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into account  t h a t  the  K+-electrode po ten t i a l  was prac t i -  
cally u n c o n t a m i n a t e d  by  the  negligible field potent ia l ,  
the  above value could be in t e rp re t ed  as an E~-po ten t i a l  
cor responding  to a [K+!~-increase f rom 3.0 mM to 3.31 
~- 0.04 mM. The average dura t ion  of the  ~K+]e-increase 
was 37 sec and was corre la ted  wi th  the  dura t ion  of E E G  
desynchronisa t ion .  The m a x i m u m  [K+]~ was a t t a ined  
13 • 2 sec af ter  desynchron i sa t ion  onset .  
The above results  conf i rm the  feasibi l i ty of EK+~e-record- 
ing in unres t ra ined  rats.  A l though  in the  p resen t  s t u d y  
the  m o v e m e n t  was l imited b y  l ight anes thes ia  and re- 
cording in freely moving  animals  was severely d i s tu rbed  
by  ar tefacts ,  i t  is conceivable  t h a t  fu r ther  i m p r o v e m e n t  
of the  technique  m a y  produce  supression of capac i ta t ive  

and e lect ros ta t ic  in ter ference  and make  it possible to 
record [K+]e-changes in behav ing  animals.  
The ampl i tude  of EK is several  t imes  higher  t h a n  the  
cor responding  field po ten t i a l  changes  la. The [K+]e- 
changes  seem to be m u c h  more  sensi t ive and s t ra igh t -  
forward  index  of sus ta ined  ac t iv i ty  of large neuronal  
popula t ions  t h a n  the  cor responding  slow po ten t i a l  
changes.  I t  can be ex p ec t ed  t h a t  K+-electrodes will  
provide  an importar~t m e t h o d  in t rac ing  neural  circuits  
pa r t i c ipa t ing  in var ious  behaviora l  processes.  

13 H. Caspers, Proc. int. Union Physiol. Sci, X X I I  Int.  Congress, 
Leiden, vol. I, part I, p. 442 (1962). 
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Summary. Pers i s t en t  cent r i fugat ion  (at 1.18 • g to 1.47 • g) of p regnan t  ra ts  reduced the  n u m b e r  of deliveries and the  sur- 
vival  t ime of the  newborns .  The ex t en t  of the  damage  increased wi th  increasing d is tance  f rom the  axis. Male fer t i l i ty  
was reduced.  

Introduction. In  previous papers  various pathological  
changes  have  been repor ted  to occur in animals  kep t  
under  p e r s i s t e n t  c e n t r i f u g a t i o n l - ~  In  the  p resen t  s t u d y  
we describe the  effects of cent r i fugat ion  on fert i l i ty,  
pregnancy,  del ivery and survival  of ra t s  under  pe r s i s t en t  
cent r i fugat ion  at  re la t ively  low addi t ional  g-forces. 
Materials and methods. A special four -armed centr i fuge 
was designed and cons t ruc ted  to  accomoda te  the  regular  
ra t  breeding cages (BC). 5 such cages were a t t ached  
f i rmly to  each a rm at  d i f ferent  d is tances  f rom the  center  
of ro ta t ion.  The resu l t an t  forces which  ac ted  upon the  
cages when  the  centr i fuge ro t a t ed  a t  25 rpm,  were as fol- 
lows: f irst  cage at  86 cm from the  center  - 1.27 •  second 
cage at  104.5 cm f rom the  center  - 1.34 •  th i rd  cage at  

125.0 cm - 1.41 Xg, four th  cage at  141.5 cm - 1.43 x g ,  
and f i f th  (terminal) cage a t  150.0 cm - 1.47 • g. Concom- 
m i t a n t l y  2 controls  were used:  a) a ro ta t ing  control  of 2 
BC's placed in opposi t ion  at  a d is tance  of only 20 cm of 
the  cen te r  of the  centr i fuge ( resul tant  g-force 1.04); 
b) a s t a t i ona ry  control  of 6 13C's placed on the  floor beh ind  
the  centr i fuge (figure 1). 
Once daily, bu t  a t  d i f ferent  t imes  ~, the  centr i fuge was 
s topped  for 15 min in order  to  check the  animals,  supply  
t h e m  food and water ,  clean the  cages and service the  
machine.  
Test  design. The centr i fuge was ac t iva ted  wi th in  a special 
room, under  f luorescent  i l luminat ion and at  c o n s t a n t  
t e m p e r a t u r e  of 26 ~ E a c h  animal  was spun for 4 weeks, 

Effects of increasing gravitational force on the reproduction pattern of adult rats and survival of the offspring 

Cage No. g Females placed in centrifuge at mid-pregnancy (day 10-13) Females placed in centrifuge at the beginning of 
pregnancy (2 4 days after confirmed mating) 

Resul- Numnber Number of*** Live span of new- Number Number of*** Life span 
rant of normal live newborns borns in days*** of normal live newborns of newborns 
forces deliveries (per litter) (per litter) deliveries (per litter) in days 

Center 1.04 5 8, 8, 11, 9, 8 normal 5 10, 11, 7, 8, 9 normal 
(rotating (9) (more than (9) 
control) 60 days) 

1 1.27 5 normal 5 9, 10, 7, 8, 8 normal 
(8) 

2 1.34 5 normal 5 8/9, 9, 7, 6, 5/6 normal 
(7) 

3 1.41 5 5 6/8, 5/8, 7, 8/9, 7 normal 
(6.5) 

4 la43 4/5* 3/5 8/9, 5/7, 4/7 normal 
(6) 

5 1.47 3/5** 1/5 4 3.5 days 

8, 8, 9, 7, 10 
(8) 

10, 7, 9, 7 ,8  
(8) 

8, 11/12"***, 8/9, 10, 7/9 
(9) 

6/8, 8, 8/9, 8/11 
(7.5) 

7112, 3/7, 5/7 
(5) 

4 groups normal 
last litter ~ 1 day 

4, 3, 6, 10 
(6) 

2, 1, 2 
(2) 

* 1 abortion, ** abortions, *** mean in brackets, **** ratio of live newborns/ total  litter. The delivery rate and life span of rats in s tat ionary 
control BC's was normal for that breed, 
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Fig. [. Picture of the four-armed centrihlge. Each ~/17111 holds 5 rat breeding cages. 2 rotating control cages stand hi tim center of the centri- 
fuge. I~ehind the centrifuge 2 cages of stationary control animals. 

an  i n t e rva l  of t i m e  suf f ic ien t  for  i t  to  a c c o m o d a t e  to t he  
cen t r i fuge ,  to  ma te ,  to  del iver  or  to abor t .  BC ' s  c o n t a i n i n g  
n e w b o r n  r a t s  were  k e p t  for  longer  pe r iods  in t he  cen t r i fuge  
in o rde r  to  obse rve  the  s u r v i v a l  of t he  n e o n a t e s  u n d e r  
c en t r i f uga t i on .  
P r e g n a n c y ,  de l ive ry  and  su rv iva l .  T h e  success  of p reg-  
n a n c y  and  de l ivery  u n d e r  c e n t r i f u g a t i o n  w a s  assessed  on:  
a) females  i n t r o d u c e d  in to  the  cen t r i f uge  as  2-4  d a y s  of 
p r e g n a n c y ,  a n d  b) f emales  i n t r o d u c e d  a t  <lay 10-13 of 
p r e g n a n c y .  C o n c e p t i o n  was  c o n f i r m e d  b y  the  p resence  of 
s p e r m a t o z o a  in t he  vag ina l  s m e a r  a n d  th i s  was  c o u n t e d  
as  d a y  O of p r e g n a n c y .  E a c h  t e s t  g r o u p  c o m p r i s e d  25 
p r e g n a n t  females  : 5 • f emales  • 5 p o s i t i o n s  a long  the  cen- 
t r i fuge  a rm.  Addi t iona l ly ,  5 p r e g n a n t  f emales  were  p laced  
in t h e  p i v o t a l  BC's  as  r o t a t i n g  con t ro l s  a n d  s o m e  ou t s ide  
t h e  cen t r i fuge  as s t a t i o n a r y  cont ro l .  T h e  p r e g n a n t  f emales  
were  e x a m i n e d  da i ly  for  poss ib le  s igns  of a b o r t i o n .  N e w -  
b o r n  r a t s  were  c o u n t e d  a t  de l ivery ,  e x a m i n e d  da i ly  the re -  
a f t e r  and  t he i r  l i fe -span  recorded .  F e m a l e s  t h a t  did n o t  
give b i r t h  a t  t he  ca lcu la ted  t i m e  were  killed a n d  nec rop -  
sised 2 d a y s  later ,  t he i r  ova r i e s  a n d  u te r i  e x a m i n e d  for  
ev idence  of a b o r t i o n  a n d  the  n u m b e r  of fe tuses ,  if any ,  
c o m p a r e d  to t he  n u m b e r  of c o r p o r a  lu tea .  
Fer t i l i ty .  On ly  r a t s  of  a s c e r t a i n e d  fe r t i l i ty  were  used 
(i.e. a f te r  success fu l  c o p u l a t i o n s  for  t h e  ma le s  and  one 

Fig. 2. l~ Uterus of female which did not deliver on time magnifi- 
cation • 2. b Same uterus opeu one dead embryo was found in the 
right horn and blood dots in the left oue. 

1 M.G. Prives, Moscow Med. Press .3 (1972). 
2 A.S. Pankova, Space Biol. Med. 6, 84 {1972). 
3 I'. L. Sarmes and T. G. Hayes, Avi. Sp. lhlv. Med. d6, 780 {1975). 
4 1,;. Up. Chae, Aviat. Space Env. Med. 46, 703 {1973). 
5 H.L. Stone, H. H. Eriekson and H. Sandier, Aeronaut. Med. 45, 
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(~ F. Altman, Aeronaut. Med. 4g, 418 (1973). 
7 C.C. \Vunder, in: Gravity and the Organism, p. 389-415. Ed. 
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successful  p r e g n a n c y  for t he  females).  I n  all 20 couples  
were t e s t ed  : 1 (couple) • 5 (positions) • 4 (arms of t he  cen- 
tr ifuge).  Af te r  a sp inn ing  per iod  of 4 weeks, the  fe r t i l i ty  
of b o t h  males  and  females  was checked anew in s t a t i o n a r y  
cages for 4 weeks. 
Results. Resul t s  on r a t  p a r t u r i t i o n  and  n e w b o r n  l ongev i ty  
u n d e r  pe r s i t en t  c e n t r i f uga t i on  are s u m m a r i z e d  in t he  
table .  As can  be seen f rom the  table ,  females  in  cages 
(positions) 4 a n d  5 of the  cen t r i fuge  showed a t e n d e n c y  to 
abor t .  Th i s  t e n d e n c y  was e n h a n c e d  in females  w h i c h  were 
spun  a t  t he  b e g i n n i n g  of t h e i r  p regnancy .  The  life of t he  
n e w b o r n s  in these  2 cages was s igni f icant ly  s ho r t e r  t h a n  
in t he  o the r s  (p < 0.005). I n  con t ras t ,  t he  life span  of t he  
a d u l t  males  and  females  was a p p a r e n t l y  no t  af fected b y  
spinning.  The  females  in BC's  4 and  5 showed poor  
m a m m a r y  deve lopmen t ,  b u t  o therwise  d i sp layed  n o r m a l  
m a t e r n a l  behav iour .  Of t he  12 couples  p laced  a long  2 
a rms  of t he  cen t r i fuge  (10 tes t s  and  2 r o t a t i n g  controls) ,  
on ly  one couple  (in cage 3) did m a t e  successfully.  The  
couples were r e m o v e d  f rom the  cent r i fuge  a f te r  3 weeks 
of sp inn ing ;  of t he  spun  males,  6 were fert i le  i m m e d i a t e l y  
a f te r  removal ,  3 were nb t  able  to  fert i l ize a n y  female  for 
a t  leas t  3 m o n t h s ,  and  3 r ema ined  unfer t i le  for one 
m o n t h  b u t  were t h e n  able  to  i m p r e g n a t e  females  wh ich  
gave b i r t h  to  n o r m a l  youngs.  All the  spun  females  p roved  
fert i le  a f t e r  r e m o v a l  f rom t he  centr i fuge,  giving b i r t h  to  
n o r m a l  youngs  w i t h  no delay.  
F igure  2 shows t he  u t e rus  of a female  which  did  n o t  give 
b i r t h  in t ime  and  was necropsized.  The  r i gh t  h o r n  was 
swollen a n d  t he  lef t  one was e m p t y  (a) ; a f te r  open ing  t he  
u te rus  (b) one dead  e m b r y o  was found  in t he  r i g h t  horn ,  
while b lood  clots  were found  in the  lef t  horn.  Most  females  
which  did  no t  de l iver  a t  t he  r i gh t  t ime  p resen ted  a s imi lar  
pa tho log ica l  p ic ture .  
Discussion. This  p a p e r  deals w i t h  t he  effects on  r a t s  of 
pe r s i s t en t  c en t r i f uga t i on  a t  a r e la t ive ly  low a d d i t i o n a l  
g r a v i t a t i o n a l  force of 1-1.47 • g. U n d e r  these  condi t ions ,  
l ongev i ty  of a d u l t  r a t s  was  n o t  a p p a r e n t l y  affected,  b u t  
t h a t  of t he  n e w b o r n s  was s ign i f ican t ly  s h o r t e n e d  a t  a 
r e s u l t a n t  g r a v i t a t i o n a l  force exceeding 1.41 • g. 
I t  seems  t h a t  w i t h  a g-force h igher  t h a n  th i s  c r i t ica l  one 
(in cages 4 and  5) t he  success of p r e g n a n c y  depends  on  t he  

t ime  a t  wh ich  t he  p r e g n a n t  r a t s  s t a r t  sp inn ing  : t he  ear l ier  
i t  has  s t a r t e d  t he  less successful  t he  p regnancy .  I n  
cases where  de l ivery  has  been  de layed  b e y o n d  t he  calcu-  
l a t ed  t ime,  nec ropsy  shows var ious  degrees of h e m o r r h a g e  
and  d a m a g e  to the  fetus.  All  such fe tuses  are dead,  in  
some cases the i r  sizes ind ica t ing  t h a t  d e v e l o p m e n t  ha s  
s topped  a t  m id - t e rm ,  a n d  in o the r s  t h a t  t h e y  h a v e  
r eached  ful l - term,  b u t  for some i n k n o w n  reason  de l ive ry  
ha s  no t  t a k e n  place. I n  genera l  the re  is no co r re la t ion  be- 
tween  t h e ' s p i n n i n g  t i m e  of t he  p r e g n a n t  r a t  and  t he  t i m e  
of a b o r t i o n  ; in  m o s t  cases t i le on ly  macroscopica l  f indings  
are b lood clots  in t he  l u m e n  of t he  u t e r u s  and  c o n t r a c t i o n  
of t he  m y o m e t r i u m .  I n  cases of abor t ion ,  t he  ovar ies  
con t a in  corpora  lu tea  a t  va r ious  s tages  of regression.  
However ,  no  pa tho log ica l  changes  h a v e  been  obse rved  in 
bra in ,  muscles  and  viscera,  as r epo r t ed  earl ier  to  occur  
u n d e r  pe r s i s t en t  c en t r i f uga t i on  1-6. I t  is t hus  possible  t h a t  
t he  reason  is t he  r e l a t ive ly  low a d d i t i o n a l  g r a v i t y  force 
used in th i s  s tudy.  
W e  do no t  k n o w  w h e t h e r  t he  fai lure to  del iver  is in  a n y  
way  re la ted  to  t he  feeding s t a t e  of t h e  animals .  Dur ing  
t he  br ief  in t e rva l s  in w h i c h  t he  cen t r i fuge  was s topped,  
all  t h e  r a t s  seemed qu i t e  n o r m a l  a n d  a te  and  d r a n k  as 
usual ,  b u t  w h e t h e r  t h e y  d id  so du r ing  t he  sp inn ing  could 
n o t  be  de t e rmined .  As m e n t i o n e d  earlier,  t he  m a m m a r y  
g lands  and  t ea t s  of t he  nu r s ing  females  were poor ly  de- 
ve loped  and  the i r  shor t - l ived  offspr ings  appea red  s t a rved  
a n d  emacia ted .  A t  th i s  s tage  of s t u d y  i t  is di f f icul t  to  say  
w h e t h e r  th i s  m a m m a r y  insuf f ic ien t  d e v e l o p m e n t  was  due  
to a) u n d e r n o u r i s h m e n t  of t he  female  ra t ,  b) s t ress  of 
c en t r i f uga t i on  on t he  female,  c) fa i lure  of the  offspr ings  
to suckle due  to t he  phys i ca l  s t ress  of cen t r i fuga t ion ,  i.e. 
i nab i l i t y  of t he  n e o n a t e s  to  fas ten  on  to  and  to ho ld  t he  
m o t h e r ' s  t e a t  u n d e r  t he  a d d e d  grav i ty .  (Such fa i lure  to  
suckle woul  d r ap id ly  p rovoke  cessa t ion  of l ac t a t ion  in t he  
mother . )  I t  is of course possible  t h a t  severa l  of t he  above-  
m e n t i o n e d  reasons  combine  to c o n t r i b u t e  to  t h e  ear ly  
d e a t h  of t he  offspr ing in cages 4 a n d  5. I n  con t ras t ,  t h e  
n e o n a t e s  in  cages 1-3 a n d  in the  r o t a t i n g  cont ro l  cages 
deve lop  qu i te  normal ly ,  a l t h o u g h  t h e y  were s l ight ly  
u n d e r w e i g h t  c o m p a r e d  to n e o n a t e s  in  the  s t a t i o n a r y  con- 
t ro l  cages. 

Effects  of m o n o v a l e n t  ca t ions  on the r e s p o n s e s  of m o t o n e u r o n e s  to dif ferent  g r o u p s  of a m i n o  acid 
e x c i t a n t s  in frog and rat spinal  cord 

R. H. E v a n s ,  A. A. F ranc i s  and  J. C. W a t k i n s l  

Department o/ Pharmacology, The Medical School, University o/Bristol,  University Walk, Bristol BS8  1 TD (England), 
29 July  1976 

Summary. Classif icat ion of e x c i t a t o r y  amino  acids in to  d i f fe rent  groups,  of possible  va lue  for t r a n s m i t t e r  ident i f ica t ion,  
can  be  m a d e  on  the  basis  of the  d i f fe rent ia l  effects of a l te red  e x t e r n a l  [Na+J and  [K~] on  m o t o n e u r o n e  depo la r iza t ion  
in frog and  i m m a t u r e  r a t  sp ina l  cord. 

I t  is genera l ly  cons idered  t h a t  the  depola r iza t ion  of m a m -  
m a l i a n  cen t r a l  neu rones  b y  L - g l u t a m a t e  and  re l a t ed  
amino  acid e x c i t a n t s  invo lves  a n  increase  in t he  pe rme-  
ab i l i ty  of t he  n e u r o n a l  m e m b r a n e  to Na + ions 2-6. How-  
ever,  t he  s t r u c t u r e s  of e x c i t a t o r y  amino  acids show 
cons iderab le  d ive r s i t y  ~,11 a n d  i t  is n o t  ce r t a in  t h a t  t he  
mecha l l i sm of t h e i r  ac t ions  is s imi lar  in all cases. Indeed ,  
E n g b e r g  e t  al. s h a v e  r ecen t l y  d e m o n s t r a t e d  t h a t  t he  
e x c i t a t o r y  ac t ion  of D L - h o m o c y s t e a t e  on  sp ina l  mo-  
t oneu rones  is associa ted  w i t h  a decrease  r a t h e r  t h a n  a n  

increase  in m e m b r a n e  conduc tance .  W e  now descr ibe  
e x p e r i m e n t s  conduc t ed  in  v i t ro  on t he  spinal  cord  of t he  
frog and  i m m a t u r e  r a t  in wh ich  amino  ac id- induced  de- 
po la r i za t ion  of mo toneurones ,  r ecorded  f rom v e n t r a l  
roots,  was s tud ied  in super fus ion  med ia  of v a r y i n g  ionic 
composi t ion .  I t  was found  t h a t  t he  responses  of d i f fe ren t  
amino  acids were af fec ted  d i f fe ren t ly  b y  the  ionic changes  
s tudied ,  and  t h a t  amino  acids could be  classified w i t h i n  
d i s t i nc t  groups  on  t he  bas is  of t he  resu l t s  ob ta ined .  Some 
of t he  obse rva t i ons  sugges t  the  poss ib i l i ty  of more  t h a n  


