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Distribution of Inulin Space in the Rabbit Thoracic A o r t a  ~ 

W h e n  a d rug  is a d d e d  to  t h e  o x y g e n a t e d  phys io log ica l  
sa l ine  b a t h i n g  a n  i so la ted  o r g a n  in  a t i ssue  b a t h ,  i t  will 
m ix  r a p i d l y  w i t h  t h e  sa l ine  a n d  t h e n  more  s lowly pene-  
t r a t e  t h e  t i ssue  or  organ .  I f  t h e  r a t e  of p e n e t r a t i o n  of t h e  
d r u g  is to  b e  r e l a t e d  to  i t s  p h a r m a c o l o g i c a l  effect ,  t h e  
d i m e n s i o n s  of t h e  ex t r ace l lu l a r  space  in  t h e  t i ssue  m u s t  
be  known .  R e c e n t  s tud ies  u s ing  a n  i so tope  f rozen-sec t ion  
t e c h n i q u e  h a v e  desc r ibed  t h e  m o v e m e n t  of t r i t i a t e d  
n o r e p i n e p h r i n e  t h r o u g h  t h e  wal l  of a b lood  vessel  in  
p a r t i c u l a r  t h e  r a b b i t  t h o r a c i c  aor ta ,  d u r i n g  t h e  t i m e  
course  of c o n t r a c t i o n .  Af t e r  1 r a in  exposu re  to  t h e  drug ,  
t he  m e d i a  c o n t a i n s  less t h a n  25% t h e  a m o u n t  of nor -  
e p i n e p h r i n e  p r e s e n t  in  a s imi la r  v o l u m e  of t h e  b a t h  
so lu t ion ,  a n d  t h i s  is u n e v e n l y  d i s t r i b u t e d  2,~. A l t h o u g h  
va lues  of t h e  ex t r ace l t u l a r  space  of v a s c u l a r  t i s sue  h a v e  
b e e n  r e p o r t e d  4-s, t h e y  a re  n o t  k n o w n  in  suf f ic ien t  de t a i l  
for  a n  ana lys i s  of d r u g  d i s t r i b u t i o n  u n d e r  these  c i r cum-  
s tances .  

I n  t h i s  paper ,  t h e  d im6ns ions  of t h e  inu l in  space  in  
t h e  r a b b i t  t ho rac i c  ao r t a ,  i t s  d i s t r i b u t i o n  a long  t h e  course  
of t h e  vessel  f r om t h e  ao r t i c  a r c h  to  t he  d i a p h r a g m ,  a n d  
i ts  v a r i a t i o n  t h r o u g h  t h e  t h i c k n e s s  of t h e  vessel  wal l  are  
descr ibed.  T h e  a o r t a  was  chosen  for  t h i s  s t u d y  because  
i t  r e p r e s e n t s  t he  m o s t  c o m m o n l y  used in v i t r o  p r e p a r a t i o n .  

Methods. T h e  t h o r a c i c  a o r t a  f rom t h e  ao r t i c  a r c h  to  
t h e  d i a p h r a g m  f rom r a b b i t s  we igh ing  2.0-2.7 kg  was  
used. T h e  inu l in  space  was  d e t e r m i n e d  us ing  (carboxyl -  
14C) inul in ,  2.48 a n d  2,7 mc]g,  o b t a i n e d  commerc i a l ly .  
I n  brief ,  a f t e r  e q u i l i b r a t i o n  in K r e b s  b i c a r b o n a t e  so lu t ion  
m a i n t a i n e d  a t  37°C, t h e  t i ssues  were  p laced  in f resh  
so lu t ion  c o n t a i n i n g  1 ~c /ml  of x~C-inulin a n d  a f t e r  a 
p r e s c r i b e d  pe r iod  of t i m e  r e m o v e d  a n d  t h e i r  r a d i o a c t i v i t y  
assayed .  

I n u l i n  u p t a k e  was  d e t e r m i n e d  u n d e r  a v a r i e t y  of  
c i r c u m s t a n c e s  for  t h e  fo l lowing specif ic  purposes ,  a) T h e  
t i m e  course  of i nu l in  u p t a k e ;  6 r ings  were  p r e p a r e d  f rom 
each  of  6 ao r t ae ,  a n d  exposed  for  t i m e s  r a n g i n g  f rom 5 
to  120 min .  b) T h e  d i s t r i b u t i o n  of i nu l in  u p t a k e  a long  
t h e  l e n g t h  of t h e  a o r t a e ;  16 s e g m e n t s  of equa l  l e n g t h  
were  p r e p a r e d  f r o m  7 aor tae ,  a n d  exposed  to  xaC-inulin 
for  1 h, t h e  p r e v i o u s l y  d e t e r m i n e d  equ i l i b r i um  t i m e  (see 
resul ts) ,  c) The  d i s t r i b u t i o n  of inu l in  u p t a k e  b e t w e e n  
t h e  a d v e n t i t i a  a n d  m e d i a  p r e p a r e d  b y  t h e  s t r i p p i n g  
t e c h n i q u e * ;  t h i s  p rocedu re  was ca r r ied  o u t  in  7 s t r ips  
a f t e r  1 h i n c u b a t i o n  w i t h  14C-inulin. 

Af te r  i n c u b a t i o n  each  t i ssue  spec imen  was  b l o t t e d  on  
W h a t m a n  No. 1 f i l te r  p a p e r  p r e v i o u s l y  m o i s t e n e d  w i t h  
t h e  sa l t  so lu t ion ,  i t s  s ides t r i m m e d  w i t h  a r azo r  b l a d e  
a n d  weighed .  

d) T h e  d i s t r i b u t i o n  of t h e  inu l in  space  t h r o u g h  t h e  
d e p t h  of t h e  a o r t a  wa l l ;  t i s sues  p r e v i o u s l y  i n c u b a t e d  in 
1*C-inulin were  f rozen  in a f l a t  p l a n e  o n  a specia l  t issue 
holder .  S e g m e n t s  of a p p r o x i m a t e l y  25 m m  2 were  sec t ioned  
para l l e l  t o  t h e  i n t i m a  a t  24 ~m. F o r  de ta i l s  of th i s  i sotope-  
f rozen  t e c h n i q u e  see p r e v i o u s  desc r ip t i on  ~. 

T h e  r a d i o a c t i v i t y  of al l  t i s sue  spec imens  was  d e t e r m i n e d  
b y  sc in t i l l a t i on  s p e c t r o m e t r y .  U p t a k e  was  expressed  as  
m l  of  b a t h  f lu id  clea~-ed p e r  g t i s sue  w e t  w e i g h t  (mI]g). 

Results. T h e  r a t e  of x 'C- inul in  u p t a k e  b y  t h e  r a b b i t  
t ho rac i c  a o r t a  was  r a p i d  a t  f i rs t ,  a n d  t h e n  dec l ined  
e x p o n e n t i a l l y  w i t h  t ime .  T h e  v a l u e  of t h e  i~C-inulin 
c l ea rance  was  0.43 =}= 0.04 ml /g  a f t e r  30 m i n  a n d  0.48 ± 
0.02 m l / g  a f t e r  1 h (M=[= S .E .M. :  n = 7). T h i s  l a t t e r  
v a l u e  was  u n c h a n g e d  a f t e r  2 h.  S ince  a p l a t e a u  was  
r e a c h e d  a t  1 h or  less, t h i s  was  t a k e n  as t h e  s t a n d a r d  
i n c u b a t i o n  t i m e  in al l  s u b s e q u e n t  expe r imen t s .  

I t  is c lear  f rom F igu re  1 t h a t  i nu l in  u p t a k e  is un i f o rm  
a long  t h e  whole  l e n g t h  of t he  aor ta ,  f rom i ts  ca rd iac  to  

a b d o m i n a l  end.  T h e  u p t a k e  is n o t  e v e n l y  d i s t r i b u t e d  
b e t w e e n  t h e  t u n i c a  a d v e n t i t i a  a n d  med ia .  T h i s  was  
d e m o n s t r a t e d  in  t h e  s t r i p p i n g  e x p e r i m e n t s  in  w h i c h  t h e  
u p t a k e s  were  0 .56J=0 .02  a n d  0 .424-0 .01  ml ]g  for  
a d v e n t i t i a  a n d  m e d i a  r e spec t ive ly  (M 4 -S .E .M.  : n = 7; 
P < 0.001). 

T h e  inu l in  space  is fa i r ly  e v e n l y  d i s t r i b u t e d  t h r o u g h  
t h e  m e d i a  th ickness ,  a t  l e a s t  w h e n  t h i s  t i s sue  is cons ide red  
in  24 ~ m  i n c r e m e n t s  (F igure  2). M e a n  va lues  for  a d v e n -  
t i t i a I  a n d  m e d i a l  u p t a k e  c a l c u l a t e d  f rom m e a n  sec t ion  
va lues  a re  0.59 a n d  0.39 m l / g  respec t ive ly .  F o r  t e c h n i c a l  
reasons ,  t h e  f i r s t  t i s sue  slice, t h a t  c o n t a i n i n g  t h e  f i r s t  
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Fig. 1. Uptake of z4C-inulin by aorta segments after 1 h exposure. 
Segments were taken from different positions of the aorta (number 1), 
the most posterior and adjacent to the diaphragm; number 16, 
anterior and adjacent to the aortic arch. Each column is the mean 
result of corresponding segments for 7 different rabbits. 
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Fig. 2. Distribution of l*C-inulin space through the thickness of 
the rabbit thoracic aorta, Uptake of the x4C-inulin expressed as ml 
of bath fluid cleared per g tissue (ml/g) is placed against the thick- 
ness of aortic wall. The vertical bars represent standard errors of 
the mean, 
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part  of the int ima was not included in the distribution 
curves. The transition from uptake values around 0.40 
to 0.60 ml/g takes place fairly abruptly at  the adventit io- 
medial j unction. 

Discussion. With  the exception of methods based upon 
electron microscopy, only indirect methods employing 
large molecules, which presumably do not enter the cell, 
are available to measure the extracellular space. This 
space in vascular tissue is exceedingly complex and is 
not easily amenable to planimetric measurement. 

The homogeneity of the inulin uptake values along 
the course of the vessel allows data determined from one 
par t  of the vessel to be compared directly with that  from 
other parts, and is consistent with previous although 
less extensive studies x°. A difference between the magni- 
tude of the space in the 2 tunicae has been noted before 
in the carotid artery e. This finding implies that,  since 
the space in the adventi t ia  is approximately 30% greater 
than that  in the media, overall measurements of the 
inulin space are not valid if precise analysis of the 
distribution and movement  of substances in the separate 
tunicae are to be made. The even distribution of the 
space through the media is in agreement with histological 
findings of the uniformity of the elastic lamellae in this 
tunica n 

Differences in values for extracellular space are due not 
only to different tissues but  to the substances used. In  the 
same vessel for example the sucrose space is larger than 
tha t  for inulin e. This is not  unreasonable when it is 
realized that  the molecular weight of sucrose (342) is 
only 1/15 tha t  of inulin (5000). Because of such con- 
siderations and as neither of these substances can be 

excluded from intracellular sites ~2,~3, the quant i ta t ive  
values of the inulin space do not necessarily precisely 
reflect the extracellular distribution of added foreign 
agents. However  there is no reason to doubt  tha t  they 
form a reasonable (and the best available) approximation. 

Zusammen[assung. Die ganze L~inge und Dicke des 
extrazellulgren Raumes der thorakalen Kaninchenaorta 
wurde gemessen. Der 1Raum ist unverlindert die ganze 
L/inge des BlutgefAsses hindurch und entspricht 0, 59 ml/g 
0,39 ml/g fiir die Adventi t ia  und die Media. In jeder 
dieser Tunicae ist der Raum durch ihre ganze Dicke 
gteichm/issig verteilt ,  
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M i c r o - D i v e r  Studies  on  Iso lated  Intest inal  Cells  

I t  is f irmly established tha t  the epithelial lining of 
the gastro-intestinal t ract  is constantly being replaced 1. 
The turnover  rate in the rat  je junum is 1-2 days and i t  
is brought about bp a rapid cell renewal at the bases 
of the crypts. The newly formed cells apparently move 
from the crypts up along the villi to the tips where they 
die and are discarded into the intestinal lumen. Thus, 
at any given moment,  the cells at the different levels 
from tile bases of the crypts towards the tips of the villi  
are of different age and at different stages of develop- 
ment. I t  would therefore be of interest to be able to study 
epithelial cells taken from different levels along crypts 
a n d  villi. In  this preliminary report  techniques are 
described for isolating and studying the respiration of 
intestinal epithelial cells from the bases and from the 
tips of the villi of the je junum of the rat. 

Methods. Rats of the Sprague-Dawley strain, weighing 
about 200 g, were used. The animals had been deprived 
of food for approximately 24 h. They were sacrificed by 
cervical fracture. The abdomen was immediately opened 
in the midline and a segment (about 5 cm long) of the 
je junum just distal to the l igament of Treitz was chosen 
for the experiment. The intestinal segment was flushed 
with 10ml  of cold ( +  2 to + 6 ° C )  Tyrode solution, cut  
open and again rinsed twice in cold Tyrode solution to 
remove any remaining intestinal content  adhering to the 
mucosal surface. The segment was kept in the Tyrode 
solution on ice. 

A small piece of the jejunal segment, approximately 
5 × 5 ram, was placed in cold 0.25M sucrose solution or 
Tyrode solution. Single villi were caretully dissected free 

from this tissue section under a Zeiss stereomicroscope 
by means of a scalpel and stainless steel needles of various 
sizes. In doing so, the lamina propria of the villus was 
apparently freed from the intestinal epithelial cells and 
their  basement membrane. I t  was then possible to isolate 
a cluster of epithelial cells from the tip and]or from the 
base of an isolated villus. The size of the isolated cell 
cluster was estimated by an objective with a measuring 
grid. 

The oxygen uptake of the intestinal cells was deter- 
mined by the micro-diver technique originally, described 
by ZEUTHEN 2. The intestinal cells were introduced by 
suction into divers made of Pyrex glass together with 
approximately 0.5 lxl medium (see below) after which 
the tip of the diver was sealed with bees wax heated to 
its melting point. The diver was adjusted to floatation 
equilibrium in 0.1 M phosphate buffer, pH 7.4 and trans- 
ferred to a floatation vessel containing the same buffer 
solution. The vessels were immersed in a thermostatically 
regulated waterbath of 37 °C. After a temperature equi- 
libration period of 30-40 rain, the oxygen consumption 
was measured manometrically for 2-3 h. The pressure 
change was plotted against t ime and was found to be 
linear. Blank divers containing incubation medium but  
no cells showed no oxygen consumption. Oxygen con- 
sumption was calculated according to ZEOTHEN 3 

1 B. CREAMER, Br. med. J. 23, 226 (1967). 
E. ZEIJTHE~, J. Embryol. exp. Morph. 1, 239 (1953). 


