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[ Abstract]  Objective To establish a rat model of atherosclerosis with qi stagnation and blood stasis syndrome, to
provide an evaluation tool for a pharmacodynamic study of Traditional Chinese Medicine formulas. Methods According to

relevant materials and references, we extracted diagnosis and treatment indicators for evaluating rat models of atherosclerosis
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with qi stagnation and blood stasis syndrome. Simvastatin tablets and Tongmai granules were used as verification drugs.
Based on the etiology and pathogenesis together with modern research on the pathogenesis of atherosclerosis, we used co-
induction method in an ice-water bath, followed by fat emulsion gavage and injection of bovine serum albumin via the tail
vein, to establish a rat model of atherosclerosis with qi stagnation and blood stasis syndrome. We examined the symptoms
and signs and assessed the scores of rats in each group. We also measured the blood lipids and coagulation levels, detected
the pathological changes in the ascending aorta of rats in each group after 8 weeks, and performed model establishement
pre-testing. After the model was successfully established, intervention with verification drugs was performed, and the blood
lipids and the coagulation levels were measured, followed by examination of the pathological changes in ascending aorta and
hepatic tissue of the rats. Results After 21 weeks, the rats’ symptoms and signs were significantly altered, the blood lipid
levels and fibrinogen levels were significantly increased, the activated partial prothrombin duration was significantly
reduced, and lipid deposition occurred in the ascending aorta intima. Furthermore, we observed vacuolation and
degeneration of hepatocytes, which was consistent with the clinical manifestations of atherosclerosis with qi stagnation and
blood stasis syndrome. Compared with the model group, the blood lipids level and fibrinogen content were significantly
decreased, and no obvious abnormalities were found in the ascending aorta intima and hepatic tissue of rats in the drug-
verification group. Conclusions  The rat model of atherosclerosis with qi stagnation and blood stasis syndrome is
established by co-induction method in an ice-water bath, fat emulsion gavage and injection of bovine serum albumin via the
tail vein for continuous modeling over 21 weeks. This model has the characteristics of a high modeling rate and have clinical

symptoms and signs. Thus, it may provide an evaluation tool for the pharmacodynamic studies of Traditional Chinese

Medicine formulas against atherosclerosis with qi stagnation and blood stasis syndrome.
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Table 1 Quantification scoring of syndrome integral evaluation of atherosclerosis with qi stagnation and blood stasis syndrome'®

]

AR RSy UEfEFR I UEAEFR Sy
Syndrome presentation Syndrome scores Syndrome presentation Syndrome scores
Ja(0) J(0)
None (zero) None (zero)
A BT (2) IRERER>25(2)
TR R A Occasional limp (two) AR R BMI>twenty-five ( two)
Limb numbness [] B B AT (4) Obesity REFEE>30(4)
Intermittent limp ( four) BMI>thirty (four)
P17 (6) IREFER>35(6)
Limp (six) BMI>thirty-five ( six)
IRLL(0) Ja(0)
Light red (zero) None (zero)
21.(2) REE(2)
4 Red (two) JEF IR BE Mild (two)
Tongue manifestation I 4T B 45 I (4) Tail ecchymosis Ll (4)
Dark red or purple (four) Moderate ( four)
PR BB (6) HHE(6)
Petechiae or ecchymosis ( six) Severe ( six)
JE(0) JEIERL(0)
None (zero) No petechia (zero)
A BB Z (2) 1AMREL(2)
Sy a5 Occasional irritable (two) BENG 89T One petechia (two)
Irritable A (4) Auricle petechiae 2 ~ 3R (4)
Intermittent irritable (four) Two to three petechiae (four)
ZRAF(6) 4LL EIRRL(6)

Frequently irritable (six)

More than four petechiae (six)

TEJ0(0) RBE(2) ,FBE(4) ,BE(6) .

Note. None (zero) ; mild (two) ; moderate (four) ; severe (six).
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2 IMNBKFEAELL (x+s,n=3, mmol/L)
Table 2 Changes in blood lipid levels

Eibil Hm =k SR AR E REEMEEA
Groups TG TC HDL-C LDL-C
Y
ER4 0.73+0. 05 1.98+0. 22 0. 14+0. 04 1. 06+0. 14
Normal group
114
BE 14 1.70£0. 14 ™ 3.52+0.20 0.09+0.03 " 1.84+0.53™
Model group one
124
B2 4 1.51£0.01 ™ 5.94+1.11™ 0.39+0.07" 1.51£0.42"
Model group two
134
B34 1.53£0. 14 ™ 5.58+0.94 " 0.38+0.06" 1.48£0.22
Model group three
144
B4 4 1.58+0. 10 ™ 6.72+0.41 ™ 0.27+0.06" 2.47+0.23*
Model group four
154
B sS4 ) 1. 68+0. 08 7.17+£1.21™ 0.31+0.06" 2.39+0.42*
Model group five
164
PR 6 41 . 1.50+0.41™ 4.23£0.76 0.38+0.06" 1.53£0. 15"
Model group six
174
HE 74 2.64+0.18™ 9.78+0.94 ™ 0. 11+0.05 2.23+0.62™
Model group seven
1384
o ﬁ. 2.94+0.18* 8.42+0.76 ™ 0.24£0.07" 2.66+0. 80 **
Model group eight
97
® il 3.34+0.38 ™ 9.91+0.35™ 0.29+0.07" 2.83+0. 87"

Model group nine

T HIERALIE, * P<0.05, ™ P<0.01,
Note. Compared with the normal group, * P<0.05, ™ P<0.01.

AT 1 4B AR 2 4 CoARR 3 4D AR 4 2B AR S YL T AR 6 G AR RL T 4
H AR 8 4114870 9 41,

B 1 TS o B A R
Note. A, Model group one. B, Model group two. C, Model group three. D, Model group four. E, Model
group five. F, Model group six. G, Model group seven. H, Model group eight. I, Model group nine.
Figure 1 Pathological changes of the rat ascending aortas
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Note.Al, Tongue manifestation of the normal group; Bl, Tongue manifestation of the model group; C1, Tongue manifestation of the

simvastatin group; D1, Tongue manifestation of the Tongmai granule group. A2, Auricle of the normal group; B2, Auricle of the model

group; C2, Auricle of the simvastatin group; D2, Auricle of the Tongmai granule group. A3, Claw toe of the normal group; B3, Claw toe

of the model group; C3, Claw toe of the simvastatin group; D3, Claw toe of the Tongmai granule group. A4, Tail of the normal group; B4,

Tail of the model group; C4, Tail of the simvastatin group; D4, Tail of the Tongmai granule group.

Figure 2 Comparison of the rat appearance

R3 WHERER (v+s,n=10)
Table 3 Results of the open field test

2531 BT AL JERVE e XS R I IR] () FEMREY
Groups Number of grid crossing Times of upright standing Central area residence time Number of feces
IE# 41 Normal group 110. 5+10. 4 8.8+1.0 10. 8+1. 8 1.8+0.9
HERIZH Model group 61.6+5.0™ 6.4+1. 17 3.9+0.9™ 4.4£0.9™
FHAMTTA Simvastatin group 63.1x4.4™ 6.6+0.7" 6.7+0.9 ™ 5.3+0.7"
10 Pk A 2 Tongmai granule group 67.3+6.8* 7.5+0.9* 5.8+1.3* 4.1+0.6*

HGIERALE, * P<0.05, ™ P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01.



38 o H A R 24 2019 4 9 45 29 %45 9 ] Chin J Comp Med, September 2019, Vol. 29,No. 9

2.4 FETH
S E] OE R A OR BUR R IR R AR H Y
Ko HIEH AU, 85 85T 10045 21 K B 55 40 1) 4
AR 53 (P<0.01) , BRI K R AY
B RER R, o S e 7T A K BRAA
RARXF R, B AR A 7T 4 R B 5 A 0 21 A i 22
SRS, 21 T RO Y T s, SR A
L, 25 R R BRUAR R e, R 4,
2.5 HEEMHKEEZWK
HIEWAM, 8T S A KR REF RS T

Scores

0 Sttt 4
0 12 3456 78 9 10111213 14151617 181920 21 2223 242526

REWTFLHE B 5, KR H & B R, 565 21 HikT
FEZE) T Wi, 6 A 7T 41 38 Ik okz 21 K B H
BT, WK 4, 5IEE G, SR T w4
AR H KR REAL, DR S, DR i 2z
B, XA 5K R T 5 505, - 5 S 5k 4 A
TR, CHBEE S IR 5 B, Kk, 19 &
FEUG, R K R BT A, DAIE N R S 56 B[R]
JIr %R BRGHE AT o 01 V9 ] A £ 3 30 P
FR XA AR LB UK, T80 A 5 K BRUK &
ZEIF | IR AOK R R FRAY I

-4 N

- M

e S
— T

—_———————————

i) ()
Time(Weeks)

@Niﬁxrfﬁﬁfﬂ,M*ﬁﬂgﬂg$1k1ﬂl(]2ﬂ,'rlﬁﬂ7](¥)ﬁ*ﬁ?ﬂc K4 5 HE,
B3 KEAEIEEERS A

Note. N, Normal control group. M, Model group. S, Simvastatin group. T, Tongmai

granule group. The same in the Figure 4 and Figure 5.

Figure 3 Changes in Traditional Chinese Medicine syndrome scores in the rats

x4 KRIEEAE(x+5,n=10,g)
Table 4 Weight changes in the rats

25 8 J#l 12 A

Groups Eight weeks Twelve weeks

Sixteen weeks

16 JA 20 J# 21 & 25 A

Twenty weeks  Twenty-one weeks Twenty-five weeks

IEH 41 Normal group
FERIZ] Model group
FEARMIT 4 Simvastatin group
38 Ik Uk 4 Tongmai granule group

329.8+21.5 424.2+24.2

262.6+20.2™ 324.7+16.0™
267.4+18.6™ 322.8+14.1™
204.2+23.7" 343.3£22.2™

424.2+20.5

256.9+19.3™
274.4+24.4™
277.4+24.9™

459.6+35.8  463.7£35.7 459. 6+32. 3"
274.2£19.3%  257.1x19.5"  256.9%11.6™

269.4£31.7°  275.5x24.9"  372.5:24.0" **
319.514. 17 294.7+28.2™"  381.0£22.3" *#

T HIERA LS, * P<0.05, ™ P<0.01; SHRIZ A, * P<0.05,% P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01. Compared with the model group, * P<0.05, * P<0.01.

301

FHiRE (R)
Daily appetite (g/each rat)

10

L} L} L} T T T T T L} L} L} T L} L} T T T L} L} L} L} L} T T T 1
012 3456 78 910111213 14151617 181920 21 2223 242526
I ) ()
Time(Weeks)

4 HitgRZA
Figure 4 Changes in the rat daily appetite
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2.6 HEHIEmRENER
2.6.1 IMARAKF-45

SEYGEE SRR S5 IE R A BRI KB TC
TG .LDL-C /K~FIEH B3 5 (P<0.01) ,HDL-C 7K
PAEH B EFEIR(P<0.01) ;55 21 HA 25 TG, 5
FERYZH A L, 38 ik 0k 41 K B TC . TG . LDL-C 7K F
e B REAK (P<0. 01) ,HDL-C 7K F B 3 75 ( P<
0.05) ,3EARABIT 40 TG \LDL-C 7K V-HE % i 35 PRI
(P<0.01), HDL-C 7KF i % F+ & (P<0.05), WL
%5,

2.6.2 &I YL,

55 1E W AR L 45700 24 B i il DA B[] i 35 ARG
(P<0.05) , 16 A0 53458 i i Ao () FE 7 2 3 B AR (P<
0.01) , 474 & 1R & AR % W T & (P<0.01)
5521 J 299 ROFA I T 259 T 1, 245 R o
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Figure 5 Changes in daily water intake of the rats
*£5 MK FEZEL (x+s,n=10, mmol/L)
Table 5 Changes in blood lipid levels of the rats
45 Hm =R S ] T R R e E
Groups TG TC HDL-C LDL-C
IE % 2 Normal group 0. 69+0. 08" 2.40+0. 27" 0.51+0. 05% 0. 84+0. 06"
HERIZ Model group 1.27+0.06 ™ 10.20+1. 06 ** 0.33+0.07 ™ 2.06+0. 41 ™
EARABTT4H Simvastatin group 0.95+0.90 " ** 9.00+1. 46 0.30+0. 06" ** 1.06+0. 10 * **
38 ik WUk 2H Tongmai granule group 0.81+0.05* *# 5.90+1.22*% 0.41=+0. 07% 0.96+0. 10 **

T SIERALEEL, * P<0.05, " P<0.01; SERLILEE,* P<0.05,% P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.

R 6  BRIMVUITEE R (x+s,n=10)

Table 6 Results of 4 indicators of coagulation test

T AL ET 435 1ML 7S RS A ()
Activated partial
thromboplastin time ( APTT)

I IS 1] (s )
Thrombin time (TT)

FHEEA R (g/L)
Fibrinogen (Fbg)

21 5 BE LG ] (s)
Groups Prothrombin time ( PT)
1E# 4 Normal group 14. 6+0. 85*
HEFIZH Model group 13.3+0.80 "
EARAMTT 4 Simvastatin group 14.0+0.33*#
S K R 2H Tongmai granule group 13.2+0. 60"

28. 1+0. 74 34.7+0. 35 2.1+0. 07%
25.1+0.97 35. 1x0. 82 2.7+0.08*
26. 8+0. 80 ** 36.3+0.69 ** 2.3+0.07*
26. 00. 60 35.2+0. 80 2.3+0. 09

T HIEHALE, * P<0.05, " P<0.01; 5HAIA L, " P<0.05,% P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01. Compared with the model group, # P<0.05,*P<0.01.
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Note. Al, Ascending aorta of the normal group; Bl, Ascending aorta of the model group; C1, Ascending aorta of

the simvastatin group; D1, Ascending aorta of the Tongmai granule group. A2, Hepatic tissue of the normal

group; B2, Hepatic tissue of the model group; C2, Hepatic tissue of the simvastatin group; D2, Hepatic tissue of

the Tongmai granule group. Arrow indicates the lesion site of ascending aortic intima.

Figure 6 Pathological changes of the rats ascending aorta and hepatic tissues
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