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Animal model analysis of atherosclerosis based on clinical symptoms

in traditional Chinese medicine and Western medicine
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[ Abstract]  On the basis of the clinical characteristics of atherosclerosis ( AS) in traditional Chinese medicine
(TCM) and Western medicine, this paper analyzes common animal models of AS. The coincidence of clinical
characteristics of the models was scored in the hope of providing new ideas and a reference for those studying AS.

This paper reviews the varieties, modeling method, modeling principles, and characteristics of common animal models of
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AS. Moreover, similarities among common animal models, in terms of their clinical diagnostic criteria and symptom
characteristics, were assessed. High-fat feeding type, mechanical injury combined with high-fat feeding type, genetic
engineering combined with high-fat feeding type, chemical induction combined with high-fat feeding type, and combined
Chinese clinical syndrome and Western disease AS models are widely established. Comparative analysis showed that balloon
injury combined with high fat feeding type, ApoE receptor-knockout mouse combined with high-fat diet type, and phlegm
and blood stasis type models of disease and symptom combinations showed a comparatively high level of clinical agreement
between Chinese and Western medicine. Presently, most animal models of AS have a high degree of relevance to Western
medicine, and the evaluation criteria used for the models are predominately from a Western medicine perspective. Models
that combine disease and syndrome are lacking, hindering the development of wholism concepts and treatment through the
differentiation of syndromes used in TCM. Therefore, establishing an animal model with a high degree of accuracy and
coincidence between TCM and Western perspectives that combines the disease and its TCM symptoms is a top priority for
studying the prevention and treatment of AS.

[ Keywords] atherosclerosis; combination between disease and syndrome; diagnostic criteria; animal models;
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Table 1 Diagnostic criteria of western medicine for atherosclerosis (AS)
Indicators Clinical features
@ct (CTA) (20%) :
(DCT angiography (CTA) (20% ) :Stenosis or dilatation of blood vessels
@ (MRA) (10%) :
(.40%)' (@ Magnetic resonance imaging angiography ( MRA) ( 10%) : Stenosis or dilatation of
Imaging indices blood vessels
(40% )
) (10%) :
@ Doppler ultrasound (10% ) : Blood flow and vascular disease
@ (LDL-C) (15%)
@Increased low-density lipoprotein cholesterol (LDL-C) (15%)
0
( ?0 {0 ) ® (TC) (5%)
Key indicators (®Increased serum total cholesterol (TC) (5%)
(80% ) (30%) )
Lipid indices © (TG) (5%)
(40%) (30%) ©]Increased triglyceride level (5% )
Serum markers @ (TG) (HDL-C) (5%)
(40%) (DDecreased high-density lipoprotein cholesterol (HDL-C) (5%)
® 6(IL-6) | 1(IL-1) (TNF-a) .C
(10%) (CRP)
Inflammatory ®Interleukin-6 (IL-6) , interleukin-1 (IL-1), tumor necrosis factor receptor-ac ( TNF-a) ,
T
cytokines C-reactive protein (CRP), et al.
(10%)
@®
®Eleclrouardiogram
©)
@Echocardiographic
S( Zonoz)a)r ®
eco ary
oo ’ (@ Radionuclide cardiac
indicators
(20%) @
@ Stress test
®

(®Intravascular ultrasound imaging
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2
Table 2 Traditional Chinese medicine syndrome differentiation of AS

Syndrome

. . Main syndrome Secondary syndrome Pulse and tongue
differentiation
@ @
(DPhysical obesity (DPhlegm
@ ) , ,
Phlegm @Dim complexion @Trritability
wrbidity and ® . . ® Tongue is purple and dark or
blood (@ Oppression in the chest, palpitations, dizziness () Restlessness at night spotted, the moss is greasy or less
stasis syndrome . @ fluid, the pulse is stringy and
(@®Numbness and flaccidity of limbs @ Constipation slippery or unsmooth and stringy
® ® .
(®Physical fatigue (Local lump, local tingling

@®
(DPhysical obesity ®

. . (DSnoring at night or restlessness at night
@Dlm complexion ® N s

5 > >

@Dry mouth or fetid mouth odor

Phl heat (3 Chest tightness, pain and dizziness ® Tongue is red, the moss is yellow
egm-heal
8 . @ N s N N N . and greasy or yellow and dry,
accumulation (3 Constipation or sticky . .
vndr s ) @ pulse slip number, tongue is
syndrome @Limb numbness, pain, intermittent DYell . crimson, the moss is less and the
rine

claudication, acromegaly ulcer and gangrene or ® erow urme pulse is thin

joint sheddi

g)m shedding B Trritability

(®Physical fatigue

@ @

(DThin body (DDry mouth

©) @

@Bad complexion @ Constipation

P P

Qi and yin @ N ©) . ’ ’

) T s red light red, th
deficiency 3 Chest pain, dizziness ®Sp(mtane()us sweating and night sweats ongl{e 18 red or Hg -re( ’ ©
drome @ @ moss is less, the pulse is thin

syn
@ Limb numbness @ Insomnia and dreams
® ®
(®Mental fatigue (3 Aggravated by exertion
0 @
@Thin bod (DExposure of skin blue veins
in body
’ @
©) ©Emoti .
@Purple complexion Emotional depression
Qi-stagnancy 6) s ® . AT . ’
d blood @ Local bloati fixed pai (3Impatience and irritability Tongue is purple or have
n y oatin nfix in
& 00 oca aHng, uniixed pa @ . ecchymosis, the pulse is stringy

stasis syndrome @ L.
’ (@Stinging, tenderness

@Numbness or hemiplegia of limbs ®

®
(®Mental fatigue

(®Hard lump, local bruising
and swelling

AS i
ApoE ™ LDL-R™~ S AS
. , AS , ,
;  SD 2
, , AS ,
[26]
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Table 3 Consistency between common animal model of AS and clinical symptoms in traditional Chinese medicine and western

medicine

Model advantages and

Consistency with clinical

Model type Animal name Preparation method and principle disadvantages disease characteristics
(1)
, SIIICIVION
1, 70%
[29-30] s 2 0B,
. . New Zealand  Rabbit was fed with HFD for 12 ’ . .As 30%
High-fat feeding model . . Advantages: Simple operation, low  Western medicine primary
rabbit weeks to induce . R
h linidemial 2~ price index; DO@DEO®D®,
yperlipidemia Disadvantages: Difficult surgical,  70% match
longer mold-making period, failure TCM primary evidence @®
to form stable plaques ®), 30% match
DBBO®;
, 0O, 58%
[31-32] ’ 02
SD - N - ®; 45%
Sprague- Ligate  coronary artery left Advantages: High repeatability and Western medicine primary

Ligated model

Mechanical

Balloon
combined with
HFD model

injury injury
combined
with
high-fat
feeding
type

Dawley rat

New Zealand
rabbit

SD
Sprague-
Dawley rat

China
experimental
miniature pig

Tibet mini-
pig

anterior descending branch to

block blood flow and change

shear forces in luminal®' ™!
12,
[33]
Rabbits underwent right iliac

artery balloon injury combined
with HFD for 12 weeks!**]

6 [34]

Rats underwent aorta balloon
injury technique combined with

HFD for 6 weeks >

8 [35]

Pigs underwent coronary vascular
endothelial injury combined with

HFD for 8 weeks >

[36]

Pigs left
carotid artery balloon combined

with HFD for 2 weeks!*’

underwent common

high feasibility

Disadvantages: Sophisticated
equipment, difficult and demanding
surgical operation

) B

Advantages: Longer
period , high

success

change and coagulation indexes

mold-making
rate
significantly change of blood flow

index; © @ ® © ®;
secondary index: 58%
match

TCM primary evidence: [©)
@®), 45% match

DODEOD®;
:®, 75%
: @
2®, 45%
Western medicine primary
index;: D@ DB ® @;
secondary index, 75%
match
TCM primary evidence:

®®®, 45% match
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Model type Animal name  Preparation method and principle M()del. advantages and Cnflsmtency with c.lm.wal
disadvantages disease characteristics
8
DODPOO©O,
’ 7] ’  60%
Rabbts were underwent airdrying : 309 @,
. . methods combined with HFD for 8  Advantages: Shorter mold- o .
Airdrying Japanese weeks, to damage inner membrane  making period, high repeatability Western medicine primary
combined with  white rabbit o nase o ) 18 period, Wgh repe Y index: DO @B ® @,
N activates tissue plasminogen and simple operation
HFD model . . . 60% match
activator, Disadvantages: Instability TCM L idenc
) primary evidence:
prostacyclin @), 30% match
12, ApoE -
ook ! AS DBDEEDE),
pols s 70%
- - 0@
ApoE™ [38-42] - , .
ApoE  receptor Mice were fed with HFD for 12 AS . ©s :@’. . .50%
Knockout AvoE - . d ApoE" "~ mice h Advantages: High success rate Western medicine primary
) pok weeks, and Apok miee have - pisadvantages : Different  lipid  index: D@DE®D®,
mouse mice a severely impaired ability to T - y - e
ombined  with t ‘ . metabolism,  small  size, few 70% match
combined - wi clear plasma lipoproteins, with . i.p16 blood samples and lack of TCM primary evidence: @
HEFD model elevated  plasma  cholesterol fib @ G, d
[38-42] iber cap ; secondary
levels evidence: @, 50% match
LDL-R ) 12, LDL-
R s ’
- ) , s 0BG,
70%
e ! . .
tr]?Lk rteceplor e LDL-R mice were fed w%lh Advantages: More stable in the Western medicine primary
ockou L]?L_R _HFD for . 12 V\ieelfs’ with experimental  studies  of lipid index: DODEG®D®,
mouse mice increased lipoprotein in plasma . 5. 70% match
combined with and increased blood cholesterol . 40 . I ) at
HEFD model L43-44) isadvantages: Low success rate,
levels feed regulation requirement and
lack of fiber cap
ApoE ™" 22, ApoE . AS ,
ILDL-R™" LDL-R
AboE ApoE™” [45-46] ’ ’ :
. poE  receptor /- 3
Cen}etl(, . and LDL LDL-R ApoE’/’ LDL-R™" mice were Advantages: Increases severity, ®®@®’ . .60%
engineering . . Western medicine primary
combined  Teceptor ApoE~"" fed with HFD for 22 weeks, and  spontaneous formation plaque index: DO@G®
v;,ilh knockout po . mice have a severely impaired rupture and myocardial infarction 60% ;nalch ’
hieh-fat mouse LPL’I{ ability to clear plasma Disadvantages: Prone to severe g
fcfding combined with ™€ lipoproteins and the lipoproteins ~ lumen occlusion and premature
type HFD model were accelerated 374 death
. s
AAV-PCSK9 AAV-PCSK9"Y 3 . ;
AAV-PCSK9  LDL [47] :
Mice were injected with AAV-  Advantages: Do not rely on ®®®@’ . .50%
AAV-PCSK9 AAV-PCSK9 DY . ‘ : imal hort 1d Western medicine primary
mouse - PCSK9™" and fed with Western  transgenic animals, shorter mold- index: DGO ®, 50%

combined with
HFD model

D3

Fed with HFD
combined with

vitamin D3
solution
intraperitoneal

injection model

mice

Wistar
SD
Wistar
or Sprague-
Dawley rat

rats

diet for 3 months, to enhancet
the degradation of the hepatic
LDL receptorMﬂ

s 3d
D3 (6x

10° U/kg) ,

[48-49]

Rat were fed with HFD combined
with D3
intraperitoneal injection (6x 10’
U/kg ), accelerating

deposition in the plaque and
48-49)

vitamin solution

calcium

stabilizing the plaque[

making period

Disadvantages: Feed regulation
requirement, lack of evidence of
complex lesions

D

Advantages : Low price,
timesaving, stable lesion process,
to form plaque

calcium deposition lesions

easy later and

Disadvantages: Unpredictable dose

match

ORBOeEO®,
70%

1@,

15%

Western medicine primary
index: DODEO®D®,
70% match
TCM  primary
@, 15% match

evidence :
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Model type Animal name  Preparation method and principle M()del. advantages and Cnflsmtency with c.lm.wal
disadvantages disease characteristics
s 1
LPS (100,200, AS
10002000 ng/kg) |, 8 DADEOO®D®,
00 s 70%
Chemical  Intravenous . . . : @,
. . . Rabbits were fed with HFD and .- . 15%
induction  treatment with ~ New Zealand di d Advantages: Suitable for studying . - A
combined  lipopolysaccharide rabbit ifferent doses of LPS (1(.)0.‘200‘ the inflammatory signaling pathways Weslern medicine primary
with combined  with 1000,2000 ng/kg) were injected in AS index: DO@DEO©D®,
hieh-fat HFD model once a week for 8 weeks, to cause Disadvantaces: Easily cause of 70% match
fg . del a severe systemic inflammatory "% ib' d Sy ¢ TCM  primary evidence:
eeding mode response  and  damage  the SCPUC shock and death @, 15% match
model sponse s0] g ’ ’ ’
endothelial cells'
(250 mg/kg) ,
(2.5 mg/kg), : : BDOOD®,
[51-52] ' 50%
Intravenous . . @,
. Bovine serum albumin ( 250 . 15%
treatment  with K cas iniected h Advantages: Shorter mold-making dici .
bovine  serum Japanese . mg/ Ag) was njected at the ear period, high success rate, stable Weslern ECIAne, Py
album white rabbit margin and ovalbumin (2.5 m(Jdel's, and well c«mlrolla})]; index;: @G ©@ ®’
combined with mg/kg ) was injected Di%a(i\;anta eﬂ‘.: Longer l mold- 50% match
HFD ’ model subcutaneously to induce m ‘kin r% d o TCM  primary evidence:
del ode immune response combined with axmng perno ®, 15% match
mode HFD for 8 weeks > "]
2, BIOGIOIION
s 70%
S , , s oo @
?Ele - and Fed with HFD for 2 weeks, pigs ~ Advantages: Accordance with the 55%
bloo:‘l; slasis China underwent coronary vascular  theory of etiology and pathogenesis =~ Western medicine primary
syndrom ) A% experimental endothelial injury, to induce the  of TCM, high success rate, good index: DOPDEO®D®,
;EIJ d 10 ¢ “  miniature pig  dysfunction of spleen in  performance on  the clinical 70% match
transportation, the accumulation characteristics ol traditiona: mnese rimary evidence ;
ode : . h lati h istics of traditional Chi TCM primary evid @
of dampness and phlegm stasis  and Western medicine s secondary
and blood stasis!®*) evidence: @ @, 55%
match
CUMS 6 h,
6 h,
2 h, 6 h,
12 h, 15 min,
24h,  24h,8
DEADEOD®,
’ [53] 70%
AS CUMS method: Live in groups &7 @06 D@
ApoE ™~ after isolation for 6 h, live in : 5527 ' ’
Liver wet environment for 6 h, rapid Advantages: High success rate, We:lern medicine brimar
depression ApoE ™~ light exchange and white noise  good performance on the clinical ind?x: @@@@(@}@y
syndrome  AS  ppjce for 2 h, tilted rat cage for 1 h,  characteristics of traditional Chinese 700/' o tch ’
model lighting all night for 12 h, tail and Western medicine TC]\jI ::r; ry evidence: (D
clipped for 15 min, water Disadvantages: Complicated method p E_ly ev SZC((;Tl.dary
prohibition for 24 h, fasting for evidence: @ (&), 55%
24 h, 8 methods were randomly
. . match
arranged  to  simulate  liver
depression syndrome, and loss
of liver function causes Qi
stagnation and blood stasis' >
12 BBWOOD®,
s 50%
AS ApoE ™"~ Mice were fed with HFD for 12 ®L®
Spleen reck sive HFD caused  Adve . Hich atabili ®; :®, 50%
deficiency and weexs, excesswve cause vantages : 1gh  repealability, oo medicine primary
hleam ApoEf/f dysfunction  of  spleen in  good performance on the clinical index: ® @ G ® @ @
phieg mice transportation, the accumulation  characteristics of TCM and Western ox: ’
syndromes ~ AS £ M 1 Ll lici 50% match
model of dampness and  phlegm  medicine

. [54
stasis!

TCM primary evidence: [©)
@ 5 secondary
evidence ; @, 50% match
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Model type Animal name  Preparation method and principle M()del. advantages and Cnflblbten('y with c.lm.wdl
disadvantages disease characteristics
3 ’ :
468.75 mg/ BDEHOO, 40%
kg, 20 min, s O
AS , = ®; @, 50%
Qi stagnation  Wistar After 3 weeks of fat milk gavage, e U T Western medicine primary
and blood stasis ~ Wistar rats calf serum protein 468.75 mg/kg ﬁl(i:ijr}ti?e:t:iolﬁsM)Zrllirln(lilll:)liln::li: index; @@DEO®D, 40%
syndrome  AS was injected into the tail vein, in f;I‘(JyM Hotogy Pathogenesis — hatch
model ice water for 20 min, lasting 8 ° TCM primary evidence: @
weeks,  which  caused  cold @ 6 5 secondary
pathogen obstruction ) evidence: @, 50% match
4 ORINISIOIGN
, s s 70%
AS , T 5 0e0s,
Phlegm- ApoE™" L . \ ’ : ’
dampness  and Mice were fed V\{llh HFD for 14 i 50% o )
blood stasis  ApoR~ weeks , which caused Advanlages:' Accordance with Lhe Weslern medicine primary
syndrome  AS m]ibce‘ dysfunction  of  spleen  in thero‘ry of etiology and pathogenesis  index: ®®@®
model transportation, the accumulation  of TCM secondary index: 70%
of dampness and phlegm stasis, match
as well as Qi stagnation, blood TCM primary evidence:; @
stasis and noxious heat ®; secondary evidence:
Q@B@@DB, 50% match
RISIOIOION
Models AS 70% @
of AS - , ; ;
L Obscene ApoE [57] : N ®; HOIBIOIGN
combining s
Chinese phlegm' Mice were intervened by dry- - . 30% .. .
-/- y dry
clinical 0})§Lructlon ApoE cold environment and HED Advantages Comblnallon ‘mlel.rnal Weslern medicine primary
syndrome evidence ) mice which can cause phlegm an(,l and external environment with diet index: ®®@®@®,
and syndrome  AS aenali  blood 57! 70% mélnh )
western model stagnation ol looc TCM primary evidence: @
disease , secondary evidence:
e Q@B@@DB, 50% match
+
+LPS
IS DD ® D,
[58] ’ 60%
AS Rats were fed with HFD, and
SD damp-heat syndrome was ’ ’ 30% @6,
Damp-heat Sprague- induced by intraperitoneal .

syndrome  AS
model

AS
Qi-deficiency
and blood-
stasis syndrome
AS model

AS

Heart and
spleen yang

deficiency
syndrome  AS
model

Dawley rat

Wistar
Wistar rats

Wistar
Wistar rats

Advantages: Accordance with the

injection of vitamin D3 + tail theory of pathogenesis of TCM

vein injection of LPS endotoxin
for 6 weeks, imitating
exogenous  damp-heat  and
pathogenic poison and affected

by improper diet" ™!

+
[59]

Rats were fed with fat milk

diet, and underwent exercise

fatigue combine ligation of
]

Advantages :

mold

High

uniformity  of

59
coronary artery -

BAT

[60] ’
Rats were applied incising
BAT, high fatty diet and cold
stimulation every other day, and
subcutaneous  injection  with
pitutrin, with cold evil being

Advantages: Accordance with the
theory of pathogenesis of TCM

apt to attack yang[w]

Western medicine primary
index: ® @ @
60% match

TCM  primary evidence:
®, secondary evidence:

Q@@®, 30% match

)

@,

®; @G,

55%

Western medicine
secondary index; @, 5%
match

TCM primary evidence: @)
©) s secondary
evidence: @ &
match

5%
ey

55%

@, 5%
0
®; :Q@®,
60%
Western medicine

secondary index: @, 5%
match

TCM primary evidence: [©)
@ s secondary
evidence; @ @ B, 60%

match
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Model advantages and Consistency with clinical
Model type Animal name Preparation method and principle odel acvaniages af onsistency with cunica
disadvantages disease characteristics
6 U/
kg,
, @, 4%
’ [61] ’ ) : (2
AS . S : s 25%
Cold ;D . f6 U/lf"lg pituitrin Wa:. m]e.(‘,tted at Advantages: Accordance with the  Western medicine
coagulation and prague omoral vemn, causing Iniense theory of pathogenesis of TCM and  secondary index: @, 4%
N L Dawley rat spasm of the coronary artery for X L
blood stasis AS . ’ ’ the acute angina pectoris induced  match
a long time and acute c L. ) . .
model e . Lo by pathogenic cold of clinical TCM primary evidence:
myocardial ischemia, imitating .
the characteristics of pathogenic character ®’ secondary evidence:
i § o [61] o @B, 25% match
cold causing diseases
(1) 15(2): 2 AS : 2
s s , =70% ,50% ~70% s
<50% o

Note. (1), See Table 1 for Western medical diagnosis. (2), See Table 2 for Chinese medicine diagnosis. According to the diagnostic criteria of Western

medicine and TCM syndrome differentiation of AS and based on the literature'

2

01 this paper assign values to the diagnostic criteria of TCM and Western

medicine. Then, combined with the usual manifestations and detection indexes of animal models in the literature, the coincidence degree is calculated and
is classified into high, medium and low levels. Calculated value =70% means high consistency, calculated value between 50% and 70% means medium

consistency, and calculated value <50% means low consistency.

AS

° AS ,
, 5 o 5
AS ,
° , AS
JApoE™”
.LDL-R
\ D \
(=70%) ,
( <50%) ,
ApoE™ AS
, AS
AS , AS
(
=70%, =55%),

AS

113 ” <« ”

, AS
, AS
+
(55%) ,
(60%) ,
) 5%
AS ,

AS

” ”
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