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Acquisition and analysis of cardiac function baseline data obtained

by magnetic resonance imaging in three normal rat strains

ZHU Hao GAO Kai ZHANG Lian-feng
( Institute of Laboratory Animal Sciences Chinese Academy of Medical Sciences & Peking Union Medical College
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[Abstract] Objective Rat is a common animal for making heart disease model. The magnetic resonance imaging
( MRI) is becoming an important technology for study of pathological process and drug evaluation with animal models.
However no normal cardiac MRI technical parameters of rats are available at home and aboard thus it limits the
application of this technology. In this work technical parameters for structure and function of the left and right ventricles
from normal adult Wistar Sprague-Dawley and Lewis rats were acquired by magnetic resonance imaging ( MRI) and then
quantitatively analyzed and to provide reference data for preparation and analysis of rat models of heart diseases. Methods
Eight female Wistar Sprague-Dawley and Lewis rats 8-9-week aged 220 £20 g body weight respectively were used in
this study. Cardiac CINE was used in a 7. 0 T high field MRI to assay the structure and function parameters of the left and
right ventricles of the rat hearts. Results The structure and function parameters of the left and right ventricles of the rats

were acquired and analyzed including left and right ventricle end-diastolic volume ( EDV) end-systolic volume ( ESV)
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ejection fraction ( EF) ; left ventricle papillary muscle layer end—diastolic diameter ( EDD)  end-systolic diameter ( ESD)

fractional shortening ( FS)  end-diastolic anterior wall thickness ( EDAWT) end-diastolic posterior wall thickness

( EDPWT) end-systolic anterior wall thickness ( ESAWT) end-systolic posterior wall thickness ( ESPWT) anterior wall

thickening ( AWT) and posterior wall thickening ( PWT) right ventricle papillary muscle layer end-diastolic wall thickness

(EDWT) end-systolic wall thickness ( ESWT) and wall thickening ( WT) . Conclusions Eighteen cardiac structure and

function parameters of three normal rat strains are obtained in this study. The quantitative information can be used as

reference data for heart disease model preparation study of pathological processes and drug evaluation.

[Key words] Rat; Magnetic resonance imaging; Ventricular function
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. ( end-diastolic volume

EDV) ( end-systolic volume ESV) o
( ejection fraction EF) o 2.2 Wistar. Sprague-Dawley . Lewis
( end-diastolic diameter
EDD) . ( end-systolic diameter ESD) MRI ( CINE) Wistar-
( fractional shortening FS) ; Sprague-Dawley . Lewis 3 EDV.ESV
( end-diastolic anterior wall EF; EDD. ESD. FS EDAWT.
thickness EDAWT) . ( end-diastolic EDPWT ESAWT.ESPWT AWT  PWT
posterior wall thickness EDPWT) 1 o
( end-systolic anterior wall thickness ESAWT) | 1 Wistar. Sprague-Dawley .
Lewis 3 °

( end-systolic posterior wall thickness

Wistar. Sprague-Dawley . Lewis 3

Tab.1 Left ventricular function parameters of the

ESPWT) ( anterior wall normal Wistar

Sprague-Dawley and Lewis rats.

thickening AWT) ( posterior wall Parameters Wistar Spragne-Dawley Lewis
thickening PWT) ; EDAWT(nm) 09012 1.04x0.09  1.0420.13
end-diastolic wall thickness EDWT) . . . .
( ) EDPWT( nm) 1.03 £0.11 1.02 +£0.08 1.04 £0.14
( end-systolic wall thickness ESWT)
. . 7.37 £0.82 7.44 £0.45 7.45 +0.77
( wall thickening WT) . EDD( mm)
EF :(EDV - ESV) /EDV x 100% EDD( mm?) 295.7 £19.1 345.7 +17.4™ 323.8 +22.5"
FS =( EDD - ESD) /EDD x 100% 2.37+£0.35 2.15+0.16 2.22+0.35
ESAWT( mm)
WT =(Ts - Td) /Td x 100%
2.13 +0.31 2.14 +0.22 2.29 +0.27
SPSS 17.0 ESAWT( mm)
+ t ESD( mm) 3.82+0.35 3.94 £0.28 3.79 £0.42
o P <0.05 o ok -
ESV( mm) 97.8 +10.2 123.3 +13.2 121.6 £10.5
2 + + + *
EF(%) 66.93 £3.5 64.7 £3.1 62.5+2.8
2.1 MRI ( CINE) PS( %) 48.17 £4.5 47.58 +3.4 49.4 +4.2
( CINE) MRI
AWT( %) 117.4 £14.6 106.7 £9.2 113.5£16.8
. 1 PWT( %) 106.8 +14.5 109.8 £8.2 120.2 £18.3
CINE i Wistar "P<0.05 TP<0.0l **P<0.001

Note: © P <0.05 ™P<0.01 ™ P <0.001 versus Wistar rats.

7 (B)
( CINE) .

Note: ( A) End-diastolic short axis image; ( B) End-systolic short axis image.

Fig. 1 Cardiac CINE imaging of the rats.
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Wistar Sprague-Dawley EDWT 11.29%
Sprague-Dawley EDV 16.91% (P <0.05) ESWT 18.87% (P <0.01) .
(P<0.001) ESV 26.07% ( P < 0.001) , Sprague-Dawley ESV Lewis
Sprague-Dawley EDAWT. EDPWT. ESAWT. ; EDV EF Lewis
ESPWT.EF.FS AWT Wistar
; EDD.ESD PWT Wistar Lewis Wistar
0 EDWT 22.58% ( P <0.01) ESWT
Wistar Lewis 26.42% ( P <0.001) , Wistar EDV.ESV
EDV 9.50% ( P <0.05) ESV 24.34% WT Lewis . EF
(P<0.01) EF 6.62% ( P <0.05) o Lewis Lewis .
EDAWT. ESAWT. EDD AWT Sprague-Dawley Wistar
Wistar ; EDPWT. EDD . ESPWT. EDWT 12.73% ( P <0.05) . Wistar
EDV.ESD.FS PWT Wistar EDV.ESWT.ESV Sprague—
° Dawley ;o WT Lewis
Sprague-Dawley Lewis
EDV.ESD. ESV EF Sprague-Dawley
. EDPWT.ESAWT.ESPWT.FS. 3
AWT  PWT Wistar
2.3 Wistar. Sprague-Dawley . Lewis
MRI ( CINE) Wistar. 2
Sprague-Dawley . Lewis 3 EDV. ESV 7.9
EF; EDWT.ESWT WT
2 o
2 Wistar Sprague-Dawley « Lewis ’
Tab.2 Right ventricular function parameters of the
normal Wistar Sprague-Dawley and Lewis rats.
Parameters Lewis Sprague-Dawley Wistar Wistar- Sprague—Dawley Lewis 10-12 .
0.62£0.05  0.55+0.05" 0.48 =0.05**
EDWT( nm)
161.5+21.9  165.0=17.1  150.2 15.8 ( MRI)
EDV( nm*) . - MRI
1.06 £0.12 0.86+0.07™ 0.78 £0.05™
ESWT( nm)
62.3+12.5  56.5%9.7  54.9:11.2 » MRI
ESV( mm?®)
61.4+8.6 65.7+5.3 63.44 £8.1
EF( %) .
71.0 £13.2 56.36 £9.5 62.5+10.1 o MRI
WT( %)
Lewis "P<0.05 "P<0.01 P <0.001
' " MRI
Sprague-Dawley P <0.05 P <0.01
#p <0.001
Note: * P <0.05 P <0.01 P <0.001 versus Lewis rats; *P < MRI
0.05 "P<0.01 " P <0.001 versus Sprague-Dawley rats. ( )

Lewis

MRI



20

2013

23 2 Chin J Comp Med February 2013 Vol. 23. No. 2

MRI ( CINE)

- Semlka "

Simpson

MRI

Lewis

MRI

14 15

15 16

Lewis

o Wistar

Lindsey JR. Historical foundations in the laboratory rat J . In
The laboratory rat ( ed. H.J. Baker J.R. Lindsey and S.H.
Weisbroth) 1979: 1 -36.

Zheng S Geghman K  Shenoy S

Academic press
et al. Retake the center
stage—new development of rat genetics J . J Genet Genomics
2012 39(6): 261 —268.

Heitner J  Bhumireddy GP  Crowley AL et al. Clinical
application of cine-MRI in the visual assessment of mitral
compared to echocardiography and cardiac
catheterization J . PLoS One 2012 7(7): e40491.

Florian KB  Tobias F  Marcel P

regurgitation
et al. Cardiac chamber
quantification using magnetic resonance imaging at 7 Tesla—a
pilot study J . Eur Radiol 2010 20: 2844 —2852.

Farrelly C  Shah S

Davarpanah A et al. ECG-gated multiecho

Dixon fat-water separation in cardiac MRI: advantages over
conventional fat-saturated imaging J . AJR Am J Roentgenol

2012 199(1): 74 - 83.

13

14

15

16

18

19

Fatima F Gail DT Brett G

et al. Magnetic resonance imaging
and invasive evaluation of development of heart failure in
transgenic mice with myocardial expression of tumor necrosis
factor-a J . Circulation 1999 99: 448 —454.

Takaki M. Cardiac mechanoenergetics for understanding

isoproterenol-induced rat heart failure ]

2012 19(3): 163 - 170.

Pathophysiology

Abassi Z Goltsman I Karram T et al. Aortocaval fistula in rat:
a unique model of volume-overload congestive heart failure and
cardiac hypertrophy J . J Biomed Biotechnol 2011: 1 -13.
Gu R Bai J Ling L et al. Increased expression of integrin—
linked kinase improves cardiac function and decreases mortality in
dilated cardiomyopathy model of rats J PLoS One 2012 7

(2): e31279.

El-Sayyad HI ~ Al-Haggar MS  El-Ghawet HA et al.
Cardiomyopathy and angiogenesis defects of Wistar rat fetuses of
diabetic and hypercholesterolemic mothers J . Nutrition 2012

28(7 -8): 33 —43.

Suzuki T Kado S Ando M Spontaneous cardiac
hypertrophy in a Crl: CD( SD) rat J . J Toxicol Pathol 2009

22(1): 83 -87.

Baumann M Chang J Thiirmel K

et al.

et al. FisherdLewis kidney
transplantation model as a tool for investigation of transplantation—
induced cardiomyopathy J . 2009 41(6):
2612 -2615.

Gosse P.  Left hypertrophy as a
cardiovascular risk J . J Hypertension 2005 23( Suppll) : 27
-33.

Moon JC Lorenz CH Francis JM

Transplant Proc

ventricular predictor of

et al. Breath-hold FLASH
left ventricular volume

2002 223: 789

and FISP cardiovascular MR imaging:
differences reproducibility ]
-7917.

Pattynama PM  Lamb HJ

Radiology
ven der Velde EA et al. Left
ventricular measurements with cine and spin-echo MR imaging: a
study of reproducibility with variance component analysis J
Radiology 1993 187: 261 -268.

Li KC Lin YQ Liu HY etal. The MRI measurement of normal
heart of Chinese people J . Chin Circulation J 2004 29( 14):
34 -37.

Jessup JA Westwood BM  Chappell MC

inhibition and ATI1

et al. Dual ACE-
receptor antagonism improves ventricular
fibrosis in the

lusitropy without affecting cardiac

. Ther Adv Cardiovasc Dis

congenic
mRen2. Lewis rat J 2009 3(4):
245 -257.

Fujimoto KL Miki T Liu L] et al. Naive rat amnion-derived
cell transplantation improved left ventricular function and reduced
myocardial scar of postinfarcted heart J Cell Transplant
2009 18(4): 477 -486.
Piech A Dessy C Havaux X et al. Differential regulation of
nitric oxide synthases and their allosteric regulators in heart and
. Cardiovasc Res. 2003 57(2):

vessels of hypertensive rats ]

456 —467.

( 120124228



