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Fig. A) Stomach of a control rat. The animal was fed 1 h/day and 
kept in standard laboratory cage for 2 weeks. 

Fig. B) Stomach of an 'active' rat. The animai was fed 1 h/day and 
kept in an activity wheel for 2 weeks. The antral area and body of 
the stomach show confluent ulceration. 

Most  of the  animals  wi th  exer t ion  ulcers survive the  
procedure  while in ' se l f -s tarvat ion '  condit ions,  especially 
if the  labora tory  chow diet  is used as the  food, t h e  
ma jo r i ty  of the  animals  die wi th in  2 weeks s. The possible 
role of the  compos i t ion  of the  diet  in t h e  ' se l f - s ta rva t ion '  
p h e n o m e n o n  is also suggested by  the  observa t ion  t h a t  an 
isocaloric subs t i tu t ion  of the  l abora to ry  chow die t  by  a 
h igh  fat  diet  p ro tec ted  animals  agains t  dea th  s. 

The pa thogenes is  of the  gastr ic  lesions observed in the  
' se l f -s tarved '  ra t s  is no t  clear a t  th is  t ime.  However ,  
morphologica l ly  t h e y  resemble the  p ic ture  of ' s t ress '  
ulcers or an  acute  hemorrhag ic  gastr i t is ,  which  are a t  th is  
t ime  bel ieved to be due to a damaged  gastric mucosal  
barr ier  and increased back  diffusion of hydrogen  ions 10. 

The results  of the  p resen t  s tudy  indica te  t h a t  early 
dea th  in ' se l f -s tarved '  animals  is p robab ly  a result  of 
extens ive  gastric lesions and  associated blood loss. 
Fu r the rmore ,  our da t a  suggest  t h a t  gastr ic  ulcers m a y  be 
p roduced  in ra ts  w i thou t  the  use of force or drugs 11 

Zusammen/assung. Nachweis  yon Magenulzera t ionen  
und Magenerosionen bet A lb inora t t en  nach  b e s t i m m t e r  

F i i t t e rung  und nachher igem Laufk~Lfig-Aufenthalt. Pro-  
b lem der Stressulzerat ion und die Rolle der Di/it werden  
erSrtert .  

J.J. BARBORIAK, A. S. WILSON, W. J. SCHULTE and 
I-[. W. KNOBLOCK JR, 12 

Departments of Pharmacology and Surgery, 
Medical College o/ Wisconsin, and 
Research and Surgical Services, 
Wood Veterans Administration Hospital, 
Milwaukee (Wisconsin 53193, USA), 7 April 7972. 

10 K. G. IVEY, Gut 72, 750 (1971). 
11 Supported in part by Tops Club, inc.; and the Obesity and 

Metabolic Research Program, Deaconess Hospital, Milwaukee, 
Wisconsin. 

13 The authors appreciate the excellent technical assistance of Messrs. 
J. KREBS and J. TOMLINSON. 

Compartmental  Analysis  of Efflux of Extracellular 

In  a previous s tudy  1 the  vo lume of t he  extracel lular  
space in isolated r abb i t  de t rusor  muscle  was examined  
using [14C]-labelled manni to l ,  sucrose, inulin and dext ran .  
The up take  of mann i to l  and sucrose reached  equi l ibr ium 
a t  a vo lume of about  60 ml/100 g wet  w t  af ter  1-2 h 
whereas  the  up take  of inulin and  d e x t r a n  was no t  o n l y  
slower, equi l ibra t ion being reached  af ter  abou t  2 h, b u t  
also was smaller,  t he  equi l ibra t ion  vo lume being abou t  
43 ml/100 g wet  wt.  Graphical  analysis  of efflux d a t a  
showed t h a t  the  eff lux of manni to l ,  sucrose and inulin 
was  incomple te  even  af ter  6 h and  was  mu l t i compar t -  
men t a l  in na ture .  In  the  p resen t  s tudy,  t he  eff lux of [14C]- 
labelled manni to l ,  sucrose and  inulin has  been analyzed 
fu r the r  using a c o m p u t e r  p rogramme,  wr i t t en  for the  
APE/360 Sys tem 2, so as to  ob ta in  d a t a  on the  n u m b e r  

Space Markers in Rabbit Detrusor Muscle 

and  sizes o5 c o m p a r t m e n t s  and  the i r  ra te  cons tan t s  and 
half  t imes.  

Materials and methods. Pieces o5 r ab b i t  de t rusor  muscle  
were p repa red  and  subsequen t ly  labelled wi th  t racer  
concen t ra t ions  of [l*Cl-labelled manni to l ,  sucrose or inulin 
as descr ibed previous ly  t. A t  the  end of th is  per iod  t issues 
were removed,  b lo t ted ,  r insed rap id ly  and  t r ans fe r red  to 
a series of tubes  conta in ing  t racer- f ree  Krebs  solution.  
Ef f lux  was then  followed for 6 h. The [~4C]-content of 
t issues and  of all eff lux mate r ia l  was  de t e rmined  b y  
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l iquid scint i l la t ion s p e c t r o m e t r y  as descr ibed previous ly  1. 
I t  was assumed t h a t  t he  ~14C] t racer  was re leased f r o m  

a n u m b e r  of c o m p a r t m e n t s  exponent ia l ly .  The d p m / m i n  
in the  t issue a t  t ime  t If(t)] will thus  be given b y  the  
equa t ion  : 

](l) = 2 A i e x p - K i t  • D 
i=1 

where Ai r epresen t s  the  c o m p a r t m e n t  size; Ki  is the  
eff lux ra te  cons t an t ;  n is the  n u m b e r  of c o m p a r t m e n t s ;  
and  D represen t s  a bound  f rac t ion f rom which  there  is no 
appreciable  eff lux dur ing  the  dura t ion  of the  exper iment .  

Values for these  p a r a m e t e r s  were de t e rmined  using the  
c o m p u t e r  p r o g r a m m e  descr ibed by  COOK and  TAYLOR ~ 
based on the  model  deve loped  by  DANIEL and  ROBINSON 8. 
The size of t he  bound  f rac t ion  (D) was  de t e rmined  using 
the  m e t h o d  of DIcK and  LEA4. The m e t h o d  p roposed  by  
HUXLEY 5 was used to  correc t  for t he  in te rac t ion  be tween  
c o m p a r t m e n t s  on the  a s sumpt ion  t h a t  t h e y  were in series. 

Results�9 In  all exper iments ,  p lots  of ra tes  of eff lux 
versus  t issue r ad ioac t iv i ty  4 revealed pos i t ive  in te rcep ts  
of t issue r ad ioac t iv i ty  a t  zero efflux. Af ter  sub t rac t ion  of 
th is  value, the  final  slopes in log - log plots  of eff lux ra te  
versus  t issue r ad ioac t iv i ty  became  close to one. Hence  a 
bound  (or ve ry  slowly exchangeable)  f rac t ion (D) m u s t  be 
pos tu la t ed  for all th ree  compounds .  Af ter  sub t rac t ion  of 
th is  b o u n d  fract ion,  c o m p u t e r  analysis  showed t h a t  
3 exchangeab le  f rac t ions  could bes t  account  for t he  
observed eff lux of manni to l ,  sucrose and  inulin in r abb i t  
de t rusor  muscle,  t hus  conf i rming  the  previous  graphical  

Compartmental analysis of efflux of extracellular space markers in 
rabbit detrusor muscle 

Extracellular space marker 
Para- 
meters Inulin Mannitol Sucrose 

A 19.2 • 1.8 43.6 • 7.2 
t 3.8 • 1.2 5.7 • 2.7 

K 1 0�9 • 0.0636 0.2208 • 0.0838 

B 10.4 • 3.6 12.9 • 5.6 
t 28.4 • 8.5 20.7 • 7.7 
K2 0.0315 _c 0.0076 0.0445 • 0.0101 

C 11.5 • 1.7 2.5 • 0.42 
t 60.0 • 8.1 98.6 :}: 13.9 
K 3 0.0127 • 0.0014 0.0074 • 0.0009 

D 0.8 ~- 0.08 1.4 • 0.14 

38.4 -- 3.9 
4.5 • 1.2 
0.1883 • 0.0464 

11.7 • 3.9 
17.4 • 2.5 
0.0419 • 0.0051 

3.2 • 0.48 
96.7 • 12.6 
0.0075 • 0.0008 

3.3 4- 0.29 

analysis  1. S ince  3 exponen t i a l  t e rms  were required to  fit  
the  data ,  e i f lux m a y  be def ined as: 

Y = tissue radioactivity, 

= Aexp  (-Kit) + B exp (-K~t) + C exp (-Kat) + D 

Values for these  pa ramete r s ,  corrected by  the  m e t h o d  
of HUXLEY 5, are given in t he  Table.  I t  can be seen t h a t  
t he  eff lux of mann i to l  and  sucrose could be descr ibed by  
c o m p a r t m e n t s  w i th  essent ia l ly  similar  sizes, ra te  con- 
s t an t s  and  half  t imes.  However ,  the  size of the  fas t  
c o m p a r t m e n t  (A) of eff lux of man n i t o l  and sucrose was  
a p p r o x i m a t e l y  equal  to  the  to ta l  space occupied by  
inulin. 

Discussion.  Many au thors  ~, 8, 6-s have  po in t ed  out  t h a t  
the  analysis  of eff lux curves as sums of exponen t i a l  
curves is subjec t  to m a n y  difficulties.  I n  t he  m e t h o d  s 
used in th is  s tudy ,  the  s t an d a rd  error of t he  observed 
po in t s  f rom those  ob ta ined  by  peel ing the  curve using 
every  possible  combina t i on ,  is c o m p u t e d  The arrange-  
m e n t  p rov id ing  the  smal les t  s t an d a rd  error  will thus  
provide  the  pa rame te r s  which  descr ibe the  observed curve 
mos t  accura te ly .  However ,  any  of the  exponen t i a l  t e rms  
m a y  con ta in  fu r ther  t e rms  represen t ing  eff lux f rom dif- 
fe rent  phys ica l  c o m p a r t m e n t s  w i th  s imilar  ra te  cons tan ts .  

A b o u t  5% of [6~ and of [14C]-sorbito1 t aken  
up by  guinea-pig Taenia  coli ~ exh ib i t ed  slow efflux 
kinetics.  Similar  f indings for t he  efflux of o ther  extra-  
cellular space markers  have  been repor ted  for m y o m e -  
t r i um a, 10 frog s tomach  muscle  u and  guinea-pig i leum 12. 

F r o m  the  Table  it can be seen t h a t  the  size of the  fas t  
c o m p a r t m e n t  (A) for bo th  mann i to l  and sucrose was 
equal  to  the  t o t a l  space ( compar tmen t s  A + B + C) 
occupied by  inulin�9 If  c o m p a r t m e n t s  B and C for mann i to l  
and sucrose are in t racel lu lar  in location,  t h e n  the  to ta l  
inulin space m a y  be an a p p r o x i m a t e  measure  of the  
extracel lu lar  space in th is  t issue. F u r t h e r  work  is re- 
quired however  to de te rmine  whe the r  th is  is indeed the  
case. Ev idence  t h a t  sucrose and mann i to l  do indeed enter  
the  in t racel lu lar  compar tmen t ( s )  in th is  tissue, has  been  
p rov ided  b y  calculat ions of the  in t racel lular  Na+ concen- 
t r a t ions  using the  to ta l  spaces occupied by  mann i to l  and 
sucrose as measures  of the  extracel lu lar  space 1. 

Zusammen/assung .  Mit Hilfe des Computers  wurde  die 
Abgabe  yon [14C]-markiertem Mannit ,  Succrose und Inul in  
aus isol ier tem IKaninchen-Detrusormuskel  analysier t .  Alle 
drei  Verb indungen  werden  aus mindes t ens  drei  Abschni t -  
t en  abgegeben und  aus einer gebundenen  F rak t ion  gel6st. 
Die Gr6sse des am rasches ten  yon  Manni t  und  Succrose 
beansp ruch t en  Abschn i t t e s  en t sp r i ch t  der jenigen des 
Inulins.  
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