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Intraeellular water content of the jejunum epithelial cells, mobility of aeetamide (o~) and glucose transport activities across the intestinal 
wall (Sprague-Dawley Albino male rats) 

Incubation fluid Intracellular e0 Glucose trans- Fluid trans- 
water content ptmoles g-1 h-1 epithelial transport epithelial 
ml g--1 Atm-X lzmole s g-1 h-1 transport 

ml g-1 h-1 

Basic perfusion fluid 5.56 =1= 0.15 (9) 721 4- 55 (14) 280 4- 51 (14) 6.64 4- 1.16 (14) 
Phlorhizin added 10-4M 4.50 =t= 0.17 (8) 634 =J= 57 (5) --14 + 12 (5) 4.22 ± 0.75 {5} 
Tris C1 substituted isosmotically for NaCI 4.60 4- 0.14 (12) 354 4- 34 (9) 75 4- 17 (9) 2.51 4- 0.48 (9) 

Mean values 4- S.E. referred to 1 g of dry tissue and 1 h are reported. The numbers of experiments are in parentheses. 

Tris C1 s u b s t i t u t i o n  for  NaC1 in t h e  b a t h i n g  f lu id  was 
pa ra l l e led  b y  a s ign i f i can t  s h r i n k a g e  of t h e  ep i the l i a l  cells. 

Th i s  o b s e r v a t i o n  suggests  t h e  h y p o t h e s i s  t h a t  ce l lu lar  
swel l ing u n d e r  n o r m a l  pe r fus ing  cond i t i ons  m a y  resu l t  
in  a m e c h a n i c a l  increase  of t h e  cel lu lar  surface  and ,  
there fore ,  of pass ive  f low across  t h e  cell  m e m b r a n e s .  No 
glucose a c c u m u l a t i o n  a n d  swel l ing  are  d e t e c t a b l e  b y  
pe r fus ing  a t  a lower  s o d i u m  c o n c e n t r a t i o n ,  a n d  t h e  per-  
m e a b i l i t y  of t h e  e p i t h e l i u m  decreases.  

I n  o rde r  to  check  t h i s  hypo thes i s ,  e x p e r i m e n t s  a f t e r  
p h l o r h i z i n  po i son ing  h a v e  been  pe r fo rmed .  

All  t h e  e x p e r i m e n t s  were  ca r r i ed  o u t  b e t w e e n  N o v e m b e r  
a n d  Apri l .  S p r a g u e - D a w l e y  Alb ino  ma le  ra ts ,  i n i t i a l ly  
we igh ing  a b o u t  250 g, s e m i s t a r v e d  ove r  a 15-day-per iod  
(f inal  p e r c e n t  w e i g h t  decrease  1 5 - 2 5 % )  were  used  is, 13. 

A t r a c t  of s m a l l  i n t e s t i n e  15 c m  long  was  r e m o v e d  
f rom t h e  a n i m a l  a t  a b o u t  10 c m  f r o m  t h e  py lorus ,  u n d e r  
b a r b i t u r i c  narcos is .  E a c h  t r a c t  was  eve r t ed  acco rd ing  to  
t h e  WILSON a n d  WlSEMAN t e c h n i q u e  1., a n d  pe r fused  a t  
28 °C as in  p r ev ious  e x p e r i m e n t s  n.  T h e  bas ic  pe r fus ion  
f lu id  was  K r e b s - H e n s e l e i t  b i c a r b o n a t e  so lu t ion  a d d e d  
w i t h  a c e t a m i d e  10 m M  a n d  glucose 13.89 m M .  

A t  t h e  end  of t h e  e x p e r i m e n t ,  t he  e m p t i e d  i n t e s t i n e  
was  d r i ed  a t  100 °C ove rn igh t .  T h e  t r a n s e p i t h e l i a t  m o b i l i t y  
coeff ic ients  ca l cu l a t ed  b y  d i s r ega r d i ng  t h e  d r a g  ef fec t  11 
a n d  t h e  n e t  g lucose  t r a n s p o r t  p e r  g d r y  w e i g h t  ( f rom 
m u c o s a  to  serosa)  were  a t  f i r s t  c a l cu l a t ed  for  a l l  t h e  10 
or  20 m i n  per iods  a n d  t h e n  t h e  m e a n  va lues  b e t w e e n  
a l l  t h e  s ingle  d a t a  b e l o n g i n g  to  1 e x p e r i m e n t  (1 h) were  
o b t a i n e d .  O n l y  t he se  m e a n  va lues  c o n s t i t u t e  t h e  pool  of 
d a t a  for  s t a t i s t i c a l  t r e a t m e n t  in  t h e  Tab le .  

I n  a n o t h e r  se t  of e x p e r i m e n t s  we t r i e d  to  d e t e r m i n e  
t h e  w a t e r  c o n t e n t  of  t h e  m ueos a l  ep i the l i a l  cells. I n  t h i s  
case  p o l y e t h y l e n g l y c o l  14C ( P E G )  was  a d d e d  to  t h e  bas ic  
so lu t ion  a t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  b o t h  to  t h e  
serosa l  a n d  mucosa l  f luids.  T h e  s u b s e q u e n t  p r o c e d u r e  
was  t h e  s a m e  as  in  a p r e v i o u s  p a p e r  n .  

These  two  k i n d s  of e x p e r i m e n t s  were  r e p e a t e d  b y  
rep lac ing  NaC1 in t h e  bas ic  i n c u b a t i o n  f lu id  w i t h  Tris C1 
in a n  i sosmot ic  q u a n t i t y ,  or  b y  a d d i n g  to  t h e  bas ic  
i n c u b a t i o n  f lu id  p h l o r h i z i n  10-4M.  

The  re su l t s  o b t a i n e d  are r e p o r t e d  in t he  Tab le .  The  
p e r m e a b i l i t y  of t h e  ph lo rh i z in -po i soned  ep i the l ium,  where  
glucose t r a n s p o r t  is a b s e n t  and  ce l lu lar  swel l ing is r educed  
to  t h e  s a m e  degree  as  in  t h e  in t e s t ines  pe r fu sed  w i t h  a 
Tris s u b s t i t u t e d  pe r fu s ing  fluid,  is as h i g h  as in  t h e  cases 
of glucose t r a n s p o r t i n g  in tes t ines .  

There fo re  t h e  conc lus ion  can  be  d r a w n  t h a t  p r e s u m a b l y  
t h e  degree  of swel l ing  of t h e  ep i the l i a l  cell is n o t  c r i t ica l  
for  t h e  pass ive  p e r m e a b i l i t y  to  a c e t a m i d e  of t he  i n t e s t i n a l  
bar r ie r .  I f  we t a k e  i n to  c o n s i d e r a t i o n  t h e  in f luence  of 
t h e  so lven t  drag,  t h e  a b o v e  conc lus ion  does  n o t  change .  
The  s u b s t i t u t i o n  of s o d i u m  ion w i t h  Tris ion could  
d i r ec t ly  a f fec t  t h e  p h y s i c o - c h e m i c a l  p rope r t i e s  of cell 
m e m b r a n e  due,  for  ins t ance ,  to  t he  va r i ed  N a : C a  r a t i o  
of t h e  pe r fus ion  m e d i u m .  

Riassunto. L a  pe rmeab i l i tA  a l l ' a c e t a m i d e  de l l ' ep i te l io  
i n t e s t i n a l e  di  d ig iuno  di  r a t t o  n o n  s e m b r a  i n f l u e n z a t a  
da l  g rado  di  r i g o n f i a m e n t o  del le  cel lule epitel ial i .  
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The Visual Response  of the Purple Shore Crab, Hemigrapsus nudus, to Ionizing and Non-Ion iz ing  
Radiations i 

Phys io log ica l  a n d  b e h a v i o r a l  r esponses  to  ion iz ing  
r ad ia t ions ,  a t t r i b u t a b l e  to  r a d i a t i o n  effects  on  t h e  v i sua l  
sys t em,  h a v e  b e e n  k n o w n  for  ove r  70 yea r s  2-4. T h e  
n a t u r e  of t h i s  ac t ion ,  however ,  is n o t  c o m p l e t e l y  u n d e r -  
s tood,  p a r t l y  because  of t h e  d i f f i cu l ty  in  spec i fy ing  t h e  
m e c h a n i s m s  t h r o u g h  w h i c h  h i g h - e n e r g y  q u a n t a  m i g h t  
a c t  to  s t i m u l a t e  t h e  v i sua l  r ecep to r  systemS,% A com-  
p a r a t i v e  s t u d y  of t h e  r e sponse  to  v i s ib l e  a n d  nea r -v i s ib le  
l i gh t  in  t h e  c o m p o u n d  eye, fol lowed b y  s t i m u l a t i o n  u n d e r  
t h e  s a m e  c o n d i t i o n s  w i t h  X - r a y s  a n d  f l - radia t ion,  ha s  
m a d e  poss ib le  some  inferences  c o n c e r n i n g  t h e  r ecep t ion  
of ion iz ing  r ad ia t ions .  

Methods. The  i so la ted  c o m p o u n d  eye of t h e  c r a b  was  
used  for  t h i s  s tudy .  E l e c t r o r e t i n o g r a p h i c  ( E R G )  responses  
were  de t ec t ed  b y  p l a t i n u m  mic roe l ec t rodes  a n d  recorded  
on  a Grass  mode l  7 osc i l log raph  a f t e r  a p p r o p r i a t e  pre-  
ampl i f i ca t ion .  

Visua l  s t imul i  f r om 250 to  700 n m  were  suppl ied  b y  
h igh  i n t e n s i t y  l a m p s  in c o n j u n c t i o n  w i t h  a B a u s c h  a n d  
L o m b  d i f f r ac t ion  g r a t i n g  m o n o c h o m a t o r .  L i g h t  exposures  
were con t ro l l ed  b y  a l ea f - type  c a m e r a  s h u t t e r  a n d  moni -  
to red  b y  a pho toce l l .  X - r a y  exposures  f rom a d iagnos t i c  
u n i t  (70 kVp,  0.54 m m  A1 HVL)  were  con t ro l l ed  w i t h  a 
so l eno id - ac tua t ed ,  lead foca l -p lane  s h u t t e r  a n d  m o n i t o r e d  
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by  a photoce l l  t h a t  was covered wi th  f luorescent  screen. 
f l - radiat ion was p rov ided  by  c o m p a c t  sealed app l ica to rs  
con ta in ing  e i ther  100 mCi or 50 mCi of s t ron t ium-90  in 
equ i l ib r ium wi th  y t t r ium-90 .  Deta i l s  of cons t ruc t ion  and  
ope ra t ion  of the  shie lded s h u t t e r  sy s t em for f l-radiat ions 
have  been  publ i shed  e lsewhereL For  dos ime t ry ,  visible 
l ight  in tens i t ies  were measu red  i n d e p e n d e n t  of wave-  
l eng th  a t  t he  pos i t ion  of t he  eye wi th  an Y S I - K e t t e r i n g  
radiometer .  Cal ibra ted  l i th ium fluoride t h e r m o l u m i -  
nescen t  dosimeters ,  hav ing  the  d imens ions  of t he  eye- 
stalk, p e r m i t t e d  absorbed  doses f rom ionizing r ad ia t ions  
to  be measured  a t  t he  eye. 

Results  and  discussion.  W i t h  l ight  exposures ,  peak  
spect ra l  sens i t iv i t ies  were  found  a t  350 and  500 nm,  
cor responding  to  nea r -u l t r av io le t  and  b lue-green  l ight.  
Single exposures  to  500 n m  resu l ted  in a sha rp  cornea-  
nega t ive  'on '  response  a t  t he  onse t  of i l luminat ion ,  and  
a pos i t ive  'off '  response  a t  t he  cessa t ion  (Figure 1, A). 
W h e n  the  l ight  s t imulus  i n t ens i t y  was  gradua l ly  increased  
or decreased,  ne i the r  response  was  obse rved  (Figure 1, B). 
The responses  to  a series of s t imul i  exh ib i t ed  a gradual  
decline in amp l i t ude  (Figure 1, C). The  ra te  of t he  ini t ial  
decrease and  the  re la t ive  depress ion  of t h e  a s y m p t o t e  
were  grea te r  a t  h igher  in tens i t ies .  

These  'on '  and  'off '  r esponses  were  also no ted  in t h e  
X - r a y  E R G  (Figure 2, A) and,  as w i t h  vis ible  l ight,  
ne i the r  response  was  el ici ted b y  a gradual  change  in 
s t imulus  i n t ens i t y  (Figure 2, B). Series of X - r a y  s t imul i  
caused the  E R G  a m p l i t u d e  to  decrease  only  s l ight ly  
re la t ive  to  t he  effect  of a comparab l e  t r a in  of vis ible  
s t imuli .  

W i t h  fl-radiation, a sha rp  'on '  r e sponse  was  noted ,  
b u t  t h e  p e a k  decayed  w i t h  no 'off '  r esponse  to  t he  
basel ine.  Responses  to  a series of fl-stimuli  (Figure 2, C) 
decreased  in a m p l i t u d e  and  reached  an  a s y m p t o t e  
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d i rec t ly  re la ted  to  s t imulus  dose ra te  in t he  m a n n e r  
observed  for  l ight  s t imula t ion .  The ini t ia l  decl ine and  
a s y m p t o t i c  response  levels unde r  l ight  and  f l-radiat ion 
s t imu la t ion  are c o m p a r e d  in Figure  3. 

I t  appea r s  t h a t  a wide  range  of energies  m a y  ac t  as 
v isual  s t imul i  in t he  eye of t he  crab.  The sens i t iv i ty  peak  
a t  500 n m  is s imi lar  to  t h a t  for o the r  c rus taceans  and  
appear s  to  cor respond  to  t he  abso rp t ion  peak  of rhodops in .  
The  second peak  a t  350 n m  m a y  also ref lect  a smal l  
rhodops in  abso rp t ion  peak  in th i s  region s, b u t  f luorescence 
p roduced  b y  UV- l igh t  could also be pos tu l a t ed  as a 
cause of t he  second peak.  Abso rp t ion  of UV- rad i a t i on  
wi th  re-emiss ion in t he  b lue-green region has  been  
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Fig. 1. A) The ERG, showing 'on' and 'off' response peaks. B) The 
absence of a response with a gradual change in light intensity. 
C) The responses to a series of 1/, o sec stimuli. Upper tracing, ERG 
response; middle, stimulus monitor marker; lower, time record in 
sec. Light stimulus in A) and B), 500 nm, 5.78 × 10 a ergs/cmS-sec; 
C) 500 rim, 20.4 ergslcm s per stimulus. 
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Fig. 2. A) ERG response from X-ray stimuli; B) absence of this 
response with gradual change in X-ray intensity; and C) ERG 
response to fl-radiation stimuli. Tracing designations are as described 
in Figure 1. X-ray stimuli, 17.5 keV effective energy, 1.7 rads per 
see; B-stimuli, 2.26 MeVmax, 11.6 mrads per z[z o sec flash. 
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Fig. 3. Thedecreaseinamplitudeofresponsewithrepeated 
exposure to fl- and light stimuli. Curves were derived from 
repeated esxposure at the rate of 1-3 flashes/sec over the 
time period indicated. Response amplitudes normalized to 
the initial response. 
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observed in the eye structure of the shrimp 9 and bee 1°. 
I t  would appear possible that  at  least part  of the UV- 
stimulus could have been detected by the receptors as 
secondary blue-green light. 

The assumption of a direct interaction between ionizing 
radiation and rhodopsin can only be inferred from the 
knowledge tha t  the energy delivered is more than 
adequate to produce stereoisomerization of retinal. There 
is the additional possibility that  ionizing radiations may 
induce a visible fluorescence within the eye structures, 
which may serve as a source for receptor excitation. 
Rhodopsin solutions can fluoresce in vi tro under relatively 
intense X-irradiation a~, but  a contribution of fluorescence 
to visual stimulation through brief exposure has not  been 
shown. 

Assuming a direct action of ionizing radiation on the 
visual pigment, responses analogous to those elicited by 
visible light should be observed. This was the case with 
X-radiation in which 'on'  and 'off '  responses were 
recorded during abrupt  changes of stimulus intensity, 
but  not  during gradual intensity changes. The ampli tude 
of responses to a train of light stimuli declined rapidly 
to reach a nearly constant value, whereas the response 
to X-rays remained stable over a comparable train of 
exposures. Presumably, the migratory shielding pigment 
layer expanded between ommat id ia  so as to reduce the 
effectiveness of light st imulation during repeated expo- 
sures. This pigment barrier would be ineffective against 
penetrat ing X-rays so tha t  the response ampli tude 
remained constant. 

Higher-energy fl-radiation stimuli, on the other hand, 
produced a monophasic response. By inference from the 
responses to visible light and X-rays, the photoreceptors 
did not  experience a rapid decline in stimulus intensity 
at  cessation of fl-exposure. High energy fl-radiations 
have been shown to induce fluorescence in the eye 
structure of mammals  4. There is also a unique effect, 
Cerenkov radiation, which occurs when highly energetic 
electrons exceed the velocity of light in a medium of 
relatively high refractive index. The Cerenkov radiation 
could become a source of visible light in transparent 

eye structures and appears relevant to this study. 
Cerenkov emission from a I MeV electron has been 
calculated to yield about  300 quanta  between 400 and 
800 nm la. For the rhabdom of the arthropod eye, the 
minimum electron energy required for this effect was 
calculated to be roughly 171 keV TM. Pr imary and sec- 
ondary electrons in this energy range were available in 
the present study with/~-radiation, but  not with X-radia- 
tion. Secondary sources of visual stimulation (strong 
fluorescence and Cerenkov radiation) could have produced 
a gradually decaying visible light output  tha t  may 
explain the absence of a detectable 'off '  response. The 
response ampli tude from repeated exposures to/~-stimuli 
followed a curve similar to that  for visible light (Figure 3). 
This finding is consistent with the hypothesis tha t  sec- 
ondary light production plays a significant role in the 
E R G  response to energetic E-radiations. The shielding 
pigment would be expected to reduce the response as 
it  did with repeated exposure to visible light. 

Zusammen/assung. Im Krabbenauge von Hemigrapsus 
nudus entstehen elektroretinographische Reaktionen 
(ERG) mit  sichtbarem Licht und R6ntgenstrahlung, die 
andeuten, dass dieselben Rhodopsin-Erregungsprozesse 
mit  beiden Strahlungsarten stattfinden. Nach 9°Sr-fl- 
Strahlung wird angenommen, dass Cerenkov-Effekt- und 
induzierte Fluoreszenz-Lichterzeugung die fl-ERG-Reak- 
tion deutlich beeinflussen. 
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Study of Neurosecretory Cells of Helix pomatia by 

The central ganglia of the snail, Helix pomatia, offer 
a convenient preparation for studying individual nerve 
ceils differing in their properties. Among identifiable 
neurones, cells designated previously x as cluster RPa-D 
are of special interest since they are neurosecretory cells. 
To investigate the pat tern of their  connections, we have 
applied the fluorescent dye injection technique of STRET- 
TON and KRAVITZ ~. 

Material and method. Active snails collected locally 
(Tihany, Hungary) were used. The ganglia were isolated 
as described previously x. The same intracellular electrode 
was used for both recording membrane and action poten- 
tials and dye injection. Unlike some other superficial 
neurones, neurosecretory cells are usually damaged 
during the removal of the sheath of the ganglion. I t  is 
therefore essential to drive the electrode through the 
intact inner layer of the sheath. 

The resistance of microelectrodes filled with a nearly 
saturated aqueous solution of the dye, Procion Yellow 
M4RAN, was about  10-20 megohms. The negatively 
charged dye was injected by passing a steady current 
of about 10 nA for 40-60 min. During the subsequent 
24-48 h at 4°C the dye was allowed to become diffused. 

Intracellular Dye Injection 

Then the ganglia were fixed in 4% formol-saline over- 
night, dehydrated in ethanol, cleared in methyl  benzoate 
and embedded in paraffin. 10 ~m sections mounted in 
Entellan-xylol  were examined with a fluorescence micro- 
scope. 

Results and discussion. Uniformly large neurosecretory 
cells constitute a compact group occupying a somewhat 
variable position on the dorsal surface of the right 
parietal ganglion. Cells of the cluster have remarkably 
similar morphological, physiological and pharmacological 
properties. They have no pigment inclusions characteristic 
for neighbouring neurones and are colourless, whitish 
or white in different specimens, due to the content  of 
secretory material. The ceils send their axons into the 
right pallial nerve, mainly into its external branch, where 
the secretory material  seems to be collected under the 
perineurium. 

Physiologically, RPa-D cells may be categorized as 
monomodal oscillators showing either both axonal and 
somatic action potentials or only the former. The duration 
of the somatic potential  is remarkably long due to a 
delay in its falling phase. The cells receive fairly rich 
excitatory and inhibitory synaptic input. They give 


