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EF CT F1 MRI BY X & 1814 At 55 Bk
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CE AR R B o Bescr &, Jb 5T 100053)

WE: HIY: NHEEEM MCT) F@L KMk E (PAHD #8Y, 2 M CT Mgt
PO IIREAG T, BBk R AR R DB AR ThAEE A Z MM R, MRS 7k
4 MCT 1510 PAH BEF4ZH (1 wk—PAH 4. 2 wk-PAH 41. 3wk-PAH 2. 4 wk—PAH 241> Fl4F—/ Mg
RV (R IR B BIBERL N (RN 12 D, 3 BIFESE 1. 20 3 F1 4 A0 a7 B ifizh
k&7, 8 CT Mt E BNk AR B A L& e D E i KAR R, MRI AL IhReshZAStri, M
MK IR MRT SHEEAE SR BB TR AL. PAH BRI & A IR A e % 8= 5 . /A
SPSS 17. 0 iil#kfF, N.JH Pearson AHICHEAIHT, WA OESMAE, A HEFRAMER, 4
WA, A0 a5 200 S I K AR PUAEUR 22 Ml 30 ik A% 23 3 5 1 Y i sl Bk s ) A DG
ZH ] EL AR e A BN L 2H I t K036, P <0.05 AR AA SR . 450 WHHE E&mE
L& 4, 48 R KRIA DR IAE. A 0= &K i R AR5 T sh ik =15
MRUFIOARSEE (3B, =-0.823, 1, =0.732, r. . =0.803) o £l 5ol Kt
Y 5l sh Tk AT A DE (r=0.694) , TMishiik B2 5 M sk E A, r=0. 438,
I AT, ALK R A KR . SR B A S R SR ORI A R
BRL ALESALERKAEHESHRAMBERILEEZR (P>0.05), 3 4% 4 M5, U
A SH G R R B R (P<0.05). 4it: FEEKRMEIKER S, AosEs
Al BB RAR LRGN, A7 Lo B 5T I BOG B R, A7 0 2 & SR AR B A A A 386 T
o R MR i 200 i o AR F A ), CT I MRT AT CAVRERA B U B2 % T S 504k, R B AT
FOE R IRAR LR A IR I M4 B S HOR Fm iz bk R U S 5.
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BT, FRIE 40 2 PLE ANEEIS B ZE M9 (chronic obstructive pulmonary
disease, COPD) [KAIFZHRIEH]8. 2% ", KHBSy COPD M NG Mg Mk v H ok At e 28 ¢ Jié
S PEITYE PR O CifiCig ), IR RBOUET:, & Harth s B35 4 KIET R, st
et o I S K v S R AL A AL VA COPD % J Js i Lo 72 SCTE K. BEAT % i sl ik v
Fe S A O Z DY RERF O PR T RBVE TR, ANREShAS ML O DI RERIARAL, DD RESR S 1
I 259y Rk v s 3 Je sk RS AN B B tH IR ) AN 4 o AR S0 E T8 71 Ak (monocrotaline, MCT)
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53 IO U BN ik s A T, WF it sl K ey e TE B R A, il Bl K s g IR AR R A L D g
MBS SRR 2 MR R, ShASMEEAT O IIRER L.
1 #RF0AE
1.1 SCIGEh4pFnia

SERGC AN AR R R E I B s s Y P, 6~8 R HETE SPF 2K
Sprague—Dawley (SD) K 96 H, fAHE 180~220¢g, FENL MIEWXIEA (n=48), B H
BT PAH BEA (n=48), LERLSLEENYHOMASR, ENMM R L, =il 20~25C,
AHRNEE 40%~70%, REHIGI 12h, B HBBEEYOK. 50T H RUEEL B SE 56 3h P
Peflt, BRI BT T 25 35 [ sigma A A Y A (MCT) .

1.2 FhEhpks EREE S R SRL 4R

(1) XFHRA: MR A — RS S MCT 25 S B AR /K . T ad A 5 A R S A= B
/K 1mL/kg.

(2) By E&hk (MCT) A BRI — IR TEAESS MCT % (60 mg/kg) Ak, TiERiEHE:
FVESAE AR K 1 ml/kgo 20 MIVESS MCT 5 1 JAZHEN 1 wk—PAH 2H (n=12). 2 JAI41E] 2 wk-PAH
41 (n=12). 3 JAZLEY 3wk-PAH 4] (n=12) PLA 4 JZLRT 4 wk-PAH 41 (n=12), F4§ MCT
Ja 3o 1~4 FIMGER 2 )G b At

1.3 Micro CT MEMNEKERR. ALESELCERAKEZE

J%JH] STEMENS Tnveon PETCT X} MCT 53 ) 4% I S K BUROGS HRZEL K B EAT 49948, 5 ERR
W R B E AR SR B, DRUEITILER AR U R AR T CT F1EE N . CT F1Hi S5
60kV, 500 HA, BEEYEINIR] 600 ms, FE¥E S 300° o (EAMTA7 LB T ish bk 5 i 0 e 1
i iifE, fbES R0 EERRE, I ALES LSRR (Dyy,, ).

1.4 MRIALIERIEREEN T

PEMCHENE SD KR 96 S, BEAL A PAS/INAL: BY [ S BN HO0 AL (B &
48 J Do K S A0 AN MAZL K L2 I BEAL > A 4 AN /A 12 31D B 1 wk—PAH 4.
2 wk—PAH 1. 3 wk-PAH 1M1 4 wk-PAH 41, Zp500#E2% 1. 2. 3. 4 JHEAT MRT Zhas il A0 bl
e, A0S HERA OEFMAE. AOERGERIPNAER A0SR IRARIHER.
AL EE AR AR . VP IB] K Hs 03 AR AR MRT 22 H50i6 A2 18] F) R &R

(D XA R S5 NP LR (Bruker BioSpin MRI GmbH, PharmaScan
7.0 Tesla, Siemens, Germany).

(2) MRI 948: K& wHT, BEEY O beta—blocker (5 & 20 mg) fR1F K OB I=HILE
90 r/min SZLAR, 019 MRT BRI /e. A O SigIEaGE MW, b5 . KEPREEH 5% ~
8% SRS ANERRIE S5, AP E , RO A L PP 145 AR T e bl DAy FELAR G
BRI E . R Flash-cine ¢4, Z%: TR 8ms, TE 2.5ms FA 15angle. 2%
1mm, FOV 6.0 >6.0cm, MTX 192 %192, NEX 4 number of movie cycles 20, =ZjiJ < H
SOTMRT: St v B T )P DRdEB 32 1R TR 14, AR5 DUEARTITAS E AT AT A4 % il



6 34 HEAE: BT CT R MR R K M A1 Ml 3 Jok v s A58 4 47 47 20 #r 681

i

(P AL E ETR e A H, Bafed SRKMEG L, MOERORE RS 3m 2
JE L E RS0 B [RD (A = S A A r s R (B DD

(3) MR B 44 50 a4 = e ¥ 4% 2 TSl (Leonardo, Siemens,
Gemany), M A MR FEHLH FIO IhREMN & 44 (Argus, Siemens Medical Solutions, Germany)
HHT A OO I REME, K483 RMAA % EDV & ESV, T8l 2 & ok A IR 4s A
BEPIANS I A A O 300 N A G, TSRO DhRedabr, #7ik RN (end-diastolic volume,
EDV). Wi RKHAZRF (end—systolic volume, ESV). SfIi43%t (eject fraction, EF).

Bl 1 MCT #5158 3 J, MR Zc 3 2 1450 3 eI B 2087 ik IR &Rt 72

Fig.1 After injecting monocrotaline third weeks, MRI showed right ventricular
systolic to diastolic morphological changes

F1 S 1RH 4 PSRG3O T
Tabel 1 Comparison of pulmonary average pressure between the model group and
control group (1 wk~4 wk)

Jitizl Bk~ 5 /mmtlg

TR I 8]
FERA (n=12) HHA (n=12) P
1A 22.10 £2. 74 22.50 £2. 50 0.217
2 25.30 £3.78 22.60 £2. 76 0. 058
3 A 34. 00 %4. 40 24. 40 £3. 08 0. 000
4 37.10 £3. 53 23.70 £3. 65 0. 000

K2 EHJEE 1 B 4 B S % AL F G sh ik B AR LA
Tabel 2 Comparison of diameter of the main pulmonary artery between the model group
and control group (1 wk~4 wk)

LB AR /mm

AL 1)
BB (n=12) SHEZL (n=12) p
#1H 3.05 0. 19 3.04 £0. 16 0. 392
H2 M 3.04 %0. 33 2.99 £0. 18 0. 412
%3 M 3.06 0. 19 3.02 £0. 14 0. 428
$aH 3.08 0. 12 3.03 0. 14 0. 440

1.5 FhshBkFEEENE

PAH B TGS MCT Ji5 1 8. 2 J&. 3 B 4 R, ¥&4URBMRER, FkEkz
B (65mg / kg) MERES BRI KRS, EMEESATIET “T” IO, BEEHEL MU A
DE, BREFIN S — IR e A % PowerLab s JJiC ST 2245,  SEIIIGE
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1.6 $HitAE

N H] SPSS 17. 0 Ge vk Hfl, 4R LA hpifE2E 4R, BERLZ 508 I 2H P BCR F A A
A thig, P<0.05 JZ RA AR X W Pearson AHSCIEZM T, PR AT Lo 5 4T 173
B, ATERPIORIAR, A ERAARER, AoE S 720 E R A s ik E2
I3 RSN AR, P <0. 05 A 4ETh2 i 3o

2 #ZR

BEAT Y 1 A AT N TR G, S A O, KRB B ) “#R bR . CT P& i) 32
ENIK EAR . A7 00 5 A0 B B RAR FUAEL A MRT A O D e SO A, Ik 1~3K 6.

R OEBIGHE 1R 4 JABRVA S AW A O E 5 D0 EE R KR U B
Tabel 3 Comparison of the maximum inner diameter ratio of right ventricle to left
ventricle between the model group and control group (1 wk~4 wk)

FERVEAS RIS PN Ea A ]
A I 1)

BRI (n=12) XL (n=12) P
H1 0.99 0. 02 1. 00 0. 02 0. 445
%2 1. 02 £0. 02 1. 01 +0. 02 0. 460
%3 1.09 +0. 03 1. 01 +0. 02 0. 260
48 1.53 0. 33 1. 02 0. 02 0. 042

F4 EWRJEEE 1R 4 RV S X B A O = S A B LA
Tabel 4 Comparison of right ventricular eject fraction between the model group
and control group (1 wk~4 wk)

Fi v 5 ¥ %
AR I 1)
R (n=12) KA (n=12) P
W1 52.19 +1. 62 53.82 +1. 08 0. 485
%25 50. 86 £2. 25 52.70 +£2. 02 0. 410
%3 45.09 +2. 03 52. 64 +2. 02 0. 042
948 41.53 +0. 33 53.02 +1. 02 0. 026

£ 5 ERKEE 1 B 4 MBI SN RO = B IR R EAAFU L
Tabel 5 Comparison of the end-diastolic volume of right ventricular between the
model group and control group (1 wk~4 wk)

FoD Z AT IR AP AR /mL

TSR JE I i)
BB (n=12) ML (n=12) P
951 0. 39 0. 04 0. 40 0. 03 0. 784
52 4 0. 42 %0. 04 0. 40 0. 02 0.182
EURDE| 0. 45 0. 05 0. 39 0. 03 0. 003
W4 0. 48 0. 03 0. 39 %0. 04 0. 000

GURER: VENITEEIRES 1A 2 S AL, AN Bh K I i
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K EAR AL E S O E R KR L AT DA I B A D BRI AR A
BT RFEGA RO 5 3 MG 4 ), MRS REAE Ml bk i o T, A i b
B, ATOEET IR AR AN ARG I (B 2~3), Gttt AR BE xR, [ERRAN 3
A E RO E R AR B SR IR ZE 5 e B, HRH 4 MZERA R .
MBI EAR R E A S 4 R AL S A g e

K6 GBS | R 4 FIRIYL X AU O S AR AR A LR

Tabel 6 Comparison of the end— systolic volume of right ventricular between
the model group and control group (1 wk~4 wk)

. LR /mL
AR I 1)

AL (n=12) WHRAL (n=12) P
H 1M 0.13 0. 01 0. 13 +0.01 0. 202
2 0. 14 0. 02 0. 13 £0. 03 0.163
EURNE| 0. 23 0. 04 0. 12 %0. 01 0. 000
4 0. 25 0. 04 0. 12 0. 02 0. 000

(a) AW A I (b) ALERF KA
Ko WS EEmE, (a) 31 AALEREARY, (b)) HOEEFKAN
Fig.2 After injecting monocrotaline (a)the first week, RV ESV. (b) RV EDV

(a) (b)
3 B EHAGEH 4 B, (@) AOEWRAAR, (b) fAOEEFIKARWRAEREE S
WG 1 MG LEABIE BEE R, EHEETHE
Fig.3 After injecting monocrotaline fourth week, (a) RV ESV, (b) RV EDV
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IR P Bl K AT ARG AAHSGTE (o0 e,

VEREF T ARR)E 1A 4 A, 48 FBRMRAUR R AT D S i B, A7 = a5 ok R R

0.823,r

RVEDV

=0.732,r,..,=0.803),

RVESV

HOEH I OE R KN ES P K REA (r=0.694), Mgk ER5 1
VI Bk = TeAH O, r=0.438. $ZHEOSE WL 4 (a) ~KEl 4 (e).
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(d) (e)
4 ESTEF A ARG 1R 4 RS AR (n=48).  (a) AL MAE,  (b)
FOEEFRAIAER, O ALERFGAMAER, (D fAoESAosR AR HE,
(e) TMhBhKEAR 5T B il bk s B AH S 1 A s
Fig. 4 After MCT injection 1~4 weeks, (a) scatter plots of correlation of RV EF,, (b)

RV EDV, (c) RV ESV,, (d) the maximum inner diameter ratio of right ventricle
to left ventricle, (e) diameter of the main pulmonary arterycompared with
pulmonary average pressure in PAH rats (n=48)
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3 g

AR Tk e s (KT FTS I AYG 7 32 LU N AE, R S 2 a7 T4 20 %6 9 A1
Ao b WIS Bk s R AL L9 B ) 2 A R AT R 9 T T B C RO 144
Sl AR R R (10 T R P8 R TSl Ak e s S R AR (1 B s S D A T A A e RAIT S )
T, FRTER A BT BB I ik e AR L 1 R, a2 2 F1 3 D
T RS ET) vt

Il R N JE@IPE CT B MRT Aozl AL 2 1K) Th RESK VPO i sl ik g s CPHD g 5 ™
T LA o 2 B T I IR R, A S B0 FEF MCT 5 S K K BRI 80 o e A5
M, WEGUIm SR e s s RE Sl Bk s T AR AR AN AT L Bh RE S ML 5)) ) 24 2 B AR 2
WKFR, SHAWEA ORI W B TiE, B IEh kR RFLLT R, ALk
N, AT DS AR S B R S T IE , RF AKOR I e, A D= A RE
AT =Y KA O R, A0S M8 (RVEF) {Hik— 2 TR, KA
Wi, ImARHFIE N RVEF RRE, (EAER B ORF 1R 3 LAACES RVEF (¥ o 1475 EDV. ESV
PIRER, SV R FFF.

AHEFERIL, B BT S s s KBRS 1~ 4 8 A sl i 20 oz it s
AL 3 B WA, A7 S AR BT KA AR WG 0, (EE XM AR AE
1~2 Jn X A e B2 25w, 80 T3 3 IRl H Al o AL T T
FEZSe, HEEHE ST e AR ] e, RIRIEE 4 J, BEAE s hier 3 i
FOr SRR, A DS SO A, A A AR AN KRS A (2
i) TPV SRS PIER S R R et = L R D B AN TBe S s LA I o P i 27
Sk LA, NS CT W R A 0 3 A S e RAR O ARLER 3 J IR 2R 2 50 i 2 e
BEZS, HBW A4 MAFEEZER . BIMSIKERL 4 RS0 A B2 %=
5t BBk E AR S I Bk T TC B AN DG . DX AN S 806 T B i3l ik g s A
JERBUBHEAR A D= B A D SRR ST SR AR AR S8 X T
Bk FLAR b AT s b e S B K AR PUAEX A S B IR S5 A AR, T A = i
AT AR SR A A AR 2 S R Lo Zh BEAE ALY o

S ARSCHE S R A, ] AT H 3l ik ey P R 2 K B A Do = S Il B A=
WC A A TR SR ARSI AR L A SN 2 3 e KA A 25 2 50 I Bl K F 24 AT AR 4 R AT
KAk, VEHIREAE Sk e s R A7 /DI REIZHT 2 o

ZWFFUIR R TE: O SEE AR BB, AT RE SR bRAT 2 1 @ SEi AR
BCACN I /D 5 PR i T 82 A AE — 7 FRD TR) R, 0O 8 P s 30 Jk sy s FR) A 00 B B8 D v 200 3E
— BT
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Evaluation and Analysis of Chronic Pulmonary
Hypertension Model of Rats
Based on CT and MRI

GAO Yan™, SU Zhuang-zhi
(Xuanwu hospital of Capital Medical University, Beijing 100053, China)

Abstract: Objective: The aim of our study was to establish the rat models of pulmonary hypertension induced by
monocrotaline. Using the micro CT and magnetic resonance (MR) right ventricular function imaging methods, we
research the relationship between the evolution of right ventricular structure and function and the evolution of
pulmonary artery pressure (PAH). Methods: Ninety-six Sprague-Dawley rats were randomly assigned into two
groups: control group (n =48), and four PAH groups (n = 48) caused by monocrotaline (MCT). Each group were
divided into four groups (1 wk-PAH group, 2 wk-PAH group, 3 wk-PAH group, 4 wk-PAH group). We measured
pulmonary artery pressure by right heart catheterization. After injection of MCT, we used the micro CT and MRI
to measure the pulmonary artery diameter and the right ventricular function of the rats every week. All
measurements of RV structure and function in model group were compared with pulmonary average pressure
(PAP) using Pearson’s correlation. Results: There were strong correlations between the parameters of RV
structure and function in model group with the pulmonary average pressure (r =—-0.823 for RV EF, r=0.732 and
0.803 for RV EDV and RV ESV, r=0.694 for the maximum inner diameter ratio of right ventricle to left
ventricle). The diameter of main pulmonary artery was not correlated with mean pulmonary artery pressure
(r=0.438). After injecting monocrotaline two weeks, the PAP, the maximum inner diameter ratio of right ventricle
to left ventricle, ,right ventricular eject fraction (RVEF), end-diastolic volume (EDV) and end-systolic volume
(ESV) of right ventricle between rats in PAH and the control group showed no significant difference (P > 0.05).
But three-four weeks after MCT injection, all these parameters were significant differences in PAH rats than in
control group (P < 0.05). Conclusions: As the pulmonary arterial pressure increased in rats, the right ventricular
function was gradually impaired. For the monitoring of chronic pulmonary hypertension model in rats, CT and
MRI can accurately and rapidly measure the changes of parameters. The PAH can be indicated by observing
parameter changes such as the pulmonary artery diameter, the right ventricular volume and cardiac output.

Keywords: pulmonary hypertension; rat; MRI; monocrotaline; right ventricular function
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