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[ Abstract] Objective To evaluate with 7T cardiac magnetic resonance tissue tracking imaging (CMR-TT) the
ameliorative effect of Cang-ai volatile oil (CAVO) on left ventricular remodeling (LVR) in rats induced by isoproterenol
(ISO), and to make preliminary investigation into CAVO's effects on endothelial dysfunction in LVR. Methods A total
of 35 healthy male Sprague-Dawley (SD) rats were randomly assigned to two groups, the experimental group (1n=27) and
the normal control group (n=8). The rat model of LVR was established by subcutaneous injection of ISO solution at 10
mg-kg '-d™" at multiple sites for 10 consecutive days. After modeling was completed, the surviving rats (n=24) in the
experimental group were then randomly assigned to the blank experimental group, CAVO group, and Shexiang Baoxin
pill (SXBXP) group (n=8 in each group). Rats in each group were given via gavage the corresponding intervention
medicine or an equivalent amount of normal saline solution for 28 consecutive days. At the end of modeling and
intragastric intervention, 7T CMR cine sequence scanning was conducted to collect data. Then, post-processing software
CVI42 was used to analyze the images and to compare and contrast the changes in the parameters of left ventricular
cardiac function and myocardial strain in each group before and after the administration of the medication. The rats were
sacrificed after MRI scanning, and their hearts were harvested for pathological examination. The levels of serum
biochemical indicators were measured by enzyme-linked immunosorbent assay (ELISA). Results CAVO significantly
increased LV ejection fraction and overall myocardial strain parameters in LVR rats, while it decreased LV volume, mass,
and serum levels of endothelial function indicators in LVR rats. In addition, pathological staining showed marked
improvements in the hypertrophy, necrosis and interstitial fibrosis of cardiomyocytes. Conclusion Through the
regulation of myocardial vascular endothelial function, CAVO can significantly improve cardiac functions in LVR rats,
delay the process of ventricular remodeling, and have a certain amount of protective effect on cardiac structure and

function in rats.
[ Key words] Cang-ai volatile oil 7T cardiac magnetic resonance Tissue tracking imaging Left

ventricular remodeling
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8.0 S35 5 (chronic heart failure, CHF) J& 2 Ff.0>
A8 P s AT e )™ L B B RN R B, 2 s A
(left ventricular remodel, LVR)/E N CHF & A= & J& i B
BLhilt, 25 FECONESF 4R DI RE YRR IR B R A, I
LE O IR RS O A S R AR, R, A
CHFEH LI REW] AL Z /T, SRA RSy T-B, &
I S 2 £ 2 28 B0 2 EE AR R AR T R AR AR U G . WO
WERE H: 4R (cardiovascular magnetic resonance, CMR) Bl
BAEZSH 285 HEUr PR e v H PR S50
B OO TR DRSS AN T BE A< bR T
I 2o 0 IR 2 2038 B /8 (magnetic resonance tissue
tracking, MR-TT) Ji5 &b BEAR I UV AZ , I SEAERAE S E
VA D RE AT T TR I R GRS 0
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ST T AE AR DAY, PRI AR 7 22 1) S8 8 A )
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Z R A R A 2 SR
(Cang-ai volatile oil, CAVO) & ¥ T H B H ATk,
22 AR AR T 2B iy v 2548 i &2 il ), 32
HIAE A | 45 22 5 5 2 b 254 i Lo R o
S5 2R B, CAV OREIE AL 41 i S AE S 07 05| 2,3 XL
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35 HSPFLIETESD R B, 6 ~ 8JEl i, ) Uiy 4 i
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8 C-min W ZETFF250 C(RFFES min); FEAE RN
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28 dJiF, AR (1), FRIREA 25 0.3 mL-100 g H
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R ERAAR R T AT 1) 800 it UM, 46940135 mgkg™-d
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BB R, A5 200 F 511435 (left ventricular ejection
fraction, LVEF) | 2.0 % &F sk R W78 (left ventricular
end-diastolic volume, LVEDV) | ZE.0ZE W4 R I AFH (left
ventricular end-systolic volume, LVESV) | 720> % A48 4
H i (left ventricular stroke volume, LVSV) | Z.0Z DAL
Jii i (left ventricular myocardial mass, LVM) fll /& 0> & &F
ik R W 5 K = BEJE ¥ (left ventricular end-diastolic
maximum wall thickness, LVEDTHmax) ,

2B DU A ST BT W A0 3 Al PO B
VO i 0 L5 Y 51 (9 DICOMAIE 5 A CVI [ 2 838 5
(tissue tracking, TT) Ak, F-3fi2) it} 700 2 &7 KAWL
M, B F BB A B A L0 LN B S 4L, 4G A2
L2 FEARER [|] )0 22 (left ventricular global circumferential
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ventricular global longitudinal strain, LVGLS) , LVGRSF®
7 UL JEE L AR [ 3G R 5 22 s 3, TTE(ERR;
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D A OO PR RO | PO O B KA

SRl I SR R 07 A, 244 SR N GURE Bk
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TEAJH J5 FROCGHEAT 00T 0, B 315 & S 5y - 4 (e AR
POESE ST
145 Sl A AT LEORT, S AUSE A BRI
KB, SR IEH 0 B AL 30 20 K SRR F KM mL, 5325
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Jiki#M AR A4 (N-terminal B-type natriuretic peptide, NT-pro
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Table1 Analysis of the main chemical components of Cang-ai volatile oil

Number Designation Molecular formula M, Retention time/min  Relative contents/%  Matching degree
1 Eugenol C,H,,0, 164.08 14.07 46.46 98
2 Eucalyptol C,H,,0 154.14 7.98 21.05 95
3 beta-Caryophyllene C;H,, 204.19 16.34 10.18 99
4 Terpinen-4-ol C,H,;0 154.14 9.01 2.08 97
5 1,6-Octadien-3-ol, 3,7-dimethyl- C,H,;;O 154.14 10.34 1.97 96
6 L-alpha-Terpineol C,H,;O 154.14 10.56 1.56 96
7 D-Limonene C,Hy 136.13 21.93 1.55 99
8 Phenol,2-methoxy-4-(2-propenyl)-, acetate C,H,0, 206.09 17.33 1.48 97
9 Patchouli alcohol C,;H,,O 222.20 21.70 1.32 99

10 beta-Pinene C,Hy 136.13 19.27 1.19 96
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Fig 1 Total ion chromatogram of Cang-ai volatile oil by GC-MS

1-10 denote the same as those in table 1.
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B, SBT3 AL, 28 S0 2H R S U AE # X fRZH BM
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BM#E T 1E Xf REZH RIS A OO ALZH [ (361.58+13.41) g
vs. (405.33+15.06) g vs. (399.44+20.68) g) (P<0.01).
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LVM 1 (P<0.05), MLVEF, LVEDTHmax, LVGRS .
LVGCS. LVGLSEJFEAE (P<0.01); Tt 45 & M4 | B
PRIV T 25 I SEER4ILVEDV, LVESV, LVMF1IK
(P<0.05), LVEF, LVEDTHmax, LVGRS . LVGCS .
LVGLSF5 (P<0.01), 4 33 R M4 AR A (R0 L 2Z )
M EHE bR 22 R TCG 245 L (P>0.05); £ AL LVSVA
H 2 5(P>0.05) . L33, K2,
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Table2 Comparison of left ventricular conventional cardiac function and global myocardial strain parameters between the control group and the

experimental group at t0

Indicator Normal control group (n=8) Experimental group (n=24) t P
Cardiac function parameters
LVEDV/mL 0.29+0.03 0.39+0.05 -3.14 <0.01
LVESV/mL 0.09+0.02 0.16+0.03 -3.86 <0.01
LVSV/mL 0.21£0.02 0.25£0.04 -1.03 0.16
LVEF/% 70.44+2.20 64.36+1.32 2.05 <0.05
LVEDTHmax/mm 1.78+0.17 2.43%0.15 -5.26 <0.01
LVM/g 0.42+0.07 0.63+0.07 —4.89 <0.01
Global myocardial strain parameters
LVGRS/% 48.51+3.18 40.02+2.61 6.63 <0.01
LVGCS/% —24.44+1.02 -19.21+1.10 -5.74 <0.01
LVGLS/% —-16.67+1.08 -13.68+1.20 -4.25 <0.01

LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic volume; LVSV: left ventricular stroke volume; LVEF: left ventricular

ejection fraction; LVEDTHmax: left ventricular end-diastolic maximum wall thickness; LVM: left ventricular myocardial mass; LVGRS: left ventricular global

radial strain; LVGCS: left ventricular global circumferential strain; LVGLS: left ventricular global longitudinal strain.
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Table 3 Comparison of left ventricular conventional cardiac function and global myocardial strain parameters in each group at t1

Indicator Normal control group (n=8)

Blank experimental group (n=8)

CAVO group (n=8) SXBXP group (n=8)

Cardiac function parameters

LVEDV/mL 0.44+0.05
LVESV/mL 0.11+0.03
LVSV/mL 0.30+0.02
LVEF/% 72.72+2.80
LVEDTHmax/mm 2.21+0.44
LVM/g 0.54:£0.02
Global myocardial strain parameters
LVGRS/% 48.33+3.24
LVGCS/% —23.54+0.21
LVGLS/% —20.22+0.99

0.5620.02" 0.4420.06" 0.46+0.03"
0.28+0.05" 0.15+0.02" 0.13+£0.04*
0.29+0.02 0.29+0.04 0.31+0.03
51.78+4.67" 65.90+1.99" 67.39+3.52"
1.82+0.58 2.16+0.25" 2.18+0.11%
0.6620.07" 0.52+0.06" 0.57+0.03"

45.68+3.30"
-22.65+0.83"
-19.35+1.61"

46.98+3.26"
~22.90+0.60"
-19.87+1.35"

36.01+5.34"
~19.34+0.66"
~14.62+1.01"

" P<0.05, " P<0.01, vs. normal control group; * P<0.05, ** P<0.01, vs. blank experimental group.
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Fig 2 Bull's eye diagram of 16-segmental myocardial strain in each group at t1. The colors represent the strain between —20 (bule/green transition) and 20

(green/red transition)



51 2 S A5 RN 70 EER R B IR G R T 133
F4 UNBFHKXRMERET-1.NOKFLLE
Table4 Comparison of serum ET-1 and NO levels in each group at t1
Indicators Normal control group (n=38) Blank experimental group (n=8) CAVO group (n=8) SXBXP group (n=_8)
ET-1/(pgmL™) 0.33+0.25 2.89+0.39" 0.50+0.28™ 44 1.34+0.24""
NO/(umol-L™) 2.36+0.74 14.16+3.85" 4.44+1.87"" 4.58+0.78""

" P<0.05, " P<0.01, vs. normal control group; * P<0.05, * P<0.01, vs. blank experimental group;  P<0.05, “* P<0.01, vs. SXBXP group.

HE staining, x200 Masson staining, X200

Blank experimental ~ Normal control
group group

CAVO group

SXBXP group

B 3 t&ARRONARFEEL
Fig 3 Pathological changes of myocardial tissues in each group at t1

Necrosis of cardiac muscle cells (red arrows), inflammatory cell infiltration

(black arrows) and interstitial fibrosis of cardiac myocytes (yellow arrows).
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