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O s m o t i c  B e h a v i o u r  of  I s o l a t e d  A x o n s  o f  a E u r y h a l i n e  a n d  a S t e n o h a l i n e  C r u s t a c e a n  

The poss ibi l i ty  for the  cell to  regula te  i ts  volume seems 
to  be an  i m p o r t a n t  fac tor  in t he  acc l imat iza t ion  of 
euryhal ine  species t o  med ia  of d i f ferent  salinit ies *-3. 
However ,  osmomet r i c  s tudies  of such a vo lume regula t ion 
process  are s can ty  ~,5. We  have  therefore  u n d e r t a k e n  a 
s t u d y  of the  osmot ic  p roper t ies  of isolated axons  of two  
crus taceans  : t he  euryhal ine  chinese crab Eriocheir  
s inensis  and  tile s tenohal ine  lobs ter  Homarus  vulgaris. 

Materialandrnethods.  Volume modif ica t ions  are followed 
on isolated axons  wi th  a microscope p rov ided  wi th  a 
camera  a t t a c h m e n t .  The axons  are m o u n t e d  in a Rose 
chamber ,  the  rubbe r  walls of which  are pe r fo ra ted  wi th  
needles  to  Mlow perfus ion wi th  salines. Changes in 
salines t h rough  the  perfus ion sys t em can be effected in 
less t h a n  1 nlin. Control  saline for bo th  lobs te r  and  sea- 
wa te r  accl imat ised Erioeheir  has the  following composi-  
t ion :  Na+:480;  K+:10;  Ca2+:25; Mg2+:10; CI-:  525 raM/ l ;  
H3BOa: 9 raM, ad jus ted  to p H  7.6 w i th  NaOH,  is used as 
buffer.  For  expe r imen t s  w i th  axons  of f reshwater  accli- 
mat i sed  Eriocheir, the  control  saline consists  of a twice  
d i lu ted  solut ion of the  saline descr ibed above. Hypo-  and 
hyper -osmot i c  salines are m a d e  by  va ry ing  the  a m o u n t  of 
NaC1 in t he  contro l  media.  Volume changes  following 
osmot ic  stresses are calculated,  assuming  the  axon to be 
a radia l ly  expand ing  or con t rac t ing  cyl inder  of cons t an t  
length.  

Results.  Cont ra ry  to  the  s i tua t ion  observed  wi th  
lobs ter  axons,  E. s inensis  axons  s u b m i t t e d  to  hypo-  
osmot ic  stress (~1/~ 2 = 2.0) show a s t r ik ing  vo lume 
r e a d j u s t m e n t  process  (Figure 1). The axons  tend,  indeed,  
to  resume the i r  init ial  vo lume af ter  a rap id  phase  of 
swelling. Moreover,  upon re tu rn  to contro l  condit ions,  t he  
axons  shr ink  to volumes  smal ler  t h a n  the  ini t ial  ones. 
The new volume reached  in these  condi t ions  remains  
s t eady  for a t  least  80 rain. In  the  same way,  volume 
regula t ion canno t  be observed  following hyper -osmot ic  
stress (~1/=2 = 0.5). 

The m a x i m u m  shr inkage (osmotically inact ive  volume) 
which  can be ex t rapo la t ed  f rom the  resul ts  of the  s t u d y  

of axonal  volume modif ica t ions  following var ious  osmot ic  
chal lenges is t he  same for b o t h  lobster  and E. s inensis  
axons.  I t  amo u n t s  to  abou t  30-35% of t he  ini t ial  vo lume 
(Figure 2). This  value is in the  range of those  r epor ted  in 
t he  l i t e ra ture  for o ther  t issues *, ~-s. In  con t ras t  to  this,  
t he  m a x i m u m  swelling of E. s inensis  axons  is only  135% 
of t he  original  volume.  This  is m u c h  lower t h a n  the  
values  found  for lobs ter  axons  p repa ra t ions  3. 

Discussion.  M a x i m u m  swelling of Eriocheir  s inensis  
axons is m u c h  lower t h a n  t h a t  of lobs ter  axons.  This  
difference m a y  be due to  cons t ra in t s  exe r t ed  by  the  
elastic proper t ies  of t he  cell m e m b r a n e  over  t he  swelling 
process  10, which  would be larger in E. s inensis  axons  t h a n  
in lobs ter  ones. I t  is however  more  p r o b a b l y  due to  a 
vo lume r e a d j u s t m e n t  process  occurr ing in E. s inensis  
axons  and  no t  in lobs ter  ones. As a m a t t e r  of fact ,  
E. s inens i s  axons  s u b m i t t e d  to  hypo-osmot i c  stress t e n d  
to  resume the i r  ini t ial  vo lume af ter  a rap id  phase  of 
swelling. M a x i m u m  swelling m a y  thus  be l imi ted  to  low 
values by  the  in i t ia t ion  of the  volume regula t ion  process.  

Cell vo lume regula t ion  can only be d e m o n s t r a t e d  
following hypo-osmot i c  stress in our expe r imen ta l  con- 
dit ions.  This  p h e n o m e n o n  involves  a d j u s t m e n t  of the  
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Fig. 1. Effects of hyper-osmotic stress (~1/~2 = 0.5) on the volume of 
Eriooheir sinensis axons (m--m) and effect of hypo-osmotic stress 
(~l[~z = 2) on the volume of Eriocheir sinensis (0--0)  and Homarus 
vulgaris � 9  axons. The axons are returned to control conditions 
at the time marked by the arrow. 
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Fig. 2. Volume changes of isolated axons of Homarus vulgaris (A) 
and Eriocheir sinensis acclimatised to sea water (O) or to fresh water 
(�9 when placed in media of different osmotic pressures. Ordinate: 
ratio (• 100) of the final volume (V2) to the initial volume (V1). 
Abscissa : ratio of the osmotic pressure of the control saline (~) to the 
osmotic pressure of the experimental saline (~2)- In the case of E. 
sinensis, only the peak volume reached during hypo-osmotic stress 
has been considered. 
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a m o u n t  of i n t r ace l l u l a r  osmot ic  effectors  as i n d i c a t e d  b y  
t he  fac t  t h a t  v o l u m e  sh r inks  to va lues  lower  t h a n  con t ro l  
ones  u p o n  r e t u r n  of t h e  axons  to  con t ro l  saline.  Modif ica-  
t i o n  of t h e  i n t r ace l lu l a r  f luid o s m o l a r i t y  m a y  be  t h e  
resu l t  of a leak of va r ious  solutes  f rom the  swollen cells. 
A m i n o  acids are  i m p o r t a n t  osmot ic  effectors  in  t i ssues  of 
m a r i n e  i n v e r t e b r a t e s  ~-3 a n d  a n  increase  in a t an ine  eff lux 
ha s  been  s h o w n  to occur  in  Callinectes sapidus axons  
s u b m i t t e d  to  h y p o - o s m o t i c  stressS. H o w e v e r  we cons ider  
t h a t  a mod i f i ca t i on  of t he  amino -ac id  ox ida t i ve  m e t a b o -  
l ism is also i nvo lved  in t he  v o l u m e  r e a d j u s t m e n t  process  1~. 
Modi f ica t ions  in  m e t a b o l i c  a c t i v i t y  occur  d u r i n g  b o t h  
hypo-  a n d  h y p e r - o s m o t i c  s t resses  11, whi le  eff lux changes  
can  on ly  be r ecorded  d u r i n g  h y p o - o s m o t i c  shock  5. Th i s  
m a y  a c c o u n t  for t he  fac t  t h a t  v o l u m e  r e g u l a t i o n  c a n n o t  
be  obse rved  d u r i n g  h y p e r - o s m o t i c  stress. Indeed ,  a n  
increase  in amino-  acid a m o u n t  large e n o u g h  to p roduce  
v o l u m e  r egu la t i on  in h y p e r - o s m o t i c  cond i t ions  a n d  effeeted 
solely b y  decrease  in c a t a b o l i s m  m a y  t a k e  longer  t h a n  
t h e  t i m e  of our  obse rva t ions .  

Lack  of v o l u m e  regu la t ion  d u r i n g  h y p e r - o s m o t i c  shock  
does no t  a p p e a r  to  be  due  to  n o n - a v a i l a b i l i t y  of osmot ic  

effectors  in t h e  i n c u b a t i n g  saline,  s ince v o l u m e  r e a d j u s t -  
m e n t  c a n n o t  be  obse rved  in sal ines  s u p p l e m e n t e d  wifl l  a 
10 m m o l a r  m i x t u r e  of a m i n o  acids. I t  r emains ,  however ,  
poss ible  t h a t  some fac to r  p r e s e n t  in t h e  b lood  of t h e  
a n i m a l  would  be requ i red  to  i n i t i a t e  a n  increase  in u p t a k e  
of osmot ic  effectors.  This  p o s s i b i l i t y i s  a t  p r e s en t  u n d e r  
i nves t iga t ion .  

Rdsumd. Les axones  isolds du  c rus tac6  e u r y h a l i n  
Eriocheir sinensis son t  capab les  d ' e f f ec tue r  une  r6gular i -  
s a t ion  de v o l u m e  lorsqu ' i l s  son t  soumis  ~ des chocs 
hypo-osmot iques .  Les m6can i smes  p o u v a n t  gtre impl iqu6s  
dans  ce processus  son t  discut6s.  
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Multi-Lamellar Astroglial Wrapping of Neuronal Elements in the Hypothalamus of Rat 

Cajal  p roposed  specific g l io -neurona l  c o n t a c t  re la t ion-  
ships  in t he  cen t r a l  ne rvous  sys tem,  a concep t ion  w h i c h  
was genera l ly  accepted.  T h o u g h  such  r e l a t i onsh ips  could 
no t  be  conf i rmed  b y  e lec t ron  microscope  s tud ies  of 
neocor t i ca l  t i ssue  1,2, specific spa t i a l  a f f in i ty  b e t w e e n  
as t rog l i a  a n d  recep t ive  surfaces  of neu rones  or synapses  
has  been  recognized in m a n y  subcor t i ca l  regions  of t h e  
cen t ra l  ne rvous  system2-5.  The  a f f in i ty  of t h e  a s t rocy t e  
c o n t a c t s  seems to  be  r e s t r i c t ed  n o t  on ly  to  special  regions  
b u t  also to  d i s t i nc t  n e u r o n  types ,  e.g. in  t h e  ce rebe l la r  
co r t ex  t h e  P u r k i n j e  cells are r egu la r ly  covered  b y  as t ro-  
glia, t i le  g r a n u l a r  a n d  b a s k e t  cells are on ly  poor ly  covered  
if a t  alla. 

I n  t he  nuc leus  sup rach i a sma t i cus ,  n .  v e n t r o m e d i a l i s  
a n d  t h e  a rea  p raeop t i ca ,  m a n y  n e u r o n a l  e l emen t s  are 
s u r r o u n d e d  b y  more  t h a n  one as t rogl ia l  lamella .  T h e  
2-10 layers  resu l t  f rom i n t e r d i g i t a t i o n s  of d i f fe ren t  
l amel l a r  ex tens ions  of a s t rocy t i c  processes.  Sporad ica l ly  
one v e r y  e x t e n d e d  lamel la  fo rms  a spi ra l  cover  a r o u n d  a 

n e u r o n a l  e l emen t  or a synapse .  Th i s  k i n d  of w r a p p i n g  
occurs  on  d i f fe ren t  p a r t s  of t h e  neuron ,  i.e. t h e  dend r i t e s  
(Figure  2), s o m a t a  a n d  p r e s y n a p t i c  e lements .  Synapses  
are  enve loped  i r respec t ive  of t h e i r  type ,  i.e. t h e i r  pos i t ion  
on  t h e  p o s t s y n a p t i c  n e u r o n  (soma, dendr i t e ,  i n t r a b o u t o -  
ha l  spinule)  a n d  t h e  s t r u c t u r e  of t h e i r  p r e s y n a p t i c  
e l emen t s  (d i f ferent  vesicle types ,  etc., see F igure  1). T h u s  
all  d iscern ib le  t ypes  of synapses  m a y  be  covered  in 

Fig. 1. ~ulti-lameIlar wrapping of 2 synapses ( • ) by astrogliaI lamel- 
lae (arrows) near a capillary in the n. ventromedialis. Note another 
synapse (s) with only uni-lamellar, partial covering. E, endothelial 
cell; cal. bar, 1 ~xm. 

Fig. 2. Dendrites (Da, Db) covered by several astrocytic lalnellae 
(arrows) in the n. suprachiasmaticus. Note other dendrites (D) only 
partially covered, if at all. de, dense core vesicles; mt, microtubules; 
cal. bar, 1 p~m. 


