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wh ich  t he  f o r m a l d e h y d e  p r o d u c t i o n  was eva lua ted .  
S tudies  of GRAS~ e t  al. 12 sugges ted  t h a t  t h e  t ime-course  
of p r o d u c t i o n  of 4 A P  f rom a m i n o p y r i n e  in t he  r a t  l iver  
seems to  be  d i f fe ren t  f rom t h a t  of t he  p r o d u c t i o n  of for- 
ma ldehyde .  The  rat io ,  f o r m a l d e h y d e :  4 AP,  p roduced  
f rom a g iven  a m o u n t  of aminopyr ine ,  m a r k e d l y  var ies  
w i th  a n i m a l  species, t he  d u r a t i o n  of i n c u b a t i o n  and  t he  
p r e t r e a t m e n t  of t h e  t e s t  an i m a l s  w i t h  inducers .  Our  ex- 
p e r i m e n t s  i nd ica t ed  t h a t  t h i s  r a t io  m a y  also be  inf luenced  
b y  t he  presence  of inh ib i to r s ,  s ince the  increase  of t he  
OSA c o n c e n t r a t i o n  in t he  e n z y m e  p r e p a r a t i o n s  is asso- 
c ia ted  w i t h  a para l leI  r e d u c t i o n  of t he  a m o u n t s  of formal-  
dehyde  p roduced  re la t ive  to  4 A P  fo rmed  (Table II) .  
Thus ,  in t he  overa l l  r e ac t i on  of a m i n o p y r i n e  to  formal -  
dehyde ,  the  r e m o v a l  of one m e t h y l  group f rom t he  ter -  

t i a r y  a m i n e  is af fected b y  t he  OSA i n h i b i t i o n  more  t h a n  
the  d e m e t h y l a t i o n  of t he  m e t a b o l i t e  4 - m e t h y l a m i n o -  
an t ipy r ine .  

The  de ta i led  m e c h a n i s m ,  b y  wh ich  OSA produces  in- 
h ib i t i on  of the  a m i n o p y r i n e  me tabo l i sm,  is u n k n o w n .  
Since OSA has  t he  ab i l i ty  to  fo rm complexes  and  add i t ion  
c o m p o u n d s  w i t h  va r ious  m e t a l s  la, i t  m a y  p e r h a p s  r eac t  
w i t h  cofac tors  or o t h e r  c o m p o n e n t s  of t h e  mic rosomal  
m e m b r a n e s .  However ,  t he  poss ib i l i ty  c a n n o t  be exc luded  
t h a t  OSA m a y  func t i on  as an  a l t e r n a t i v e  s u b s t r a t e  of the  
mic rosomal  e n z y m e  sys tems.  
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Summary .  I n j e c t i o n  of h y p e r t o n i c  LiC1 i.p. has  severa l  nonspecif ic  adver se  effects in rats .  No evidence  was o b t a i n e d  for 
JOHNSON'S h y p o t h e s i s  t h a t  t he  effect  of LiCI on rea r ing  is m e d i a t e d  b y  e n v i r o n m e n t a l  s t imul i .  

JOHNSON 2 obse rved  a decrease  in ver t i ca l  a c t i v i t y  
(rearing) in  r a t s  g iven  an  i.p. i n j ec t ion  of 6 m E q  LiC1/kg 
15 min  before t he  a c t i v i t y  t e s t  c o m p a r e d  to r a t s  g iven  an  
i.p. i n j ec t ion  of dis t i l led water .  I p l a n n e d  to use t he  same 
m e t h o d  of IAC1 a d m i n i s t r a t i o n  employed  b y  JOHNSON 
in order  to  gain  i n f o r m a t i o n  a b o u t  the  m e c h a n i s m  of ac t ion  
of l i t h i u m  on behav io r ,  b u t  w h e n  I in j ec ted  t h e  h y p e r -  
tonic  LiC1 so lu t ion  in r a t s  I f o u n d  t h a t  t h e  t r e a t m e n t  was 
e x t r e m e l y  noxious .  Thus ,  m y  f i rs t  e x p e r i m e n t  was car r ied  
ou t  to  d e t e r m i n e  w h e t h e r  t he  LiC1 t r e a t m e n t  used b y  
JOHNSON h a d  p r o n o u n c e d  adve r se  effects, so t h a t  his  
f ind ings  could no t  be cons idered  to h a v e  been  due  to 
effects of LiC1 on b e h a v i o r a l  m e c h a n i s m s  alone. 

JOHNSON was i n t e r e s t ed  in  t h e  role of e n v i r o n m e n t a l  
s t imul i  in t he  effects  of LiC1 on behav ior .  H e  found  t h a t  
r ea r ing  was lower in  L iC l - t r ea t ed  ra t s  t h a n  in cont ro l s  
t e s t ed  in a r e l a t ive ly  n a r r o w  ve r t i ca l  t r a n s p a r e n t  tube ,  
a n d  t h a t  a change  in e n v i r o n m e n t a l  s t imul i  p roduced  b y  
rep lac ing  a large wh i t e  ca rd  in t he  r a t ' s  v i sua l  field b y  a 
b l a c k  one af fec ted  rea r ing  in con t ro l  an imals .  B u t  
JOHNSON'S conclus ion  t h a t  e n v i r o n m e n t a l  s t imul i  af- 
fected con t ro l  r a t s  a n d  L iCl - t r ea ted  ra t s  d i f fe ren t ly  was 
fal lacious (non sequi tur)  a because  he  fai led to  d e t e r m i n e  
d i rec t ly  t h e  effect  of a change  in  e n v i r o n m e n t a l  s t imul i  
on  rea r ing  in LiCI- t rea ted  ra ts .  Thus ,  m y  second exper t -  

The effects of environmental stimulation on vertical activity (rearing) 
in rats given stomach loads of 0.15 M NaC1 (eontrol) or 0.15 M LiC1 
(lithium group) twice a day for 10 days 

Group White stimulus card Black stimulus card 

5-min period 5-min period 
1 2 3 1 

Control 27.1 ~ 9.2 14.0 =E 4.2 8.1 @ 7.6 4.9 • 3.9 
I.ithium 15.9 :~ 7.4, 12.5 =k 3.6 4.4 ~ 4.3 2.6 ~ 2.2 

Values are means ~ SD for 8 rats per group. �9 Significantly different 
from control group at p < 0.02. 

m e n t  was  car r ied  o u t  to  d e t e r m i n e  w h e t h e r  a change  in 
e n v i r o n m e n t a l  s t imul i  affects  r ea r ing  d i f fe ren t ly  in con t ro l  
r a t s  a n d  L iCl - t r ea ted  ra ts .  

Materials and methods. E x p e r i m e n t  1. N ine  100-day-old 
male  a lb ino  W' is tar  r a t s  were r a n d o m l y  d iv ided  in to  3 
equa l  g roups  and  g iven  an  i.p. i n j ec t ion  of e i the r  6 m E q  
LiC1/kg (0. t  mI/100 g b o d y  w e i g h t  of 6 M LiC1), dis t i l led 
w a t e r  (0.1 ml /100 g b o d y  weight)  or s a t u r a t e d  NaCI 
(0.1 ml /100 g b o d y  we igh t  of ca. 5.8 M NaC1). The  r a t s  
were ki l led 15 m i n  la te r  in e the r  anes thes ia ,  t he  pe r i tonea l  
c a v i t y  was opened and  color p h o t o g r a p h s  of i t  were t a k e n  4. 
The  c o n c e n t r a t i o n  of l i t h i u m  in the  b r a i n  and  in s e rum 
was d e t e r m i n e d  b y  f lame p h o t o m e t r y .  

Results. Signs of phys i ca l  d i scomfor t  a p p e a r e d  in  t he  
r a t s  g iven  LiC1; t h e y  squeaIed br ie f ly  i m m e d i a t e l y  a f t e r  
t he  in jec t ion  and  t h e n  v igorous ly  l icked t he  si te  of in- 
j ec t ion  for a b o u t  1 rain.  Therea f te r ,  t h e y  b e c a m e  pro-  
s t r a t e  and  r e m a i n e d  in th i s  pos i t ion  u n t i l  be ing  p laced  
in t he  e t h e r  jar .  I n s p e c t i o n  of the  pe r i t onea l  c a v i t y  
showed  t h a t  4 0 - 6 0 %  of t h e  smal l  i n t e s t ine  was d i s tended ,  
h e m o r r h a g i c  and  in f l ammed .  

The  ra t s  t r e a t e d  w i t h  NaC1 squealed  brief ly,  l icked t he  
si te  of in jec t ion  a n d  t h e n  b e c a m e  p ros t r a t e .  However ,  in 
c o n t r a s t  to  t he  LiC1 t r e a t m e n t ,  on ly  a b o u t  10% of t he  
smal l  i n t e s t ine  was d i s t ended  in r a t s  g iven  NaCI and  
h e m o r r h a g e  in t he  pe r i t onea l  c a v i t y  was  n e v e r  observed .  

T h e  ra t s  g iven  dist i l led w a t e r  ne i t he r  squealed  nor  
l icked t he  si te  of in jec t ion .  T h e y  did n o t  become  pro-  
s t r a t e  and  showed no signs of d a m a g e  in the  pe r i tonea l  
cav i ty .  

In  r a t s  t r e a t e d  w i t h  LiC1, t he  c o n c e n t r a t i o n  of Li + in the  
s e rum ranged  be tween  7.2-11.2 m E q / l  20 min  a f t e r  t he  
in jec t ion ,  while  t he  c o n c e n t r a t i o n  of Li+ in t he  b r a i n  a t  
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t h a t  t ime was only be tween  0.26-0.28 mEq/kg .  No l i th ium 
was de t ec t ed  in the  se rum or bra in  in ra t s  given dist i l led 
wa te r  or NaC1. 

Discussion. The p re sen t  f indings indicate  t h a t  the  LiC1 
t r e a t m e n t  used by  JOHNSON in ra t s  causes physical  dis- 
comfort ,  ex tens ive  damage  in the  per i toneal  cavi ty ,  and 
serum l i th ium concen t ra t ions  in the  toxic  range soon 
af ter  the  in ject ion 5. Thus,  i t  is unlikely t h a t  Jo~IsISON'S 
f indings were due to effects  of LiC1 on behaviora l  me- 
chanisms  alone, since the  LiC1 inject ion he used p robab iy  
caused several  adverse  effects in the  rats.  

The cause of the  in tes t ina l  damage  produced  by  the  6 M 
LiC1 inject ion is no t  exac t ly  known.  Hype r ton i c i t y  alone 
canno t  account  for it  since the  hyper ton ic  NaC1 inject ion 
p roduced  far less damage  t h a n  the  LiC1 t r ea tmen t .  Ad- 
min is t ra t ion  of LiC1 by  i.p. in jec t ion  also canno t  account  
for the  damage  since i.p. in ject ion of isotonic LiC1 does 
no t  cause in tes t ina l  hemor rhage  (unpublished observa-  
t ion).  F u r t h e r  expe r imen t s  to  de te rmine  the  cause of the 
in tes t inal  damage  p roduced  by  the  h ighly  concen t ra t ed  
LiCI solut ion were no t  carr ied ou t  because the  t r e a t m e n t  
appeared  to  be i n h u m a n e  so t h a t  such s tudies  would have  
been unethical .  

E x p e r i m e n t  2. S ix teen 100-day-old ra ts  were r andomly  
divided in to  2 equal  groups  and  given a s tomach  load 
(10 ml/kg) of e i ther  0.15 M NaC1 (control group) or 0.15 M 
LiC1 (l i thium group) twice a day  for 10 days.  The t es t  
employed  by  JOHNSON 2 to de te rmine  the  effect  of en- 
v i ronmen ta l  s t imuli  on rear ing was used. I t  was carried 
out  on a bl ind basis. A rear  was recorded on a hand-  
opera ted  counte r  each t ime  the  r a t  raised i ts  head  at  least  
9 cm above the  floor of the  ver t ica l  t r a n s p a r e n t  tube,  46 
cm tall  and  23 cm in te rna l  d iameter .  Af ter  the  test ,  blood 
and bra in  samples  were t a k e n  for de t e rmina t ion  of l i th ium 
concen t ra t ion  by  f lame p h o t o m e t r y .  

Results. The l i th ium concen t ra t ions  in the  serum and 
bra in  in the  l i th ium group were 0.79 • 0.03 mEq/1 and 
0.81 • 0.02 mEq/kg ,  respect ively .  No l i th ium was de- 
t ec ted  in the  se rum and  bra in  in the  control  group. 

Rear ing frequencies  were signif icantIy lower in the  
l i th ium group t h a n  in the  contro l  g roup  only  dur ing the  
f irs t  5 min  of the  t e s t  (Table). Rear ing  frequencies de- 
creased s ignif icant ly  dur ing the  t e s t  in the l i th ium group 
and in the  control  group (p < 0.05). Rep l acemen t  of the  
withe card by  the  black one failed to affect  rear ing signifi- 
can t ly  in the  l i th ium group or in the  contro l  group. 

Discussion. The mode of LiC1 admin i s t r a t ion  used in 
E x p e r i m e n t  2 was chosen because it does no t  produce  
adverse  effects in the  s tomach  or in tes t ine  in ra ts  6, i t  
produces  se rmn l i th ium levels in the  range r e c o m m e n d e d  
for the  use of l i th ium salts in the  t r e a t m e n t  of affect ive 
disordersL and it enables  bra in  l i th ium levels to reach a 
s t eady- s t a t e  8. 

The p resen t  f indings agree wi th  previous re~orts  of 
reduced rear ing in ra ts  given LiC12,s-1~ bu t  V ovide no 
suppor t  for JOI~NSON'S hypo thes i s  t h a t  an a l tera t ion in 
the  ra t ' s  response to env i ronmen ta l  s t imuli  is responsible 
for the  effects  of LiCI on rear ing;  the  change in environ-  
men ta l  s t imuli  p roduced  by  replacing the  whi te  card  by  
the  black one led to no difference be tween  rear ing in t he  
control  and the  l i th ium group. JomqsoN ~ failed to com- 
pare the  effect  of a change in env i ronmenta l  s t imuli  on 
rear ing in control  and  l i t h ium- t rea ted  animals.  In addi-  
t ion,  he admin is te red  LiC1 as a hyper ton ic  i.p. inject ion 
t h a t  has  several  nonspecif ic  adverse  effects (see Exper i -  
m e n t  1). Consequent ly ,  there  is so far no direct  evidence to  
s u p p o r t  JONHSON'S hypothes i s  and, therefore,  i t  canno t  
be considered to be correct.  
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Summary. The inh ib i to ry  effects of the  pyrazine  der ivat ive,  amiloride, on sodium t r anspo r t  in an amph ib i an  epi thel ium 
has  been s tudied  as a funct ion  of pH.  I t  is concluded t h a t  the  charged (guanidinium) group in te rac t s  wi th  a negat ive ly  
charged  acid grouping in the  membrane .  Similarities be tween  sodium channels  in exci table membranes  and  epithelia 
are h igh l igh ted .  

At  the  p re sen t  t ime there  is considerable  in teres t  in 
macromolecules  of cell m e m b r a n e s  which control  or me-  
diate  special cell funct ions.  This note  repor t s  on some 
similari t ies be tween  tile character is t ics  of two dif ferent  
m e m b r a n e  c o m p o n e n t s  which  h i the r to  had  no t  been  sus- 
pected.  While  bo th  c o m p o n e n t s  media te  the  same func- 
t ion - t r a n s m e m b r a n e  t rans loca t ion  of sodium ions - the  
mechan i sm by  which th is  is achieved in the  two s i tuat ions  
is p robab ly  very  different .  

The vol tage d e p e n d e n t  sod ium channels  of exci table 
m e m b r a n e s  behave  as if t h e y  con ta in  a select ivi ty  fil ter 
in series wi th  a vol tage sensi t ive ion gate 1, ~. The selec- 
t iv i ty  fi l ter  is blocked by  the  toxins,  t e t rodo tox in  and 
saxi toxin  3 and  also by  hydr ions  when  the  ex te rna l  p H  is 
lowered 4,s. Analysis  of t he  vol tage  dependence  of the  
blocking act ion of hydr ions  in frog nodes indica ted  t h a t  

the  select ivi ty  fil ter behaves  as a singly ionized acid 
grouping,  located one quar t e r  of the  way  across the  
m e m b r a n e  f rom the  outside,  wi th  a p K a  of 5.4 a t  zero 
po ten t i a l  6. The toxins  have  a h igh  aff ini ty  for sodium 
channels  (around 109 M -1) and in te rac t  wi th  a probable  
s to ich iomet ry  of 1:1. Te t rodo tx in  (pKa  8.8) is less act ive 
a t  alkaline p H  7 suggest ing t h a t  t he  cat ionic form is more  
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