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of F F A  release is smal ler  in  t h e  b r o w n  fa t  of cold-accli-  
m a t i z e d  r a t s  in  t he  p re sen t  s tudy .  

W i t h  r ega rd  to  t he  m e c h a n i s m  in t he  l ipolyt ic  ac t ion  
of g lucagon  on  b r o w n  adipose  tissue, SKALA et  al. 16 h a v e  
descr ibed t h a t  t he  adenylcyc lase  recep tor  for g lucagon  is 
n o t  found  in t he  b r o w n  adipose  tissue. B r o w n  adipose  
t issue is r i c h l y  i n n e r v a t e d  b y  2 k inds  of s y m p a t h e t i c  
nerves ,  t h e  one to t he  vessels der ived  f rom t he  sympa-  
t h e t i c  chain ,  and  t he  o the r  to  the  p a r e n c h y m a l  t issue 
der ived  f rom the  in t r ins ic  gangl ia  iv. Thus ,  i t  is l ikely 
t h a t  t he  rise in  b r o w n  fa t  v e n o u s  F F A  c o n c e n t r a t i o n  due 
to  g lucagon  is s econda ry  to  a rise of c a t e c h o l a m i n e  level 
in  t he  b r o w n  adipose  t i ssue  as well  as t he  c i r cu la to ry  
b lood  el ici ted b y  glucagon.  However ,  i t  is unl ikely,  s ince 
t he  response  to g lucagon  was u n c h a n g e d  a f t e r  in j ec t ion  
of b e t a - r e c e p t o r  blocker ,  p ropranolo l ,  wh ich  is k n o w n  to 
suppress  l ipolyt ic  as well  as calor igenic  ac t ion  of cate-  
cho lamines  is as seen in t he  table .  N e i t h e r  calor igenesis  
nor  increase  in b lood flow b y  g lucagon is b locked  b y  pro-  
p rano lo l  1~. Consequent ly ,  i t  seems reasonab le  to  conclude  
t h a t  glucagon,  like ca techolamines ,  ac t s  d i rec t ly  on  t he  
b r o w n  adipose  t issue in i ts  l ipolyt ic  and  calor igenic  
act ions .  Tile increase  in b lood  flow t h r o u g h  t he  b r o w n  
adipose  t i ssue  b y  g lucagon  infus ion  m i g h t  be  p a r t l y  
respons ib le  for t h e  increased release of F F A  f rom th i s  
t issue,  a l t h o u g h  i t  is l ikely t h a t  t he  increase  in b lood  flow 
is s econda ry  to t he  me tabo l i c  ac t ion  of g lucagon  1~. I n  
th i s  connec t ion ,  i t  is i n t e r e s t i ng  to refer  to  t he  r ecen t  
r epo r t  sugges t ing  t h a t  cold acc l ima t i za t i on  resu l t s  in t he  
decreased  a c t i v i t y  of phosphod ie s t e r a se  in  t he  b rown  adi-  

pose t issue of ra ts ,  i nduc ing  a n  increased  lipolysis in  th i s  
t i ssue  10. Thus  i t  would  a p p e a r  w o r t h w h i l e  to  i nves t i ga t e  
w h e t h e r  g lucagon  could inf luence  phosphod ie s t e r a se  
a c t i v i t y  of b r o w n  adipose  tissue. 

I t  is now widely  accep ted  t h a t  h e a t  p r o d u c t i o n  in the  
b r o w n  adipose  t issue is gove rned  b y  t he  s y m p a t h e t i c  
n e r v o u s  s y s t e m  2. However ,  HULL 2~ ha s  obse rved  t h a t  
be ta -b locker ,  p rone tha lo l ,  b locked  t h e  no rep inephr ine -  
i nduced  calor igenesis  in n e w b o r n  rabb i t s ,  b u t  i t  d id  no t  
i n h i b i t  t he  calor igenic  response  to cold. The  p r e sen t  
resul t ,  t o g e t h e r  w i t h  t h a t  of Hul l ' sone ,  seems to sugges t  
t h a t  g lucagon m a y  ac t  synerg i s t i ca l ly  w i t h  ca techol -  
amines  in d e t e r m i n i n g  the  level  of b r o w n  adipose  t issue 
me tabo l i c  process  in cold acc l imat iza t ion .  

The  b r o w n  adipose  t i ssue  ha s  been  s h o w n  to t a k e  up  
glucose ac t ive ly  f rom the  c i rcula t ion ,  especial ly  in  cold- 
acc l imat ized  an ima l s  21. However ,  in t he  p r e sen t  s t u d y  no 
s ign i f ican t  di f ference was obse rved  in  t he  e l eva t ion  of 
b lood glucose c o n c e n t r a t i o n  be tween  t he  sys temic  venous  
and  b r o w n  fa t  venous  b loods  in b o t h  wa rm-acc l ima t i zed  
and  co ld-acc l imat ized  animals .  

16 j .  SKALA, P. I-IAHN and T. BRAUN, Life Sci. 9, 1201 (1970). 
17 D. M. DERRY, E. SCHOENBAUM and G. STEINER, Can. J. Physiol. 

Pharmac. 47, 57 (1969). 
18 j .  HIMMS-HAGEN, Pharmac. Rev. 79, 367 (1967). 
19 R. BERTIN and R. PORTET, Can. J. Bioehem. 53, 1301 (1975). 
s0 D. HULL, J. Physiol. 173, 13 (1964). 
el G. STEINER and G. F. CAHILL, jr., Am. J. Physiol. 207, 840 (1964). 
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Summary. Changes  of ex t race l lu la r  c o n c e n t r a t i o n  of b r a i n  p o t a s s i u m  EK+I~ were s tud ied  in l igh t ly  ane s the t i z ed  un-  
r e s t r a ined  r a t s  w i t h  ion-select ive  K+-microe lec t rodes  i n t r o d u c e d  in to  the  ce rebra l  cor tex  w i t h  a h e a d - m o u n t e d  micro-  
dr ive  sys tem.  Nocicep t ive  s t imul i  el ici ted E E G  arousa l  l a s t ing  for 47 sec on  the  average  which  was accompan ied  b y  
an  increase  of EK+Je f rom 3.0 m M  to 3.31 • 0.04 raM. 

The  [K+]-sensi t ive  microe lec t rodes  1 m a d e  i t  possible  to  
e x a m i n e  t he  role of K+-ions in var ious  n o r m a l  and  p a t h o -  
logical b r a i n  funct ions .  T he  level  of [K+~e in t i le ce rebra l  
t i ssue  was found  to  be  equa l  to  t he  p o t a s s i u m  concen t r a -  
t ion in t he  C S F  (3 mM), u n d e r  r e s t ing  cond i t ions  2, and  
to  increase  to 60-80 mM d u r i n g  sp read ing  depress ion  or 
anoxic  depo la r i sa t ion  3-5 a n d  to a b o u t  10 m M  d u r i n g  
epi lept ic  ac t iv i ty4 ,  ~-s. Lower  IN+]e- increments  were ob-  
se rved  in t he  sp ina l  cord a n d  h igher  b r a in  cen t res  a f t e r  
e lectr ical  s t i m u l a t i o n  of pe r iphe ra l  ne rves  or a f te r  ap-  
p l i ca t ion  of a d e q u a t e  sensory  s t imul i  9-11. 
All t he  above  s tud ies  were m a d e  in deep ly  anes t he t i z ed  
(and of ten  curar ized)  animals ,  r ig id ly  f ixed in t he  h e a d  
ho lder  of t he  s t e reo tax ic  a p p a r a t u s .  Such  e x p e r i m e n t a l  
cond i t ions  p rec lude  the  use of K+-select ive e lect rodes  for 
e x a m i n a t i o n  of [K+Je-shifts a c c o m p a n y i n g  va r ious  be- 
hav io ra l  s ta tes .  The  a i m  of t he  p r e s e n t  p a p e r  was to 
modi fy  t he  K+-elec t rode  t e c h n i q u e  to  m a k e  i t  su i t ab le  
for m e a s u r e m e n t s  in u n r e s t r a i n e d  an i m a l s  b y  r educ ing  
t he  m o v e m e n t  a r t e fac t s  due  to  h igh  i m p e d a n c e  of t he  
e lec t rode  a n d  to changes  of i n p u t - g r o u n d  capac i t y  and  
e lec t ros ta t i c  induc t ion .  

K+-microe lec t rodes  were p r e p a r e d  accord ing  to t he  tech-  
n ique  descr ibed  b y  W a l k e r  1 and  modi f ied  b y  VyskoSil  
a n d  KH~ 12. Glass mic rop ipe t t e s  (1.65 m m  ex t e rna l  d i am-  
eter ,  20 m m  long, w i t h  a 5 m m  long shank)  c o n t a i n e d  a 
0.5 M KC1 so lu t ion  c o n t a c t i n g  a 200 # m  h igh  co lumn of 
t h e  l iquid ion e x c h a n g e r  (Corning Code 477317) in t he  
si l iconized t ip .  The i r  r es i s t ance  was a r o u n d  10 s D. In  
o rder  to  s impl i fy  the  e lec t rode  s y s t e m  a mic rop ipe t t e  of 
t he  same  shape  b u t  filled w i t h  0.9~o NaC1 was used for 
field p o t e n t i a l  record ing  f rom tile s a m e  region.  Ef f i c ien t  
g r o u n d i n g  of t he  a n i m a l  was  p rov ided  b y  a low res i s tance  
Ag-AgCl-e leet rode (4 m m  2) c o n t a c t i n g  t he  cor t ical  surface 
a d j a c e n t  to  t he  p o i n t  of microe lec t rode  inser t ion.  
A d u l t  hooded  r a t s  were anes the t i z ed  w i t h  u r e t h a n e  
(0,9 g/kg) and  a t r e p h i n e  open ing  5 m m  in d i a m e t e r  was 
m a d e  over  t he  occipi ta l  cor tex.  The  mic rodr ive  sys t em 
a n d  i ts  f ixa t ion  to t he  skul l  is shown in figure 1. 3 an-  
cho r ing  bol t s  p laced  a r o u n d  ti le t r e p h i n e  hole were used 
for f ixa t ion  of a 3 m m  h igh  p las t ic  r ing  (11) w i t h  i n t e rna l  
d i a m e t e r  of 4 mm,  held  b y  3 s u p p o r t i n g  rods  (12) a b o u t  
3 m m  above  t h e  exposed d u r a  (13) a n d  bone  (8). 2 s i lver  
screws (2 mm)  fixed in t he  skul l  ove r  t h e  f ron ta l  c o r t e x  
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served for E E G  recording.  Vert ical  microdr ive  consis ted 
of a tef lon cyl inder  (6) f i t t ing  into the  imp lan ted  ring. 
Paral lel  to t he  axis of the  cyl inder  were two  2-mm- 
channels .  One of t h e m  served as a receptacle  for a silver 
rod (9), the  lower end of which  was e lectrolyt ical ly  cov- 
ered wi th  a layer  of AgC1. The o ther  channe l  was used as 
a guiding tube  for t he  K+-mieroelec t rode  (10). The l a t t e r  
was c lamped in an electrode ho lder  (4) which could be 
moved  up and  down by  a screw (3) ro t a t i ng  in bear ings  
carr ied by  a meta l  f rame (2), f ixed to the  tef lon cyl inder  

11 --- 

Fig. 1. Scheine of the microdrive system used for IK+],-recording 
in the cerebral cortex of unrestrained rat. For decription see the text. 
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Fig. 2. Examples of the slow potential (SP), [K+]~ - and EEG- 
recordings during arousal reactions elicited by compression of the 
tail. The scheme on the left side shows the location of electrodes. 
The slow potential and [K+]~ are recorded between the Ag-AgCI- 
electrode and the intracortieal (1 mm deep) capftlary electrode. The 
horizontal rectangle indicates the duration of the nocieeptive stim- 
ulus. Calibration: 5 mV for SP and Ex, 0.5 mV for the EEG. The 
[K+]~-scale is shown on the left side of the E~-reeord. 

(7). The f rame also carried a F E T  signal follower (1), the  
gate of which  was connec ted  to a shor t  Ag-AgCl-electrode 
(5) con tac t ing  the  fluid in the  microelect rode tube .  
Cal ibrat ion of the  electrode sys t em was made  in var ious  
concen t ra t ions  of KC1 (4 mM and  40 mM) wi th  added  
150 mM NaCI. F i r s t  t h e  Ag-AgCl-electrode-NaC1 capi l lary  
electrode pai r  was  immersed  in to  the  t e s t  solut ions and  
the  respect ive  DC potent ia l s  were recorded.  The same 
procedure  was repea ted  with the  Ag-AgCl-electrode-K+- 
electrode pair.  The K+-poten t ia l  was c o m p u t e d  as the  
difference be tween  the  above values. Low bias cu r ren t  of 
the  F E T  probe  (less t h a n  10 -11 A) and low electrode im- 
pedance  (less t h a n  10 s 12) p reven ted  d is tor t ion  of results  
b y  excessive inpu t  offset  potent ia ls .  
The electrode was then  inser ted  1 m m  below the  cort ical  
surface and  the  recording was s tar ted .  Af ter  conclusion 
of the  recording the  K+-electrode was ca l ibra ted  again 
and replaced wi th  the  NaC1 filled capillary.  The recording 
was repea ted  under  similar condi t ions  w i th  the  NaC1- 
electrode in t roduced  into the  same posi t ion.  Subt rac t ion  
of the  la t t e r  field po ten t ia l  changes  f rom the  former  K+- 
electrode potent ia l ,  r epresen t ing  a sum of the  po tas s ium 
poten t ia l  EK and  of the  field potent ia l ,  made  it possible 
to  isolate E~: and to es t imate  the  cor responding  [K+~e - 
shifts.  
The [K+]e-values es tabl ished by  the  above procedure  in 
ra t s  under  l ight  u re thane  anes thes ia  were similar  to those  
found in earlier s tudies using s imul taneous  inser t ion  of 
the  K+-electrode and NaC1 reference electrode to  the  
same area. In  spi te  of small  m o v e m e n t s  of the  animal,  
the  recording was re la t ively  free of a r te fac ts  bo th  dur ing  
res t  and  dur ing  arousal induced  by  nocicept ive  s t imuli  
(pinching of the  tail). Figure 2 shows a typ ica l  example  
of arousal  reac t ions  induced in the  same ra t  by  such 
stimuli.  E E G  was recorded be tween  the  silver screws 
in the  f ronta l  and  par ie ta l  bones  (2-3). Whereas  t he  
NaCl-electrode recorded only  negligible slow poten t ia l  
changes  dur ing  E E G  arousal  (figure 2, above) the  K +- 
electrode showed marked  posi t ive  shifts  reaching an 
ampl i tude  of 1 to 1.5 mV (figure 2, below). 
Slow po ten t ia l  changes  accompany ing  comparab le  arousal  
react ions  (average dura t ion  47 ~ 5 sec) were recorded in 
5 ra ts  wi th  the  NaCl-electrode (n = 52) and wi th  the  
K ~-electrode (n = 57). E E G  desynchron isa t ion  was ac- 
compan ied  by  a low nega t iv i ty  of the  NaCl-filled elec- 
t rode  which did no t  exceed 100 7V on the  average.  The 
K+-electrode recorded under  t he  same condi t ions  a m u c h  
higher  po ten t i a l  change averaging 1.1 • 0.15 mV. Taking  

* Aekno~qedgment. I wish to express my sincere gratitude to 
Dr. Bure5 from the Institute of Physiology, Czechoslovak Acad- 
emy of Sciences, for his kind help in the preparation of this 
article. 
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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). 

Effects  of h y p e r g r a v i t y  on  rat  fert i l i ty ,  p r e g n a n c y ,  par tur i t ion  and surv iva l  
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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, 


