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Subcellular distribution of prostaglandin-E 
and prostaglandin-F 2 a in atrial tissue from 

patients with mitral valve disease 
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'Depa r tmen t of Phys io logy and Biophys ics , and 
2 Sec t i on of Cardiology, Sa lvador Hosp i ta l , Facul ty of M e d i c i n e , 

Univers i ty of Chi le , San t iago , Chi le 

The distribution of prostaglandin-E2 (PGE2) and prostaglandin-F 2 a (PGF2a) 
was studied in subcellular fractions isolated from homogenates of human 
atrial fresh tissue by differential centrifugation. Right and left atrial samples 
were excised from the same heart of six patients with mitral valve disease at 
the time of open heart surgery. The atrial fractions investigated were 
mitochondrial (8,500 g pellet), microsomal (100,000 g pellet) and cytosol 
soluble (100,000 g supernatant) fractions. After extraction of prostaglandins 
from the three atrial fractions and separation of PGE from PGF series by 
chromatography on silicic acid column, these prostaglandins were measured 
by radioimmunoassay. The results showed that PGE2 and PGF2a were 
located mainly in the soluble cytosolic fraction of right and left atrial tissue 
(p < 0.001). Furthermore, the prostaglandins levels were higher in left than 
in right atria of these patients (p < 0.001). The relation between 
prostaglandins heart generation in response to elevated work load of mitral 
valve disease is discussed. 

Key-terms: prostaglandins, left atrium, right atrium, subcellular fractions, 
mitral valve disease 

I N T R O D U C T I O N 

E x p e r i m e n t a l and c l i n i c a l s t u d i e s h a v e 
d o c u m e n t e d that heart t issue and isolated 
myocy te s have the capaci ty to synthes ize 
p r o s t a g l a n d i n s ( 1 , 3 , 4 , 8) . In add i t i on , 
Berger et al (4) demons t ra t ed that dog heart 
t i s s u e c o n v e r t s a r a c h i d o n i c ac id m a i n l y 
into P G E 2 , P G F 2 a and P G I 2 . 

A signif icant increase in cardiac c A M P 
l e v e l s , a s s o c i a t e d w i t h a c t i v a t i o n of 
m y o c a r d i a l p r o s t a g l a n d i n s y n t h a s e , w a s 
found 5 min after aort ic const r ic t ion in the 
c a t ( 2 5 ) , s u g g e s t i n g i n v o l v e m e n t of 
p ros tag land ins and adenylyl cyc lase sys tem 

in the ear ly r e s p o n s e of m y o c a r d i u m to 
a c u t e p r e s s u r e o v e r l o a d . In a d d i t i o n . 
Chazov et al (6) repor ted that augmenta t ion 
of p r o s t a g l a n d i n s m a y be an i m p o r t a n t 
local fac tor for the ad ap t a t i o n of rabbi t 
m y o c a r d i u m to acu te card iac over load , and 
we (27) found e leva ted P G E 2 atrial levels 
in an a n i m a l m o d e l of left v e n t r i c u l a r 
hype r t rophy . T h e s e f indings sugges t that 
e n h a n c e d c a p a c i t y of p r o s t a g l a n d i n 
p roduc t ion by the chron ica l ly over loaded 
heart represents a compensa to ry event . In 
a c c o r d a n c e w i t h t h i s h y p o t h e s i s , t h e 
p r e s e n c e of p r o s t a g l a n d i n s in b l o o d 
samples of the coronary s inus in pat ients 

C o r r e s p o n d e n c e t o : D r B e r t a Z a m o r a n o , D e p a r t m e n t o f P h y s i o l o g y & B i o p h y s i c s , F a c u l t y o f M e d i c i n e , U n i v e r s i t y of 
C h i l e . P O B o x 7 0 0 0 5 , S a n t i a g o 7, C h i l e . F a x : ( 5 6 - 2 ) 7 7 7 - 6 9 1 6 . 



344 B i o l R e s 3 1 : 3 4 3 - 3 4 9 ( I ' M * 

wi th c o r o n a r y a r t e ry d i s e a s e h a s b e e n 
repor ted (5) , and we (8) demons t ra ted that 
P G E 2 and P G F 2 a are present in atrial t issue 
of pa t ients with heart d i seases . 

It has a l so been shown (12 , 22) that 
c y c l o o x y g e n a s e ( C O X ) , t h e e n z y m e 
r e s p o n s i b l e fo r t h e c o n v e r s i o n of 
a rach idonic acid into p ros tag landins , exists 
in two forms, named COX-1 and C O X - 2 , 
which are encoded by different genes (16) . 
C O X - 1 is e x p r e s s e d c o n s t i t u t i v e l y , and 
C O X - 2 may be induced by a ser ies of p ro
inf lammatory st imuli (23) . Recen t s tudies 
h a v e s h o w n tha t C O X - 2 i n d u c t i o n and 
increased format ion of p ros tag landins may 
c o n t r i b u t e to t h e p a t h o p h y s i o l o g y of 
conges t ive heart failure (24) . 

The present study was performed to define 
the d i s t r i b u t i o n of P G E 2 and P G F 2 a in 
s u b c e l l u l a r f r a c t i o n s i s o l a t e d f rom 
homogenates of atrial tissues from patients 
wi th m i t r a l v a l v e d i s e a s e ( M V D ) . T h e 
m i t o c h o n d r i a l ( M i t F , 8 , 5 0 0 g p e l l e t ) , 
microsomal (MicF, 100,000 g pellet) , and 
cytosol soluble (CysF, 100,000 g supernatant) 
f ract ions w e r e ana lyzed . In add i t ion , we 
determined whether differences do exist in 
these prostaglandins levels between right and 
left atrial subcellular fractions obtained from 
the same hearts of patients with M V D . 

M A T E R I A L S A N D M E T H O D S 

Materials 

The reagents were of analytical grade (Merck 
and Sigma Chemical Co). Silicic acid (100 
mesh) was from Mallinckrodt Inc. Standard 
unlabelled prostaglandins were obtained from 
U p j o h n C o , K a l a m a z o o , M I . T r i t i a t e d 
prostaglandins with specific activity 165 Ci/ 
mmol (NET-428) and 150 Ci/mmol (NET-
4 3 3 ) for [ 3 H ] - P G E 2 a n d [ 3 H ] - P G F 2 a , 
r e s p e c t i v e l y w e r e p u r c h a s e d f rom N e w 
E n g l a n d N u c l e a r C o , B o s t o n , M A . T h e 
antisera of high affinity and specificity to 
these prostaglandins (PGE 2 -BSA, and P G F 2 a -
B S A ) w e r e o b t a i n e d f rom D i a g n o s t i c s 
Pas teur (France) . Indomethac in was from 
Sigma Chemical Co, St Louis , M O . All glass 
material used in this work was siliconized 
(Prosil-28, PCR Research Chemical Inc). 

Patients 

W e studied six pat ients with chronic M V D . 
three w o m e n and three men, aged 37 ± 5 
( m e a n ± S E M ) . F i v e h a d p u r e m i t r a l 
s tenosis and one had mitral regurgi ta t ion 
wi thout o ther hear t d i sease . T h e pat ients 
r e c r u i t e d w e r e in N e w Y o r k H e a r ! 
Associa t ion Func t iona l Class II or III, and 
were selected at the Card io logy Section of 
the Sa lvador Hospi ta l in San t iago . Chi le . 
T h e s t u d y c o n f o r m e d to t h e E t h i c s 
C o m m i t t e e r e q u i r e m e n t s of the Sa lvador 
Hosp i ta l . 

Preparation of homogenates and 
subcellular fractions 

Atrial samples ob ta ined dur ing open hear! 
surgery were rapid ly washed in ice-cold 
phys io log i ca l so lu t ion and we ighed . The 
average weigh ts of the right (n = 6) and left 
(n = 6) atrial s amples were 245.8 ± 9.7 and 
256.8 ±13 .5 mg , respec t ive ly . Each atrial 
s a m p l e w a s p r o c e s s e d i n d i v i d u a l l y as 
reported prev ious ly (26) . 

The fresh atrial t i ssue was minced fine 
with sc issors and was homogen ized with a 
poly t ron t issue d i s in tegra tor (Model SDT-
0 8 0 E N T i s sumize r , T e c k m a r Co) , a long 
w i t h 5 .0 ml of a c o l d h o m o g e n i z i n g 
s o l u t i o n ( m M / 1 ) : s a c c h a r o s e , 2 5 0 . 4 ; 
H E P E S , 2 .5 ; and E G T A , 0 .5 ; con ta in ing 
i n d o m e t h a c i n 0.1 m M , to p r e v e n t the 
g e n e r a t i o n of p r o s t a g l a n d i n s du r ing this 
and the fo l lowing s teps . H o m o g e n a t e s were 
f i l t e r ed t h r o u g h t w o l a y e r s of su rg i ca l 
gauze and immedia te ly centr i fuged at 600 g 
for 10 m i n , u s i n g a S o r v a l l R C - 2 B 
centr i fuge, to r e m o v e nuclei and coarse cell 
d e b r i s . In t h e f o l l o w i n g d i f f e r e n t i a l 
f r a c t i o n a t i o n , a H i t a c h i m o d e l 5 5 - P 
ul t racent r i fuge with a type R P 40 rotor was 
used. The superna tan t solut ion obtained al 
600 g was further centr i fuged at 8,500 g for 
10 min to sed iment a c rude M i t F , leaving a 
s u p e r n a t a n t c o n t a i n i n g o t h e r p a r t i c l e s 
t o g e t h e r wi th the c y t o s o l . T h e resu l t ing 
superna tant was centr i fuged at 100,000 g 
for 90 min to sed iment a MicF , leaving a 
c lear C y s F as the final superna tan t . The 
p rec ip i t a ted M i t F and M i c F pe l le t s were 
then h o m o g e n i z e d in 0.2 ml of deionized 
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water (neutral pH) and dissolved in a 9 6 % 
a q u e o u s e t h a n o l m i x t u r e ( 2 / 1 , v /v ) for 
p ros tag land ins analys is . 

Determination of prostaglandins 

The P G E 2 and P G F 2 a concentrat ions in each 
s u b c e l l u l a r f r a c t i o n w e r e m e a s u r e d by 
r a d i o i m m u n o a s s a y ( R I A ) , as r e p o r t e d 
previously (7, 26) . Each subcellular fraction 
(MitF, M i c F and CysF) was adjusted to pH 
3 with 9 8 % formic acid and extracted twice 
for acid lipids with three t imes the sample 
v o l u m e of a m i x t u r e of c y c l o h e x a n e / 
e thylaceta te (1 /1 , v/v), and then purified by 
chromatography on silicic acid columns to 
separa te P G E from P G F series and from 
o the r p r o s t a g l a n d i n s , and spec ia l ly from 
n o n s p e c i f i c l i p i d s . T h e r a d i o a c t i v i t y 
recovery of labelled pros taglandins added 
(1,000 cpm/0.1 ml) to the samples before 
extraction was about 9 5 % . 

The R I A of i m m u n o r e a c t i v e P G E 2 (i-
P G E 2 ) and immunoreac t ive P G F 2 a ( i - P G F 2 a ) 
from the c o r r e s p o n d i n g c h r o m a t o g r a p h i c 
fraction was per formed in parallel to the 
s t anda rd u n l a b e l l e d p r o s t a g l a n d i n s us ing 
tri t iated p ros tag land ins as the radiol igand 
and using the appropriately diluted antisera 
to these prostaglandins . The ant ibody cross 
r e a c t i o n for i - P G E 2 a n d i - P G F 2 a w a s 
e s t ima ted wi th an er ror of 0 . 0 1 . Sepa ra t ion 
of a n t i b o d y - a n t i g e n c o m p l e x e s from free 
an t igen was ach i eved by adsorp t ion of the 
free t racer on to ac t iva ted dex t r an -cha rcoa l 
su spens ion and 10 min later cent r i fuged 
for 10 min at 2 ,000 rpm. The supe rna t an t 
c o n t a i n i n g t h e a n t i g e n - a n t i b o d y w a s 
decan ted into a coun t i ng sc in t i l la t ion vial 
and 10 ml of s c in t i l l a t i on cock t a i l w a s 
added . The rep roduc ib i l i ty of the RIA was 
i n v e s t i g a t e d by t e s t i n g t h e s t a n d a r d 
s a m p l e s in t r i p l i c a t e and t h e u n k n o w n 
sample s in dup l i ca t e in the s a m e RIA and 
r e p e a t e d t h e a n a l y s i s of t h e s a m p l e s 
a l r eady a n a l y z e d in a n o t h e r R I A du r ing 
the s a m e week . 

The variat ion coeff icients of int ra-assay 
and i n t e r - a s s a y w e r e 5 . 3 % , and 7 . 1 % , 
r e s p e c t i v e l y . T h e r a d i o a c t i v i t y w a s 
de te rmined in a l iquid scint i l la t ion counter 
(Packard , Mode l 1600TR au tomat ic liquid 
scint i l la t ion analyzer , efficiency 6 0 % ) . 

Statistical analysis 

Resu l t s a re exp re s sed as m e a n s ± s tandard 
e r ro rs of the m e a n s ( S E M ) . Di f fe rences 
be tween m e a n s w e r e assessed by S t u d e n t ' s 
f - tes ts , s i g n i f i c a n c e b e i n g a c c e p t e d for 
p < 0 .05 . 

R E S U L T S 

Subcellular distribution of i-PGE2 and 
i-PGF2a in right and left atria of 
patients with MVD 

T h e th ree s u b c e l l u l a r f rac t ions ob t a ined 
from fresh atrial s amp le s of pa t ien t s with 
M V D w e r e f o u n d to c o n t a i n P G E 2 and 
P G F 2 a . F igu re 1 s h o w s the d i s t r ibu t ion of 
t h e s e p r o s t a g l a n d i n s in m i t o c h o n d r i a l 
f r a c t i o n ( M i t F ) , m i c r o s o m a l f r a c t i o n 
( M i c F ) and cy toso l so lub le fract ion (CysF) 
of r i g h t and lef t a t r i a l t i s s u e s . T h e s e 
r e s u l t s d e m o n s t r a t e tha t i - P G E 2 and i-
P G F 2 a are loca ted ma in ly in the C y s F of 
b o t h a t r i a l t i s s u e s , s i n c e t h e f i n a l 
supe rna tan t after cen t r i fug ing at 100,000 g 
con ta ined b e t w e e n 71 .7 ± 2.0 and 74.9 ± 
7.0 pe r c e n t of the to ta l p r o s t a g l a n d i n 
c o n t e n t in t h e r i g h t a n d le f t a t r i a , 
r e spec t i ve ly . In add i t i on , the subce l lu la r 
d i s t r i b u t i o n of i - P G E 2 and i - P G F 2 ( I in 
M i t F , M i c F and C y s F of r igh t and left 
a t r ia were r e m a r k a b l y s imi lar . 

Comparison of prostaglandins 
concentrations between right and 
left atria of patients with MVD 

F i g u r e 2 i l l u s t r a t e s t h e i - P G E 2 a n d 
i - P G F 2 a s u b c e l l u l a r f r a c t i o n s v a l u e s of 
r i g h t a n d left a t r i a l s a m p l e s r e m o v e d 
f r o m t h e s a m e h e a r t s of s ix p a t i e n t s 
w i t h M V D . T h e p r o s t a g l a n d i n s a t r i a l 
c o n c e n t r a t i o n s a r e e x p r e s s e d as p g / m g 
w e t w e i g h t of t i s s u e ± S E M . T h e h ighes t 
i - P G E 2 a n d i - P G F 2 u t c o n c e n t r a t i o n s w e r e 
in s u b c e l l u l a r f r a c t i o n s o b t a i n e d f rom 
the left a t r i u m . P r o s t a g l a n d i n s l eve l s of 
t h e M i c F and C y s F of left a t r i a w e r e 
m a r k e d l y e l e v a t e d c o m p a r e d to t h o s e 
o b s e r v e d in t h e s e s u b c e l l u l a r f r a c t i o n s 
of r i g h t a t r i a . 
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Ï-PGE2 i-PGF2a 
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R A = right atrium 

L A = left atrium 

F i g 1 : S u b c e l l u l a r d i s t r i b u t i o n o f i - P G E , a n d i - P G 2 o a m o n g m i t o c h o n d r i a l ( M i t F ) , M i c r o s o m a l ( M i c F ) a n d c y t o s o l s o l u b l e 

( C y s F ) f r a c t i o n s . M e a n s + S E M s as p e r c e n t a g e s of t o t a l p r o s t a g l a n d i n s c o n t e n t s in s a m p l e s o f right a t r i u m ( R A ) a n d left 

a t r i u m ( L A ) o f p a t i e n t s w i t h m i t r a l v a l v e d i s e a s e . * p < 0 . 0 0 1 w h e n c o m p a r i n g C y s F w i t h e i t h e r M i t F o r M i c F . 
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F i g 2 : I m m u n o r e a c t i v e P G E 2 a n d P G F 2 a c o n t e n t s i n s u b c e l l u l a r f r a c t i o n s of a t r i a l s a m p l e s f r o m 
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c o m p a r i n g m i c r o s o m a l a n d s o l u b l e f r a c t i o n s o f left a n d r i g h t a t r i a . 
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PGE2/PGF2a ratio in subcellular 
fractions of atrial tissue 

The P G E 2 / P G F 2 a ratios in each subcel lular 
fraction of r ight and left atria are presented 
in Tab le I. Rat ios are expressed as means ± 
S E M . N o signif icant di f ferences in these 
rat ios a m o n g the Mi tF and M i c F of r ight 
and left atr ia were observed. Howeve r , we 
found higher i - P G E 2 than i - P G F 2 t x levels in 
the C y s F from right atrial samples . These 
r e s u l t s a r g u e for a p r e f e r e n t i a l P G E 2 

synthes is in the r ight a t r ium compared to 
the left a t r ium of pat ients with M V D . 

D I S C U S S I O N 

The present study showed different subcellular 
P G E 2 and P G F 2 a distribution in atrial tissue of 
patients with M V D . The demonstration that 
synthesized pros taglandins were recovered 
main ly in the C y s F of the h u m a n atrial 
homogenates is consistent with the generally 
accepted view that prostaglandins are neither 
s to red no r c o n c e n t r a t e d w i t h i n spec i f i c 
subcellular particles, but are rapidly released 
from the site of synthesis into the cytoplasm of 
the ce l l to p a s s to the e x t r a c e l l u l a r 
c o m p a r t m e n t w i t h o u t u n d e r g o i n g ce l l 
metabolic inactivation (9, 21). 

Anggard et al (2) showed that whereas 
P G E 2 is m a i n l y p r e s e n t in t h e C y s F , 
prostaglandin-synthase occurred exclusively 
in the microsomal fraction of rabbit kidney 
h o m o g e n a t e s . A l s o , P a r k e r s et al ( 1 9 ) 
r epor t ed that p r o s t a g l a n d i n - s y n t h a s e was 
located in the microsomal fraction of the 

Guinea-p ig lung. Howeve r , these f indings 
differ from those of Kataoka et al (10), who 
reported a wide distribution of P G E and PGF 
mate r i a l t h r o u g h o u t subce l l u l a r compar t 
m e n t s in c e r e b r a l c o r t e x t i s s u e . T h e s e 
d i s p a r i t i e s i n d i c a t e tha t p r o s t a g l a n d i n s 
synthesis might vary from tissue to tissue and 
their distribution in subcellular particles may 
be species dependent . 

Fu r the rmore , the different e n z y m e s can 
also cont r ibu te to expla in the intracel lular 
d is t r ibut ion of p ros t ag l and ins . S ince both 
C O X - 1 a n d C O X - 2 c a n g e n e r a t e 
p r o s t a g l a n d i n s a n d t h e y h a v e d i f f e r e n t 
subcel lu lar d is t r ibut ion (22) , this could also 
e x p l a i n t h e s u b c e l l u l a r d i s t r i b u t i o n of 
p r o s t a g l a n d i n s . In a d d i t i o n , we 
demons t ra t ed in this work , that M i c F and 
C y s F of left atr ial t i s sue h a v e marked ly 
h igher P G E 2 and P G F 2 a concen t ra t ions that 
those subce l lu la r f rac t ions of r ight atrial 
samples obta ined from the same hearts of 
p a t i e n t s w i t h M V D u n d e r s i m i l a r 
condi t ions and assay p rocedures . 

The above resul ts raise the possibi l i ty 
that hea r t t i s s u e of p a t i e n t s wi th M V D 
i n c r e a s e s P G E 2 and P G F 2 a s y n t h e s i s in 
response to a higher workload . Fur thermore , 
Lai et al (13) have repor ted that P G F 2 ( X 

i nduces c a r d i a c m y o c y t e h y p e r t r o p h y in 
vitro and cardiac growth in vivo. It has been 
reported (18) that infusion of prostaglandins 
ameliorates severe chronic heart failure. In 
c o n t r a s t , a d m i n i s t r a t i o n of i n h i b i t o r s of 
prostaglandins synthesis contr ibutes to heart 
failure decompensa t ion ( 1 1 , 15). Recently, 
pericardial levels of 8 - i s o - P G F 2 a have been 
found to i nc r ea se in pa t i en t s wi th hear t 

Table I 

P G E 2 / P G F 2 a ratios in each subcellular fraction of atrial samples from patients 
with mitral valve disease. (Means ± SEMs; n = 6). 

S u b c e l l u l a r f r a c t i o n s R i g h t a t r i u m L e f t a t r i u m P 

M i t F ( 8 . 5 0 0 g p e l l e t ) 1.7 ± 0 . 2 9 1.3 + 0 . 2 6 N S 

M i c F ( 1 0 0 , 0 0 0 g p e l l e t ) 2 . 2 ± 0 . 4 1 1.5 ± 0 . 3 5 N S 

C y s F ( 1 0 0 , 0 0 0 g s u p e r n a t a n t ) 2 . 6 ± 0 . 3 8 1.4 ± 0 . 2 6 <().() I 

M i t F . m i t o c h o n d r i a l f r a c t i o n ; M i c F , m i c r o s o m a l f r a c t i o n ; C y s F , c y t o s o l s o l u b l e f r a c t i o n . 
N S . no t s i g n i f i c a n t d i f f e r e n c e . 
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failure (14). Those prostaglandin levels were 
correlated with functional severity of heart 
failure and were associated with ventr icular 
dilatat ion. 

W o n g et al ( 2 4 ) d e m o n s t r a t e d an 
i n c r e a s e d C O X - 2 e x p r e s s i o n in t h e 
myoca rd i a of pa t ients with conges t ive hear t 
fa i lure . T h e p a t h o p h y s i o l o g i c a l ro le that 
C O X - 2 plays may depend on a n u m b e r of 
fac tors , a m o n g which the cell types and 
t h e i r i n h e r e n t p r o s t a n o i d s y n t h e t i c 
pa thways appear to be the key de te rminan ts 
( 1 7 , 2 0 ) . It is p o s s i b l e t ha t i n c r e a s e d 
i nduced -COX-2 express ion in the left atr ia 
of pa t ien ts wi th M V D resul ts in increased 
s y n t h e s i s of P G E 2 a n d P G F 2 a , a n d 
c o n t r i b u t e s to t h e p a t h o p h y s i o l o g y of 
conges t ive heart failure. However , further 
s t u d i e s a r e n e e d e d to c l a r i f y t h e 
s ignif icance of the enhanced capaci ty of the 
hear t p r o s t a g l a n d i n s s y n t h e s i s and the i r 
re la t ionship with myocardia l per formance . 
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