Inhibitory effects of beraprost sodium on the
progression of pulmonary hypertension induced
by monocrotaline in rats : a comparison with
aspirin, nifedipine and enalapril
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Abbreviations : ASP, aspirin; BPS, beraprost sodium; ENP, enalapril; LV, left ventricle; LV+S, left ventricle plus
septum; MCT, monocrotaline; NIF, nifedipine; PGL, prostacyclin; RV, right ventricle
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1A MCT 40mg/kg He Fikgs L, AKiEiACThlff L7z, MCT+BPS
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Fig 1. Estimation of medial thickness of muscular pulmonary
arteries.
External diameter was estimated as the mean of two measurements
between external elastic lamina (A and B). Wall thickness was
estimated as mean of four measurements between external elastic

lamina and internal elastic lamina (a, b, ¢ and d), as follows:
(a+b+c+d)/4

ial thickness (%)= =, %
Medial thickness (% (A+B)2 100

Table 1. Effects of beraprost sodium on body weight, ratio of right ventricular weight to.left venticular plus septum weight, and right and left

ventricular systolic pressure in monocrotaline-injected rats

Body weight (g

Group Number of rats yueen e RV weight / LV+S weight ratio RV pressure LV pressuree

0 week 4 weeks (mmHg) (mmHg)
Control 8 196 £6 34616 0.28£0.01 30%1 131£9
MCT 11 1885 2464 | 34## 0.73 £0.03## 86 1 44 1145
MCT+BPS 10 1835 264+ 13 0.56 £0.05%* 61 6** 127+£3
MCT+ASP 8 187%6 256k5 0.57£0.02* 83£5 106£3
MCT+NIF 8 20443 278+7 0.61£0.03 79+£3 98+ 5%
MCT+ENP 8 196 £5 25549 0.61£0.04 63 4% 104£6

Values are expressed as x £ SEM.

MCT, monocrotaline alone-injected group ; MCT+BPS, monocrota

line and BPS-administered group ; MCT+ASP, monocrotaline and aspirin-

administered group ; MCT+NIF, monocrotaline and nifedipine-administered group ; MCT+ENP, monocrotaline and enalapril-administered

group.

a) BPS, ASP and ENP were administered orally for 4 weeks after monocrot

after monocrotaline injection.

aline injection. NIF was administered intraperitonealy for 4 weeks

b) Body weight was measured at just before (0 week), and 4 weeks after monocrotaline injection (4 weeks).
## p<0.01 (MCT group vs control group, Welch's t-test). * p<0.05, ** p<0.01 (compared with MCT group, Dunnett's procedure).
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MCT#5HE% L ) BPS#H 5 L /-8, MCT#HG 2:8% LY MCT#:5- 3%k 7 v b (FHEE260 g) # v, <}
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T, EAFR, AEIGEHE, ESIUETIEIC W T B L —# 4V 18G 15cm) %3H A L AEEIEITE %, F 7 F 058
7. DRIZ24GMEBER B A AL, RULEZ 2 FNUTIEF R

P=0.0002

Survival rate

0 1 2 3 4 5 6 7 8
Time after MCT injection (weeks)
Fig. 2. Survival curves (Kaplan-Meier method) . #=== , MCT(n=50); +—+ , MCT+BPS (n=17); @ --- @ , MCT+ASP (n=30); &—aA,
MCT+NIF (n=30); Ill--- I, MCT+ENP (n=17). MCT, monocrotaline alone-injected group; MCT+BPS, monocrotaline and beraprost sodium-

administered group; MCT+ASP, monocrotaline and aspirin-administered group; MCT+NIF, monocrotaline and nifedipine-administered group;
MCT+ENP, monocrotaline and enalapril-administered group; p<0.01 (MCT group vs MCT+BPS group, Log-rank test).
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Fig. 3. RYV systolic pressures of control, MCT, MCT+BPS, MCT+ASP, MCT+NIF and MCT+ENP groups after administration of the drugs for 4
weeks.
Data are expressed as X = SEM. Control, normal control group; MCT, monocrotaline alone-injected group; MCT+BPS, monocrotaline and
beraprost sodium-administered group; MCT+ASP, monocrotaline and aspirin-administered group; MCT+NIF, monocrotaline and nifedipine-
administered group; MCT+ENP, monocrotaline and enalapril-administered group. ## p<0.01 (MCT group vs control group, Welch's t-test).
** p<0.01 (MCT group vs MCT+BPS group, MCT+ENP group, Dunnett's procedure).
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Fig. 4. LV and RV systolic pressures of control, MCT, MCT+BPS,

MCT+ASP, MCT+NIF

and MCT+ENP groups after

administration of the drugs for 4 weeks. Data are expressed as X
+ SEM. Control, normal control group; MCT, monocrotaline
alone-injected group; MCT+BPS, monocrotaline and beraprost
sodium-administered group; MCT+ASP, monocrotaline and
aspirin-administered group; MCT+NIF, monocrotaline and
nifedipine-administered group; MCT+ENP, monocrotaline and
enalapril-administered group.

Survival rate

Fig. 5. Survival curves (Kaplan-Meier method).

EL2. WIEE EELZ2%ICBPS 500pg/kg BEIERE S,
W IENIF 10mg/kg DIEIERES 217V, BlEE bEEL
TR CABEIMAE, EEIERHELZIE L.

V. #Eraugat

WEMEIZX ESEMTER L., EFREIHTT A7 —
(Kaplan-Meier) &% VT, EFEMMEERL, v/ 077
Z b (Logrank test) THrE L7z, #MTHATLEEEL, £
K ORI RED LI TIIERE0.5% KM% GHTHAAHEL0
Y BB D), SRS ORE T ERE0.83 %Ki«
UEETHARDED6EY & D 720) T % R & WL,
HEEAD LHELE.

A EREE, ASIERIALE, ARSI, SR R
EnE Tk, ZHo LI -TTERBIMMSIM LT, #HEHIC
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(Dunnett) DREEITV, EOHDBERI L7z, BPSOIRS
BUAGRH 2 M5 L 2 EBR T, %525 OB —H L T b
MCTHR: & BPSEE# it L7z, 2B o> 2 W 2BE O MU 1 A0S
EDOHIWENHBHZ L EEEBLT, 7T (Welch) DIRET
M— U7z, KHihL bRRES %RME M ENFEEAD &
e L7z,

151 &

1. BPSOEHIRIRIC DV T (ZEI & O LLEHRE)

MCT#5- 8 % TOHEIERITMCT# 35%, MCT + BPSH
93%, MCT + ASP#t 22%, MCT + NIF # 44%, MCT -+ ENP#
50% Ta - 7. MCT+BPSEIZAWTHA, MCTHLIL,
EERIIHEEERRD. (M2)

P=0.0006 | | P=0.0002

0 1 2 3

5 6 7 8

Time after MCT injection (weeks)

+—F, MCT (n=50);

+—+, MCT+BPS (0-8W) (n=17); O----O, MCT+BPS (2-8W)

(n=22); &----A, MCT+BPS(4-8W) (n=8); MCT, monocrotaline alone-injected group; MCT+BPS(0-8W), monocrotaline and beraprost sodium-
administered group. BPS was administered together with MCT for 8 weeks. MCT+BPS (2-8W), BPS was administered 2 weeks later the initiation
of MCT., MCT+BPS (4-8W), BPS was administered 4 weeks later the initiation of MCT. p<0.01 MCT group vs MCT+BPS(0-8W) group,

MCT+BPS(2-8W) group.
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Fig. 6. Changes in RV systolic pressures after different initiation
of BPS administration. . , control; , MCT; s
MCT+BPS. Data are expressed as x == SEM. Control, normal
control group without MCT administration; MCT, monocrotaline
alone-injected group; MCT+BPS, monocrotaline and beraprost
sodium-administered group. (A) BPS was administered together
with MCT for 8 weeks. (B) BPS was orally administered two
weeks later the initiation of MCT for 6 weeks. (C) BPS was orally
administered 4 weeks later the initiation of MCT for 4 weeks.

# p<0.05, ** p<0.01 (MCT group vs MCT+BPS group, Welch's
t-test).
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Fig.7. Changes in RV and LV systolic pressures after
intraperitoneal injections of BPS and NIF in MCT-treated rats.
Three weeks after monocrotaline injection, RV and LV pressures
were measured at just before (pre) and after intraperitoneal
injection (post) of BPS (500pg/kg) and NIF (10mg/kg). (A)
Pressure changes by beraprost. (B) Pressure changes by
nifedipine. Data are expressed as X == SEM and individual data.
#* p<0.01 (pre vs post, paired t-test).
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5L, B, OB, ORROBES ORI R
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Inhibitory effects of beraprost sodium on the progression of pulmonary hypertension induced by monocrotaline in
rats : a comparison with aspirin, nifedipine and enalapril Gaku Terao, Department of Pediatrics, School of Medicine,
Kanazawa University, Kanazawa 920 — J. Juzen Med Soc., 106, 312 — 319 (1997)
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Abstract

This study was designed to evaluate inhibitory effects of beraprost sodium (BPS) on pulmonary hypertension induced by
monocrotaline (MCT) in rats. Wistar male rats, aged 6 weeks, weighing 170-270g, were divided into 6 groups; the control
group, MCT only, MCT+BPS, MCT+aspirin (ASP), MCT+nifedipine (NIF) and MCT+enarapril (ENP). MCT (40mg/kg) was
given subcutancously and saline was injected in the control group. For the MCT+BPS group, BPS was given at the
concentration of 4.0PPM on distilled water. ASP (20mg/kg/day) was orally administered for the MCT+ASP group. NIF
(10mig/kg/day) was injected intraperitoneally for the MCT+NIF group, and ENP (2.5mg/kg/day) was orally administered for
the MCT+ENP group. Survival rates for 8 weeks were calculated by the Kaplan-Meier life-table method . After administration
of the drugs for 4 weeks, right ventricular systolic pressure (RVSP) and left ventricular systolic pressure (LVSP) were
measured under anesthesia. Rats were then sacrificed, and after the hearts were separated into right ventricular free walls and
left ventricles plus ventricular septa, each of the parts was weighed. Lungs were fixed in 10% formaline, and then the slices of
the lung tissues were studied with elastica van Gieson's staining. Medial hypertrophy of muscular pulmonary arteries was
evaluated. The survival rate of the MCT+BPS group was higher than that of the MCT only group, (93% vs.35%, P<0.01),
Which showed a marked elevation of RVSP (control group,30 £ 1[x £ SEM]mmHg vs. MCT group, 86 & 4mmHg, P<0.05,).
RVSP was significantly suppressed by BPS, (MCT group, 86 &= 4mmHg vs. MCT+BPS group, 61 = 6mmHg, P<0.05). LVSP
was not suppressed by BPS, (MCT group, 114 = 5mmHg, MCT+BPS group, 127 £ 3mmHg). ASP showed no effect on
RVSP. NIF was shown to decrease LVSP, but not RVSP. ENP significantly suppressed both RVSP and LVSP. The effects of
delayed administration of BPS on the inhibition of MCT-induced pulmonary hypertension were then investigated. When BPS
was administered 4 weeks after the initial MCT injection, no inhibitory effects were evaluated as compared to earlier
administration of BPS, suggesting that BPS could prevent early and non-progressive pulmonary hypertension, but not prevent
prolonged and severe pulmonary hypertension. These findings indicated that BPS was useful for the prevention of MCT-
induced pulmonary hypertension in rats in the relatively early stage without induction of systemic hypotension.



