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Abstract: Objective To explore the therapeutic effect and mechanism of notoginsenoside R1 (NGR1) on ApoE™" mice with high fat
diet induced atherosclerosis (AS). Methods Male ApoE '~ mice were fed high-fat diet for 12 weeks to establish atherosclerotic model,
then mice were randomly divided into model group, NGR1 low-and high dose (25, 35 mg/kg) groups, Ferrostatin-1 (Fer-1, 1 mg/kg)
group. Male C57BL/6J mice of the same week age were used as control group and were fed on a general diet. After five weeks of
feeding, the levels of total cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol (LDL-C) and high density
lipoprotein cholesterol (HDL-C) were measured by automatic biochemical analyzer; Hematoxylin-eosin (HE) and oil red O staining
were used to observe the degree of aortic atherosclerotic plaque; Enhanced Prussian blue staining was used for the assessment of iron
deposits in aortic plaques; The activity of super oxide dismutase (SOD) and levels of glutathione (GSH), malondialdehyde (MDA) in
aortic tissues were determined by biochemical assay; The expression of 4-hydroxynonenal (4-HNE) protein in aorta was detected by
immunohistochemistry; Western blotting was performed to determine the protein expressions of nuclear factor-erythroid 2-related
factor 2 (Nrf2), solute carrier family 7 member 11 (SLC7A11), glutathione peroxidase 4 (GPX4) and 4-HNE in aortic plaques; qRT-
PCR was performed to measure the mRNA expressions of Nrf2, Gpx4 and prostaglandin-endoperoxide synthase 2 (Pzgs2). Results
The blood lipid level of ApoE ™~ mice was affected to different degrees (P < 0.05, 0.01), the degree of atherosclerosis plaque in aortic
plaques was significantly reduced, iron deposition was inhibited (P < 0.01), the antioxidant capacities of SOD and GSH were improved
(P < 0.05, 0.01), the level of lipid peroxidation MDA content and 4-HNE protein expression were reduced (P < 0.05, 0.01), the
expressions of nuclear Nrf2, SLC7A11, GPX4 protein and Nrf2, Gpx4 mRNA associated with ferroptosis were increased (P <0.01),
the expression of Prgs2 mRNA was reduced (P < 0.01) in NGR1 low- and high-dose groups and Fer-1 group. NGR1 high-dose group
had more significant improvement effect on the above indexes. Conclusion NGR1 can improve lipid metabolism disorder in ApoE ™~
mice, reduce atherosclerotic plaque formation in ApoE™" mice, and has antiatherogenic effect. Its mechanism may be related to
reducing iron deposition, activating Nrf2/SLC7A11/ GPX4 pathway to reduce lipid peroxidation and inhibit ferroptosis.
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RIU-21, Bk AERELL Catherosclerosis, AS) A&7ty  ToRAEMGER, #ZONLUH 2D H LS S 4
i RMETEIKEESAE. ORMFIEEZME O M FH  (glutathione peroxidase 4, GPX4) PiéEALAE 1A 2
PERAERELEERS, £ CVD MIRATIEEEE  LUER. 25 ROS fAHI I A A0 RS, b
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HEAMHIRRIET:, g AS BEFUIR BT ITAR BT LA,

RNEEIFRE=LER R B2 EAE AN RS
T [ LR A B SCFF

1 #

1.1 ¥

7 JH S SPF ZtErE ApoE /N, TR E (21+



FER 20244E8 7 $55% H 158  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15

* 5137 »

2) g WEEMNRSCLR AR AR, VFAIE
5 SCXK (75) 2021-0013; 7 J&# SPF itk
CS7TBL/6) /IR, RFiE (20£2) g, THH =k K2
LRGP, VFATHIES SCXK (56) 2023-0012.
N SLE I T AL R R 2 KA S Ee b
ApoE /N L IR TRRLIR IR, CSTBL/6T /B LA
AR SR, WIRFRERE (23+2) C. FXHEE
(55+5) % 12 h BB BRI F . 5L
G2 Wb B 25 RS AC L o & bl (HlkvlE 5
HUCMS-202342588), ™H&4%H8 3R Ji I i 525
1.2 5

=tLRBH R {5 M29GB150096, i &%=
98%) & FHFEM AR AR AE . BRIETH
#1177 Ferrostatin-1 (Fer-1, #t5 GC103805, Ji&4r
%>98%) I H GlpBio 2w ; — H LA (dimethyl
sulfoxide, DMSO, #t*5 062823230824, Jii & 4>
#12=99.9%). RIPA i (it P0013B). & A
RSB H57) (LS P1046) 116 Beyotime /A 7 ;
IR H K (glutathione, GSH) R5f)& (Ht5
A006-2-1). A - (malondialdehyde, MDA) {7
& (5 A003-1-1). AV BALEE (superoxide
dismutase, SOD) i{#l& (Ht'5 A001-3-2) ¥IHH
M AR TAEREFUAT: BCA 8 HIR I e 711
S G2026) 4L O Bk & (S G1015),
HARZF-HL (HE) migfE A& s G1076).
DAB i & -5 gt ('S GP1069). 4Lk
# DAB 5] (b5 G1212). RNA $#REUE ('S
G3013). &M (s G3014). WiEikml& (its
G3337 )+ 2 X Universal Blue SYBR Green gPCR
Master Mix (#it5 G3326). TiHLs H Marker VII (it
5 G2087) I H B FR YR AR A PR A A 5
EARPGAT& Git58 R0050) 1 H AL %%
FERHEAR AR Nef2 Hifg (5 80593-1-RR) 1
HRN =EAEMEARARAF: GPX4 Pk (s
ab125066). SLC7TA11 Hiifk (4Ik'5 ab175186) . B-actin
Pk (k5 ab8226) . Histone H3 Pk (k5 ab1791)
B H 9 E Abcam A Fl; 4-FREE T IAEE (4-
hydroxynonenal, 4-HNE) Hifk (b5 A24456) #
H Abclonal A#F]; WFEPie =5 ('S5 JAC-111-
035-003)+ L =EHT/NR =t (A5 JAC-115-035-003)
Y 5 35 [& Jackson A F] .
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DYCZ-24DH F K1 DYCZ-40D #£EAL (Jb 5T
ANANERT ) KZ-II-F 2 sl IR 20 L R A (R
DERAER AR AR AR ); ETC811 Y5 PCR ¥~
BAC e R AR AR A D); CFX
Connect i gRT-PCR ¥ (3 [H Bio-Rad A F] ).
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hefmE EmE . B 10 Rt CSTBL/6) /INERAE Xt
MYl 45 YRl R IR, X IR R A ip 2544
FAE 1% DMSO I EREE K, HAKU 05 ip
—-LRH R 8L Fer-1, 259U DMSO i) f A
HEKFRRE, BEHAZE 1 IR, B2 5 . hhs
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22 HEARE
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2.4 )NFR M I A PE 5N E

PR R TR B SR, A /)N BRI A R ]
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25 INREDRIEBFTK
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252 ML O et BUKETI A 20 CUKFEEL
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WA O Guth, sl ARG IRIERIRE
HH B R A = S IR JE AR B N R B .
Image J BN &I THEBE P AR R A AR 5
i THIAR (1) L AR
26 METETIELEKN AS BERPEKITIR

IS 2K A RS A BT 10 1 BCH ) 2% 38k
SALHRAT 2% EhBIR AW G4 30 min, ZETR/KBE
UGN DAB R, BRI IKIRE ARG,
BB ZUKIRE . BiKE R EPR, W
TR W %24 B8 . Image J B H B S+ W RHYE T
FUS AT S TR AR 1) OB R VPA BTN AR S
27 HHRAFIERMERNKEL SOD JEHH
GSH. MDA 7k

HBUE RH AN R ESIKA L, RBRSKE,
FERG 2 SOD. GSH K¢ MDA #6377 & 15 4,
ME /N Bk SOD ¥ 7781 GSH. MDA 17K T,
2.8 RBAMNERNERNRKLEL 4-HNE EBFTRIE

VKRV iR, 37 "CHLFE 15min, AGE
T-HEEE E, PBS BEREIRKIXATUEIEE . 3%
K BELUBTT Py 5 e A A 3% 24 IfLT A
—hi4 CHELR. “PEEFE . DAB B, 75
KREPAZEPIR, K E 5 BAs TR .
2.9 Western blotting #8303 EhEk2H4R#% Nrf2.
SLC7A11. GPX4 1 4-HNE ER &KX

/N R BB S, I 7 B 0 1 7 1
RIPA 2@t U & (- S 0% E AR BGAF &b
BRIEHUZEE . BCA VENE B AW G, Eh{iE
A1, FEAZ SDS-PAGE Hiyk, #% PVDF Ji,
S% MR- WA 1 h, 43I0 Nrf2. Histone H3.
SLC7A11. GPX4. 4-HNE. B-actin Fii#£& (1 : 1000),
4 CHFE IR TBST ¥edk, IIAZHi (1 :10000),
2R NIE R %, Image J BAERAL M 267
KEE, HRMEAKHENERERENHWEAKES
SR ASYIEA R
2.10 gRT-PCR M EFNEKLELE Nrf2. Gpx4 F0
Ptgs2 mRNA FRiA

BUNRESIIKAZE T 1.5 mL #0588 F, Ik

BN RNA $RHGH R & A HEHC RNA, Wl E RNA 4f
FEE AR BE S5, 0 P 00 S ) 6 e L 0 e SR R
cDNA J5 3T qRT-PCR ¥ 1 [ J¥7 . % B 264N 95 C
A 30s; 95 “CAEME 155, 60 ‘CiBK. FEfH 30s,
40 MEAWERINE S, KA 27225 THE mRNA
A RIAE. 51 ERN A RAEYRHE AR A
AWM ER, ST IR 1.

®1 54F5
Table 1 Primer sequences
SR SIFSI (5-37) Fi B /op

Nrf2 F: GACAGAGATGGACAGCAAT 257

R: GACTAATGGCAGCAGAGG
Gpx4 F: GTCTGTCTGTCTGTCTGTC 106

R: TGATTACTTCCTGGCTCCT
Ptgs2  F: CCATTGACCAGAGCAGAG 203

R: AGAGGAAGAGGAGGAAGAC
Gapdh  F: CCTCGTCCCGTAGACAAAATG 133

R: TGAGGTCAATGAAGGGGTCGT

211 ZitZESHh
K H] Graphpad Prism 9.0 #f43E47 504 5 #r»
HHLAX £5 Komo FFAIES AT 255 A5
i5F, PHZLIA ELBCR S REA ¢ #5560 24 0H L
BER SR 27 ZE 0 o
3 #R
31 =+tBH R X ApoENRARENSN
FE AR R B3 I0E AS KA R fa i BRI 3=,
TERLRT /N R A 2 R ARG G2 G
1 s, =flEMEFE 12 )5, C57BL/6) A2 ApoE™ /)
SRR R B R B KA, H ApoE /N A B e

347 + Xfig
w4+

=t R, 25 mgkg!
+ = LR R 35 mgkg!
= = Fer-1

sk I

32

Hk

304

] I
] V{»-—-—VH—i
26 T T T T T T 1

14 15 16 17 18
1/

1R H/g

ExIRA g "P<0.01.
**P <0.01 vs control group.
E1 =Zt=#H RixXf ApoE " /NRIAREHFM
(Xxs,n=8)
Fig.1 Effect of notoginsenoside R1 on body weight in
ApoE™ mice (X +s,n=38)



FED 20244E8 7 $55% B 158 Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15 5139

F C57BL/6) /MR (P<<0.01); 452455 G, H5M C KFEFRIK (P<0.01); SEREALE, =tk
A, =t2H RK. SFEA N Fer-1 /0K B R K. &FEH K Fer-1 21 TC. TG. LDL-C
HFREZERTGIT R W =R HF R T EAE KPR EREERBAE (P<0.05. 0.01), =-HEH

MEFEI ApoE /I B i 70 BA S5 R; AFIE4 HDL-C KTFEZEFE (P<0.05); 5
32 Z=+tEBFH R X ApoE~/MNRIMASAIEN Fer-1 4LEL#, NGR1 miifl&4 TC. TG. LDL-C /K

w2 s, 5P e, BIRA/NRIE PR FERFK (P<0.05. 0.01), HDL-C /KFEET
1 TC. TG+ LDL-C /K& & T (P<0.01), HDL- & (P<<0.05), Vil =L =¥ Ry ReXCE gl = .

201 37 2.0 15
w3k *% — 3k
# ~ T o
~ 157 s f = 157 HH w2 »
2 o 2 § T A T < 1.0 #
g 104 é [LALERYV #ﬁ"r’ £ 10- #Ht E L -
= 31 < )
= S 11 = Y 0.54
£ 5 & 8 0.5 2
jun)
| - 0 " o o
SR B 25 35 Fer-1 SR MR 25 35 Fer-1 HHE MR 25 35 Fer-1 HPHE REA 25 35 Fer-l
=R Ri/(mgkg™) =-HLEH Ri/(mgke™) =24 Ry/(mgkg ™) =24 Ri/(mgkg™)

SXBAKE: "P<0.05 “P<001; SHEMLE: *P<0.05 #P<0.01: 5 Fer-1 AH: “P<0.05 “*P<0.01, FEHM.,
*P<0.05 *P<0.01vs control group; *P < 0.05 *P <0.01 vs model group; “P<0.05 ““P<0.01 vs Fer-1 group, same as below figures.
2 ZEEH RN ApoE /MNRIMASHIFNE (X+s,n=8)

Fig. 2 Effect of notoginsenoside R; on blood lipid in ApoE™ mice (X +s,n=28)

33 =tE2F Ri X ApoE/NREKBIBLTH R SFEL K Fer-1 41BEH A E LRI/,
EppA WG LB LLFI K (P<0.01); 5 Fer-1 41k
TR EBE I 2 0w FR s AS MM E 8, = LR R SRR IR, e

FEEEUS, Wil 3-A. C FoR, XRRAFZIPKARAA  EHMELEIFEK (P<0.05). Ui =2 H R 4
JESETE SERE, TOHREBE LR AT WK &S ApoE /MR LB AKBEHLER IR .

FERTHE i, B Resess, B EIEa IKEHK 35 =EZ2H Rixf ApoE7/NREEEK SOD 5EH
M, PEPIARSE REmAHER R (P< K& GSH. MDA KERI$

0.01); SR HE, =-L21F R K. mAEH KL WK s fros, S, AL/ R 50
Fer-1 204711 ApoE /N 3= BB A BESL (1) TE B Jik SOD i 77} GSH 7K~ B B f#{(P<<0.01), MDA
B S AR 5 A e T AR ) EARL B 2/ (P<<0.01);5 AFIHETE (P<0.01); SHEAALLE, —t2
5 Fer-1 HHE, —HLREH R EAIEHABREAE 1 R&. SAIEAHK Fer-1 4/NRES)MK SOD &

B e THIRR EABL B 298N (P<<0.01). 71 8% GSH 7KV &3 T (P<<0.05. 0.01), MDA 7K

ML OYtalt, Jepl SR ENRRMEML A, TEFEMFEK (P<0.05. 0.01); 5 Fer-1 4L, =
WK 3-B. D i, Sxti@AEe, BAAREE  LREF R =Y SOD 3% /1 & GSH /KT EE T+
JRUTRU™E, A RAAGRsy; SEMALR, = & P<0.05.0.01), MDA /K& 2 FFK (P<0.01),

LR R EFEHS Fer-1 ARG Ui =-E2E R &5 ApoE /N s kPt E b e
PRI (P<0.01); 5 Fer-1 A, =tBE 1, MHIEHREEMLKFE.

Ry R BB SR R LT QA RN (P<0.01D. 3.6 =tBH Ry Xt ApoE " /NREFIKIERIT R
HULBERE, =R R AP AS FIEH. £ 4-HNE B FRIZRIFZN

34 Z+tEH Ri X ApoE " /NREFNBKBERIKI W 6 fiws, SxIRAL b, AR AT ik R
V0] EERHE A 4-HNE PHEAIAR; SRAHE, =48

WA 4 fis, SxTRAE, BREB R ROK. EEA A Fer-1 4N A R /N B
ok B SR, EE LS HMERE A E (P< EShBKIEFTEAL Y 4-HNE FH 4 tel, B
0.01), VERHERYIAR ™, SHMAIE, = L2 PL=LRBH R S EHENEE, Fer-l A=+
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=+HEH Ri25mgkg! =B R 35mgkg!
C 60 D 3-
sk
§ § 20 i#1# ##
% E}g AN
fidid
= ey
z =
® W 10+
= =
0=
MR A 25 35 Fer-l XPHE MS 25 35 Fer-l
=-LREE Ri/(mgkg™") =L E#H Ri/(mgkg™)

A-FBNIKASHE Jeti; B-EFMKALUMA O Yoty C-HE JOBEHUAFT A D-IMAL O Yl FUAR i
A-HE staining of aortic tissue; B-oil red O staining of aortic tissue; C-relative area of HE stained plaques; D-relative area of oil red O stained lipid.
B3 =t2FH RiXf ApoE " /NREFKFBEEUHZIE (X+s,n=5)

Fig. 3 Effect of notoginsenoside R; on pathological changes in aorta in ApoE™ mice (X +s,n=5)

| Pt ]
e |2 00T A7 R e W U 25 35 Ferd

mgkg! =HEH R 35mgkg! =R Ri(mgkg™)

B4 =L2F Rix ApoE /NREFRKEKAIRAIFMN (X+s5,n=5)
Fig. 4 Effect of notoginsenoside Ri on iron deposition in aorta of ApoE™ mice (X £s,n=>5)
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1509 A 207 109 s

120 ## AA ~ 3 #
~ 1207 #o o q5- #t T O] T ##
=  F 2 s ol
g 90 ¥ T 3 ## < 67 ##
O 5 101 #t Iy £ "1
= < Hx o g
[a) 60 E 2 4
2 & s a

30+ = 2

0- 0- .
PR BERY 25 35 Fer-l YR BEAY 25 35 Fer-l XHE BB 25 35 Fer-l
=B Ri/(mgkeg™) =L Ri/(mgkg™) =-L=H R/(mg-kg™)
5 Z=L2H RiX ApoE " /NRERPKE W HIERRIFN (X s, n=5)
Fig. 5 Effect of notoginsenoside R; on oxidative stress indicators in aorta of ApoE™" mice (X £s,n=5)
N s 7. 8 i
3 ; - )\ \
N &
"‘h‘; g, ¥ | S %20

pais o] =-LB1F R 25 mgkg! =GR R 35 mgkg! Fer-1

& 6

=tEH Ri & ApoE " /MNRESIBKIERIT E L 4-HNE EEF XM (X20)

Fig. 6 Effect of notoginsenoside R; on expression of lipid peroxidation 4-HNE proteins in aorta of ApoE™~ mice (x 20)

BH RKFIEH K .

3.7 =+tEBH R X ApoE /IR EENBKEKTE TS
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