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[ Abstract]  Atherosclerosis ( AS) is a chronic inflammatory disease involving disorders of lipid and iron

metabolism. The establishment of suitable animal models is required to further the study of the etiology, pathogenesis,
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prevention, and therapeutic measures of AS. The main animal models of AS related to iron and lipid metabolism are

mice and miniature piglets, especially male ApoE™” mice. Single-factor high-fat diet-induced iron and lipid

metabolism disorders are a common type of AS model, manifesting as elevated blood lipid levels, large plaques and

iron deposition in the aorta, and significant increases in serum and liver iron levels. This review compares the effects

of different intervention factors on iron and lipid metabolism in AS animal models, and summarizes the method of

establishing AS animal models using dietary induction, chemical intervention, and gene modification, to provide

references and inspiration for future research into AS and metabolic diseases and the development of new drugs.
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T 25 6 45 B 56 DAL g I /0 BRL L OBUEE DR g o /N L /D
RURE 3 KIS, AR 1A B0 W ol Ak AT HE) T
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Table 1 Animal species and frequency of AS model animals related to iron and lipid metabolism

Y Bl G1E S VR/N HAab/ % AR/ T it/ g
Animal Classification Frequency/times Percentage/ % Age/week Body mass/g
ApoE ™~ 29 80.55 6 ~ 8.4.21 18 ~ 25
AL P BN L STAT6™~ 1 2.77 8 -
Single knockout mice ApoE ™~ Fhn]€10%6 + /- 1 2 77 8 _
ApoE ™" Fpnl"¥WirM 1 2.77 - -
ApoE™ " Nod1 ™~ 1 2.77 - -
LR PR g B /I B I
Double knockout mice Apol ™ Hfe ! 2.7
Hamp ™~ Ldlr ™~ 1 2.77 6 -
¥ Pig /INEVEE Miniature piglets 1 2.77 25 ~ 29 -
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TIPS L, ApoE ™ /N FEE R R 6 ~ 8 SIS
FES M L, 48R 22 Bk 5 B A1 S B (25
K,69.44%) s HR = MEE S (6 IR, 16.66%) 5
EREANER (1 9K,2.77%) .

B /P Male
W J#EPE Female
IHERfEAN B
Male or female not limited

AN

Not mentioned

1 BRARACHIAE G AS ShP s 3] 4347 LAl
Figure 1 Proportion of gender distribution in animal

models of AS related to iron and lipid metabolism
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2.1.5 Hamp"Ldlr” /MR

Hamp_/_ Ldlr™” /NR 2 Hamp F1 Ldlr XEEFR/N
S, TE S IR T UG , BB A B T I
BRIKETFE LA K 2318 LDL 7K AR [ 32 30 ik
3 IV A4 Y 5 0 2 A1 % 3R Rk 555 LA B I I 4 i
BRUTRU R /0 s WA IE T BF 90 5 1)
BRVR 2 MR 2 R 6 AS ZRIR AR RS2
2.1.6  ApoE” Fbnl1“"°* /N,

ApoE™ " Fbn1“™ " /N[ J& ApoE Jk Al i
A Fbnl FERI 2228 /N R, B FH TR Sl ok A
B AL BB P ILAE A B M I P TR ) G AR )
T 11k 20 JEl A RETE 1 5h ik v WL %< 31 i S 5 e
4 ILAET A R I R, TR A S Bl BkoRA R = B
kb ok W2E RIS AL, 2 sh P s B 5E F T 5T e
130 ook A A Ak vh 55000 48 A R R I AE G Y B
HERBET- L
2.1.7 /NG

/INERE RGO I A P 28548 i 2 1) 2 1 A
K E B IKEEHRR A Ak 5 N BEAR AL, AR AT
/NELEEE A T AS BRIR R R LTS, fE
BRI R R R IR B RS 6 S H E L /)
RV TG KPR 1 2 T8 (BB ] DL B ws
24 e g Y AR K T AR IR BT AZ O TRV 3 3 bk o 4k
THEING SR, A8 T A7 AE ] 5% AR /& | S
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FER R S AR R ) B = 45 R BR A BR
il T HAE AS BFEH I N
B2 AR B A R AR R AR AR A O 1 B ik
SRR AL 5T Th A I, DRI TG BEAR MR A 9T B
R R S BT A s B 5 35 9 S A TR
2.2 SRBERIEIHERXAY AS SRS T %
MR 2,3 3 4 B SRR R TR,

WAL R AR (UNBRIEER (FeSO, ) , B34 7R 1R
FEHIR TR I At b3R5 I A e A I 4k R0 AR A 2k
SEHAMPA R, P95 PR iR RS A R
[ Bt A JURE, /I BT B PG 7 TR R DR e e it
AS U 36 B S i R S B i oAy 5 iR e v
TR e, 36 43 P 2L S g A 5T Hh 3 4 1%
T 5 RRERTT I, T BN R BRI R

|2 BRIBICGHIAHEEH AS SRR Y7 AR & RDRHEC L

Table 2 Western feed ratios for AS animal models related to iron and lipid metabolism

PEIT B AR RHAC L B/ Bt/ % 275 ik
Western feed ratio Frequency/times Percentage/ % References
40% R I7 0. 21% JIEL [ et 20% i 26 1 1 20.00 (37
40% fat, 0.21% cholesterol, 20% casein '
219885 0. 15% fIH i 2 1 20.00 {407
21% fat, 0. 15% cholesterol
BT 72 C1000 R E#ME 20% FLAK AT 0. 15% IR EBEAT 50 mg
AR E 1 20. 00 [at]
C1000 diet supplemented with 20% milk fat, 0. 15% cholesterol, ’
and 50 mg of vitamin E per kilogram of diet
TD. 88137 #h3E 21% g il 0. 29 AL [ 3 1 20.00 [33)
TD. 88137 supplements 21% fat and 0. 2% cholesterol '
AEEL 1 20. 00 [26.,42]

Not mentioned

F 3 BRIBIADCHY AS SRR RSy A S

Table 3 Summary of modeling methods in animal models of AS related to iron and lipid metabolism

BRI . e Rk L
SRS M RO T T
Molding Moldi incinl Moldi thod Frequency/ P rage/ % Molding
Classification olding prineipie lding methoc times ereentager o cycle/week
P . AL Wb PR ” s s
Single molding High fat/western feed Feeding a high fat, western diet ’ T
o5 DR SRV VS 5 R WREIR AR/ VU TR G IR |
R Fes0,
SRR | TS0 fRd . 5 13.88 16.20
High fat feed/western feed Feeding a high fat, western combined
combined iron carbonyl iron/FeSO, diet
MR R TE I ETIB 3 MRS PR T
TEHARDRHE & 75 A R B Bk HEHEL 10 mg B/
High-fat feed combined Feeding normal diet combined with 1 2.77 20,21
with iron dextrose intraperitoneal injection of iron dextran
Oy 10 mg for each mouse
Composite gkt 1 )7 K MR Py R A
fodne AV ST Fer-1/FTH/UAMC-3203/RSL3/DFC
Combined high-fat feeds/ Feeding high-fat diet, western diet 5 13. 88 12.16.20
western feeds regulating combined with Fer-1/FTH/UAMC-3203/
iron metabolism RSL3/DFC
MRIR AR IR & SESNT JBok |
9 AR B R A A PRV S AAV-PCSK9
High-fat feeds in combination Feeding a high-fat diet combined 2 5.55 6.8.12

with others

with EV/SESNI plasmid, single
injection of AAV-PCSK9
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JE A kL P8 ek B R il R O Tk (23 Ik,
63. 88% ) , HUIER FH i i/ V8 7 iR B Bk A 1 ]
Bl T B (5 U, 13. 88%) , I % JFH 8 i il bk B
A T T S VR T R AR A 3 B P R AR T (41K
11.11%) . WFFEERNRACEAR DG AS BIRY LR H
KR IR RE/PE T IR E ISR E @ R
1A 3 Flv, Fer B OIR B 22 1 02 16 JE T 8 JH
(H 21 ¥K,58.33%) , Ho2 12 J8(5 1K, 13. 88% ) |,

2.3 AE%E=3 AS HE MK R BRI
Boath

gk 4 R R, o — S iR IR e fd it
ApoE” /NER AS 1Y & J M ek IR AR f = FL., HU
4RV 5 DEMETZ %57 R H 25 o/kg BRILEKH G
T3 B SR ApoE ™ /NI ApoE™ Hfe ™ /NER,
{EXF AS W8 WA AR S VR #fE0 HmT g 5 i
BRI A B Sl 1 S A AE OCG . 2% Pk SE Bk e G = TR

R4 BAAFEE RGNS AS RN ERIE T L8 o b
Table 4 Comparative analysis of iron lipid metabolism in AS model mouse with different levels of iron intake
SRR A e TEA 191/ JA sm
Feed iron molding ClasZiCﬁcation Molding cycle/ ]i:sult
principle week
FALL T IEH 0 BRZH 25 o/ ke SRAEER 5 AR TR /)N Bl 2l ik oo A A AL BB
25 g/kg A E R e Z et AS KR
25 g/kg carbonyl iron ApoE™~ 1 Increased atherosclerotic plaque formation and promotion of AS
high fat feed development in mice on a 25 g/kg carbonyl iron high-fat diet compared
with normal controls
VIR E RN SR8 (5 mg/kg AR /N RAR L, V7 IR & ik
Eﬁ‘é/rgn%‘;l@i( 25 g/%;g%, @%ﬁ%ﬁé I/EJI\ Eﬁﬂﬂﬂ?ﬁ%ﬁ% Hjj?ﬁcjk%[}g% , ﬁ@;ﬁ%ﬁﬁ
v R ferritin 1] ferroportin FEIRIE AN, | AS &
25 gﬂ,;\ﬁ%ﬁ@b Compared with mice fed with western diet and low iron (5 mg/kg
25 o/ke :arbonyl iron ApoE ™~ Hfe™~ 20 carbonyl iron) , mice fed with western diet and high iron (25 g/kg
N liet carbonyl iron) had lower blood lipids, higher liver iron levels,
western die increased expression of liver iron storage protein ferritin and
iron export protein ferroportin, and inhibited the development
of atherosclerosis
SFIEF X B L, /BT ILAR ARG, 32 Sl Dk okiAs BE AL BE s |
MRS HIRE Pk FTH & FTL 5800, 3 s kTR & i
2% IR AR Tk il AS 194 )
2% carbonyl iron ApoE™~ 16 Compared with the normal control group, mice showed decreased serum
high fat feed lipids, reduced aortic atherosclerotic plaques, increased expression of
serum iron and ferredoxin, hepatic iron, FTH and FTL, and significant
aortic iron deposition, which inhibited the development of AS
HHEE T ( Ozoi%gﬁ%ﬁﬂ}ﬁ?%’“ ? . )(j 2%%9'%%]’%9%) %;i%t’xﬁd\ B,
. ey ML EBK I DRI 0 AS &
2?;?%%(}???;?11*4 AnoE~" 2 Compared to (0.02% carbonyl iron) mice on a low iron diet, (2%
hich fat %;e d p carbonyl iron) mice on a high iron diet had significant iron deposition in
g - tissues such as the aorta, liver, and spleen, which inhibited the
development of AS
5 IR IRE/INEUR L, e R ARER IR £/ N BRI DU A Fir i, 3230 ik
BEHOE i/, M8k R | 035 B 20800, I Bk & 8,
< 20 mg FeSO, £k TP EE BT R WARURR 30 KBEHUE I, i) AS 19 & 2
= he ik ApoE~" 16 Compared with mice on a high-fat diet, mice on a high-fat, low-iron diet
< 20 mg FeSO, iron pot had improved lipid profiles, decreased aortic plaque formation, decreased
high fat feed serum iron, hepatic iron, and serum iron modulators, increased serum
iron binding, and no iron deposition in the aortic wall or plaque aortic
plaque formation, and inhibited the development of AS
AH LU R I B S AT M 4 1 ApoE ™ /INERL, SR FH IE 8 TRRLER A5 16
FEESS (5 H 10 mg) A7 BERERTER 4G T 5 Il Apok ™ Mt/ 4 4
S5, LML BN TC T, 3220 kT UL Btk B, je JER A P U i 3
EH G 5 I Js A YA , F K BER B KBES AT UL 2 RS, (R E AS Y &
10 mg A7 HeEwH BTk Compared with ApoE™" mice without intraperitoneal injection of iron
Normal feed combined with ApoE™~ 4 dextrose, ApoE™" female mice of 5 months of age given 4 weeks of

intraperitoneal injection of
10 mg iron dextrose

normal chow in combination with intraperitoneal injection (10 mg/each)

of iron dextrose showed elevated serum iron and TC, visible visible
plaques in the aorta, hyperpigmentation of the skin and internal organs,

and visible iron deposition on the wall of the aorta tubes and in the aortic

plaques, which promotes the development of AS
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T RNA T 8 Apok ™ /INERUIR AR 2L (B AE I 8
BFKERDTRR ; WK F 20 mg FeSO, ANLHE ok 3 &
HETAEHZ T 09 ApoE /N EUIR TR IS 2L , A0 RES >
T PR DT, AR R I T AS BRE I 2L
PIFER . 45T ApoE™ /NS 1 10 mg A7 i
WEIFER , IRBEDEHE ApoE ™ /INERL AS BRARAL I 2L
AT AL, H I AT UL A I R e A B I s 1
SN TR i )RR AS BRAR G 52 A 22 5%
AR — P BHADSE

3 REE5RE

AS S — ™ U N AR YO 1A
HAGRHLHI 2 2%, SRR RS AL WA DG, ¢
BRIT TR, B R S IR IR REWS T ApoE™ /R
FUNRLRE I i S 4, 02 2 B JIE B R 2K 0 AR A
i, SR G ACEIAH A8 bR (10 GPX4 | SLCTALL,
p53 .PTGS2 FTH1 FTL NOXI %) %&£ ok 78 ; i
JIR PRI BB 5 S T S Bk SE T AH S AR 2 W B (A
FTH RSL3 Fer-1 Fll UAMC-3203 ) RERZ i AS 34
BRARPRITZRAEL , v oA 38 2k 1 1 R B A o B ik
sk AR AL AF 5 $ (LT 1 N SRS i v e e
B A AN A B R /N B AS TE 1 B R A A Y
SN WAS ], 78 1 AR 20 Jhko ok 6 At Ak A Bl
A E 252, 3 Dk ok A B 1k R A A A O¢
SRR L PR/ N, JEH R ApoE ™ /NERL, B
& B PRORD YRR R B &, ApoE™”
Fpn1"""™ ApoE™” NOD1™~ % 3 [ TR /) Flth
AN AS YR ETL SIS, /)
BRI T AS BFgE (H R B AU 5 NS
TEES ., Jidbh,/NERE BAEO A R 451 5 N
AR, AB A7 AE M) 55 A v | Mk DL R 1] 77 55
e, AT, I8 T m BRI v g DRHIR 5% K
AT AS AR B ZE AL IS, SR I EE X R B AS
PR AL A A, B, R kA Ry ik —
A AS BRI AL R B BF IR X T 42
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