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P r e v i o u s  w o r k  h a s  d e m o n s t r a t e d  t h e  d e v e l o p m e n t  o f  i n c r e a s e d  p u l mo n a r y  a r t e r y  p r e s s u r e s ,  
hyper t rophy  of  the  pu lmonary  a r te r i a l  vascu la r  smooth  musc le ,  and  p ro l i fe ra t ion  o f  the  endothe l ia l  
vascular  lumen in  ra t s  fo l lowing  ex tended  exposure  to  hypoxia  and  VEGF-receptor  an tagonis t s .   We 
va l ida ted  th i s  model  of  pu lmonary  a rterial  hypertension (PAH) by evaluating i ts  ut i l i ty as a cl inical ly 
relevant paradigm to determine the efficacy of test articles against PAH.  Male SD rats (240-370 g) were 
kept inside a hypoxic tent.   Atmospheric oxygen was reduced to 13.5% using an oxygen scrubber .   Rats  
received a single dose of semaxanib (200 mg/kg,  s .c .)  and were maintained inside the tent  for  3 weeks.   
Rats  received oral  doses of  vehicle (20% cyclodextr in,  10mL/kg once dai ly) ,  bosentan (BS- 3 0 0 m g / k g  
once  da i ly)  or  s i ldenaf i l  (SL- 3 0 m g/ k g  t w i c e  d a i l y ) .   A t  d a y  2 1 ,  p u l m o n a r y  a n d  s y s t e m i c  a r t e r i a l  
p r e s s u r e s  a n d  t h o r a c i c  o r g a n  w e i g h t s  w e r e  m e a s u r e d .   B S  a n d  S L-t rea ted  ra t s  exh ib i ted  sys to l ic ,  
d i a s t o l i c  a n d  m e a n  p u l m o n a r y  a r t e r i a l  p r e s s u r e s  ( 2 1  a n d  1 9 ;  1 6  a n d  1 5 ;  1 8  a n d  1 7  m m H g ,  
respectively) that were significantly lower compared to the vehicle (30, 22 and 26 mmHg, respectively).   
There  was  a  t rend toward  decreased r ight  vent r ic le  to  le f t  vent r ic le  weight  ra t io  when compar ing BS 
and SL with the vehicle .   There were no s ignif icant  differences  i n  mean  a r t e r i a l  p r e s su re  among  r a t s  
treated with BS and SL as compared to vehicle.   In summary,  oral  administrat ion of BS and SL reduces 
PAH induced semaxanib and a low oxygen environment in a clinically relevant model. 
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P u l m o n a r y  a r t e r i a l  h y p e r t e n s i o n  ( P A H )  i s  a  c h r o n i c  d i s e a s e  
c h a r a c t e r i z e d  b y s u s t a i n e d  e l e v a t i o n  o f  p u l m o n a r y  a r t e r i a l  
p r e s s u r e  t h a t  l e a d s  t o  r i g h t  v e n t r i c le  f a i l u r e  a n d  d e a t h .   
P u l m o n a r y  a r t e r i o l e s  i n  P A H  u n d e r g o  p r o g r e s s i v e  n a r r o w i n g  
a n d / o r  o c c l u s i o n .   C u r r e n t l y  a p p r o v e d  t h e r a p i e s  f o r  P A H  a r e  
d i r e c t e d  p r i m a r i l y  a t  r e l i e f  o f  s y m pt o m s  b y  i n t e r f e r i n g  w i t h  
v a s o c o n s t r i c t i v e  s i g n a l s ,  b u t  d o  n o t  h a l t  t h e  m i c r o v a s c u l a r  
cytoprol i fera t ive  process .   The industry  is  focused in  improving 
the  ava i l ab le  the rap ie s  to  t r ea t  PAH however  c l in i ca l  r e l evan t  
models are crucial for testing new articles. 

Animal  models  of  PAH usual ly  focus  on  monocrota l ine-induced  
injury,  hypoxia  chal lenge (both acute  and chronic) ,  or  serotonin 
o v e r l o a d .   I n  i s o l a t i o n ,  t h e s e  m o d e l s  i n d u c e  h y p e r t r o p h y  a n d  
muscu la r i za t ion  in  pu lmonary  a r t e r io les  r e su l t ing  in  inc reased  
p u l m on a r y  a r t e r i a l  p r e s s u r e s .   H o w e v e r ,  t h e y  d o  n o t  i n d u c e  
ep i the l ia l  overgrowth  as  occurs  wi th  PAH in  humans .   In  2001,  
Taraseviciene-S tewar t  e t  a l  demons t r a t ed  the  add i t ive  e f f ec t  o f  
s e v e r e  h y p o x i a  +  V E G F  r e c e p t o r  a n t a g o n i s m  o n  p u l m o n a r y  
a r t e r y  h y p e r t e n s i o n  in  r a t s .   T h e  i n c l u s i o n  o f  V E G F  r e c e p t o r  
a n tagonist  (semaxanib)  in  a  hypoxic environment allows for pre-
capillary arterial  occlusion by proliferating endothelial  cells – a n  
environment more closely resembling the clinical condition. 

I n  t h i s  s t u d y, we  va l idat e d  t h i s  m o d e l  o f  p u l m o n a r y  a r t e r i a l  
h y p e r t e n s i o n  ( P A H )  b y  e v a l u a t i n g  i t s  u t i l i t y  a s  a  c l i n i c a l l y  
r e l e v a n t  p a r a d i g m  t o  d e t e r m i n e  t h e  e f f i c a c y  o f  t e s t  a r t i c l e s  
against PAH.   

Objectives

V a l i d a t e d  t h e  P A H  r a t  m o d e l  f o l l o w i n g  e x t e n d e d  
exposure to  hypoxia  and VEGF-receptor  antagonis ts  
b y  e v a l u a t i n g  i t s  u t i l i t y  a s  a  c l i n i c a l l y  r e l e v a n t  
p a r a d i g m  t o  d e t e r m i n e  t h e  e f f i c a c y  o f  t e s t  a r t i c l e s  
against PAH.   

Experimental  Plan: Male SD rats  (240-370 g) received a single dose of semaxanib (200 

mg/kg ,  s .c . ;  Tocr i s  Biosc iences ,  El l i sv i l le ,  MO) and  were  kept  ins ide  a  commerc ia l ly  

ava i lab le  hypoxic  ten t  (Hypoxico ,  New York ,  NY)  for  3  weeks .   The  ten t  was  used  to  

h o u s e  u p  t o  3 0  r a t s .   A t m o s p h e r i c  o x y g e n  w a s  r e d u c e d  t o  1 3 . 5 %  u s i n g  a n  o x y g e n  

scrubber .   Dur ing  th is  t ime,  ra ts  rece ived ora l  doses  of  vehic le  (20% cyclodext r in ,  10  

mL/kg once daily), bosentan (300 mg/kg once daily) or sildenafil  (30 mg/kg twice daily).   

H e m o d y n a m i c  M e a s u r e m e nt s :  O n  d a y  2 1 ,  r a t s  w e r e  r e m o v e d  f r o m  t h e  t e n t  a n d  

a n e s t h e t i z e d  b y  i n t r a-m u s c u l a r  i n j e c t i o n  o f  k e t a m i n e /  x y l a z i n e  ( 8 0 / 1 0  m g / k g )  a n d  

p laced  on  a  hea t ing  pad  to  main ta in  body  tempera ture  a t  37ºC.   A Mi l la r  ca the te r  1 .4  

F r e n c h  ( M i l l a r  I n s t r u m e n t s ,  H o u s t o n ,  T X)  w a s  i n s e r t e d  i n t o  t h e  f e m o r a l  a r t e r y  t o  

m e a s u r e  a r t e r i a l  b l o o d  p r e s s u r e .   A d d i t i o n a l l y ,  t h e  p u l m o n a r y  a r t e r y  p r e s s u r e  w a s  

measu red  a s  desc r ibed  p rev ious ly  (S t inge r  e t  a l . ,  1981) .   B r i e f ly ,  a  3 .5  f r  umbi l i ca l  

vessel catheter (Utah Medical Products LTD, Midvale,  UT), angled to 90° over the distal  

1  cm and curved s l ight ly at  the t ip ,  was introduced into the r ight  external  jugular  vein.   

With  the  angle  d i rec ted  in ter ior ly ,  the  ca theter  was  inser ted  proximal ly ,  which placed 

t h e  c a t h e t e r  i n  t h e  r i g h t  a t r i u m .   The  ca the te r  was  ro ta ted  90°  counte rc lockwise  and  

inse r t ed  fu r the r ,  wh ich  p laced  the  ca the te r  in  the  r igh t  ven t r i c l e ,  and  then  advanced  

a p p r o x i m a t e l y  1 . 5  c m ,  i n t o  t h e  p u l m o n a r y  a r t e r y .   P l a c e m e n t  a t  e a c h  s t a g e  w a s  

confirmed by monitor ing the respect ive pressure  contours .   Hemodynamic  va lues  were  

automatically calculated by the physiological  data acquisit ion system NOTOCORD-Hem 

Software 4.1 (NOTOCORD Inc., Croissy Sur Seine, France).   

Right  Ventr icular  Hypertrophy Measurements:  A t  t h e  e n d  o f  t h e  s t u d y ,  r a t s  were 

euthanized by pentobarbi ta l  overdose and hear ts  were isolated,  f lushed with sal ine and 

d i s s e c t e d  t o  s e p a r a t e  t h e  r i g h t  v e n t r i c l e  f r o m  t h e  l e f t  v e n t r i c l e + s e p t u m  ( L V + S ) .   

D i s sec ted  samples  were  we ighed  and  the  r a t io  o f  the  RV to  LV+sep tum weigh t  [RV/  

LV+S] for each heart was calculated to obtain an index of RV hypertrophy. 

Plasma  Concentra t ion  o f  Bosentan  and  S i ldenaf i l :  Approximate ly  two  hours  pos t-

dose ,  before  the  anaesthet ized ra ts  were  euthanized,  approximately  1  mL of  blood was 

col lected in presence of K2EDTA.  Plasma was separated,  f rozen on dry ice ,  and s tored 

a t  -80ºC unti l  determination of Bosentan and Sildenafi l  concentrat ion. 

Summary

Conclusion

O r a l  a d m i n i s t r a t i o n  o f  b o s e n t a n  a n d  s i l d e n a f i l  

r e d u c e s  P A H  i n d u c e d  b y  s e m a x a n i b  a n d  a  l o w  

o x y g e n  e n v i r o n m e n t  d e m o n s t r a t i n g  t h a t  t h i s  i s  a  

c l in ical ly  re levant  model  to  evaluate  ef f icacy of  test  

art ic les . 

Figu r e  2.   Effec t  o f  b o s e n t a n  a n d  sildenafil o n  h e m o d y n a m i c s  i n  s e m a x a n i b  a n d  a  l o w  o x y g e n  

environment  induced  pu lmonary  arterial hyper tens ion  in  ra ts .   Mean pulmonary arterial  pressure 

(PAP), and RV to LV + septum (RV/LV+S ratio) ratio in rats  injected with s emaxan ib  and  submit ted  

t o  l o w  oxygen  env i ronmen t  receiving vehic le  (20% cyclodextr in ,  10mL/kg once  dai ly) ,  bosentan 

(300mg/kg once daily)  or s i ldenafi l  (30mg/kg twice daily).   Data  are presented  as  mean ±  S .E.M.  

(n=10) .   *  =  p<0 .05  v s .  vehicle d e t e r m i n e d  b y  u s i n g  a  o n e-w a y  A N O V A  f o l l o w e d  b y  p o s t  h o c  

Dunnett’s t e st. 

Figu r e 3 .   Effec t  o f  b o s e n t a n  a n d  sildenafil o n  h e m o d y n a m i c s  i n  s e m a x a n i b  a n d  a  l o w  o x y g e n  

environment induced pulmonary hypertension in rats.   Mean arterial pressure (MAP), and heart rate 

(HR) i n  ra ts  in jec ted  wi th  s e m a x a n i b  a n d  submi t t ed  to  low oxygen  env ironment  receiving vehicle 

(20% cyclodextr in ,  10mL/kg once  dai ly) ,  bosentan (300mg/kg once  dai ly)  or  s i ldenaf i l  (30mg/kg 

twice daily).  Data are presented as mean ± S.E.M. (n=10). 

Figu r e 4 .   Plasma concentration of bosen tan (300mg/kg once dai ly) and si ldenafi l (30mg/kg  twice  

daily) in  male rats  in jected wi th  semaxanib and submitted to low oxygen environment.   Plasma was 

o b ta in ed  o n  t h e  2 1t h  d a y  o f  consecut ive  oral  dos ing ,  2hrs  pos t-d o s e.   Va lues  a re  expre s sed  a s  

mean±SEM (n=10).  ND- n o n-detectable. 
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Figure  1 .   Experimental design. 
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