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Capi l lary  B l o o d  F l o w  in Sheep  Ovar ies ,  M e a s u r e d  

O v a r i a n  venous  out f low has  been  m e a s u r e d  a t  d i f fe ren t  
s tages  of t he  oes t rous  cycle in sheep 2. However ,  t he re  are 
n u m e r o u s  large a r t e r i o v e n o u s  anas t om os es  (AVA's)  in the  
in t e r s t i t i a l  t i ssue  of ov ine  ovar ies  and  these  m a y  s h u n t  
re la t ive ly  large a m o u n t s  6f bIood d i r ec t ly  to t h e  v e n o u s  
d ra inage  2. Thus  t he  o v a r i a n  venous  out f low is no t  neces- 
sar i ly  a measu re  of t he  cap i l l a ry  or n u t r i e n t  b lood flow-. 

E s t i m a t e s  of b lood flow o b t a i n e d  w i t h  mic rospheres  of 
smal l  d i a m e t e r  or w i t h  soluble  ind ica to r s  such  as [SSRb]- 
r u b i d i u m  chlor ide  or [~s I ] - iodoan t ipyr ineS  should  repre-  
sen t  cap i l la ry  blood flow. However ,  in  p r e l i m i n a r y  
obse rva t i ons  in  sheep ~, mic rospheres  of 15 ~m d i a m e t e r  
p rov ided  m u c h  h igher  e s t ima te s  of b lood flow t h r o u g h  
corpora  l u t e s  t h a n  d id  soluble  indica tors .  F u r t h e r m o r e ,  
r u b i d i u m  chlor ide  s a n d  mic rospheres  6 yie lded m a r k e d l y  
d iss imi lar  e s t ima tes  of b lood flow in ovar ies  of p r e g n a n t  
rabb i t s .  The  resu l t s  o b t a i n e d  in t he  p r e s en t  s t u d y  s u p p o r t  
t he  p rev ious  f ind ing  in sheep a n d  offer an  e x p l a n a t i o n  for 
t he  di f fer ing assessments  p rov ided  b y  the  two  types  of 
ind ica tor .  

Materials and methods, a) Changes in [4-t~I]-iodoanti - 
pyrine content o/the ovary with time. In  each  of 4, ma tu r e ,  
Merino ewes a n a e s t h e t i z e d  w i t h  sod ium p e n t o b a r b i t o n e ,  
a c a t h e t e r  (1.40 m m  I.D.,  1.90 m m  O.D.) was inse r ted  
in to  t h e  pos te r io r  v e n a  c a v a  v ia  a r e c u r r e n t  t a r s a l  vein.  

An  o v a r y  was ex ter ior ized  t h r o u g h  a sma l l  m i d - v e n t r a l  
a b d o m i n a l  incis ion and  shie lded f rom body  r a d i a t i o n  b y  
heavy -gauge  lead sheet ing.  A dose of [4-~sI ] - iodoant i  - 
py r ine  (60 ~zCi) (Rad iochemica l  Centre,  A m e r s h a m )  
c o n t a i n e d  in 4 ml  of 0.9% sal ine was in jec ted  t h r o u g h  the  
c a t h e t e r  and  t h e  r a d i o a c t i v i t y  levels of t he  o v a r y  were 
c o n t i n u o u s l y  m o n i t o r e d  us ing  a sod ium iodide co l l ima to r  
connec ted  to  a pulse he igh t  ana lyse r  (Nuclear  Chicago Des 
Plains ,  I l l inois,  U.S.A.) and  a d ig i ta l  recorder .  The  colli- 
m a t o r  was  pos i t ioned  close to t h e  ovary ,  para l le l  w i t h  t h e  
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Amount of radioactivity ( •  S.E. of the mean) in ovaries from 4 ewes 
at various times after i.v. injection of [125I]-iodoantipyrine. The 
counts registered during each 5 see interval are expressed as a 
percentage of the mean counts per 5 sec interval registered during 
plateau conditions (between 30 and 60 see). 
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v e n t r a l  surface of t he  a b d o m i n a l  wall. The  level of back-  
g round  r a d i a t i o n  was o b t a i n e d  p r io r  to de l ive ry  of t he  t e s t  
ma te r ia l .  

b) Estimation o/ capillary blood/low by/factional distri- 
bution o/[d-1251~-iodoantipyrine and [141Ce]-cerium labelled 
microspheres. 8 conscious,  m a t u r e  Merino ewes, 4 a t  
oes t rus  and  4 a t  day  9 of t he  oes t rous  cycle (oestrus = 
day  0), were used. Doses of mic rospheres  (15 • 5 ~m 
d iamete r )  label led  w i t h  141cerium (3 M Company ,  St. 
Paul ,  Minneso ta )  were p r epa red  as p rev ious ly  descr ibed 7. 
E a c h  dose con t a ined  a p p r o x i m a t e l y  15 • 10 ~ microspheres .  
The  doses of i odoan t i py r ine  (60 ~xCi) were each  p r e p a r e d  
in 4 ml  of 0.9% sal ine in a syringe.  

Several  hours  pr ior  to  the  expe r imen t ,  3 c a t h e t e r s  - 1 in  
t h e  lef t  ca rd iac  vent r ic le ,  1 in  a femora l  a r t e r y  a n d  1 in a 
r e c u r r e n t  t a r sa l  ve in  - were i m p l a n t e d  in each  ewe. A 
s ta inless  steel  'T '  piece, filled w i t h  hepa r in i zed  0.9% 
sal ine was connec ted  to  t he  v e n t r i c u l a r  ca the te r .  The  
mic rosphe re  dose was in jec ted  t h r o u g h  one a rm  of t he  'T '  
piece and .washed  in to  t he  v e n t r i c u l a r  c a t h e t e r  w i t h  0.2 ml  
sal ine which  was insuf f ic ien t  to  wash  a n y  of t he  t e s t  dose 
in to  t he  c i rculat ion.  The  i o d o a n t i p y r i n e  dose was t h e n  
in jec ted  in to  t he  v e n t r i c u l a r  c a t h e t e r  t h r o u g h  the  second 
a r m  a n d  followed i m m e d i a t e l y  by  3 ml of 0.9% sal ine to 
i n t r o d u c e  b o t h  ind ica to r s  to  t he  c i r cu la to ry  sys t em s imul-  
t aneous ly .  27 see later ,  40 ml  of s a t u r a t e d  KC1 was del iver-  
ed t h r o u g h  t he  r e c u r r e n t  t a r sa l  c a t h e t e r  to  s top t he  h e a r t  
w i t h i n  35 to 40 sec a f te r  de.livery of t he  ind ica to rs  (while 
the  i o d o a n t i p y r i n e  c o n t e n t  of t he  ovar ies  was  c o n s t a n t ;  
see Figure) .  The  ovar ies  were r e m o v e d  du r ing  t he  fol lowing 
minu te .  W h e n  a n  o v a r y  c o n t a i n e d  a corpus  l u t e u m  (CL), 
t he  lu tea l  and  non- lu t ea l  ( in te r s t i t i a l  t issue)  po r t i ons  were 
s epa ra t ed  and  weighed before  t he  coun t s  of r a d i o a c t i v i t y  
a t t r i b u t a b l e  to  each  i nd i ca to r  was d e t e r m i n e d  in an  au to-  
g a m m a  s p e c t r o m e t e r  (Packa rd  I n s t r u m e n t s ;  1~5I, 6 -78  
key;  141Ce, 110-187 key). The  r a d i o a c t i v i t y  r e m a i n i n g  in 
the  v e n t r i c u l a r  ca the te r ,  t he  'T '  piece a n d  syr inges  was 
also coun t ed  so t h a t  t he  effect ive  dose could be  d e t e r m i n -  
ed. 

Fo r  the  d e t e r m i n a t i o n  of card iac  o u t p u t  accord ing  to 
the  m e t h o d  descr ibed  b y  HAL~ST, blood was w i t h d r a w n  
f rom the  femora l  a r t e r y  ca the te r .  Capi l la ry  b lood flow in 
t he  ova r i an  t i ssues  was ca lcu la ted  b y  m u l t i p l y i n g  t he  
a m o u n t  of r a d i o a c t i v i t y  in t he  t i ssues  (expressed as a 
f r ac t ion  of t h e  dose) b y  t h e  ca rd iac  ou tpu t .  

Results. a) Changes  in the  [4-125I]-iodoantipyrine con- 
t e n t  of t he  o v a r y  w i t h  t ime.  The  level  of r a d i o a c t i v i t y  in  
t he  ova ry  increased  g radua l ly  un t i l  25-30 sec a f te r  t h e  
in i t ia l  i n j ec t ion  and  t h e n  r e m a i n e d  r e l a t ive ly  c o n s t a n t  
ove r  t he  n e x t  30 sec (Figure) ; t h i s  p a t t e r n  was iden t ica l  
w h e t h e r  or no t  t he  o v a r y  c o n t a i n e d  a CL. In  t h e  sub-  
s equen t  exper imen t s ,  therefore ,  t he  ewes were ki l led 35-  
40 sec a f t e r  de l ive ry  of t he  indica tor .  
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Capillary blood flow (ml/min) in the ovaries of ewes at oestrus (day 0) and at day 9 of the oestrous cycle, as determined by the use of [141Ce-] 
microspheres and [125I]-iodoantipyrine 

Tissue Day 0 Day 9 

[141Ce] [125I] [14~Ce] [125I] 

Ovary containing either a large follicle (day 0) or a CL (day 9) 
1 Total ovary 0.27 4- 0.15 0.12 4- 0.06 
2 Interstitial tissue -- -- 
3 C L  - -  -- 
Contralateral Ovary 0.13 4- 0.08 0.07 4- 0.03 

4.02 4- 0.65 �9 0.75 4- 0.08 
0.14 • 0.02 0.19 4- 0.04 
3.88 4- 0.63~ 0.564- 0.10 
0.01 4- 0.00 0.02 4- 0.01 

Means (+ SEM) based on 4 ewes. ~ P % 0.02. 

b) E s t i m a t i o n  of capi l lary blood flow using [4-125I]-iodo - 
an t ipy r ine  and microspheres .  In  each of the  oestrous ewes, 
there  was only  1 Graaf ian  follicle larger t h a n  6 m m  in the  
ovaries while each of the  ewes at  day  9 of the  oestrous 
cycle had  only  1 large CL. The capi l lary blood flow values  
for whole ovaries and for luteal  and non luteal  ( interst i -  
tial) por t ions  of ovaries are shown in the  Table.  The 
es t imates  of blood flow ob ta ined  wi th  the  2 indica tors  in 
e i ther  whole ovaries a t  oestrus  or in non- lutea l  t issue a t  
day  9 were no t  s ignif icant ly  d i f fe rent  (P  > 0.25 by  pai red 
t-test).  However ,  the  es t imates  of blood flow in CL obta in-  
ed wi th  the  microspheres  were s ignif icant ly  grea ter  (7-fold 
on average) t h a n  those  ob ta ined  wi th  iodoan t ipyr ine  
(P  < 0.02 by  pa i red  t-test).  

Discussion. In  ovaries conta in ing  CL, the  e s t ima tes  of 
capi l lary blood flow t h a t  were ob ta ined  using 15 ~zm micro- 
spheres  were m arked ly  grea te r  t h a n  those  ob ta ined  using 
iodoan t ipyr ine  as the  indicator .  Pa r t i t i on ing  of the  flow 
in these  ovaries showed t h a t  th is  was due to  the  2 indicators  
p rov id ing  d i f ferent  assessments  of blood flow in t he  luteal  
t issue only. 

While there are no obvious reasons to suggest that the 
microsphere method gave falsely high estimates of capillary 
blood flow in the CL, there are several instances when the 
use of soluble indicators has underestimated capillary 
blood flow in certain tissues 8-10. The microsphere method 
relies simply upon mechanical trapping of particles within 
the capillary bed of the tissues, while estimates of capillary 
blood flow obtained with soluble indicators could be 
influenced by factors that affect the permeability of the 
tissue to the indicator. As the venous outflow from ovine 
ovaries with active CL is about 8 ml/min I, a capillary 
blood flow value of 4 inl/min in such ovaries does not 
appear to be unduly high. Nor is this flow, which is equal. 
to 7.6 ml/min/g of tissue excessively high when compared 
with capillary blood flow in the thyroid and kidney (4.6 
and 5.5 ml/min/g respectively) 7 or in peri-renal brown 
adipose tissue of lambs when it is being actively metaboliz- 
ed (11.3 ml/min/g)11. 

W i t h  soluble indicators ,  reliable es t imates  of capi l lary 
blood flow are ob ta ined  only if the  organ in ques t ion  and 
the  body  (as a whole) have  the  same ex t rac t ion  ra t io  for 
the  indica tor  a_ This  does no t  app ly  wi th  all indica tors  and  
tissues, for rub id ium chloride is Mlnost ent i re ly  re jec ted  
by  the  bra in  as a whole s and  b y  some c o m p a r t m e n t s  of 
b o t h  the  pineal  body  9 and  the  tes t is  s0. In  these  organs,  
the  r ad ioac t iv i ty  rises to a peak  level wi th in  a few 
seconds af ter  isotope de l ivery  and  then  falls rap id ly  to  
p la teau  levels 9. However ,  as the  curve for iodoan t ipy r ine  
con ten t  of ovaries wi th  CL rose cont inuous ly  unt i l  pla- 

teau  levels were reached (as in the  Figure),  it  is clear t h a t  
the  CL did ex t rac t  iodoan t ipyr ine  f rom the  blood and  
fur thermore ,  ac ted  as a one c o m p a r t m e n t  t issue in respec t  
to  the  up take  of th is  indicator .  Thus  if the  use of iodoant i -  
pyr ine  does p rov ide  an unreasonab ly  low es t imate  of 
luteal  capi l lary blood flow, t h e n  the  CL m u s t  have  a lower 
pe rmeab i l i ty  to  iodoan t ipyr ine  t h a n  the  t issues of the  
body  as a whole. 

I t  appears  t h a t  there  m a y  also be some l imi t a t ion  to  
up take  of r u b i d i u m chloride in the  CL as the  p a t t e r n  of 
change  in t he  a m o u n t  of r ad ioac t iv i ty  in ovine ovaries  
following i.v. in jec t ion  of th is  indica tor  closely paral le led 
t h a t  observed af ter  the  admin i s t r a t ion  of iodoant ipyr ine .  
In  addi t ion,  the  es t imates  of capi l lary blood flow ob ta ined  
for ovine ovar ian  t issue dur ing  wi th in -an imal  compar isons  
of these  2 indicators  were a lmost  ident ical  2. Thus  rub id ium 
chloride, like iodoant ipyr ine ,  is p robab ly  no t  sui table for 
de te rmin ing  capi l lary blood flow t h ro u g h  CL of sheep. 

Rdsumd. La ci rcula t ion capil laire du sang dans  les 
ovaires  des mou tons  a 6t* mesur6e en se s e rvan t  des tech-  
n iques  d ' i odoan t ipy r ine  rad ioac t ive  e t  de microsph~re 
(15 • 5 ~m diamgtre) .  Pour  les t issus non-lut6ine,  les 
es t imat ions  de circulat ion capillaire du sang ob tenues  par  
les deux m6thodes  furen t  similaires;  pour  les corpora  
lutea, les es t imat ions  ob tenues  avec les microsphgres  
6taient,  en moyenne ,  7 lois plus g rande  que celles ob tenues  
avec l ' i odoan t ipyr ine  comme indicateur .  
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