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Systolic blood pressure (BP) and serum urea (BUN) and creatinine (Cr) concentrations in uninephreetomized rats before and after renal 
artery clipping 

Groups Before clipping 28 Days ~fter clipping 

BP BUN Cr BP BUN Cr 
(mmHg) (mg/dl) (mg/dl) (mmHg) (mg/dl) (mg/dl) 

I 125 =L 3~ 13.8 j :  0.1 0.55 ~ 0.04 173 ~ 4~ 23.5 :t: 0.4~ 1.00 • 0.06" 
II 125 :t: 2 16.6 4- 0.1 b 0.69 :h 0.04 b 152 :J: 2 b' ~ 24.1 ~ 0.9 ~ 1.05 :~ 0.07 ~ 
III 121 ~ 3 17.3 ~ 1.0 b 0.70 =c 0.05 b 172 :t= 4 ~ 25.4 ~= 2.5 o 1.14 =~ 0.08~ 

10 animals in each group, a Mean .~ 1 SE. b p < 0.05 when compared to group I. c p < 0.01 when compared to the basal value for the same group. 

for ano the r  17 days.  At  the  end of the  exper iments ,  
p l a sma  urea and  creat in ine  concen t ra t ions  were deter-  
mined  in 10 animals  f rom each group, all ra t s  were killed, 
and  the  t r a n s p l a n t s  were r emoved  and examined  as 
previously  descr ibed 10. All animals  included in the  s t u d y  
m e t  the  following cr i ter ia :  1. histological  evidence of 
successful  t r an sp l an t a t i on ;  and  2. systol ic  blood pressure  
a t  the  beginning  of t he  s t u d y  below 140 m m  Hg. The 
cr i ter ion for hype r t ens ion  was B P  > 149 m m  Hg  (3 SD 
above the  mean  blood pressure  of 598 animals  of th is  
s train) .  Resul ts  are expressed  as m e a n  :t= i SE. 

Results and discussion. No signif icant  difference in the  
average b o d y  weight  was observed be tween  the  groups a t  
any  t ime.  Serum urea and  creat in ine  concen t ra t ions  are 
shown in the  Table.  The character is t ics  of the  auto-  
t r ansp l an t s  of b o t h  renal  medul la  and cor tex  were con- 
s i s ten t  w i th  those  descr ibed earlier 10. The morphological  
fea tures  of the  r enomedul l a ry  t r a n s p l a n t s  in the  p resen t  
case were cons i s ten t  w i th  those  shown to  p ro t ec t  agains t  
hype r t ens ion  9,10. 

The resul ts  of the  p resen t  s t u d y  (Figure 1) have  shown 
t h a t  t r a n s p l a n t a t i o n  of the  renal  medulla ,  b u t  no t  of 
renal  cortex,  abolishes the  blood pressure  rise in the  course 
of renal  hyper tens ion .  Moreover,  a f ter  t r a n s p l a n t  removal ,  
the  blood pressure  in group II  rose wi th in  1 week to  t he  
level found in groups  I and  I I I  (Figure 2), a f inding t h a t  
fu r ther  suggests  an t ihype r t ens ive  act ions  by  reno-  

medul la ry  tissue. The p resen ted  d a t a  are in close agree- 
m e n t  w i th  the  previous  repor t s  on the  an t i h y p e r t en s i ve  
effect  of r enomedul l a ry  t r ansp l an t s  in one-k idney  renal  
h y p e r t e n s i o n  8. 

The f inding of par t icu lar  in te res t  was t h a t  af ter  renal  
a r t e ry  cl ipping the  t ime course of blood pressure  increase 
and the  final level of blood pressure  reached  were similar 
in ra t s  f rom groups  I (with no rma l  medul la  inside the  
cl ipped kidney) and  I I I  (with a lmos t  comple te ly  a t roph ied  
medulla).  However ,  the  presence of medu l l a ry  t issue 
outs ide  of the  cl ipped k idney  (group II) p ro t ec t ed  the  
animals  agains t  hyper tens ion .  These resul ts  suggest  t h a t  
renal  a r t e ry  cl ipping interferes  in some way  wi th  t he  ant i -  
hyper t ens ive  func t ion  of the  renal  medulla .  Thus,  the  
d e v e l o p m e n t  of renal  hype r t ens ion  a p p a r e n t l y  involves 
c l ip- induced renomedu l l a ry  def iciency as well as the  known  
roles of t he  ren in-angio tens in  s y s t e m  and  sod ium and  
wa te r  r e t en t ion  15,16. In  q u a n t i t a t i v e  t e rms  th is  con t r ibu-  
t ion  m a y  be on the  order  of 20-30 m m  Hg, t h u s  repre-  
sen t ing  abou t  one half  of t he  to ta l  blood pressure  rise in 
t he  p re sen t  case. 

16 E. D. MILLER, JR., A. L. SAMUELS, E. HABER a n d  A. C. BARGER, 
Am. J. Physiol. 228, 448 (1975). 

16 J.  F. LIARD and G. PETERS, Pfliigers Arch. ges. Physiol. 3dd, 93 
(1973). 

S o d i u m  Pump:  its Importance  to Intercel lular C o m m u n i c a t i o n  in Heart  Fibres  1 

W. C. DE MELLO 

Department of Pharmacology, Medical Sciences Campus, 
USA),  8 September 7975. 

U.P.R.,  G.P.O. Box 5067, San Juan (Puerto Rico 00936, 

Summary. The effect  of ouabain  on the  electrical  coupl ing of canine Purk in je  cells was inves t iga ted .  I t  was found t h a t  
the  glycoside decreases cell communica t ion  t h r o u g h  an increase in j unct ional  resistance,  w h a t  suppor t  s t he  view 2 t h a t  
the  sodium p u m p  has  an i m p o r t a n t  role on the  contro l  of cell communica t ion .  

Previous  observa t ions  f rom our l abora to ry  2,~ have  
shown t h a t  t he  in ject ion of sodium ions into a h e a r t  or 
l iver cell (DE MELLO, unpubl ished)  p roduces  electrical  
uncoupling.  These observa t ions  are p robab ly  expla ined 
b y  the  inc remen t  of t he  in t racel lular  calcium concent ra-  
t ion  which  follows the  raise of t he  in t racel lular  sodium 
contenta ,  5. Ev idence  has  been p resen ted  t h a t  calcium is, 
indeed,  involved in t he  contro l  of junc t iona l  pe rmeab i l i t y  
in epi thel ia  6 and  in cardiac Purk in je  fibers ~, s. In  suppor t  
of this  idea i s  our  recent  f inding t h a t  t he  in ject ion of 
sodium ions in to  a cardiac Purk in je  cell, immersed  in low 
calc ium solution, had  a smal l  effect  on cell communica -  

1 This work was supported by Grant No. HL-10897 from the Natio- 
nal Heart and Lung Institute, Bethesda, Maryland; from the P.R. 
Heart Assoeiation arid from the General Research Support Grant. 

2 W. C. DE MELLO, The Physiologist 17 (1974). 
3 W. C. DE MELLO, Experientia 31,460 (1975). 
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Fig. 1. Effect of ouabain on the electrical coupling of Purkinje cells. 
A) Decrease of intercellular communication caused by ouabain 
(6.8 x 10 -7 M) (average from 3 experiments). 13) II~erease of input 
resistance recorded from a single Purkinje cell during the action 
of the glycoside (average from 3 experiments). Temperature 36~ 
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Fig. 2. Influence of ouabain on the rate of cell uncoupling produced 
by intraeellular sodium injection. A) Suppression of cell communica- 
tion caused by the injection of sodium ions into a normal Purkinje 
cell (average from 3 experiments). B) Shows the action of ouabaiu 
(6.8 • 10 -7 M) accelerating the uncoupling produced by intracellular 
sodium injection. The treatment with ouabain started 5 min before 
sodium injection (average from 3 experiments). C) and D) Show 
increase of input resistance of the injected cell recorded simulta- 
neously with cell communication before (C) and after treatment 
with ouabain (D) (average from 3 experiments). Temperature 36 ~ 

t ion .  The  r e s t a b l i s h m e n t  of t h e  e x t e r n a l  ca lc ium con-  
c e n t r a t i o n  (2.7 m M )  a f t e r  400-500 sec of sod ium injec-  
t ion ,  lead  i m m e d i a t e l y  to  cell uncoup l ing  (DE MELLO, 
unpub l i shed) .  

The  suppress ion  of cell c o m m u n i c a t i o n  p roduced  b y  
in t r ace l lu l a r  sod ium in j ec t ion  is h i g h l y  ind ica t ive  t h a t  
t he  sod ium p u m p  is la rgely  i n v o l v e d  in t h e  con t ro l  of 
in t e rce l lu la r  c o m m u n i c a t i o n .  P r e l i m i n a r y  s tudies  9 indi-  
cated,  indeed,  t h a t  t he  i n h i b i t i d n  of t h e  sod ium p u m p  in 
can ine  P u r k i n j e  f ibres  causes  e lectr ical  uncoupl ing .  This  
poss ib i l i ty  was  f u r t h e r  i n v e s t i g a t e d  in  t h e  p r e sen t  work.  

E x p e r i m e n t s  were m a d e  on  i so la ted  s t r a n d s  of can ine  
P u r k i n j e  fibres. The  an ima l s  were a n e s t h e t i z e d  w i t h  
s o d i u m  p e n t o b a r b i t a l  i .v .  and  t he  h e a r t  i m m e d i a t e l y  
r e m o v e d  a n d  i m m e r s e d  in cooled T y r o d e ' s  so lu t ion  to 
reduce  t he  oxygen  deb t .  S t r a n d s  of P u r k i n j e  f ibres  were 
t h e n  dissected  f rom the  lef t  ven t r i c l e  a n d  t r an s f e r r ed  to  
a t r a n s p a r e n t  c h a m b e r  t h r o u g h  w h i c h  T y r o d e ' s  so lu t ion  
w i t h  t he  fol lowing compos i t i on  flowed c o n t i n u o u s l y  (mM) : 
NaC1 - 137 ; KC1 - 5.4; CaC12 - 2.7 ; NaHCO~ - 12 ; MgCle - 
0.5; N a H 2 P O  ~ - 3.6 and  dex t rose  - 5.5. The  sai ine solu- 
t i on  was s a t u r a t e d  w i t h  a m i x t u r e  of 5% CO S and  95% 
02 a n d  k e p t  a t  36 ~ p H  of so lu t ion  was 7. 

O u a b a i n  (S igma Chemical  Co.) t h a t  i nh ib i t s  t h e  sod ium 
p u m p  in t h e r a p e u t i c  doses 10 was used a t  a c o n c e n t r a t i o n  
of 6.8 • 10 -7 M.  Microe lec t rodes  (10-15 MD) filled w i t h  
NaC1 (2 M) were used  to  in j ec t  t h e  ion in to  t h e  cell ac- 
cord ing  to t h e  t e c h n i q u e s  of NASTI:K 11 a n d  DEL CASTILLO 
and  KATZ 1~. The  in j ec t ion  of sod ium was  m a d e  app ly ing  
o u t w a r d  r e c t a n g u l a r  c u r r e n t  pulses (60 msec in du ra t i on ,  
6 c/s) de l ivered  b y  an  e lec t ronic  s t i m u l a t o r  and  isola t ion  
u n i t  to  t he  in te r io r  of t h e  mic rop ipe t t e .  The  e lectr ical  
coupl ing  was m e a s u r e d  b y  in j ec t ing  c u r r e n t  pulses in to  
a P u r k i n j e  cell t h r o u g h  one microe lec t rode  a n d  record ing  
t he  r e su l t ing  v o l t a g e  change  w i t h  a n o t h e r  microe lec t rode  
impa l ed  in a n  a d j a c e n t  cell as. C o n v e n t i o n a l  3 M KC1 
microe lec t rodes  (10-15 M D  res is tance)  were connec t ed  
to a s t a n d a r d  c a t h o d e  fol lower a n d  d.c.  ampli f ier .  The  
vo l t age  changes  as well  as t he  c u r r e n t  pulses were dis- 
p l ayed  s imf l l t aneous ly  in a 565 T e k t r o n i x  oscilloscope 
and  pen  recorder  (Dynograph) .  The  i n p u t  r e s i s t ance  of 
P u r k i n j e  ceils was  m e a s u r e d  w i t h  a single microe lec t rode  
connec t ed  to  a ba l ance  b r idge  c i rcu i t  se rv ing  to  pass  
c u r r e n t  pulses and  record  vo l t age  changes .  S t i m u l a t i o n  
was m a d e  w i t h  a pa i r  of f ine s i lver  e lec t rodes  gen t ly  ap-  
pl ied to t he  surface of t h e  f ibre.  

The  resul t s  o b t a i n e d  ind ica t ed  t h a t  cell c o m m u n i c a t i o n  
is l a rge ly  i m p a i r e d  b y  ouaba in .  As can  be  seen in F igure  
1 A (average f rom 3 exper iments )  t he  e lect r ica l  coup l ing  
of a d j a c e n t  P u r k i n j e  cells was g r adua l l y  r educed  b y  t he  
glycoside (6.8 • 10 -~ M) reach ing  50% of t h e  con t ro l  
va lue  ill 10 ra in  of i ncuba t ion .  The  i n p u t  r e s i s t ance  of 
single P u r k i n j e  ceils was  increased  c o n c o m i t a n t l y  w i t h  
t he  fal l  in cell c o m m u n i c a t i o n  (see F igure  1 B) w h a t  m e a n s  
t h a t  t h e  decrease  in size of t he  e lec t ro ton ic  p o t e n t i a l s  
was  no t  r e l a t ed  to  a r e d u c t i o n  in res i s t ance  of t he  non -  
j u n c t i o n a l  cell m e m b r a n e .  On t h e  o t h e r  h a n d ,  t he  increase  
in i n p u t  r es i s t ance  was no t  r e l a t ed  to  depo la r i za t ion  of 
t he  surface  cell m e m b r a n e .  The  res i s t ing  p o t e n t i a l  was  
s l igh t ly  r educed  (abou t  4 mV) du r ing  t he  f i rs t  25 min.  
This  is c e r t a i n l y  r e l a t ed  to t he  use of a n  increased  ex t r a -  
cel lular  p o t a s s i u m  c o n c e n t r a t i o n  (5.4 m M )  which  is 
k n o w n  to  decrease  o u a b a i n  t o x i c i t y  1~. 

9 W. C. DE MELLO, The  Physiologis t  78 (1975). 
10 I. M. GLYNN', Pha rmac .  Rev.  16, 381 (1964). 
11 W. L. NASTUK, Fedn.  Proc. 72, 102 (1953). 
12 J. DEL CASTILLO and  ]3. I~ATZ, J.  Physiol. ,  Par i s  128, 157 (1955). 
~3 p. ]?ATT and  B. KATZ, J.  Physiol . ,  Lond.  775, 320 (1951). 
14 p. MI3LLER, Cardiologia 42, 176 (1963). 
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Pre l iminary  exper iments  performed on m a m m a l i a n  
l iver  ceils (guinea-pig) showed similar results, t ha t  is, 
ouabain  (6.8 • 10 -7 M) reduced cell communica t ion  by  
60% in about  10 min. 

Uncoupl ing  of hear t  cells produced by  intracel lular  
sodium inject ion was achieved more rapidly  in presence 
of ouabain.  As is i l lustrated in Figure  2 A (average f rom 
3 experiments)  the  inject ion of sodium into a Purkin je  
cell abolished the  electrical coupling in 500 sec. Exper i -  
ments  performed on the  same fibres exposed to ouabain  
(6.8 • 10-~ M) showed t h a t  the  intracel lular  sodium in- 
jec t ion caused uncoupl ing in 230 sec (see Figure  2]3 - 
average f rom 3 experiments) .  These results are p robab ly  
explained by the  build up of a larger in t racel lular  sodium 
concent ra t ion  in a shorter  period of t ime since the  ext ru-  
sion of sodium was reduced or abolished by  ouabain.  In  
bo th  s i tuat ions  the  input  resistance of the  injected cell 
was increased as is shown in Figure  2, C and D. 

S t imula t ion  of the  hear t  fibres at  a high ra te  (3 c/s) 
t ha t  is known to raise the  intracel lular  sodium concentra-  
t ion also lead to accentua ted  decrease of cell communica-  
t ion in Purk in je  fibres exposed to ouabain.  On these 
exper iments ,  the  hyperpolar iza t ion  usual ly  elicited by  
s t imulat ion at  a high rate  in normal  fibres 1~ was negligible 
or absent,  and in some exper iments  a depolar izat ion was 
found, wha t  p robab ly  con t r ibu ted  to the  reduct ion  of cell 
communica t ion  by  increasing the  inward m o v e m e n t  of 
calcium. 

In  summary,  the  results presented above  indicate  t h a t  
the  sodium p u m p  plays an impor t an t  role on the  regula- 
t ion of cell communica t ion  in hear t  muscle. These ob- 
servat ions  h ighly  suggest  t h a t  the  block of impulse con- 
duct ion caused by  cardiac glycosides in cardiac tissues, 
can be due, at  least  in part ,  to an increase in junc t iona l  
resistance. The mechanism by  which ouabain  impairs  cell 
communica t ion  in Purkin je  fibres is p robab ly  re la ted to 
the  increase of the  intracel lular  calcium conten t  t h a t  
follows the  increment  of the  in ternal  sodium concentra-  
t ion.  A similar effect of ouabain  in vent r icu lar  muscle 
has recent ly  been repor ted  by  WEIN~ART ~6. The fall of 
intercel lular  communica t ion  found in l iver  ceils exposed 
to the  glycoside seems to indicate  t h a t  the  role of sodium 
ext rus ion on main ta in ing  a high conductance  p a t h w a y  
between cells is no t  l imited to cardiac muscle. 

An impor t an t  impl ica t ion of these results is t h a t  the  
intercellular  m o v e m e n t  of ions and molecules ~7 can be 
largely reduced or abolished by  suppression of the  sodium 
pump.  The physiological  and pathological  meaning  of 
these observat ions  are obvious and requires fur ther  in- 
vest igat ion.  

15 ~VL VASSALLE, Circulation Res. 27, 361 (1970). 
16 R. WEINGART, Experientia 31, 715 (1975). 
17 H. SUBAK-SHARPE, P. BUCK and T. D. PITTS, J. Cell Set. 4, 353 

(1969). 

Behavior and Endocrine Effects of 3 ,4 ,5 -Tr imethoxyamphetamine  in Male Mice 

A. S. WELTMAN, A. M. SACKLER, V. PANDHI and L. Jo~INSON 

Laboratories /or Therapeutic Research, Brooklyn College of Pharmacy, Long Island University, 598-608 La/ayette 
Avenue, Brooklyn (New York 17276, USA), 4 November 1975. 

Summary. Effects  of single doses of 50 and 100 mg/kg  of TMA given i.p. were noted in male albino mice af ter  40 min  
and 21/2 h. Locomotor  ac t iv i ty  was s ignif icant ly  al tered and biochemical  tests indicated s t imula to ry  effects on adreno-  
cort ical  and ad renomedul l a ry  funct ions due to TMA. 

In  previous studies SACKLER et  al. have  inves t iga ted  
behaviora l  and endocrine effects of LSD-25 ~,~, and 
mescaline3, 4 in l abora to ry  animals  in expec ta t ion  t h a t  
per t inen t  da ta  could be obta ined concern ing  possible 
biochemical  basis in the  et iology and pa thophys io logy  of 
schizophrenias.  P~RETZ et  al. 5 first  repor ted  t h a t  a 
der iva t ive  of amphe tamine  namely  3, 4, 5 - t r imethoxyam-  
phe tamine  (TMA) was also hal lucinogenic in man  pro- 
ducing effects similar  to its close chemical,  psychomi-  
met ic  re la t ive  mescaline. Chronic in take  of amphe tamine  
has s imilar ly  been known to cause paranoid  psychoses 
in cer ta in  addicts  resembling schizophrenia s. St~ULGIN 7 
tes t ing a number  of TMA der iva t ives  among t h e m  the  
present  3 .4,5-analogue repor ted  the  drug was twice as 
ac t ive  as mescaline. The  present  inves t iga t ion  therefore 
sought  to de termine  acute  behavioral ,  b iochemical  and 
adrenal  (adrenocortical  and adrenomedul lary)  influences 
of 3, 4, 5 - t r ime thoxyamphe tamine  in male albino mice to 
observe a possible common pa t te rn  and relat ionships of 
hal lucinogenic substances.  

The compound  3, 4, 5 - t r ime thoxyamphe tamine  HCI 
(TMA) was synthesized by  the  me thod  of HEY s. To ob- 
serve acute  effects of TMA on behav ior  and endocrine 
act ivi ty ,  male  albino mice (CFW) averaging  25 g were 
ma tched  by  body  weights  into appropr ia te  tes t  and 
control  groups af ter  prior  acc l imat iza t ion  for 1 week in 
cages conta ining 4 mice per  cage. Tes t  animals  were 

injected i.p. wi th  TMA solutions at  dose levels of 50 mg/  
kg (Group A) and 100 mg/kg  (Group B). Control  mice 
received equ iva len t  inject ions of saline. 

Effects  on locomotor  ac t iv i ty  were eva lua ted  in open- 
field enclosures ~ for 0-40 min a t  5 min in tervals  in a l iquot  
groups of mice and in addi t ional  groups f rom 40 to 150 
min after  adminis t ra t ion  of the  single inject ions of TMA 
and/or  saline solutions. Al iquot  groups of tes t  and control  
mice were likewise sacrificed by  rapid  decapi ta t ion  40 min  
and 2~/2 h af ter  TMA adminis t ra t ion.  Hepar in ized  blood 
specimens were collected and assayed for p lasma glucose Q 
and cort icosterone ~~ ti ters.  The  adrenals  were excised 
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Pharmac. 9, 324 (1965). 
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