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G A B A  was d e t e r m i n e d  b y  t he  p a p e r  c h r o m a t o g r a p h i c  
m e t h o d  of R o b e r t  a n d  F r a n k e l  as g iven  b y  Colowick and  
K a p l a n  9. D e s c e n d i n g  c h r o m a t o g r a m s  w e r e  r u n  on w h a t -  
m a n  No. 1 p a p e r  u t i l iz ing  w a t e r  s a t u r a t e d  pheno l  as 
s o l v e n t  for 24 h. The  dr ied  shee ts  were s p r ayed  on  b o t h  
sides w i t h  a 0 .1% so lu t ion  of n i n h y d r i n  in b u t a n o l  a n d  
t h e  colour  d e v e l o p m e n t  al lowed to t a k e  place for 30 min  
a t  90~ The  deve loped  spots  were cu t  o u t  in s t a n d a r d s  
a n d  e x p e r i m e n t a l  samples .  S u i t a b l y  chosen  p a p e r  b l a n k s  
were a lways  included.  The  pieces of p a p e r  c o n t a i n i n g  t h e  
spo t s  were cu t  in to  smal l  s t r ips  a n d  e lu ted  w i t h  5 ml  of 
glass dis t i l led water .  The  OD of t he  e lua te  was mea-  
su red  in a DU2  B e c k m a n  s p e c t r o p h o t o m e t e r  a t  570 nm.  
Changes  in g l u t a m i c  and  a spa r t i c  acid levels  were fol lowed 
b y  c i rcu la r  c h r o m a t o g r a p h y  (on w h a t m a n  No. 1 circles 
of 32 cm d iamete r ) ,  as descr ibed  b y  Girl  and  Rao  1~ Fo r  
q u a n t i t a t i v e  e s t ima t ion ,  t he  amino  acid b a n d  was cu t  
a n d  e lu ted  w i t h  75% e t h a n o l  and  0 .1% copper  su lpha t e  
(5:1) solut ion.  The  OD of t he  e lua te  was  m e a s u r e d  in a 
s p e c t r o p h o t o m e t e r  a t  510 nm .  T he  c o n c e n t r a t i o n s  of 
a m i n o  acids were e v a l u a t e d  f rom s t a n d a r d  graphs ,  pre-  
p a r e d  us ing  s t a n d a r d  g l u t a m i c  a n d  a spa r t i c  acids ( B D H  
E n g l a n d ) .  The  levels of glucose in t he  b lood (collected b y  
ca rd iac  punc tu re )  were d e t e r m i n e d  co lor imet r ica l ly  n .  
Results and discussion. I t  is e v i d e n t  f rom t he  d a t a  g iven  
in t a b l e  1 t h a t  t he  we igh t  of t he  a n i m a l  and  b r a i n  ex- 
h i b i t e d  cons iderab le  decrease  as a f unc t i on  of a l loxan  
d iabe tes .  The  b l o o d  sugar  levels d e m o n s t r a t e d  8 0 - 8 5 %  
e l e v a t i o n  as a f u n c t i o n  of disease ( table  1). The  level  of 
G A B A  in genera l  showed  cons ide rab le  decrease  in t he  fore, 
m id  a n d  h i n d  b r a i n  regions on  a l l oxan i za t i on  ( table  2). 
I t  is also clear t h a t  t he  level  of G A B A  exh ib i t ed  regional  
specif ici ty.  I t  was  more  in t he  b r a i n  s t em region a n d  
less in t he  m i d - b r a i n  of con t ro l  frogs ( table  2). On in-  
duc ing  d iabe tes ,  t he  level  of G A B A  decreased  r e m a r k a b l y  
( -- 72.3%) in t he  h i n d b r a i n ,  hence ,  th i s  region showed  t h e  
h i g h e s t  response  d u r i n g  t h e  d i abe t i c  s t a t e  ( table  2). I t  
is the re fore  obv ious  t h a t  t he  b r a i n  s t e m  is the  region 
wh ich  is h igh ly  suscep t ib le  to  t he  effects of a l loxan  
d iabe tes ,  t h u s  sa fegard ing  t h e  fore- a n d  m i d - b r a i n  regions  
w i t h  t he i r  h igh ly  s ign i f ican t  f u n c t i o n a l  a ss ignments .  
T h e  level  of g lu t amic  acid increased  in t h e  fo rebra in  a n d  
decreased  in t he  mid-  and  h i n d - b r a i n  regions  on a l loxaniza-  
t i on  ( tab le  2). Fo l lowing  t he  same t r end ,  t he  level  of 
a spa r t i c  acid also exh ib i t ed  a n  increase  in the  fo reb ra in  
a n d  a decrease  in t he  mid-  a n d  h i n d - b r a i n  regions ( table  2). 

The  decrease  in the  level  of G A B A  a n d  a co r r e spond ing  
decrease  in g lu t amic  a n d  a spa r t i c  acid levels  in  t he  mid-  
a n d  h i n d - b r a i n  regions as a func t ion  of a l loxan  d i abe t e s  
ind ica te  a decrease  in the  p r o d u c t i o n  of t he  i n h i b i t o r y  
t r a n s m i t t e r  in  these  regions.  I n  s u p p o r t  of th is ,  consider-  
able  decrease  in t he  t o t a l  free amino  pool  of mid-  a n d  
h i n d - b r a i n  regions  was obse rved  on  i nduc ing  a l loxan  
d i abe t e s  in  frogs (unpub l i shed  o b s e r v a t i o n s  of N a y e e m -  
unnisa ,  1976). I t  is the re fo re  l ikely t h a t  t he  g lu t amic  acid 
convers ion  to  G A B A  was i n h i b i t e d  b y  t h e  decrease  in t h e  
p recurso r  subs t r a t e .  Th i s  in  t u r n  is r e l a t ed  to t he  h ighe r  
r e s p i r a t o r y  r a t e  of acu te  d iabe t i c  s t a t e  12 and  would  al low 
ce r t a in  synap t i c  p a t h w a y s  to  be  fac i l i t a t ed  a n d  synap t i c  
r a t io  to  be  a l t e red  so t h a t  t h r o u g h  c o n d u c t i o n  p a t h w a y s  
would  be  e s t ab l i shed  13. 
The  s u b s t a n t i a l  decrease  in t he  level  of G A B A  a n d  corres-  
p o n d i n g  increase  in g l u t a m i c  a n d  a spa r t i c  acid levels in  
t he  fo re -bra in  du r ing  d i abe t e s  ( table  2) ind ica te  t h a t  t h e  
p r o d u c t i o n  of t he  i n h i b i t o r y  t r a n s m i t t e r  is decreased  in 
th i s  region p r o b a b l y  due  to s u b s t r a t e  i n h i b i t i o n  as t h e  t o t a l  
free a m i n o  acid pool  increases  in t he  fo re -b ra in  d u r i n g  
d i abe t e s  ( u n p u b l i s h e d  obse rva t i ons  of N a y e e m u n n i s a ,  
1976). This  m a y  p e r h a p s  be  re la ted  to  t he  e n h a n c e d  
p r o t e i n  c a t a b o l i s m  in t h i s  region d u r i n g  d iabe tes .  Ea r l i e r  
r epo r t s  of N a y e e m u n n i s a  7 ind ica t ed  t h a t  t he  p ro t e in  
m e t a b o l i s m  is af fected in t he  b r a i n  of frog d u r i n g  d iabe tes .  
I t  is the re fo re  possible  t h a t  an  increase  in p ro t e in  ca ta -  
bo l i sm m a y  resu l t  as a consequence  of d i abe t i c  s ta te ,  
w h i c h  is well  i nd ica t ed  b y  t he  increase  of free amino  acid 
levels of t he  fo re -bra in  ( table  2 and  u n p u b l i s h e d  obse rva -  
t ions  of N a y e e m u n n i s a ) .  Since g lu t amic  acid and  G A B A  
are i n t i m a t e l y  i nvo lved  in t he  CNS func t ion ,  t he  a l ter -  
a t i ons  b r o u g h t  a b o u t  in  t h e i r  levels b y  t h e  d iabe t i c  s t a t e  
emphas ize  a cor re la t ion  b e t w e e n  t he  d i abe t i c  s t a t e  a n d  
t h e  a l t e red  f u n c t i o n a l  d y n a m i c s  of t h e  cen t r a l  ne rvous  
sys tem.  
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Elec tr ica l  u n c o u p l i n g  by  Sr ac t ion  potent ia l s  in card iac  m u s c l e  1 

R. Ochi  

Department o/ Physiology, Jichi Medical School, Minamikawachi-machi, Tochigi-ken (Japan 329-04), 77 March 7977 

Summary. Sr ac t ion  p o t e n t i a l s  e l ic i ted in guinea-p ig  pap i l l a ry  muscle  u n d e r  Na-f ree  cond i t ions  decreased  t he  space  
c o n s t a n t  and  increased  t he  i n p u t  res is tance .  I t  suggests  t h a t  Sr c u r r e n t  induced  in te rce l lu la r  u n c o u p l i n g  b y  increas ing  
[Sr~i. 

The  p r o p a g a t i o n  of ca rd iac  ac t ion  p o t e n t i a l  requi res  elec- 
t r i ca l  coupl ing  b e t w e e n  ceils. T he  coup l ing  is i n t e r r u p t e d  
b y  Ca, Sr 2 and  N a  3 ions e l ec t rophore t i ca l l y  in j ec ted  in to  
t h e  m y o p l a s m  of P u r k i n j e  f ibres  as in  ep i the l ia l  cells 4 and  
b y  o u a b a i n  t r e a t m e n t  in v e n t r i c u l a r  muscle  5. I r e p o r t  
here  t h a t  s imi la r  e lec t r ica l  u n c o u p l i n g  was p r o d u c e d  b y  
Sr ac t ion  p o t e n t i a l s  ~ wh ich  could increase  [Sr]l b y  Sr  cur-  
r e n t  t h r o u g h  t he  genera l  m e m b r a n e .  

1 Supported by grant from Japanese Ministry of Education and 
from Japan Heart Foundation Research Grant for 1976 contri- 
buted by Tokyo Marine and Fire Insurance Co., Ltd. 
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Fig. 1. Effect of Sr action potentials on electrotonic potentials of 
guinea-pig papillary muscle. A-C Specimen records of electrotonic 
potentials. Series A was performed during 6-12 min perfusion with 
Sr-Tyrode. Then immediately 11 Sr APs were elicited at 0.5 Hz. B 
during 9-18 min after APs. Thereafter preparation was superfused 
for 15 min with normal Tyrode and series C was done during 6-14 
rain after reintroduction of Sr-Tyrode. In D, amplitudes of electrotonic 
potentials were plotted against the distance between the sucrose-gap 
border and the penetrated points for each series. Arrows to regression 
lines indicate the space constants. 

The m e m b r a n e  po ten t ia l s  of guinea:pig  papi l la ry  mus-  
cles, cut  f rom the  r igh t  ventr ic le ,  have  been recorded  
wi th  glass micro-e lec t rodes  while hyperpola r iz ing  and  
s t imula t ing  cu r ren t  pulses have  been appl ied  t h r o u g h  a 
sucrose-gapL The muscle was  perfused  b y  e i ther  no rma l  
Tyrode  or w i th  Na-free,  Ca-free, 20 mM-Sr -Tyrode  s. 
Membrane  cons t an t s  were ob ta ined  dur ing  Sr -Tyrode  
perfus ion by  recording e lect rotonic  po ten t ia l s  a t  var ious  
distancesg.  Af ter  cont ro l  analys is  in Sr -Tyrode  several  Sr 
ac t ion po ten t ia l s  (APs) were elicited. They  accompanied  
s t rong  con t rac t ions  which  usual ly fused toge the r  to  a 
con t rac ture .  Membrane  cons t an t s  were measured  again 
wi th  a de lay  of abou t  10 min  af ter  the  s t imulat ion.  
Figure  1 shows t h a t  11 APs  reduced the  e lec t ro tonic  
po ten t ia l s  recorded f rom the  d i s t an t  p a r t  of muscle  and  
so the  space co n s t an t  ~ ( =  ]/r-~m/ri, where  rm is t he  m e m -  
b rane  res is tance  and r l t h e  in te rna l  res is tance) .  This  ef- 
fect  of APs  was reversed by  perfus ing the  muscle w i t h  
no rma l  Tyrode  for 15 rain. F igure  2 shows ano the r  exper i ,  
m e n t  in which  ~ has been  p lo t ted .  In  figure 2A, t he  de- 
crease of ,~ became a p p a r e n t  af ter  90 min  perfus ion wi th  
Sr-Tyrode.  Then 20 APs  were elicited, which  made  the  
slope of t he  regression line s teeper  w i th  decreasing 2. 
These changes  were a lmos t  reversible b y  washing  the  
muscle  w i th  normal  Tyrode.  Thereaf ter ,  in figure 2B, 
5 APs  s l ight ly  decreased 2, while an addi t iona l  15 A P s  
m a r k e d l y  decreased it. The  inpu t  res is tance R 0 
( =  ~/~m �9 ri) is l inearly re la ted  to  the  y - in te rcep t  of each 
regression line, which was  increased by  Sr APs  in spi te  of 
t he  decrease of 2. I t  indica tes  t h a t  ri was increased b y  
Sr APs.  ~t was  decreased in all of 9 expe r imen t s  by  10 to  

7 R. Ochi, J. Physiol. 263, 139 (1976). 
8 Composition of the normal Tyrode was: NaCI 142, KC1 2.7, 

CaClz 1.8, MgCI~ 1, Tris-HC1 10, glucose 5 (mM) ; pH 7.3. That of 
Sr-Tyrode was: SrC12 20, choline chloride 115, KC1 2.7, Tris- 
HC1 10, glucose 5 (raM); pH 7.3. 

9 A.L. Hodgkin and W. A. H. Rushton, Proc. R. Soc. B 133, 444 
(1946); S. Weidmann, J. Physiol., Lond. 118, 348 (1952). 

50 

mV 

0.5 

87_ 9~Tmin_ ..~ 7:14mln 

After 20 AP 

L 

B) 

o~tter 20 AP 

mm 1.4 0 mm 

Fig. 2. Effect of Sr action potentials and long-time perfusion with Sr-Tyrode on spatial decay of electrotonic potentials. Similar plotting 
as in figure 1D from another experiment. 20 mM-Sr, Na-free solution. In A, 1st series (7-14 min �9 - - - )  and 2nd series (87-97 min A) were 
performed without applying stimulation. 3rd series (O) was done about 10 min after 20 APs. Partial recovery was obtained by normal 
Tyrode perfusion (4th series ix). This last series is plotted as control in B. There 5 APs induced slight uncoupling (A) and additional 15 
APs induced marked uncoupling (O). The effect was reversible by normal Tyrode perfusion (4). Arrows indicate space constants. 
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23 APs  f rom 1.31 m m  (mean, range 0.81-2.00) to  0.36 m m  
(range 0.14-0.66). R 0 was increased in 8 out  of these  9 
cases, a l though  R 0 should be u n d e r e s t i m a t e d  because of 
the  progress  of uncoupl ing  wi!l increase the  leakage cur- 
r en t  f rac t ion  of the  appl ied cu r ren t  pulse. A t e n t a t i v e  
calcula t ion of ri f rom ,~ and  R 0 revealed t h a t  i t  was in- 
creased b y  abou t  10 t imes  by  Sr APs. The increase of ri is 
considered to ref lect  the  increase of intercel lular  coupl ing 
res is tance.  
[Na]o was  essent ia l  to  the  recovery  of coupling ob ta ined  
by  no rma l  Tyrode  perfusion,  since similar  recovery  was 
no t  ob ta ined  b y  Ca-containing,  Na-free Tyrode,  b u t  by  
Ca-deficient ,  Na-con ta in ing  Tyrode.  Tile uncoupl ing  in- 
duced by  e lec t rophore t ica l ly  in jec ted  [Nail 3 and  the  

recovery  of uncoupl ing  by  [Na]o are usual ly  expla ined by  
assuming  t h a t  the  N a - C a  exchange  sys tem,  which  t rans -  
por t s  Sr as well as Ca, pa r t i c ipa tes  in the  regulat ion of 
[Call and  [Sr]i 1~ 
The p resen t  uncoupl ing  by  Sr A P s  could be due to  the  
high [Sr]l p roduced  b y  large Sr current ,  p r e sumab ly  by  
slow up take  of Sr b y  int racel lular  s tores  and  by  decreased 
Sr eff lux under  Na-free  condi t ion.  A l though  the  coupling 
under  normal  condi t ion  is high,  i t  m i g h t  be var iable  de- 
pend ing  on [Ca]i which  is de t e rmined  by  Ca current ,  Ca 
stores and  N a - C a  exchange  sys tem.  

10 H. Reuter and N. Seitz, J. Physiol., Lond. 795, 451 (1968). 

~ransport of~od,um,)water, ~O-methyl-glucose and lL-phenylalanine in vitro 
~bjotin-defiElent r~atstin_testine 
F. Petrell i ,  S. C0deroni,  P. More t t i  and  M. Papare l l i  

Institute o/ General Physiology, University o/ Camerino (Italy), 3 March 1977 

Summary.  In  b io t in -def ic ien t  rats ,  a decreased in tes t ina l  t r a n s p o r t  of Na +, H~O and  L-phenyla lan ine ,  and no t r anspo r t  
differences of 3-O-methyl-D-glucose  were observed.  The lower Na + and  L-pheny la lan ine  t r a n s p o r t  appears  to be 
referable to  a decreased energy  avai labi l i ty  and  p ro b ab l y  no t  to  the  lack of a carrier.  

I t  has  been  d e m o n s t r a t e d  t h a t  incorpora t ion  of amino  
acids into p ro te ins  of liver, in tes t ina l  mucosa,  pancreas  
and skin in vivo and  in vi tro,  is ma rked ly  decreased in 
b io t in  deficiency,  and  t h a t  a single inject ion of b io t in  to  
t he  b io t in  def ic ien t  r a t s  s t imula tes  amino  acid incorpora-  
t ion,  b o t h  in vivo and  in vi t ro ,  more  t h a n  2fold1-8 The 
eva lua t ion  of the  amino  acids incorpora t ion  in to  l iver 
p ro te ins  in vivo and  in vi t ro  indica ted  t h a t  the  synthes is  
of some pro te ins  was h ighly  s t imula ted ,  while the  syn-  
thesis  of o the r  p ro te ins  was no t  s t imula ted  at  all2: such a 
specif ic i ty  has  a l ready  been  descr ibed 4,5. The b io t in-  
med i a t ed  s t imula t ion  was  suppressed  following t r e a t m e n t  
w i th  inh ib i tors  of p ro te in  or R N A  synthesis ,  like puro-  
mycin,  e th ion ine  or ac t inomyc in  D. The effect  of b iot in  
on pro te in  syn thes i s  was preceded  b y  a s t imula t ion  of the  
incorpora t ion  of orot ic  acid into nuclear  and r ibosomal  
RNA,  as ear ly  as 2-4 h a f te r  b io t in  t r e a t m e n t .  In  t he  
presence  of nuclear  R N A  from b io t in - t r ea t ed  ra ts ,  h igher  
levels of amino  acids incorpora t ion  by  no rma l  r a t  l iver 
r ibosomes,  if com pa red  wi th  t he  incorpora t ion  in the  
presence  of s imilar  R N A  isolated f rom bio t in-def ic ien t  
rats1, were ob ta ined .  F u r t h e r  evidence  suggests  t h a t  the  
syn thes i s  of o the r  R N A  frac t ions  is s t imula ted  by  
b io t in  e-8. 

Table 1. Sodium, water and L-phenylalanine transport: values ob- 
tained from everted intestinal sacs of normal control and biotin- 
deficient rats 

Groups Transport 
Water Sodium L-phenylalanine 
(ml/g-1 h-l) ([xmoles/g -1 h -1) ([xmoles/g -1 h -1) 

Normal rats (6) 6.34 i 1114 911 q: 165 62.2 4- 7.5 
Biotin-deficient 3.27 4- 0.94* 470 4- 137" 43.3 q- 10.7" 
rats (7) 

Incubating fluid: Krebs-Henseleit bicarbonate (pH 7.4) + 10 mM 
L-phenylalanine. 
Numbers in parenthesis indicate the number of animals. Values are 
expressed as mean + SD. * p < 0.001; significant difference from 
normals (Student's t-test). 

In  biot in  deficiency, the  energy  p roduc t ion  is impai red  
by  decreased ut i l iza t ion of glucose and by  decreased 
ox ida t ive  phosphory la t iong ;  also the  lipid co n t en t  of 
mi tochondr i a  is s ignif icant ly  decreased% The liver ace ty l  
CoA carboxi lase  ac t iv i ty ,  as well as t he  in vivo incorpora-  
t ion  of acetate-1-14C into  liver phosphol ip id  f ract ion of 
b io t in-def ic ient  rats ,  was less t h a n  50% of normal  levels. 
The cholesterol  syn thes i s  is also a l tered  1~ The bio t in-  
def ic ient  ra t  l iver mi tochondr i a  showed decreased phos-  
phory la t ion  efficiency and  poor  r e sp i r a to ry  control ,  as 
compared  to no rma l  ra t  l iver mi tochondr ia ,  when  
NAD+-l inked subs t r a t e s  were oxidized.  No difference 
be tween  b io t in-def ic ien t  and no rma l  r a t  l iver mi tochon-  
dria  in b o t h  the  pa rame te r s  referred  to above were seen 
when  succinate  was the  subs t r a t e ;  such resul ts  indicate  
t h a t  the  observed  loose coupl ing was localized at  
si te I n ,  12 The locus of damage  in energy  conserva t ion  is 
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