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Tetrandrine inhibited chronic “inflammatory” pulmonary hypertension

in rats!
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AIM: To study the effects of tetrandtine (Tet), on
pulmonary hypertension. METHODS: An “inflam-
matory” chronic pulmonary hypertension induced by
monocrotaline (Mon) in rats was used. RESULTS:
Tet 50, 100, and 150 mg-kg~!-d =} ig 3 wk inhibited
Mon-induced increase of pulmonary artery pressure
(PAP) by 23.8 %, 34.9 % (P < 0.05), and
42.0 %, (P < 0.05); the right heart index by
20%, 25.0%, and 30.0% (P < 0.05)
respectively compared with those from Mon group,
without significant influence on the systemic artery
pressure (SAP) . Using histological exam by Verhoeff
elagtic stain and computer scanming analysis, it was
found that Tet (100 mg - kg~! -d~!) for 3 wk,
inhibited the increase of medial thickness and cross
sectional area by 57.8 % (P < 0.01) and 54.6 %
(P <0.01), respectively vs Mon group. CONCLU-
SION: Tet ameliorated the development of pulmonary
vascular and g tissue injury induced by Mon in rats.

Tetrandrine (Tet), a plant alkaloid isolated from
Stephenia tetrandra S, Moore, has a broad spectrum
of pharmacological actions including cardiovascular
actions and anti-inflammatory actions).  We have
previously reporied that Tet reduced pulmonary
hypertension caused by acute hypoxia in dogs. It
reduced pulmonary artery pressure ( PAP ) and
pulmonary vascular resistance (PVR), and increased
cardiac output without significant changes in systemic
artery pressure { SAP) and blood gas levels!). These
findings suggested that Tet might be useful for the
treatment of patients with pulmonary hypertension.
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The pathology of pulmonary vascular diseases
comprises of 2 components, ie pulmonary vasocons-
triction and pulmonary vaso-construction®®. There
are 2 widely used animal models of chronic pulmonary
hypertension: exposure to chronic hypoxia® and an
“inflammatory” model of pulmonary hypertension in
rats following monocrotaline ( Mon ) injection!™ .
That whether Tet may interfere with the development of
pulmonary vascular remodeling and right ventricular
hypertrophy is not clear. Both platelet activating
factor ( PAF) and interleukin-1 (IL-1) contribute to the
lung  vascular  remodeling  during  chronic
" inflammatory” pulmonary hypertension induced by
Mon®").  Tet inhibited the generation or the activity
of PAF and IL-1%), and inhibited mRNA expression in
silicosis™.  We wonder whether Tet is effective
against the pathophysiclogical process to  intermupt
pulmonary vasoconstriction and pulmonary vascular
remodeling .

This stdy was to investigate the effects of Tet on
the pulmonary hemodynamics, pulmonary vascular
remodeling, and right heart hypertrophy in Mon-
induced chronic  “ inflammatory ©  pulmonary
hypertension
MATERIALS AND METHODS

Wistar rats (48 4, weighing 144+ 5 16 g) from Animal
Resource Cemter, Chinma Medical University ( Centificate
o LSDZ 521}, were devided into 6 groups: comrol, Mon,
Mon + vehicle and Mon + Tet (50, 100, 150 mg-kg~'-d"!,
igl.

Mon model of chronic pulmonary hypertension in
rats Mon {Sigma, USA) was dissolved in distilled water and
the pH was adjusied to 7.4 with dilute HCI. It was injected ¢,
60 mp kgL, The rats were boused in an altemnating 12 h hight/
dark cycle under controlled temperstre (18 - 23 ) and
humidity {40 % - 50 %). On day 0, rals were sc injecied
Mon, or saline. Tet was given 1 d after sc Mon for 21 d.

Hemodynamic measurement aid right heart index
messurement At twe end of the 3 wk after Mon or
physiological saline injection, the rats were anesthetized with ip
sodium pentoharbital 5C mg-kg™'. A pulmonary artery was
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canmilated by a PV-1 polyvinyl tube with a curved tip for the
measurement of pulmonary artery presswre.  Pressure  was
measured with a Statham P23[D pressure transducer and recorded
on a polyphysiological system ( Nihon Konden R6000) .  The left
carotid artery was cannulated with a PE-50 polyviny] tube for the
measurernent of systemic artery pressure.  The catheters were
connected with pressure transducers { TP200P} and the systemic
gystern.  Following recording of the arterial pressure, the rats
were sacrificed with an over dose of sodium pentobarbital. The
right ventricular hypertrophy was assessed as an increase in the
ratio of right veniricle weight to the weight of left ventricle plus
septum.

Standard lung histology  Freshly excised lings were
formalin-fixed via intratracheal installation at a pressure of 250
Pa. Pamffin-embedded blocks were sectioned and then
processed by Verthoeff elastic stain procedure!™), Three sections
per hmg were prepared for histological examination. From 6
comtrol and 6 Mon-treated rats, the thickness of arteriole media in
the arterioles with external diameters from 65 to 75 pm of
approxumately 20 pulmonary arterioles per group was measured
with the aid of a Computer Scanning Image Analyser { Luzex-F,
Japan) attached to a Nihon microscope and the cross sectional
arca was calculated autommatically .

Statistical analysis Data are presented as ¥ = 5.
Group comparisons were made by ¢ test.

RESULTS

PAP and right ventricular hypertrophy
All Mon-treated rats showed progressive tachypnea and
dyspnea within 3 wk. The body weight of the Mon-
treated group was lower than that of the control group.
Increase of PAP and right ventricular hypertrophy were
developed in the Mon-treated rats, yet there was no
significant changes of the SAP compared to those from
control rats. Tet ig 100 and 150 mg-kg~'-d~!,
rather than 50 mg-kg~'-d~!, inhibited Mon induced
increase of PAP and rght ventricular hypertrophy

Tab 1. Hemodynamic changes in rats 3 wk after exposure of monocrotaline,

(Tab1).

Histopathological changes of hmg and
pulmonary vasculature Most of the pulmonary
arterioles showed increased media thickness dve to
hypertrophied media smooth muscle cells by Mon sc.
Perivascular edema and infiltration of moponuclear
cells, medial thickening of pulmonary arterioles and
alveolar walls were seen. The wvascular changes
observed in the lungs of all Mon-treated mats were
similar to those reported previously!® . Mon produced
marked vascular remodeling of media. Tet 100 and
150 mg-kg~!, but not 50 mg-kg ™', prevented medial
hypertrophy by Mon treatment (Fig 1, Plate 2} .

Medial thickening of pulmonary arterioles

Mon produced marked hypertrophy of areriole
smooth muscle cells. The thickness and cross area of
antcriole media increased by 422 % and 398 %,
respectively, by Mon. Tet 100 and 150 mg - kg™!
prevented the increase of media thickness and cross
sectional area (Tab 2).

Tab 2. Effects of Tet (100 mg:kg~1-d~!) on monocro-
taline-induced hypertrophy of media smooth muscle.
x5 P<0.01 vs control; 'P <0.01 vs Mon.

Treatment  Vessels rea

/pm At
Control 19 3.8x0.4 719x78
Mon 19 16.0£1.7° 2 861 + 20
Mon + Tet 21 6.9x0.7 1299+ 105°
DISCUSSION
The * inflammatory " chronic  pulmonary

hypertensive animal model in rats was successively
established, in which the pulmonary hypertension,

n=8,®xs.

P>0.05, ‘P <0.01 vs control; *P>0.05, P <0.05, P <0.01 vs Mon group.

Treatment”

g kg PAP {kPa) SAP (kPa) RV/(LV +8) RV/BW x 10P
Control 1.40 £0.25 16.1+3.1 0.24£0.02 0.52 +0.03
Mon 2.40 + 0.51° 15.9+2.3* 0.40 % 0.08° 0.88+0.17
Mo + vehicle 2.60 +0.63° 16.0+2.1* 0.41 £0.08° 0.89+0.17
Mon + Tet 50 2.00+0.41° 16.5x2.1¢ 0.40 = 0.09¢ 0.90 £ 0.09¢
Mon + Tet 100 1.70+£0.21° 15.7+1.%¢ 0.31 £ 0.05° 0.75£0.11°
Mon + Tet 150 1.50 + 0,16 16.4+2.1° 0.29+ 0,04 0.68 +0.12F
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pulmonary vascular remodeling characterized by medial
thickening of pulmonary artery and right heart
hypertrophy were seen as reported by others® . The
present stady demonstrated that oral administration of
Tet inhibited the development of pulmonary
hypertension and right heart hypertrophy and also
produced regression of morphological alterations in the
pulmonary vascular bed in the chronic pulmonary
hypertension animal model of Mon treated rats. It is
the first demonstration that Tet inhibijts the elevation in
pulmonary artery pressure and vascular structural
remodeling of the pulmonary vasculature in pulmonary
hypertension model, in which the administration of Tet
was associated with a 83 % inhibition of pulmonary
hypertension and a 75 % inhibition of medial
thickening of small pulmonary arteries to values near to
those in the control rats.  Results also demonstrate that
the right heart hypertrophy caused by Mon was
markedly prevented by Tet,

Although, cardiac output of the rat was not
measured, in studies of chronic pulmonary hypertension
there is geperally an excellent comrelation between
measured pulmonary artery pressure and right heart
hypertrophy'® . This correlation was also found in the
present study (r=0.9132, P <0.05, n=6).

Tet has anti-inflammatory effects on pulmonary
silicosis and immuno-suppressive activity'™ .  Tet has
been shown to reduce both silica-induced fibrosis and
the elevation of lung collagen content in rats'® .
Furthermore, Tet has been shown to exhibit various
degrees of effectiveness to prevent silica-induced
fibrosis in animal models and has been used as an
antifibrotic agent for clinical trials in China"™. Tet,
a highly effective agent in preventing fibrosis, showed
strong binding t© both lipid wvesicles and alveolar
macrophagest2! . Tet could inhibit the development of
silicotic nodules and the synthesis of collagen and
glycosaminoglacan in vive and in vitre®. Tn
experiments where thymocytes were directly teated
with Tet, a dose-dependent inhibition of thymocyte
proliferation was noted with both IL-1 specific and non-
specific mitogenic (concavalin A) actions. These
results provide a correlation between the antifibrotic
effects of Tet and inhibition of macrophage
activation'' .

The antifibrotic action of Tet may be mediated in
part by direct inhibition of fibrobast proliferation

nomally associated with the development and
progression of silicosis'® .

The effects of Tet on gene expression of type I
and type I collapen during experimental silicosis. It
was found that alpha 1 (I) and alpha 1 (II) mRNA
levels increased significantly at 60 and 120 d after the
rats exposed to silica dust. The mRNA levels went
down at 1 and 3 months after treated by Tet. [In situ
hybridization observation revealed that the silver grains
of Type I and Type Il collagen were scattered within
the fibroblasts in cellular podules and in thickened
interstitial of silicosis tissue. The amount of mRNA
silver grains decreased in the lung tissue reated by Tet.
It was suggested that Tet may inhibit the gene
expression of collagen during silicosis'® .

In conclusion, Tet has a marked effect to prevent
Mon-induced chronic © inflammatory " pulmonairy
hypertension.
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