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Progress in lipid-lowering model research
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[ Abstract] Hyperlipidemia is a type of disease involving lipid metabolism disorders. It is also the leading cause of
cardiovascular and cerebrovascular diseases, such as coronary heart disease, cerebral infarction and atherosclerosis, which
have become one of the most harmful chronic diseases to human health in the word. At present, the development of new,
high-efficiency and low-toxicity target, lipid-lowering, hypolipidemic, traditional Chinese medicines is essential for
improving hyperlipidemia and its secondary cardiovascular and cerebrovascular diseases. However, because of the
complexity and compatibility of traditional Chinese medicine ingredients, it is difficult to conduct in-depth research on the
effective components of the therapeutic effect and the specific lipid-lowering mechanism by relying on a single lipid-lowering
model. Therefore, the establishment of an ideal high-fat model is a key factor in screening lipid-lowering Chinese medicines
and studying the pathogenesis of hyperlipidemia. In this paper, several of the most commonly used lipid-lowering models
were reviewed from three aspects: cell models, mammalian models and zebrafish models, and the common modeling method
of various models and their respective advantages and disadvantages were summarized. As a result , this work provides
references and an experimental basis for selecting reproducible hyperlipidemia models for hyperlipidemia mechanism
research and screening of effective lipid-lowering traditional Chinese medicines.
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Table 1 Common hyperlipidemia cell modeling method
20 AR A Vinaik] AR [A] LRl A Pesi R
Cell model Inducing drug Modeling time  Detection indicator Advantages Disadvantages
1% A5 Wi FL o4k
1% fat emulsion P K JE K B A A
N, . g PN ok i 988 40 I, R R 52
1 mmol/L B = = e KRR gy o AR AT, e
. 24 h e b 0 g o b e e AU IE W A s AU A
1 mmol/L~'TPP LT EAR O S el Y 3t 4k 23 o B o b o
o = e R a1, N BUEAL A B B
AR 5 B S 2 LT S N R AR ARG ; R P . .
50 mg/L %, N Sl 48 h It is derived from  human
50 mg/LOx-LDL 8 ALY AL Short  growth  cycle; ,
HepG2 mg/ Lx . . . L hepatoblastoma cells and can’ t
. N TC, TG, Oil red O High differentiation ;
N8 RS P B R . . . completely replace normal human
o . staining,, cell  Immortality; Stability of .
Lipid accumulation 48 h . . . cell; The pathological changes were
nducti di viability, differentiation ; Keep imole fatty d At d Tivid
fnduction medium MDA, SOD intact invertase; Fast s”if‘é R y : egen(;ra-lon and it
0.2~1 mmol/L R 448 1 modeling time oxidation was not obvious
0.2~ 1 mmol/Loleic acid
B 1 [ i N o
bkl 24h VCL N AR
Free fatty acids TR A RE 58 A B A ZE AR T
209% JIE I FLH $\$I;,§kﬁ@ %\13@\% ’ftlﬁflj_*i,TC\TCT&ﬁ TC ﬂ%‘ﬁ%ﬁ,(ﬂi@i{ﬁfﬁd%,
0 Who e T RN BRI 2 B 1 3
) ) \; o It can completely L, & W40 I 15145
509%Jia 4+ L7 48 h £LO B N R, simulate the process of  No significant increase in TC level;
L02 50% fetal bovine serum A AL ) S T B o e
TC. TG tosis human lipid  Too high concentration of oleic acid
1 mol/L & 2% h ‘t’ AI’ Tapoig;ls metabolism; The level will aggravate the disorder of lipid
1 mmol/L-oleic acid e, R ’ of TC and TG increased  accumulation and cell metabolism,
cell viability, Oil | .
0.5 mol/L JHiR . significantly ; Short  resulting in cell damage
) ) 48 h red O staining, \dine ti
. molding tim
0.5 mmol/Loleic acid MDA, SOD olding time
e 2
TR0 el BUE 25 g, WU, AR
BT SR CH = AR TG S AR IR R A
-7 -1 2R BRI 5 w4 i o pents .
ducers (10 pg/ml. inelin, 2.5 A HE L MR bk PR B A SR
373 Pmol/L dexamethasone and 0.5 ) aher o Yefn A large number of fusion  The cell culture cycle was long and
mmol/L 3-isobutyL-1- TC, TG, glycerol, lipid droplets were the model was slow; Unstable
methylxanthine ) cell cycle, Oil red observed; The level of differentiation conditions ,
Py O staining TG sometimes unsuccessful induction
Cocktail 48 h increased significantly
2.2 MR BRI 5B >, Saravanan 5527 HESEH] & g 1) kL

/NEUA B AR AR B TR 3R SR 1l i
T MR DT AR A5, )iz 48 T i e K iR
i SR B o T (B /N BRUBE SR AR Y 1l 5
P RFR AR BR ) T AH OGS AR 04SN, e Ah, /N BRI
SR a3 AR [ B TG % RS 2R (1 (cholesteryl
ester transfer protein, CETP ) , XJ 1K £ 7 1) JH [&] B A1
R TC RN ARXELARSE K el AS, PRI, HURE 4l
FIF HLP 5%,

UTAEE , CSTBL /N BURIRER T 5 B 4 AR AR
RHE /N BB R & W Tl s AR e AL, 5
ST BRI BRBE B AR RL, £ 57 55 A/ BB BB 55 A
TR IR AIE e W . teAh, A ER
NI PR N B 5 1T B e D Sl A A A
Z T HLP 1 AS WBFSE . KM R TR R e
FLH C5TBL/6) /N, Al S ML S5 IE A 2 R

(BE &8 35. 8% ) X C5TBL/6) /N Rt AT 1170 d
PG AR S | 1] FH MRS R DAl — LS I 25 AL 5 )
H AR UAE 2 BUBE RS VR . S5 R ER I,
40 mg/kg M E LBy HA R G000 IR ILE | 5 i b
FIVER, ATER 3 C57BL/6) /NE 32 HEFD (1R 28,
WA FE RIESE 28 d 4h/RER 1,3- & INEE,
AT LA 18 75 B IR 0 Tk A B ( AMP-activated
protein kinase, AMPK) 15 5 i }% % % & HLP, Lu
205 280 30 1o RN 9 I R A R R R, LA
B HDL-c WIRERREE S 1, 3- &N B —E 1Y 5
KT, 28 8 E (apolipoprotein E, ApoE ) J&
—FhZAYEE A, BB YRR A A OC T B 1, 2
SRR A AR, ApokE FEAAE T3
JBE UKL, M IR % E IR B B (very low  density
lipoprotein , VLDL) FE 4> HDL 1, % ApoE HH £
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A1 R [ A AT 23 5 I v B B R R AR, = F
FENZEHR AR AN AS 550 F 09 sh B Ay [R) st
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AS,H TC 75— A "] A 11, 8 4%, fE - H Al F+
B 177 R, R T — A AR R4
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AHEE TR BRI/ B, 28 vt e AR ] Pt 2 ) i A
Je R Uk, KZH HLP F1AS G i BUR 258 i = A
TRRIME IR T 53, Heikal 2512 % ] HFD (& 1%/J1H
[ i ) XA B VG 2% B A MR 8 ], ARy i o e
NE R B T T 58 AR A SR 30 A B 55 B IfUAE (4 4
FH AR AL, 56 P B o F 5 IR B AR 4 it T
Ty —Fifil & A T A Oy 3, AH BRE AN ApoE ™ 4
A e ) WS e I 1 s ) e A BB 5 = v B LT,
UE Lu 2654 ffi F§ CRISPR/Cas9 2 45 4 22 1% %5 i g
FE 344K (low density lipoprotein receptor, LDLR) #h
B 7,5 el | &8 B HLP () LDLR-KO
., 45 R LDLR-KO H7e 1E % iR R ¥l [
RN e IH [ B M A R AS, $278 LDLR-KO K42
AT AR MBI 7 e A A FD AS A AR TR T4
NS5 R pe LTS ot ffF 0 il L5 ) F 5 B
IR
2.4 BR

AR KRR E AR S AR
WA WAL Z AL, 5 AR KRR D4
JURl LDL-c & e Rz — A 3 2Rkt

16 LDL/HDL A e o i 2 8 b et ok 32 v 1 T
IR EE | L 0 e R P R i A AR A {0
AU IR R IR, SR i B, X TC BRI
TR, b, Y15k 0L A K RA AT DU I A
s 28 Je LM B PR

FR BN 5 i AR R | e AL I 4R R A R
JER 3 R0 AR R AN T/ s 1 ] A T
e IH B . Yang 450 SR F S AR ARLRL (A8 0 5%
AR 0. 39 A FJELFET S ) ARl PRI Bl 14 5 i 000 2 1
JIE . ApoB100, MDA , # % 1k ¥ 5 1k [ ( superoxide
dismutase ,SOD) | — A L& & =, X 32 3l ik ok A fif
A S HEAT LR SR R A 45 0 R BRI 4 TC TG |
LDL-c ,ApoB100 7K F-J& X} FEZH 11 9. 45 £ 6. 01 £% .
12. 72 4% 14 455, B84 HDL-c AH L 5 % IR 4 i 25
FEAIS 72% , B B MG 5%, FLBEAYZ] MDA & it
FTX IR 8.2 i, SOD i 1 FE AR 60. 8% , 31k A
LI RN B T RERR AT . ph AT UL K Bt 2
— i AR R B AR BB T Bl

BEAI, FH ok 52 il =i i 455 28 1 sh 1 a8 A5 K T
B g R R B A g K
5 beagle K . TLFg LI /NEURE A4S 55, BF 98 & W AR
I S5 T SR R B3 1 Sh S R R A TR 5T

R IR LS AL H A L 2,

3 SRS ERR

BXE T 2 — o JBL 7 g A bl DX Ay £
PRI AL P85 N 2B 87% 1 e BEAI U
TRFUVIN GBI, By TR 37 | 58 RE ) 38 Al
SIEIG FE AR )z A Ay v R O 3 24 ) 1) 5 LA
Ll SR AR R S A R B AR 2
BMALUG NIIA — 8, AR RN e S

BTG 0 R o 5 8 AH 56 1 B 5%, 40 HILP
WEDRIG AE i I (AS &5 JE BT A 24 1 1t A 18
PR A
3.1 otz

Stoletov 25470 1] F 56 1 401 &)y £01 B {4 33 1] IRE
T TR DRI R 8% LA 155 43 FF 3 AE AR Y R 28 B R AR )
T FRIEATARAR A 0 T LA R, X 3 A v IR
et IR BXE £ 41 £ 1) 1 A5 A T HEFR B 2 1 4R fk N
BRI 25800 IE LI B EAT T SE i B o i, %
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Table 2 Comparison of commonly used hyperlipidemia mammal models

AT
SOY  KE s R i
Animal model Weight Price Modeling method o
indicator
Rt MR A e R TE S R LR G R IR H =R R R A R R
K 0 0% ?f'J j@%ﬁ%ﬂﬁ%ﬁ. o . o FEHEEFIEE@?’rﬁﬁ%ﬁﬂﬁ%ﬁﬂﬁ@@?ﬂ? HE
Rat 204 40 yuan High fat diet, high cholesterol diet, intraperitoneal injection of ~ Yeff JFHE%L A
yolk emulsion, intragastric high fat emulsion, lead acetate TC, TG, LDL-c¢, HDL-c¢, VLDL-c, HE staining of
by gavage liver, liver index, weight
e Nt e UEL [ gk B B IR LN REER Apo, RIS SIHIEE M =R R RS A O RE R B
ApoE™ /N 1,3- 5N JE IR AR FERREE AR RERE I HE Je6s (A JHHe %0 =

N 30 7L 20 JG High fat diet, high cholesterol diet, high fat emulsion 5 S TUHG A A RS AT O Yeft,

Mouse 30¢g 20 yuan intragastric administration, knockout ApoE, ApoE”” mice, TC, TG, LDL-c, HDL-c, HE staining of liver,
intragastric  administration  of 1,  3-dichloropropanol ~ weight, liver index, MDA, ALT, AST, Oil red
intraperitoneal injection of yolk emulsion O staining
Fe AR RpeL AL B AT e ki S A B EL R DR R = AR RN R o I

% BREAR  #il45 Apok™ ™ %8 .LDLR-KO % FERREE I BB 4L O Yefs (K iz ik HE
Rabbit 3 T 130 JT High fat diet, high cholesterol diet, intravenous yolk emulsion, Yufh,
3 kg 130 yuan  and gene knockout technology were used to prepare ApoE”~  TC, TG, LDL-c, HDL-c, Oil red O staining,
rabbits and LDLR-KO rabbits weight, HE staining of carotid artery
SRS i = AR RN A AR
R 60 1006 ReNGE AR BEEERCIIRE B HE 30 N —R RIEEH B,
Guinea pig 600 g 100 yuan  High fat diet,high cholesterol feed LR — LR .
TC, TG, LDL-c, HDL-c, HE staining, MDA,
ApoB100, SOD, NO
PR R Hikk P B
Animal model Weight Price Advantages Disadvantages
T R, 2 L DR ML R A o st
o R VT & A2 BBV MR BT AR R BE D HE R s 5 AR A
KR 00 % 40 5% ?Z"@W%E?ﬁﬁﬂ s AR N . . iﬁiﬁLﬁUﬁﬁ?ﬁﬁE@%)ﬁr
Rat 204 40 yuan Strong disease resistance; Good stability; Wide application;  Feeding high cholesterol food, easy to appear
good model stability; Rich blood; Easy to control influencing ~ “anorexia” ; The main carrier of plasma cholesterol
factors; Good repetition effect is HDL-c, which is different from the mechanism of
human lipid metabolism
e/, B T B EHEBRAAGIN s AN 25 I % I [ e
BREEFS s A DB SR REREAL ; I 3R T BR =R
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Table 3 Comparison of modeling methods for hyperlipidemia zebrafish
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