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ou tpu t .  A l though  blood p H  m e a s u r e m e n t s  were  no t  
made  t h r o u g h o u t  the  dura t ion  of each of these  exper-  
iments ,  it  appears  reasonable  to us t h a t  changes  seen 
subsequen t  to  60 rain of sampl ing  m a y  be due to  the  
deve lopmen t  of acidosis. In  o ther  expe r imen t s  we have  

Table I. Renal glucose uptake (+) and output (--) in control and 
acidotic dogs 

Control Acidotic 

Renal arterial rag/100 ml 84.2 :~ 2.18 84.5 =t- 1.65 
Renal venous mg/100 ml 78.7 • 1.82 85.0 ~_ 1.55 
RBF ml/g kidney rain 4.9 4- 0.45 4.2 • 0.70 
Output or uptake [zM/g nfin 1.95 :j- 0.22 -- 0.215 ~ 0.07 
Blood pH 7.30 - 7.39 7.17 - 7.22 

Averages for Iirst six 10-min periods. 

Table II. Average renal uptake (+) or output (--) of glucose 
(~zmoles/g kidney, rain) 

Time Control Acidotic 
(n = 3) (I1 =4) 

0 1.22 - 0.17 
10 1.62 - 0.17 
20 1.47 - 0.35 
30 2.72 - 0.09 
40 1.96 0.09 
50 2.64 -- 0.47 
60 2.04 - 0.35 
70 0.21 - 0.80 
80 0.98 0.41 
90 0.28 -- 0.07 

100 -- 0.03 -- 0.15 

done on dogs anes the t i zed  wi th  p en t o b a rb i t a l  we have  
no ted  the  d e v e l o p m e n t  of an acidosis w i th  t ime.  

In  s u m m a r y  the  da t a  p resen ted  herein on p re l imina ry  
exper imen t s  in vivo lend suppor t  to  work  done i n  v i t ro  
to d e m o n s t r a t e  enhanced  renal  gluconeogenesis  in acidot ic  
ra t s  ~ and  dogsS. 

Whi le  our expe r imen t s  were being ana lyzed  a r epo r t  
by  STEINER et  al. s ut i l izing d i f ferent  me thodo logy  
ind ica ted  also t h a t  renal  gluconeogenesis  occurs in vivo 
in acidot ic  dogs to  a grea te r  e x t e n t  t h a n  in normal  dogs. 
We  have  no t  p resen ted  any  evidence to  clarify t he  
mechan i sm b y  which  acidosis effects renal  g luconeogen-  
esis. However ,  our  d a t a  are no t  incons i s ten t  w i th  t he  
hypo thes i s  p u t  fo r th  by  STEINER et al. s t h a t  metabo l ic  
acidosis m a y  accelerate  a ra te - l imi t ing  reac t ion  in renal  
gluconeogenesis  be tween  ~-ketoglu tara te  and  glucose. 
The resul t ing e n h a n c e m e n t  in the  convers ion  of a-keto-  
g lu ta ra te  and  g lu t ama te  to  glucose would p roduce  an 
increased renal  venous  glucose and  a decrease in in t racel -  
lular g lu tamate .  The reduc t ion  in g lu t ama te  could in 
t u rn  ac t iva te  g lu taminase  1 or reduce i ts  inhibi t ion9 and  
thus  resul t  in an increase in a m m o n i a  p roduc t ion  f rom 
glutamine.  

Zusammen/assung. I3ei durch  A m m o n i u m c h l o r i d  10 
Tage az idot i sch  g e m a c h t e n  H u n d e n  i iber t raf  die ven6se  
Glukosekonzen t ra t ion  in der  Niere die arterielle. De r  ge- 
s amte  Blu tdurchf luss  blieb indessen  kons tan t .  
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Effect of A u t o n o m i c  Drugs  on Ca-Induced  Contractures  of the Frog ' s  Ventricle  

To clarify t he  act ion of au tonomic  drugs on cardiac 
muscle,  their  effect  on con t rac tu res  was  s tudied  by  
recording tens ion and m e m b r a n e  potent ia l .  Po ten t i a l s  
were de t e rmined  by  the  sucrose gap method .  Modified 
Ringer  solut ion conta ined  in raM:  NaC1 115; CaC12 1; 
KC1 2; Tris chloride (pH 7.4) 2. Cont rac tures  were pro- 
duced by  Ringer  solut ion conta in ing  25-40 m M  Ca, made  
by  subs t i tu t ing  CaC12 for NaC1. Str ips  of the  ventr ic le  
of the  frog (Rana pipiens) were used. The following 
results  were ob ta ined :  

(1) Acetylchol ine  increased the  con t rac tu re  induced  by  
high Ca Ringer  solut ion or in i t ia ted  a response  a t  Ca 
concen t ra t ions  s l ight ly below threshold.  A max ima l  effect  
was p roduced  a t  a concen t ra t ion  of 10 8 g/ml. At rop ine  
subsequen t ly  caused rapid  relaxat ion.  

(2) During high Ca cont rac ture ,  ep inephr ine  a t  con- 
cen t ra t ions  of 10 -8 g/ml  induced re laxa t ion  (Figure) which  
was near ly  comple te  in some exper iments .  The subsequen t  
appl ica t ion  of t he  fl-blocking agent  MJ 1999 caused 
con t rac tu re  again. 

(3) W h e n  a muscle was washed  in Ca-free Ringer  
solut ion conta in ing  2 m M  E G T A  for 10-30 rain, t h e n  

t rans fe r red  to Ringer  solution,  a t r ans i en t  con t r ac tu re  
was produced,  pe rhaps  due  to an influx of Ca. Acetyl-  
choline under  these  condi t ions  p roduced  rap id  re laxat ion .  

(4) Membrane  po ten t ia l s  did no t  change  dur ing  con- 
t r ac tu res  induced  by  acety lchol ine  or dur ing  re laxa t ion  
induced  by  ep inephr ine  or a t ropine ,  bu t  dur ing re laxa t ion  
caused by  acetylchol ine  the  m e m b r a n e  po ten t i a l  was  
usual ly increased by  a few mV. 

The effects  of these  drugs  on con t rac tu res  are qui te  
unexpec t ed  on the  basis of our  p resen t  knowledge  of 
the i r  inotropic  act ion in conduc t ed  responses.  The epine- 
phr ine - induced  re laxa t ion  m a y  be re la ted  to  the  d iminu-  
t ion  of the  K con t rac tu re  observed  by  GRAHAM and  
LAMB 1'2 and  KAVALER and  MORAD a. GRAHAM and LAMB 2 
proposed  t h a t  ep inephr ine  diminishes  the  K con t r ac tu r e  
by  lowering Ca influx. In  a similar  fashion, the  re laxing  

1 j .  A. GRAHAM and J. F. LAMB, J. Physiol. 183, 25P (1966). 
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effect  of ep inephr ine  and a t rop ine  on Ca con t rac tu res  
can be exp la ined  if i t  is fu r the r  assumed t h a t  the  con- 
t r ac tu re  depends  on a con t inuous  inf lux of Ca. Since 
the  m e m b r a n e  po ten t i a l  does'  no t  change  significantly,  
th is  inf lux m u s t  be ve ry  smal l  or be associa ted wi th  
o the r  ion movemen t s .  The increase in con t rac tu re  pro-  

-50 

> -'/5 

-100 . . . .  -/fl 

25 / 

t [?1 ACH 
_ L _ _ ~ _  ~0 5'0 rain 

Effect of epinephrine (10 7 g/nil) and acetylcholine (10 7 g/ml) on 
tension (lower line) and membrane potential (upper line) during 
contracture induced by high Ca (34 inM) Ringer solution. High 
Ca Ringer solution produced a slow increase in resting potential 
and a contracture. Arrows: application of epinephrine (EPI) and 
acetylcholine (ACH). 

duced by  acety lchol ine  can t h e n  be expla ined  by  assuming  
t h a t  influx of Ca is increased.  Tha t  ep inephr ine  lowers 
Ca inf lux in the  frog 's  ventr ic le  4 suppor t s  th is  explana t ion ,  
b u t  the  opposi te  effect  has  been  r epo r t ed  for the  h e a r t  
of o the r  species s-7. 

Zusammen/assung. K o n t r a k t u r e n  des Froschvent r ike l s  
in Ringer l6sung m i t  hoher  Ca -Konzen t r a t i on  werden  
du tch  Azety lchol in  vers t~rkt ,  w/ihrend Adrenal in  Er -  
schlaffung herbeiff ihr t .  Diese Wi rkungen  sind n ich t  m i t  
~_nderungen des Memb ran p o t en t i a l s  v e r b u n d e n  und  sind 
viel leicht  die Folge  sehr  kle iner  ~ n d e r u n g e n  des Ca- 
Austausches .  Bei n iederer  Ca -K o n zen t r a t i o n  kann  Azetyl-  
cholin auch Ersch la f fung  erzeugen.  
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L a c k  o f  E f f e c t  o f  T r i s - ( H y d r o x y m e t h y l ) A m i n o m e t h a n e  U p o n  Myocardia l  Contracti l i ty  

The cardiovascular  act ions  of Tris(hydroxymethyl)- 
a m i n o - m e t h a n e  (THAM) have  been  repor ted  pre-  
viously1 7. This amine  has  been  found  to  increase ven-  
t r icular  cont rac t i le  force  and  the  reponse of the  h e a r t  
to ca techolamines  in acidot ic  dogs 3. I t  has  been  suggested 
t h a t  the  card iovascular  ac t ions  of T H A M  are no t  depen-  
den t  on changes  in ar ter ial  b lood pH*;  however ,  WANG 
and KATZ found no increase in vent r icu la r  cont rac t i le  
force and  coronary  blood flow when  T H A M  t i t r a t ed  to  
p H  7.40 was in jec ted  to dogs 7. 

W h e n  T H A M  is in jec ted  in t he  b loods t ream,  2 separa te  
p h e n o m e n a  occur;  on one side, there  is a decrease in 
pCO 2 of t he  blood t h a t  is in immed ia t e  con tac t  w i th  
T H A M ;  l a t e r  on, a f ter  blood has  been  equi l ibra ted  in 
t he  lungs, p H  will r emain  high, its value obviously  
depend ing  upon  the  a m o u n t  of THA1V[ injected.  

I t  was our  in t en t ion  to  s t u d y  w h e t h e r  or no t  T H A M  
has  any  inot ropic  act ion upon  isolated hea r t  muscle,  
in a sys t em in which  acid base  changes  could be avoided.  

Methods. The expe r imen t s  were pe r fo rmed  us ing  iso- 
la ted  hea r t  muscle;  in 5 exper iments ,  s t r ips  of the  r igh t  
ventr ic le  of rat ,  and  in 7 exper iments ,  r ight  ven t r icu la r  
ca t  papi l la ry  muscle,  was used. The muscles were m o u n t e d  
in a chamber ,  t he rmos t a t i z ed  at  30~ t h rough  which  
Ringer  solution, previous ly  equi l ibra ted  wi th  a gas 
mix tu re  of 5% COs in 02, was  allowed to  flow at  a ra te  
of 5 ml /min.  The muscle,  a t t a c h e d  to  a force t ransducer ,  
was  s t imula ted  at  a ra te  of 12/min. The isometr ic  devel-  
oped tens ion  (DT), as well as the  ra te  of rise of t ens ion  
(dp/dt), and the  t e m p e r a t u r e  of the  solution, were  
recorded in a polygraph .  

The p H  and  pCO 2 of t he  solut ions were measured  
anaerobical ly  w i th  e lect rodes  t he rmos t a t i z ed  a t  30 ~ 

The exper imen ta l  sequence was the  following: since 
the  beginning  of t he  exper iment ,  the  muscle  was immersed  
in a solut ion conta in ing  NaHCOa 30 raM~l, and  equi- 
l ibra ted  wi th  a gas mix tu re  w i th  a pCO~ of app rox ima te ly  
40 m m  Hg. The p H  of the  solut ion was  app rox ima te ly  
7.40. Af ter  a s t e ad y  s ta te  was achieved in DT and  dp/dt, 
the  solut ion was changed to  a second one in which  
NaHCO 3 was  replaced by  THAM, in a concen t ra t ion  of 
40 .8raM/ i ,  tha t ,  when  equi l ibra ted  wi th  a pCO~ of 
40 m m  Hg, yie lded a p H  of abou t  7.40. The muscle was  
immersed  in th is  solut ion for ap p ro x i ma t e l y  15 rain, and  
then  swi tched again to  the  f i rs t  solution.  During the  3 
periods samples  for p H  and  pCO 2 a n d  fast  recordings  
were obta ined.  The results  ob ta ined  dur ing  the  first  and  
second e x p o s u r e  to  the  solut ion of NaHCO 3 were essen- 
t ial ly the  same, and  were averaged.  

Results and discussion. Figure  1 shows the  effect  of 
changing  the  solut ion conta in ing  NaHCO3 to an o the r  
con ta in ing  T H A M  at  the  same p H  and  pCO 2. In  th is  
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