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S e a  W a t e r  C o n s u m p t i o n  b y  T w o  S t r a i n s  of  M i c e  

The  h igh  degree  of ur ine concen t r a t i ng  abi l i ty  of 2 
s t ra ins  of mice  sugges ted  t h a t  t h e y  could hand le  t he  
u r ina ry  e lec t ro ly te  excre t ion  load imposed  by  the  inges- 
t ion  of sea water .  One s t ra in  (IHB) is capable  of surv iv ing  
on a d ie t  of d r y  l abo ra to ry  chow and  a solut ion of 4~o NaCI 
to  dr ink,  while  t he  second s t ra in  (A) produces ,  unde r  
condi t ions  of dehyd ra t i on ,  a ur ine more  c o n c e n t r a t e d  in 
sod ium a n d  po ta s s ium t h a n  sea w a t e r  1-2. Since only  a 
few land  m a m m a l s  can to lera te  the  inges t ion  of sea w a t e r  ~, 
we were  in te res ted  to  learn if these  2 s t ra ins  of mice  could 
surv ive  on a d ie t  of d r y  l abo ra to ry  chow and  sea water .  
The  fol lowing s t u d y  was  carr ied ou t  in order  to  exami n e  
th i s  possibi l i ty .  

E i g h t  male  a n d  2 Iemale  I H B  mice,  45 days  of age, and  
4 male  a n d  7 female  A mice, 46-79 days  of age, were  fed 
d r y  l abo ra to ry  chow (10% mois ture)  and  sea wa te r  ad  
l ib i tum.  Tile sea w a t e r  was  ob t a ined  f rom the  Gulf of 
Mexico several  miles offshore.  Af te r  6 weeks  on th is  diet ,  
t h e  mice  were  p laced  in ind iv idua l  cages a n d  b o d y  weights  
a n d  fluid c o n s u m p t i o n  were recorded  weekly.  The  Figure  
i l lus t ra tes  the  r a t e  of g rowth  and  fluid in take  for t he  2 
s t ra ins  of  mice  u n d e r  t h e  e x p e r i m e n t a l  condi t ions  de- 
scr ibed.  P rev ious  s tudies  1-~ a n d  persona l  obse rva t ions  
h a v e  shown  the  b o d y  we igh t  of I H B  mice on  a d ie t  of 
l abo ra to ry  chow a n d  t a p  w a t e r  to  progress  f rom 16 g a t  
42 days  of age to 37 g a t  1 year .  Cor responding  figures for 
the  A s t ra in  were  15 and  31 g. U n d e r  these  condi t ions ,  the  
average  dai ly  c o n s u m p t i o n  of t a p  w a t e r  was found  to  be 
6 ml  for I H B  and  5 nil for A mice. W h e n  these  values  are 
c o m p a r e d  w i t h  those  of the  Figure,  i t  can  be seen t h a t  
b o t h  s t ra ins  on  the  e x p e r i m e n t a l  d ie t  d r a n k  less fluid and  
ga ined  less we igh t  t h a n  mice of the  same 2 s t ra ins  dr ink ing  
t a p  water .  However ,  mos t  of t he  mice  appea red  to  be in 
good condi t ion  t h r o u g h o u t  t he  expe r imen t .  

Three  females  of t he  A s t ra in  died, 1 dur ing  t h e  6 th  
week, 1 dur ing  the  28th week and  t h e  o the r  f rom spon-  
t aneous  m a m m a r y  t u m o r  dur ing  the  25th week. This  
d e a t h  ra te  would  n o t  be  unusua l  in a colony of these  mice 
on a normal  diet .  One female  of t he  A s t ra in  gave  b i r th  to 
5 p u p s  dur ing  t h e  8th week (concept ion occurred  pr ior  
to  separa t ion  of t he  mice in to  ind iv idua l  cages). The 
m o t h e r  survived,  b u t  t he  pups  l ived for only  5 days  and  
died in an emac ia t ed  condi t ion.  No dea ths  occurred a m o n g  
the  I H B  mice and  the re  was  no ind ica t ion  of d ia r rhea  
a m o n g  e i ther  s t ra in  a t  any  t ime  dur ing  the  t e s t  period.  
Diarrhea ,  which  resul ts  in t he  loss of add i t iona l  water ,  
c o m m o n l y  occurs  in m a n y  m a m m a l s  following the  inges- 
t ion  of sea wa te r  ~. 

The  c o n s u m p t i o n  of sea w a t e r  by  mar ine  m a m m a l s  is 
unce r t a in  a n d  a m o n g  land  m a m m a l s  only  the  kangaroo  
rat ,  unt i l  now, has  been  r epo r t ed  to  be able to  d r ink  sea 
w a t e r  and  survive  on a d ry  d ie t  3. The  ca t  and  the  whi te  
r a t  can  uti l ize sea w a t e r  in order  to  surv ive  on a d ie t  of 
pa r t i a l ly  des icca ted  sa lmon (approx ima te ly  43% mois- 
ture)  ~. However ,  ADOLP~t ~ has  shown t h a t  sea w a t e r  will 
n o t  m a i n t a i n  whi te  ra t s  on d ie ts  con ta in ing  2 or 10% 
mois ture .  A n u m b e r  of dese r t  roden t s  have  ur ine concen-  
t r a t i n g  abil i t ies which  should  allow t h e m  to  dr ink  sea 
w a t e r  s and  some can  to le ra te  d r ink ing  solut ion conta in ing  
up  to  10~o sod ium chlor ide ~, b u t  we are n o t  aware  of 
e x p e r i m e n t s  to  t e s t  these  an imals  on  sea water .  Thus,  t he  
I H B  and  A s t ra ins  of mice are  a m o n g  t h e  small  n u m b e r  
of m a m m a l s  s h o w n  to  be no t  only  to l e r an t  of sea water ,  
b u t  capab le  of ut i l iz ing i t  as t he  pr inc ipal  source of water .  

Dur ing  t h e  38th a n d  50th weeks  of t h e  t e s t  diet ,  ur ine 
was  col lected f rom each  mouse  f rom 08.00-12.00, This  
was  accompl i shed  by  p lac ing  the  mouse  in a smal l  cage 

wi th  a large mesh  screen floor which  was  s u p p o r t e d  above  
a piece of wax  paper .  Ur ine  was col lected f rom the  w a x  
p a p e r  immed ia t e ly  a f te r  each  void ing  and  s to red  t e mp o -  
rar i ly  in smal l  p las t ic  vials. Ur ine  osmola l i t y  was  de ter -  
mined  by  the  freezing po in t  depress ion t e chn ique  descr ibed  
by  PROSSER et  al. ~. Sodium concen t r a t ion  was  measu red  
by  s t a n d a r d  f lame p h o t o m e t r i c  me thods .  The  d a t a  
ob ta ined  f rom the  2 in te rva l s  showed no m a r k e d  differ-  
ences  and,  therefore ,  t h e y  were combined .  These  d a t a  
are  p re sen ted  in t h e  Table.  Since t h e  to ta l  osmola l i ty  of 
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l~Iean volumes of sea water ingested and mean body weights of IHB 
and A strains of mice on a diet of laboratory chow (10% water) and 
sea water ad libitum. 

Osmolality and sodium concentration of 4-h urine samples from mice 
after 38-50 weeks on the sea water regimeu 

Strain No. of Urine osm01ality Urine sodium 
samples (osm) (meq/1) 

mean 4- S.E. mean 4- S.E. 

IHB 20 2.65 ± 0.13 550 -I- 40 
A 16 2.51 4- 0.12 648 4- 33 
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sea w a t e r  is a p p r o x i m a t e l y  1.07 OSUl 9 and  the  sod ium 
concen t r a t ion  of the  Gulf sample  used was  found  to  be 
480 meq/1,  i t  can  be seen t h a t  these  an imals  can  p roduce  
a urine more  c o n c e n t r a t e d  t h a n  sea w a t e r  in t e r m s  of b o t h  
osmola l i ty  and  sod ium concen t ra t ion .  E v e n  while dr ink-  
ing t a p  w a t e r  t he  I H B  mice p roduced  ur ine of g rea te r  
osmola l i ty  t h a n  sea water .  T w e n t y - f o u r  h ur ine samples  
were  col lected f rom 8 I H B  mice  d r ink ing  t a p  wa te r  a n d  
were  found  to  h a v e  mean  osmola l i ty  and  sod ium con- 
cen t r a t i on  values  of 1.47 -4- 0.26 osm and  196 :t: 23 meq/1 
respect ive ly .  These  f indings  s u p p o r t  those  of THUNG 1°, 
who  r epo r t ed  h igh  concen t r a t ions  of n i t rogenous  mater ia l s  
in the  urine of mice. 

A l t h o u g h  several  w a t e r  conse rva t ion  mechan i sms  m u s t  
be ut i l ized by  these  animals ,  the  ex tens ive  urine concen-  
t r a t i n g  capac i ty  of the i r  k idneys  appear s  to  be the  m o s t  
s igni f icant  fac tor  in  the i r  surviva l  on  the  t e s t  diet .  Lack  
of d i a r rhea  also m u s t  be cons idered  as an i m p o r t a n t  
factor 11,12 

Rdsumd. D e u x  esp~ces de souris ( I H B  e t  A) vEcurent  1 
an avec un  regime d 'eau  de mer  ad l ib i tum et  d ' a l imen t s  

secs. La  h a u t e  osmolar i t6  urinaire,  la capaci t6 6levEe de 
concen t re r  le sod ium et  l ' absence  de diarrhEe fu ren t  des 
fac teurs  qui  leur p e r m i r e n t  de suppo r t e r  ce regime 
exper imen ta l .  
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M o n o s y n a p t i c  Contro l  of  S ta t i c  7 - M o t o n e u r o n e s  

The  lower  b ra in  s t em exer t s  m o n o s y n a p t i c  exc i t a to ry  
cont ro l  on one group of spinal  y -mo toneu rones  while an-  
o the r  group is no t  inf luenced ~. This inves t iga t ion  has  been  
u n d e r t a k e n  to  show w h e t h e r  th is  divis ion is ident ical  wi th  
t h e  known  subdivis ion  in dynamic  and  s ta t i c  ? -moto-  
neurones  ~. 

The  e x p e r i m e n t s  have  been  carr ied out  on anaemica l ly  
decor t ica ted ,  u n a n a e s t he t i z ed  cats .  Single ?-ef ferents  were  
i sola ted  in pe r iphera l  nerve  f i l aments  to  f lexor  muscles  
in t h e  h i n d l i m b  as descr ibed  in a prev ious  p a p e r  3. The  
lower  thorac ic  cord  was  t r ansec t ed  and  the  dorsal  co lumns  
removed .  The  ipsi la teral  ven t ro la t e ra l  funicle was  dis-  
sected and  m o u n t e d  for  s t imula t ion  as well as ipsi- and  
con t ra la te ra l  nerves.  

The y-efferents  were  ident i f ied as d y n a m i c  or s ta t ic  by  
the i r  difference in reflex behav iour  and  spon taneous  
ac t iv i ty  before and  af ter  an i.v. in jec t ion  of D O P A  3,4 
which  modif ies  t he  spinal  ref lex p a t t e r n s  s,s p r e s u m a b l y  
b y  l ibera t ing NA f rom the  t e rmina l s  of descending  nor-  
adrenerg ic  fibres. D y n a m i c  v -motoneurones  are  spon ta -  
neous ly  ac t ive  beIore DOPA3,4, 7 b u t  e i ther  not ,  or less 
ac t ive  a f te r  ~,4. On t h e  con t ra ry ,  s ta t i c  y -mo toneu rones  
increase  the i r  res t ing  ac t iv i ty  a f te r  D O P A  3,4,8 

In  t he  Figure  2 y-efferents  in 1 f i l ament  to  t he  tenuis -  
s imus muscle  are  shown ident i f ied as conduc t ing  wi th in  t h e  
v-range (A) on s t imula t ion  of the  i n t ac t  ven t r a l  root .  The 
larger  d iphasic  un i t  is spon taneous ly  ac t ive  before D O P A  
(B) b u t  no t  af ter  (C) and  is thus  a d y n a m i c  y-moto- 
neurone  ~,4. The smal ler  c lubbed  fibre is spon taneous ly  
act ive  only  a f te r  D O P A  (C) and  thus  of t he  s ta t ic  t y p e  3,~. 
By  s t imula t ion  of t he  ipsi lateral  ven t ro la t e ra l  funicle 
(D, E) t he  s ta t i c  ~,-motoneurone can  be ac t i va t ed  wi th  
shor t  l a t ency  b u t  n o t  t he  dynamic .  The  segmenta l  l a t ency  
is ca lcula ted  b y  s u b t r a c t i n g  t h e  pe r iphera l  conduc t ion  
t i m e  in t he  e f fe ren t  f rom t h e  l a t ency  measured  I rom t h e  
onse t  of nega t i v i t y  of t he  descend ing  vol ley (arrow) 
recorded  on cord d o r s um (lower t r ace  in D) ;  i t  is in  th is  
case 1.2 msec.  This l a t ency  is of course of longer  dura t ion  
t h a n  the  one ob ta ined  by  in t racel lu lar  record ing  which  is 
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Activation of a static y-motoneurone after stimulation of the 
ipsilateral ventrolateral funicle of the spinal cord. Upper traces a r e  

recordings from a filament to the tenuissimus muscle containing 2 
?-efferents, identified as conducting within the y-range by stimula- 
tion of the intact ventral root of L6. L7 and S1 ventral roots are cut. 
Spontaneous activity is illustrated in B before and in C 15 min after 
an i.v. injection of DOPA (100 mglkg). Only the larger, diphasic unit 
is spontaneously active before DOPA (B), and only the smaller, 
clubbed one (static) after (C). D and E show the effect of single 
shock stimulation of the ipsilateral, ventrolateral fum'cle at lower 
thoracic level, recorded at 2 different sweep speeds (superimposed 
traces), Lower traces iu D and E are from the cord dorsum at L6 
segmental level. The onset of negativity in the descending volley is 
indicated by an arrow in D. Only the small unit is activated at a 
short latency by this stimulation. 
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