH RIS o FACTRSZH Hi )
W Eml 258 7, S BAR T =30:10:5
M EBIFCAR, BUE B EARA R, Jeim 20
Tk 0.5 h, BRI G SO 0.5 h, IEEIETR .
55 2 W ER 3RIINNA 15 5K &k 0.5 h, FRRGTUE,
WA IR . 4 3 IR AT, WAiZ 25 0.5 g/mL
J 1.0 g/mL,

BT HC AR AT T 85 A TR . BL CMC-Na #3A, A
wBalizk, K 0.5% CMC-Na, H4BTHEH AT 45 F 78
IR A, A 0.5% EGMC-Na, il 0.5 mg/mL
FBI BT HE A T 485 - TR B

e BEARRHC 77 TEWE 20% . B4 15 % HH [ s
1.2%, JNHFEREN 0:2% . BEEEIT 10% . BEIREES 0.6% .
£143 0.4% . TRIEEL 0.4%, JEREGIRL 52.2%. ) %
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WSl AE R R T . oK 33.577%, TH K 25%,
M 17.5%, /NE KK 13.3%, 1K 4.2%, il
2.5%, WEEREAS (faRg 1 AL) 2%, £k (BRERES )
1.3%, £ 0.3%, S ALIHHH 0.2% , IR 5T )% 0.08%,
FUH4EAE % 0.035%, 4EEFE E 0.01%. M) AHE
=285 LY/ M s AU et

3 EFERA ML TC (5. GS1012),
TG (#%5: GS111Z). HDL-C (it 5. GS131Z/S ).
LDL-C (#t5: GS141Z/S) ¥y [ At 5T JLis A= ¥y 2>
Al AL RNA #2507 (4t 5. 9767 ). cDNA 2 #%
Fid & (#t5: RRO36A ). SYBR 144t (4t
5 RR420A ) ¥l [ AL 55 H AP AR A FRA A5
HO-1 e £ W e Hi ik (Ht5: 10701-1-AP ), Nrf2 #
Z kAR (45 16396-1-AP ) 41t [ il i = J&
Ol KBTS ER G & (5 JL21051 ), KA
BBEH BRI & (S JL21015). KRB ALY
B At & (5. JL22893). KRN B R A &
(fit55: JL13297 ) ¥ A iV ISEAEYIA RA ;&
i 4 marker (#it5: 26616 ). BCA & [ & &5
& (it 23225), Western Blot 't 5% AB Wi 21 [
J[# Thermo Scientific A F], L5 : WP20005 ) ; 4
BRI & (AU R ERHARAR, it
BC3710) ; ZR MR (AL HARAEYHAREIRL
"), 4% DF0135),

4 AP (HS A6, IRYITEZRAY)
AIRAF] ); B2 HHL (RS AL104 ), HL TR (Al
5. 37025) I H _LiEAERE ) - FLR 20\ BKAL
(#1%5: KD-RS2, il (#5. KD-RS3). ¥ H#L
(145 KD-2358 ) W [ 4 eRHl AR A Rl NS B
DL (FS . LX-500, ] Kylin-Bell 22 #] ) 5 AR
( B=. 1510, 3% [E Thermo Scientific /2 & ) ; RNA
e BEM £ X (%15 . NANODrop 2000, 3:[E Thermo
Scientific /A 7] ) ; PCR ¥ 44 ( #45-. CFX96 ). H
vk fE (R4S 552BR ), kAl H kA ( LS. 164-
5050 ). BERHUZINL (15 : GelDoc XR+) Ity [ 3 E
Bio-Rad A7 .

4 Sy R T EE 50 2 SD ok Rl v e M
7RG, BREMIE M RERS R —41, & 10 LK
F—AXH, Ak 5 AKX, WA ENL= A RELEL
T, BRI MLIT 54 W4l BRI BTG
M TESAR ( BTHEARAMLTTES A 5 mglkg ). & EEEARAAIK
Fa2H (5 g/kg ). BEEEAMRY TAIEA (10 g/kg)s
B2 10 Ho IEH 41K RS 7530 R DR R 55 R

FH e BETRDRHR SR K B 28 m AR A AL . S5 L
B, BRI I TG A TC /K BETm, fhai Ak
157 LDL-C /K- i 3 T R i B p oh . i
[T 5 25 24, 15 W AL AR 2 25 T 55 AR F R K
BRA1IK, EEHE 20 X,

5 Kestr Kok TWgSHRE, A KR
FHRE s 73 51 0.3% I % (1.6 mL/kg), SRIEFTHF
KU, UREERE E Sk, 4 € 3 000 r/min &L
10 min, WHOR2EI0T, -80 CHAF. MBS NT
Ak, FHAHMLEA BRI 5%, A FREh K ki E, BYHL
— BT -80 CIRAE, BUR—r A (2
0.5cm x1cm x2cm) H 4% £25 HEEE EIRAT -

51 {RE., BEERmAREN LK R
KA (B, Wsha, HE ., FET-R A ) s BRIE
SRR R A £ s AR R & 43, 0200 pL
IS FES, (4 8 3l A Al A A SR 45 21 K B
TC. TG. HDL-C I LDL-C /K-,

5.2 fFAEZ HE Kamzrijetn,  BURHT 4%
PEZ TR BRI EY, FZRIRK RIS,
A T0% LB e fefiik, B0, AistE, b
A4 wm, EHHE, 7 HE Yefa, BUFIEZ4Z OCT
A VKEEYI R 8 mm, HE T4 Yeta, 200 562
AR T SR A 2 R U IR AR (LA O

5.3 ELISA ¥l 52 it 41 41 ROS, MDA, GSH
1 SOD /K HUHAF T -80 THINFLHL, AFEMFR
1100 g, AL H 0.9 mL A= FiEhk i, vkAKn T
A13% (3 000 r/min, 5 min), 733 10% #TF4415)%
o 4% B8 ELISA a7 & id B 45 e il b of i J5 i A FE
MREAS, ISR i Ak 5 37 € %5 60 min,
PR Z e A AR, 37 T % F 15 min,
I AL T R AR W, AR IEFRIE
WL RO CRE S AR E I 2 B [R5 AR, AR AR v
£k11%4 ROS, MDA, GSH #1 SOD /kF,

5.4 Western Blot 15 il % JH- 21 21 Nrf2 F1 HO-1
FEHFRKE BUEAT -80 CHRIFFALLL, FRER
i, IMASH PMSF (1 RIPA 24, BTk Fo)3g
&, L4 C. 12000 r/min #.0> 30 min, &R
BCA WL TE &=, N R vp il & FE s, I
it 50 wg &, ANHERRGEREARS)E LR
L 10% ) SDS-PAGE %t Jig i Uk, %% % % PVDF
FEE, & 5% 415 097 TBST 2 i £ 1 3 ho 1245 i
R —PUE . IR UL 50 B L i Ae ( Nrf2,
1:1000; HO-1,,.1%1 000; B-actin, 1:3,000 ); 4 T
B—Prade, TBST msefsi—bi; IAZHT (1:5000)
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FIIFE 1 ho TBST whik, J-H ECL bRt
LI B-actin A2, KH Imaged #4417 EE 43 Hr
EHMAL,

5.5 Real-time PCR ¥ ll % Ff 41 21 Nrf2 f1
HO-1 mRNA £ 35 fii H] & RNA 42 B 771 M
2 20 B A RNA, A RNA 5 5 F1 40 (Al
Ase=1.8~2.0), fdifH] cDNA % ik Gt AT i i 5%
KN, 4K 37 € 15 min, 85 C 55,4 T
SRIG AT PCR Y MG RN, WARZR N 20 pL, SN
%4F.95C 30s, 95 C5s, 60 € 30s, 40 M
Wo sly A ChEEE), 1 BR5191EL.
B -actin fE NN S LN, KA 2 %% @ A HAYSEN
(AR ek

&1 51YF5

SEP A TR SIYFY (5'-3") PR EE (bp)
Nrf2 F: AGCAACTCCAGAAGGAACAGGAGA 156

R: CTTGTTTGGGAATGTGGGCAACCT
HO-1 F: GGGTCCTCACACTCAGTTTC 228

R: CCAGGCATCTCCTTCCATTC
B-actin F: GAGACCTTCAACACCCCAGC 645

R: CACAGAGTACTTGCGCTCAG

6 Suit2F ik SRH SPSS 22.0 #4741 4
Mo F5E IEA AR X + s FoR, B AIE
BorAn, ZAR BRI ZE 224500, 4Ll
FeAR I LSD ¥, P<0.05 2= H Giit i X,

s R

1 BHKR—BORE R ki, &4
KEIGTOICT, WBCEEL, IEF UK FHME,
T A, XN R G

2 HUKRMAE, HEEHE (£2) 4K
FUAE MRS m2ER LG X (P>0.05),

R2 KUAURRUATE ., SEEEIIE (g, X+s)

A5 n R TE Berht

EH 10 324.7 £21.7 102.95 + 10.73
HAY 10 333.8+£22.3 103.14 + 13.04
G ARA T TS 10 3327222 99.81+14.76
BRI 10 324.7+21.7 101.35+ 11.26
WEER AR 10 326.6+21.3 101.72 +6.31

3 HAlARIMAEAKFHE (£3) HE#4
o, #EAVYH im v TC. TG, LDL-C K ¥ % It &
(P<0.0%), I35 HDL-C 7K 4@ 3% T~ F% (P<0.01),
i IRMURE A . ST A, BlE Ay T A5 4
Al AR AR = ALty TC, TG K& LDL-CIKF

KA (P<0.01, P<0.05),

4 24 KB IE A UL K 4H 200 B2t A (1
1~3) IEFARFIFIESNRE G EELT, SR ZREK, i
BEAYZH R RURFIT 22 H 3 0. 153 AR U 4L 2254
SEHE, e TR KR BB A AR HES A T, SRR
G3A, TORR WA YRR AE . AR R4 20 3R
TSR ERPEAR L, BRI A 212 R AR
W, Bl ENL. EWALO aRHEE,
RETUZH FFIERE AR W 3, Z 2. S5
I EbAE, 5 B B AR AR 4L BT T A Ath 7 T 85 4 A
WEANURIA AT — B 40, FFLH S UG i e RURIBE T A 2Rt
D, T R 1 ) 2 A P B ) S5CR
BRI

5 £ 4 KB4 2 ROS, SOD. MDA #i
GSHIKFH# (£ 4) SIERAE, BIRILNTFNE
ROS. MDA /K *F F+ & (P<0.01), GSH. SOD 7k
TFREAR (P<0.01), SHIRILL LA, BT iT454
FIEE B 55 AR T MK 50) 12 41 1 JE ROS . MDA 7K - B AIX
(P<0.01, P<0.05), GSH. SOD /K7t (P<0.01,
P<0.05),

6 &4 K BT 42 Nrf2, HO-1 mRNA % ik
b (Kl 4) HSiEs 4 b, BRI 4140 Nrf2,
HO-1 mRNA /K[ (P<0.01, P<0.05), S5l
L EbAE, BATFEAR AT TG 2 A 1 B AR I e A4
Z41Nrf2, HO-1 mRNA kKT (P<0.01),

7 BHKREIFHSA Nrf2, HO-1 & Kk i
(E5) SIEwdltbir, AU F4 2 Nrf2, HO-1
FE KRR (P<0.05), SRI4H Hhe, BlHCrkfb
TTES RN B 1 B A AR S 41 P 2 Nrf2 . HO-1 2R
F kK FETHRE (P<0.01, P<0.05),

it #

WFFER W, o A AR B I PR 22 WAL I, Sk 22
Z . BRI SE SRR Y iRk, AR EE
WIS BHATE, Bk, SHLTFRER IR, U e
AU AL, MSORNWALA G TR, MR =
Jis wREEZ, MOEE, WEEAME, SHEIIE
SH, WORYT IR AR 5 DU IR . THE A
A T WIKERG A RE A Z R T,
B ECRE AU 2 M TH B, B AR THE B 4R
HR ), WRBCA BRI . PR 2 T, 2
BCATL RS Al , P AES A I AR S, THig
ek BERRARRZ A K. IR A, WEEHRY
HEAIRECR | BEECH . WK | 3% IR R
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#3 HHKRFUMASAFLE (mmolll, X+s )

415 n TC TG HDL-C LDL-C

EH 10 0.83+0.23 0.60+0.12 0.86+0.15 0.83+0.11

TR 10 2.52+047" 1.26 +0.39" 0.59+0.15" 1.36 +0.22"

B HE AT 4% 10 1.87+0.73"° 0.66+0.17 %" 0.57 +0.12 0.94+0.48"

B E AR 10 1.89+0.45" 0.81+0.31" 0.54 +0.12 0.95+0.06"

BRI P 10 2.13+0.61 1.14+0.15 0.59 +0.08 1.24+0.21

T HIEWH LA, "P<0.01; SHB4 LA, ©P<0.05, “*P<0.01

0000

Rz

iy

HERIEH

7
HRH

1 AR RUFIESMIL HEAE

HERIEH

3 BUIREATIEhaT e o b ( x 200)
R4 BHKEITHL ROS, SOD, MDA 1 GSH /K F-H# (Xx=+s)

\

gl " ROS GSH MDA SOD
(U/mg protein ) (' mmol/g protein ) ( nmol/g protein ) (U/mg protein )
EH 10 291.80 +21.17 123.81 + 10.11 518 +1.31 214.15 + 65.30
i 10 410.76 + 42.38" 57.12+9.89" 11.13 +3.10" 130.12 + 36.44"
BB AR ABTT 55 10 331.71£22.29%" 80.17£9.10%% 6.34+1.14%% 176.79 + 26.58 °*
H IS ARIA I = 10 365.15+22.42° 73.24+823" 7.85+1.924 170.17 = 30.13*
FE SR T 10 378.52 +28.94 62.06 + 6.63 10.14 +2.90 148.21 + 29.65

TE: SIEWALILEE, "P<0.01; SRR g, ©P<0.05, “°P<0.01
ol =1 o=

PORARE . BEFHE . BEPEN -7- AT, 22— EEENEIDRET, BREEFNMRY

KAF, KTHIG. EHEE . Rk AR %
412 Pk T, R BRI A IS ) S e T
B 5 A AT, 01 BRI T 5 W
B BRULIEK P PR 5 i NARLD ifiesp ™,

B A L R ‘%@@ﬁﬁw%ﬁg%
RAGHH. S IO fEAT &
S Nrf2/HO-1 3 B J2 04k 1 8 = i v o B 13 It

%

I 2 11 Kelech ECH AH ¢ # 1 1 ( Kelch-like ECH-
associatedprotein 1, Keap1) FL[F7EAE T4,
PRFEAEE RS . AL T, ROS ﬁﬁ%%ﬁ
i%’%ﬁcﬁ 3% (mitqgéﬁfactivated protein Ig;n‘@)é—e,
MAPK ) 1%%@%?@% Nrf2. 4 Keap- /@f@% M
M BRI Z R AL SOR T 236 16 Nrf2 F 41 A%
M, 5 Maf RS B, FShaks T
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S N .
— — o 3
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LN 0.0 T 0.0 T
B -actin WEG_- S S — 12 kD g 0

T A NEEEIKE; B b Nrf2, HO-1 FEHEILE A SIEH 4 HE, *P<0.05; SHMA A, “P<0.05, ““P<0.01; n=3
B 5 &4HKEIFHS Nrf2, HO-1 A

4 (antioxidant responsive element, ARE) %% 4r,
Ja 8 HO-1 JERR W6 5%, B A Nrf2/HO-1 il %, &3
B P EA PR Y A S & B R R R R
Al SECFHATIE ROS il MDA /KERYB I, GSH M
SOD %5 #i 8 LEE K- TR, 5 Qiao Y %" fF5E ML
WHEEMY T WS FIE ROS 1 MDA 7K i 3B A,
GSH Jz SOD K-V Tt , JF#E Nrf2/HO-1 {55
P DU S URARE R, SR R R Rt ol
g IfE A LA A B RS
ABIFFE e IR B AR 1 v ) 2 B R AR AN B
i, [ RS U RS AR, FLIR N R 2
[ e W RS2 25 A AT BT, ot
AN EL [ B AT RE SRR R
gr b, R R AR s IR IURE R ELAT B i A
YER, RIS T IE AR D HE AL RS AR R, R AR KRR
JHE ROS . MDA 7K~F-, F+E.GSH. SOD /K-, Jf
ARG Nrf2/HO-1 38 B ees5: &1 A I e K B ) 44k
RS . ARSELIAAER R Z AL, nH BRI

i Nrf2/HO-1 3 i i AL 76 A BIF 7S o R AT 21 58 70 ik
S5, HARBCE AR J5 21 Nrf2 GER /)
FRLEL Nrf2 25 RN R — 2D g, RIS
YT S o ARG A BB B AR 0k e A LA K B
HARMARNER], 7T J5 22k — 0 SR sl ik R A5
Rft—EmZS%

%'Ji?—ﬁ; g‘g:aﬁo
& £ X w
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