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[Abstract] Objective To determine the potential value of the two-dimensional (2D) cardiac magnetic
resonance imaging (CMR) tissue tracking (CMR-TT) method in assessing the cardiac function of tree shrew at 7T.
Methods Healthy adult tree shrews (male, n=8) and spraguedawley rats(male, n=8) were selected for this
study. CMR was performed to acquire the short-axis images of left ventricle at 7T using the same appropriative coil
and cine sequence for all experimental animals. The CMR images were processed using the professional cardiac
analysis software, calculating ejection fraction (EF), radial peak sysolic strain (Err), circumferential peak sysolic
strain (Ecc) ,radial peak sysolic displacement (DR), and LVM/BM (the ratio of left ventricular mass (LVM) to
body mass (BM)J. Results Cine imaging for the tree shrews was 100% successful following the CMR protocol for
the rats, with clearly visible main segments of cardiac. Significant differences in EF, Err, Ecc and DR were found
between the two groups of animals (P<C0.01). The tree shrews has lower EF, Err and Ecc than the rats. Err and
Ecc appeared in the fifteenth phase in left ventriclar systole in the tree shrews, compared with the tenth phase in the
rats. The tree shrews also had higher LVM/BM than the rats. Conclusion The cardiac function of tree shrew can be
assessed using the 2D CMR-TT method despite significant differences across species.
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Fig 1 Cardiac cine images of tree shrews and rats in the systole. The left ventricular end-diastolic phase (A) and left ventricular end-systolic phase

(B) were shown in the papillary muscle short-axis slice of the tree shrews. The left ventricular end-diastolic phase (C) and left ventricular

end-systolic phase(D) were shown in long-axis slice of the tree shrews. The left ventricular end-diastolic phase (E) and left ventricular end-

systolic phase (F) were shown in the papillary muscle short-axis slice of the rats. The left ventricular end-diastolic phase (G) and left

ventricular end-systolic phase (H) were shown in the long-axis slice of the rats
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Table The CMR-TT parameters of tree shrews and rats

Tree shrews Rats

Parameter (n—8) (n—8) P

LVM/g 0.4140.07 0.314+0.04 0.01
LVM/BM 0.2940. 05 0.134+0.02 0. 00
EF/% 53.14+7.33 68.12+2. 35 0. 00
Err/% 24, 74417.29 45.44+3.19 0. 00
Ece/ % —15.1143.24  —23.09+0. 88 0. 00
DR/mm 0.7140.10 1.7240. 43 0. 00
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Fig 2 The curves correlated to strain value and systolic phases of the

left short-axis ventricle for tree shrews and rats

PRUAS ] 0y 7o 22 i) 85 4 L 2 RE R 3 Bl ) 1 45 8 A
e W] 19 25 5P CMIR AR AT B2 — b DX L 22 5%
PR A ROT % o ABTIE PR EFErr Al Ece 43
BEART R I BRI A Err Ece HBU7E 7 2L
515 15 AL K BUAY Err Ece H B 22 25 0 45 1)
55 10 AR RIITEA [ Y CMR B & 4% 18 F R BLAE
25 WSO 7 8 W [ R R ) LR BR 7 0 JULE
PSR 2 S 58 TR 5 B T DL b 7 A ) Y 0 B RE
SPE A S MR LVM/BM .2/ TR B LVM/
BM X — B, 3 WA [R) 20 855 2% 7 1 A Bl 48 5 1E
Az BRI B B s A QI BE R KT O B e it 2 AR i XS
AW 3 B 58 1) N7 BE ) AT R LR BB SR . 3 Ah . AL
Sy 5 3R A i IR 247 by R e MR AT 4 B BRI B
Y ORF B AR 12 3l FATTIN D ] LUK st i 3l 4 4388
RSy LAl £ QDR 2 o T B 60 A8 iy B A Bl ) i
B SR DGR e © I SR 1 DA 1 7
L e DN E Sh W IR AR BT | HE A RS A SR LR
THRERRACH R b B By BRI S, H R
Z AR ZE AT BETERUBOR . W] CMR-TT AR
] RE S AT o R A R 1 — o BT SR SR O
& g O D RE S S AR QPR A SCHR  F — 2
FHITSERI N2

H AT CMR Rl R0 3l B 4 2UB B8R BB

I R EN AR R (107 N 1 s B N2 R A < D B N
S DA 22305 8y 5 R R Atk 0 0 JIE AR AR T B M
OB RO LA 23 B 8 B R B 8z v T,
CL A W55 2 0, 07 A8 7 0 3 Tl 0 WL 4 2 B 23 B
AR S 19 70 5 o o 0 e B Ao T BB IR i
AR T B4 F WA O WE LA A A B s A
70 Bl L JULZE 2R BT A5 30 B A A AR A5 i 4 R
e o 0 PR A il S B e A G 0 PN B 4% 0B
B I e TR 2R 4 B i R 0 B TR0 LA BB
BEECE. ANFET#S O E.CMR-TT # AR
T B AT UEAT O LA A B AE B WA R AT AT
AR CMR-TT HR W F JH#E LR A cine
P A A B A o B R N BRIk
CMR FE PEH 0 D fE 5 17 L 75 O 30 38 HLAT AR 34

AW SR RS A s R AR = R 2, B
O AR RO JUL I A Ty fig 5 1T R) 2 2% 1 WF 5 SR A
A TR R BRAE br o 9 1E 5 A B0 D) BE 15 AR 7R Ry
27, PR AR B 5 DA IE 5 K BRURGE SL 4k 0 D) BEAE S 2
i

25 ERTR AW 5T B R ] CMR AR AR X
FL AR 55 K B0 T BE 9 22 Sk B 7T W0 E R 3
Pk =4 CMR-TT £ AR PF B .0 D g HL A7 R
fH. CMR BUA& AT BE & — Fld A A4 B .0 D e 52 14
SR 7 N FZ T iR AT LLTE A L sh A H 248 bR v
M B 0o 2y BE T AR R AH OGO JIE 5 5 A5 L 1) CMIR
AR S TE T —25 58 .

2 % X #t

[1] FANY, HUANG ZY. CAO CC, et al. Genome of the
Chinese tree shrew. Nat Commun, 2013, 4; 1426 [ 2019-04-
217]. https://doi:10.1038/ncomms2416.

[2] HAN YL, LI BW, YIN TT, et al. Molecular mechanism of
the tree shrew's insensitivity to spiciness. PLoS Biol,2018,16
(7):e2004921[2019-04-21]. https://doi: 10. 1371/journal.
pbio. 2004921.

[3] LU CX, SUN XM, LIN, etal. CircRNAS in the tree shrew
(Tupaia belangeri) brain during postnatal development and
aging. Aging(Albang NY).2018,10(4) ;833-852.

[4] GUTL, YU DD, LI Y, et al. Establishment and
characterization of an immortalized renal line of the chinese
tree shrew ( Tupaia belangeri chinesis). Appl Microbiol
Biotechnol,2019,103(5) :2171-2180.

[5] ZHANG X, XU J, WU Z, et al. Development of a tree
shrew-specific interferon-gamma assay. J Immunoassay
Immunochem,2017,39(2) :136-149.

[6] XIAO]J, LIUR, CHEN CS. Tree shrew ( Tupaia belangeri)

as a novel laboratory disease animal model. Zool Res, 2017,



482 V1| A 2 4k CBE 27 WO 5 50 45
38(3):127-137. rate, and specific dynamic action of food in rats. J Nutr,

7] B F. & ok, XD, S el 5 T R R o A i sk 1981,111(10):1691-1697.

MK & & =S FIRR Ko Rer 84k, Hea B2 7 (141 z=meds, RO7Je, X #&, % b4 i Rg & 10 0 &y A8
5l & ,2010,30(11) :1216-1217. fh. EEH . 2011,31(3) :291-298.

(8]  AdhdF. WiREE, TLENIF, 4. AR IR LG 25 0 8 A0 E . [15] PEDRIZZETTI G, CLAUS P, KILNER PJ, et al. Principles
vh [ AR BE 2R 4R A5, 2013,23(4) :52-56. of cardiovascular magnetic resonance feature tracking and

[9] CHEN W, ZHANG B, XIA R, et al. T2 mapping at 7T echocardiographic speckle tracking for informed clinical use. J
MRI can quantitatively assess intramyocardial hemorrhage in Cardiovasc Magn Reson,2016,18(1):51.
rats with acute reperfused myocardial infarction in vivo. J [16] MICHAEL D, HANS L, CHRISTOPH K., et al. Strain and
Magn Reson Imaging,2016,44(1):194-203. strain rate imaging by echocardiography - basic concepts and

[10] INOUE YY. ALISSA A, KHURRAM IM, et al. clinical applicability. Curr Cardiol Rev,2009,5(2) :133-148.
Quantitative tissue - tracking cardiac magnetic resonance [17] ARMSTRONG AC, SAMUEL G, OLA G, et al. LV mass
(CMR) of left atrial deformation and the risk of stroke in assessed by echocardiography and CMR, cardiovascular
patients with atrial fibrillation. J Am Heart Assoc, 2015, 4 outcomes, and medical practice. Jacc Cardiovasc Imaging,
(4):e001844[2019-04-217. https:// doi: 10. 1161/JAHA. 2012,5(8) :837-848.

115. 001844 [18] PENG Y, POPOVIC ZB, SOPKO N, etal. Speckle tracking

[11] KARAMITSOS TD, FRANCIS JM, MYERSON S, et al. echocardiography in the assessment of mouse models of
The role of cardiovascular magnetic resonance imaging in cardiac dysfunction. Am J Physiol Heart Circ Physiol, 2009,
heart failure. ] Am Coll Cardiol,2009,54(15):1407-1424. 297(2) . H811-820.

[12] SONNAY S, POIROT J, JUST N, et al. Astrocytic and [19] DANIEL K, GILSON WD, KRAMER CM, et al.
neuronal oxidative metabolism are coupled to the rate of Myocardial tissue tracking with two-dimensional cine
glutamate-glutamine cycle in the tree shrew visual cortex. displacement-encoded MR imaging: development and initial
Glia,2018,66(3) :477-491. evaluation. Radiology,2004,230(3):862-871.

[13] FORSUM E, HILLMAN PE, NESHEIMM MC. Effect of (2019 — 04 — 27 Y K5 .2019 — 05 — 16 & 1m))

energy restriction on total heat production, basal metabolic

4t W i



