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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). 
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A ' t w o - c o m p a r t m e n t '  d ive r  t e chn ique ,  or ig ina l ly  de-  
sc r ibed  b y  HAMBERGER ~, w a s  used  to  s t u d y  t h e  resp i ra -  
t o r y  r a t e  of i n t e s t i n a l  cells be fore  a n d  a f t e r  add i t i on  of 
e.g. 3 -O-methyl -g lucose  to  t h e  i n c u b a t i o n  m e d i u m ,  Th i s  
was  m a d e  poss ib le  b y  p lac ing  a cap i l l a ry  t u b e  in the  
u p p e r  o p e n i n g  of t h e  mic ro-d iver .  T h e  capi l la ry ,  sealed 
in i t s  u p p e r  end  by" wax,  c o n t a i n e d  t h e  so lu t ion  to be 
a d d e d  to  t h e  o r ig ina l  i n c u b a t i o n  m e d i u m .  T h e  2 so lu t ions  
were s e p a r a t e d  f r o m  e a c h  o t h e r  b y  a n  a i r  lock. Mixing  
of t h e  2 so lu t ions  was accompl i shed  b y  lower ing  pressure  
in  t he  f l o a t a t i o n  vessel,  -which e x p a n d e d  a n  a i r  b u b b l e  in  
t he  u p p e r  end  of t h e  cap i l l a ry  t u b e  a n d  p u s h e d  t he  
cap i l l a ry  so lu t ion  in to  t h e  i n c u b a t i o n  med ium.  The  
t e c h n i q u e  ha s  b e e n  desc r ibed  in more  de ta i l  e lsewhere 3. 

I n c u b a t i o n  m e d i a :  a) Na2HPO4-KH~PO4 buffer ,  p H  
7.4, 37.5 m M ;  A1C1 a 0.5 r a M ;  MgC12 0.5 r a M ;  Na  succ ina te  
25 m M ;  c y t o c h r o m e  c 8 . 6 ×  10 -2 m M .  

b) Tris HC1 buffer ,  p H  7.4, 25 m M ;  NaC1 124 r a M ;  
KC1 5 m M ;  CaC12 0.15 r a M ;  MgSO4 0.5 r a M ;  N a  suc- 
c i n a t e  6 m M .  

Results. T h e  r e s p i r a t o r y  r a t e s  of  cells f rom t h e  t ips  
a n d  f r o m  t h e  bases  of vi l l i  were  c o m p a r e d  in  5 expe r imen t s .  
I t  was  d e m o n s t r a t e d  t h a t  t h e  oxygen  c o n s u m p t i o n  pe r  
u n i t  a r ea  of  t h e  cell  c lus t e r  was  a p p r o x i m a t e l y  twice  as  
g r ea t  for  ' base  cells '  as for ' t i p  cells '  ((41 4- 4.8) × 10-* 

a n d  (19 ± 4.6) × 10 -4 ~l/h × u n i t  area,  r e spec t ive ly ;  m e a n  
:i: S.E.M.,  n : t2) .  I n  these  e x p e r i m e n t s  t he  i n c u b a t i o n  
m e d i u m  c o n t a i n i n g  c y t o c h r o m e  c was  used.  

I n  4 e x p e r i m e n t s  t h e  effect  of a d d i n g  3 -O-me thy lg tucose  
(20 m M  solut ion)  to  t h e  i n c u b a t i o n  m e d i u m  (Tris HC1 
buffer)  was  i nves t i ga t ed .  T h e  f ina l  c o n c e n t r a t i o n  of 3 -0-  
me thy lg lucose  was a p p r o x i m a t e l y  5 r aM.  Th i s  p r o d u c e d  
a n  increased  r a t e  of o x y g e n  c o n s u m p t i o n  as  i l l u s t r a t e d  
in F igu re  I. 

Discussion. D u r i n g  recen t  years  severa l  s tud ies  on  
isola ted i n t e s t i na l  cells h a v e  b e e n  r epo r t ed  4. However ,  
in  none  of these  p rev ious  i nves t i ga t i ons  h a v e  cells f r om 
d i f fe ren t  p a r t s  of t he  vil l i  been  i so la ted  a n d  s t ud i ed  
separa te ly .  I n  th i s  p a p e r  such  m e t h o d s  are  desc r ibed  
a n d  i t  p r o v e d  poss ible  to  isola te  a n d  s t u d y  o x y g e n  con-  
s u m p t i o n  of i n t e s t i n a l  cells f rom t ips  a n d  bases  of villi .  
F u r t h e r m o r e ,  these  cells seem to  be  fa i r ly  i n t a c t  s ince  
3-O,methylglucose, a c a r b o h y d r a t e  ac t ive ly  t r a n s p o r t e d  
i n t o  cells b u t  n o t  m e t a b o l i z e d  5, a d d e d  to  t h e  i n c u b a t i o n  
m e d i u m  increased  t h e  r a t e  of o x y g e n  c o n s u m p t i o n  of 
t h e  cells. Th i s  m a y  poss ib ly  ref lec t  a n  a u g m e n t e d  m e t a b -  
olic a c t i v i t y  i nduced  b y  t h e  ac t ive  t r a n s p o r t  of t h e  s u g a r  
across  t h e  cell  wall .  W i t h  t h e  p r e s e n t  t e c h n i q u e  i t  t h u s  
seems  to  be  poss ible  to  isola te  a n d  s t u d y  t h e  r e sp i r a t i on  
of i n t e s t i na l  cells f rom d i f fe ren t  levels  of t he  vi l l i  f r om 
t h e  va r ious  consecu t ive  sec t ions  of t he  i n t e s t i n a l  t r a c t  
before  a n d  a f t e r  a d d i t i o n  of d i f f e ren t  so lu tes  ~. 
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The effect of 3-O-methylglucose on the respiratory rate of isolated 
intestinal epithelial cells. The experiment was performed with a 
'two-compartment diver 's . The oxygen uptake is expressed as 
change in manometric pressure. 

Zusammen[assung. Der  S a u e r s t o f f v e r b r a u c h  in isolier- 
t en  Ep i the l ze l l en  aus  d e m  D t i n n d a r m  v o n  l~a t t en  wurde  
m i t  d e m  K a r t e s i s c h e n  T a u c h e r  u n t e r s u c h t .  Die  Zellen 
aus  d e n  Vi l lu sbasen  ze ig ten  e inen  h 6 h e r e n  Saucrs tof f -  
v e r b r a u c h  a ls  Zel len yon  den  Vi l lusspi tzen.  
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E f f e c t s  o f  D r u g s  and Ions  on a Pr imi t ive  S y s t e m  of  Spontaneous  Contract ions  in a Sponge  (Euspongia 
officinalis) 

I n  Sponges,  con t r ac t i l e  responses  of t h e  oscular  m e m -  
b r a n e  fo l lowing s t i m u l a t i o n  h a v e  been  k n o w n  for  a long 
t i m e l - L  R e c e n t  t ime- l apse  c i n e m a t o g r a p h y  of oscula  
i nd i ca t e s  6 t h a t  bes ides  i nduced  c o n t r a c t i o n s  Por i fe ra  
show two  d i sc re te  p a t t e r n s  of s p o n t a n e o u s  a c t i v i t y :  
a) S h o r t - t e r m  c o n t r a c t i o n s  ar ise  here  a n d  t h e r e  on  t he  
oscular  m e m b r a n e  as  r h y t h m i c  tocaI pu l sa t i ons  (6 or  
7 p e r  h) wh ich  are  occas ional ly  p r o p a g a t e d  a t  1 m m / m i n  
b u t  a re  usua l ly  conf ined  to  r e s t r i c t ed  g roups  of cells 
(0.2 ram2). T h e y  l a s t  a b o u t  30 sec a n d  t a k e  t he  fo rm 
of  slow, local ized shr ]nkings ,  b) L o n g - t e r m  c o n t r a c t i o n s  

(5 or  6 pe r  24 h) are  s y n c h r o n o u s  a n d  b r i n g  a b o u t  t o n i c  
closure of t he  whole  oscu lum for  severa l  minu tes .  L a r g e r  
areas  (5 m m  2) are involved .  

Only  one t y p e  of con t rac t i l e  cells is r evea led  b y  e lec t ron  
mic roscopy  ~-9, i.e. t h e  m e s e n c h y m a t o u s  cells. T h e y  h a v e  
mic ro f i l amen t s  a n d  fo rm a n e t w o r k  of c o n n e c t e d  ele- 
m e n t s  10 The  responses  of t he se  cells a re  r e p o r t e d  to  b e  
unaf fec ted  b y  ace ty l cho l ine  a n d  a d r e n a l i n e  4 a n d  b y  t h e  
s u b s t i t u t i o n  of N a  + b y  K + a n d  of Ca ++ b y  Mg ++ in t h e  
e x t e r n a l  m e d i u m  ~. I n  o rder  to  see w h e t h e r  s p o n t a n e o u s  
a n d  induced  c o n t r a c t i o n s  b e h a v e  in  t h e  s a m e  way,  we 


