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Changes in the Lung after Pulmonary Hypertension Induced by Obstruction of the
Pulmonary Vein in Rats

Won-Chae Jang, M.D.*, In-Suk Jeong, M.D.*, Kyu Sung Cho, M.D.**, Bong-Suk Oh, M.D.*

Background: Experimental studies of vascular remodeling in the pulmonary arteries have been performed actively. These
models required a persistent vascular insult for intimal injury induced by chronic hypoxia, monocrotaline intoxication or
chronic air embolism and characterized medial hypertrophy and neointimal formation by active synthesis of the
extracellular matrix protein. The purpose of this study was to determine the patten of pulmonary vascular remodeling
after obstruction of the pulmonary vein. Material and Method: Obstruction of the right pulmonary vein with a metal clip
was performed in Sprague-Dawley rats (352418 g, n=10) to cause pulmonary vascular disease. Fifteen days later,
experimental studies were done and finally the both lungs and hearts were extirpated for experimental measurement.
Pulmonary arterial pressure, weight ratio of right ventricle (RV) to left ventricle (LV) and ventricular septum (S) (RVILV
+S weight ratio), and pulmonary artery morphology (percent wall thickness, %WT) were evaluated and compared with
normal control groups. Result: Pulmonary hypertension (3812 mmHg vs 13+4 mmHg; p<0.05) and right ventricular
hypertrophy (right ventricular/left ventricular and septal weight ratio, 0.52+0.07 vs 0.35+0.04; p<0.05) with hypertrophy
of the muscular layer of the pulmonary arterial wall (percent wall thickness, 22.4-+6.7% vs 6.7+34%; p<0.05) were
developed by 15 days after obstruction of the pulmonary vein. Conclusion: Obstruction of the pulmonary vein
developed elevation of pulmonary blood pressure and medial hypertrophy of the pulmonary artery. These results are a
part of the characteristic vascular remodeling. Theses results demonstrate that obstruction of the pulmonary vein can
develope not only high pulmoanry blood flow of contralateral lung but also intima injury inducing vascular remodeling.

(Korean J Thorac Cardiovasc Surg 2006;39:659-667)
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Fig. 1. Both lungs and heart of the experimental rat after en-bloc
resection and fixation with 10% formalin. Right pulmonary vein was
obstructed by metal clip.
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Fig. 2. The effect of obstruction of the pulmonary vein on pulmo-
nary arterial pressure in rats. Mean pulmonary arterial pressure in
rats 15 days after obstruction of the pulmonary vein was signifi-
cantly higher than the pressure in normal control rats (p <0.05).
Bars represent mean+SEM. *p<0.05. PV=Pulmonary vein.
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Fig. 3. The effect of obstruction of the pulmonary vein on right
ventricular hypertrophy in rats. RV hypertrophy was detected as
a significantly increase in the RV/LV+S weight ratio comparing to
control group (p<0.05). Bars represent mean-+SEM. *p<0.05.
PV=Pulmonary vein; RV=Right ventricle; LV=Left ventricle; S=Ven-
tricular septum,

Table 1. Physiologic and Hemodynamic Data

PV ligation
group (n=10)

Control
groups (n=>5)

BW (gm) 354424 352+18
HR (rate/min) 268 +42 343 +69*
mSAP (mmHg) 75+18 63+24
mPAP (mmHg) 13+4 38+12%

PV=Pulmonary vein; BW=Body weight; HR=Heart rates; mSAP=
Mean systemic arterial pressure; mPAP=Mean pulmonary arterial
pressure. *p<0.05.

N3t 2AAAES Ageeda, ARz FAWAE
e AsPA FFo 2 Al AT FHA
459 AAFARE Sael Belsle] 2] 2AE 34
sto] HAAI AAFHE A FA div] A4 F
Alv]-&(ratio of right ventricle (RV) weight to left ventricle
plus ventricular septum weight, RV/LV +S weight ratioy& &
8 CHT.

10% E2ve] gollo] nAst =22 £ H=A-S B —5].0:]
#Z #H 235 hematoxylin-eosin® 2 22]-& o Mgk
Aol sEuel 50~1504m 2719 HEuo] {‘—XH%P%
292 30-50 nm o) 2AHE WHSo] Fehlml(x
400)0.2 PAslo] Hlx™ 2]EA)E(external diameter) I W+
Al(wall thickness)& &4 slo] ch-33} 2 FA| 22 9&A

2

— 661 —



WE=*IPN
2006;39:659-667

Fig. 4. Photomicrographs of left lung section to confirm vascular wall thickness (Hematoxylin-Eosin stain, x400). (A) Normal muscular wall of the
pulmonary artery in control group. (B) The thickened pulmonary arterial wall 15 days after obstruction of the pulmonary vein.
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Fig. 5. The effect of obstrction of the pulmonary vein on percent
wall thickenness (% wall thickness) of pulmonary artery. Percent
wall thickness of the pulmonary arery is percentage of two times
wall thickness over external diameter of the pulmonary artery. %
wall thickness 15 days after obstruction of the pulmonary vein was
significantly increased than the value of control group (p<0.05).
Bars represent mean+ SEM. *p<0.05. PV=Pulmonary vein.
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Fig. 6. Photomicrographs
of peripheral pulmonary
artery to confirm mus-
cularization (Hematoxy-
lin-Eosin stain, x200).
(A) Nonmuscular small
peripheral pulmonary ar-
tery in control group.
(B} Cellutar proliferation
and extension of smooth
muscle into small peri-
pheral pulmonary artery
15 days after obstruc-
tion of the pulmonary
vein.
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Fig. 7. The effect of obstruction of the pulmonary vein on mu-
scularization of peripheral pulmonary arteries. The muscularization
15 days after obstruction of the pulmonary vein was significantly in-
creased than the muscularization of control group (p<0.05). Bars
represent mean£SEM. *p<0.05. PV=Pulmonary vein.
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Fig. 8. Photomicrographs of left lung section to confirm arterial density (Hematoxylin-Eosin stain, x200). The marker denote peripheral pulmo-
nary arteries. (A) Several number of nonmuscular small peripheral pulmonary artery in control group. (B) A few number of nonmuscular small
peripheral pulmonary artery 15 days after obstruction of the pulmonary vein.
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Fig. 9. The effect of obstrction of the pulmonary vein on arterial
density. Arterial desity is number of small peripheral pulmonary
arteries per 100 alveoli. Arterial desity 15 days after obstruction of
the pulmonary vein was significantly decreased than the value of
control group (p<0.05). Bars represent mean=SEM. *p<0.05.
PV=Pulmonary vein.
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