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E f f e c t  o f  Potass ium Salts Administrat ion on the 
Renal Excretion of Bicarbonate during Acute 

Respiratory Acidosis  and Hypochloremic 
Alkalosis in the Dog 

Previous work  f rom this  l abora to ry  1 has shown t h a t  
hypochloremia  increases the  tubu la r  reabsorpt ion  of bi- 
carbonate  in the dog. Others  have  demons t r a t ed  t h a t  the  
adminis t ra t ion  of KC1 decreases t ubu la r  b icarbona te  re- 
absorpt ion in normal  dogs ~ and in animals  submi t t ed  to 
acute  resp i ra tory  acidosis ~. The  infusion of NaC1 dur ing  
respi ra tory  acidosis was also found to decrease bicarbon-  
a te  reabsorpt ion  in the  dog 4. I n  order  to separa te  the  
respect ive  effects of the  K and C1 ions, i t  was therefore  
found necessary to  s t u d y  the  ac t ion  of two potass ium 
salts, KC1 and K H C O  3, on b icarbona te  excre t ion  in two  
s i tuat ions  eharacter ised by  an increase in t ubu la r  bicar-  
bona te  reabsorp t ion :  resp i ra tory  acidosis and hypo-  
chloremia.  The  d a t a  to be repor ted  show t h a t  in some 
exper imenta l  condi t ions  the  effect of KC1 admin i s t r a t ion  
is main ly  due to the  act ion of the  C1 ion on b icarbona te  
excret ion.  

Methods. Two groups of exper iments  were performed.  
I n  the  first  group (8 exper iments) ,  acu te  resp i ra tory  
acidosis was induced in Pen tho ta l -anes the t i sed  dogs by  
inhala t ion of 20% CO 2 in 02 th rough  a t racheal  tube.  At  
the same t ime,  p lasma b icarbona te  concent ra t ion  was 
raised by  the  infusion of a 6% N a H C O  3 solution, and 
tubu la r  b icarbona te  reabsorp t ion  ca lcula ted  f rom d a t a  
ob ta ined  by  convent iona l  c learance technique ,  using creat i -  
nine clearance as a measure  of g lomerular  f i l t ra t ion rate.  
A K H C O  3 or  a KC1 solut ion (270-300 raM~l) was then  
infused, and tubu la r  b icarbona te  reabsorp t ion  calcula ted 
again while p la sma  po tass ium concen t ra t ion  was r is ing 
(Table I). 

I n  the  second group (7 exper iments) ,  hypochloremic  
alkalosis was induced in unanes the t i sed  dogs by  inter-  
mi t t en t  per i toneal  lavage, using a sterile isotonic NaHCO3 
solution (145 raM~l) conta in ig  3-5 mM KC1/1 and 1 g 
glucosefl. Af te r  a 30-90 rain interval ,  t he  solut ion was 
removed and replaced by  fresh isotonic NaHCO~ solution. 
The  procedure was repea ted  according to the  size of the  
animal.  By  this m e t h o d  we r emoved  5 to 9 m E q  of C1/kg 
body weight.  As for the  resp i ra to ry  acidosis exper iments ,  
tubu la r  b icarbonate  reabsorp t ion  was s tudied before and 
after  the adminis t ra t ion  of K H C O  3 or  KC1 270-300 mM/1 
solution (Table II) .  

Results 
L--Respiratory Acidosis (Table I and Fig. 1): As ex- 

pected, tubu la r  b icarbonate  reabsorp t ion  is m u c h  in- 
creased in the respi ra tory  acidosis exper iments  where  
ar ter ial  pCO 2 reaches values  f rom 125 to  145 m m  Hg.  
The  values  of the  b icarbonate  excre t ion  rate,  expressed 
in mM/1 of g lomerular  fi l trate,  are d i rec t ly  propor t iona l  
to plasma bicarbonate  concent ra t ion  values  (black circles, 
Fig. l ,  left) because ar ter ial  pCO 2 remains  fair ly cons t an t  
from one exper iment  to  the  other.  

Due to the threshold phenomenon  of b ica rbona te  ex-  
cretion, the do t ted  line cons t ruc ted  f rom the  da t a  of the  
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cont ro l  periods cuts  the  abcissae a t  a p lasma b ica rbona te  
concen t ra t ion  va lue  of 26 m Jr1/1. I t  follows t h a t  t he  ra t io  
(excreted bicarbonate ,  mM/1 glomeru la r  f i l t ra te ) / (p lasma 
b icarbona te  concent ra t ion  - 26) is the  cons tan t  which  
determines  the  slope of the  curve. This  ra t io  has a mean  
value  of 0.5618 for the  cont ro l  periods of the  8 expe r imen t s  
(24 clearance periods) before po tass ium adminis t ra t ion .  
Dur ing  po tass ium infusion, the  m e a n  va lue  of this ra t io  
increases to 0.790 for KC1 (24 clearance periods) and  to 
0.797 for K H C O  3 (24 clearance periods). The  differences 
be tween  the  means  are  h igh ly  s ignif icant  when  the  po- 
tass ium admin is t ra t ion  periods are  compared  to the  con- 
t rol  periods (P  < 0.001) bu t  the  effect  of KC1 is no t  
s ignif icant ly  different  from t h a t  of K H C O  3. 

I t  should be noted  t h a t  the  m e a n  p lasma chloride con- 
cen t ra t ion  rises f rom i04  to  109 mEq/1  in the  KC1 and 
f rom 104 to 105 mEq/1 in the  KHCO~ exper iments .  The  
small  ampl i tude  of the  p lasma chloride concent ra t ion  in- 
c rement  observed dur ing KC1 infusion is readi ly  expla ined  
by  the  expansion of the  ext race l lu lar  fluid c o m p a r t m e n t  
produced by  the s imul taneous  infusion of the 6% N a H C O  3 
solut ion (Table I). I t  is obvious  t h a t  KC1 and KHCO3 
show an ident ical  effect on the  t ubu la r  reabsorp t ion  of 
b ica rbona te  under  these exper imenta l  condit ions.  

2.--HypocMoremic alhalosis (Table I I  and Fig. 2): As 
was prev ious ly  observed  in hypoch lo remic  alkalosis pro-  
duced by  an art if icial  k idney  in the  dog 1, this  s ta te  does 
no t  induce any  signif icant  decrease in the  g lomeru la r  fil- 
t r a t ion  rate.  In  the  7 exper iments  here  described,  the  
G F R  mean  values  were  respec t ive ly  74 and  70 ml /min  
before and af te r  t i le induc t ion  of hypochtoremia .  

As for the resp i ra tory  acidosis exper iments ,  the  bicar-  
bona te  excre t ion  is much  decreased in hypoch lo remic  
alkalosis. The  corre la t ion be tween  the  b ica rbona te  ex-  
cre t ion  ra te  va lues  and the  p lasma b ica rbona te  concen- 
t r a t ion  values is also l inear in th is  condi t ion  (black circles, 
Fig. 2, left), and the  do t t ed  line cuts the  abcissae a t  a 
p lasma b icarbona te  concen t ra t ion  va lue  of 28 mM/1. I f  
the  same mode  of calcula t ion used for the  resp i ra tory  
acidosis exper iments  is appl ied here, the  ra t io  (excreted 
b icarbonate ,  mM/1 glomerular  f i l t ra te) / (p lasma bicar- 
bona te  concent ra t ion  - 28) has a mean  va lue  of 0.929 for 
the  control  periods of the  7 exper iments  (21 clearance 
periods).  Af t e r  po tass ium admin i s t r a t ion  the  m e a n  va lue  
of this  ra t io  increases to  1-467 for KC1 (18 c learance  
periods) and to 1.247 for KI ICO 8 (24 c learance  periods).  
The  differences be tween  the  means  are no t  s ignif icant  
when  the  effect  of KCI is compared  to t h a t  of KHCO~ or 
when the  KHCOa periods are  compared  to  the  control  
periods. Contras t ingly,  the  difference be tween  the  KC1 
and the  control  periods is v e r y  s ignif icant  (_P < 0.01). 

I t  is i m p o r t a n t  to note  t h a t  the  mean  chloride concen- 
t r a t ion  of the  p lasma rises f rom 84 to  97 mEq/1 dur ing  
KCt and does no t  change dur ing  KHCO3 infusions. 

Conclusions 
In  resp i ra tory  acidosis, K admin i s t r a t ion  produces  an 

i m p o r t a n t  decrease in the  t ubu la r  reabsorp t ion  of bicar-  
bona te  as has  been shown by  ROBERTS et al. 3 Since bi- 
ca rbona te  reabsorpt ion  can also be marked ly  depressed 
by  the  admin i s t r a t ion  of NaC1 in normal  ~ and resp i ra tory  
acidot ic  dogs 4, i t  should be expec ted  t h a t  KC1 would 
show a g rea te r  effect  t h a n  KHCO~ in our  exper iments .  
T h a t  such is no t  t he  case is re la ted to  the  lack of increase 
in p lasma chloride concent ra t ion  in the  KC1 exper iments .  
These d a t a  conf i rm t h a t  the  f looding of the  cells of the 

R. F. PITTS and W. D. LOTSPEICH, Amer. J. Physiol. 147, 138 
(1946). 
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Table I 
Experiment illustrating the effect of KC1 and KHCO 3 infusions on bicarbonate excretion in the same dog during respiratory acidosis 

Dog A, ~8 kg. 

1. KC1 infusion 3.4.58 

Time Plasma GFR 

rain mEq/f JmEq/1 mEq]l ! ~ m E q / 1  mEq/1 mm Hg ~ m l / m m  

4 7  Start infusion NaHCO 36%, 7 ml/min 
-37 Start inhalation CO z 20% in oxygen 

0-28 46"0 [ 106 [ 164 [ 3"08 I 7"16 I 140 106 
29~t5 49"5 [ 105 l 169 [ 3-08 I 7.17 [ 140 91 
50 Start infusion KC1 270 raM~1 in NaHCO 3 6%, 6 ral/min 

49-4 I 107 I 170 1 6 . 0 2  1 7 - 1 8 1  136 I 108 
66-93 49"0 111 t 1 7 0  7'37 7.18 136 104 94-118 _ _  I ~ 17"18  [ 1 3 6 1 1 0 4  

2. KHCO a infusion 9. 5. 58 

Plasma 

BHCO a [ Cl I ~ ~ 
min mEq]l mEq[l mEqfl { mEq/1 [ *'-- ImmHg ml/nfin 

~ 5  Start infusion NaHCO a 6%, 7 ml/min 
-35 Start inhalation CO~ 20% in oxygen 

0-30 40.0 1 1 0 8  1 1 6 4  [ 3.20 { 7.14 [ 126 91 
31-60 42-7 106 167 3,32 7"15 129 106 
65 Start infusion KHCO 3300 raM~1 in NaHCOa 4-2%, 5 ml/min 

113-143 49.3 110 168 7.37 7-19 I 1T3 [ 1 0 9 1 3 3  109 

Bicarbonate 

Reabsorbed Excreted Filtered 
mP, q/mln~ / • mEq/1 glomer. mEq/min filtrate 

1'02 
1,07 

2.05 
2.13 

5"12 
4.73 

5"54 
5-36 

38.6 
40-2 

32-3 
31"1 

Bicarbonate 
Reabsorbed Excreted Filtered 

mEq]min mEq/miu mEq/1 glomer. 
filtrate 

0.74 
1,03 

t .98 
2-05 

4.01 
4.77 

5.52 
5.63 

35-9 
35.5 

31-6 
32-8 

Table I I  
Experiment illustrating the effect of KC1 and KHCOa infusions on bicarbonate excretion in the same dog during hypochlorenfic alkalosis 

Dog B, 29 kg. 

1. KC1 infusion 16.5.57 

Time T Plasma 

I I pH I PCO, J ,,-----7--' 
mmmln [1 _ l _ _ _ ~ ~  [ m E q / 1  mEq]l mEq]l mEq/1 mm Hg [ mu mm 

-29 [ Start infusion NaHCOz 3 ~o, 7 ml]min [ 
0-28 [ 41.0 [ 77 [ 146 [ 2.20 [ 7.68 [ 37 [ 74 

29 [ Start infusion KC1, 270 mM/l in NaHCO 3 3%, 6 ml/min 
49-77 [ 39-1 [ 86 ] 153 [ 4-24 [ 7.68 [ 25 ] 89 
78-107 I 38-7 92 155 5-02 7.67 35 99 L2 

2. KHCO a infusion 19.6.57 

Time Plasma ~ ' G E - R - ~  

- -  B HCO-------~ CI N a - - ~ - ~ K  ~ ~ - - ~  
min mEq,l I mEq,1 I mEq l I mEq,1 m,n g m"m'n I 

-39 Start infusion NaHCO 0 2.4%, 7 mUmin [ 
0-34 37-8 I 76 I 145 I 2.2, I 7.68 ! 32 I 75 

36 Start infusion KHCO a, 300 raM/1 in water, 6 ml/min 
43-6 76 142 3.40 7.67 I 33 71 

84-112 ~ 1  [ [ [ 

Excreted 
mEq/min 

0.73 

1.20 
1.52 

Bicarbonate 
Reabsorbed Filtered 

mEq/min mEq/1 glomer. 
filtrate 

3.17 

3.65 
4.00 

33'0 

27"5 
25.0 

Bicarbonate 
Reabsorbed Excreted Filtered 

mEq/min mEqlmin mEq[1 glomer. 
filtrate 

0'50 2-82 

3.08 
2-94 

31-1 

34-1 
30-1 

0"66 
0.89 

distal  t ubu le  b y  large amoun t s  of potass ium deviates the 
ionic exchange Na + ~_ H+ to Na+~,~_ K+ in respiratory 
acidosis. This  devia t ion  depresses H+ secretion and  con- 
sequent ly  decreases b ica rbona te  reabsorpt ion.  

I n  hypochtoremic atkalosis, the  increase of tubu la r  bi- 
ca rbonate  reabsorpt ion  is cer ta in ly  no t  due to a s t imula-  
t ion  of H+ secretion as in respi ra tory  acidosis. I t  is se- 
condary  to the dis tor t ion of the  anionic  pa t t e rn  of the 

plasma.  The reabsorpt ion  of sodium/1 oi  glomerular  fil- 
t ra te  remains  cons t an t  and  equals  the sum of the  thresh-  
olds of chloride and  b icarbonate .  I t  follows t h a t  a de- 
crease of p lasma chloride concent ra t ion  enhances  the  re- 
absorp t ion  of b icarbonate .  The comparison between the  
effects of KC1 and  K H C O  s adminis t ra t ion  in hypochlor-  
emic alkalosis shows t h a t  the  i m p o r t a n t  decrement  of 
b ica rbona te  reabsorpt ion  observed in the  KC1 exper iments  
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is ma in ly ,  p e r h a p s  solely, due  to  t he  ch lor ide  ion of t h e  
K salt .  The  depress ion  of b i c a r b o n a t e  r e a b s o r p t i o n  is n o t  
as impress ive  d u r i n g  t h e  in fus ion  of KHCO~. 

Respiratory Acidosis e 

~O ~atrols ~ 4a ~ K [~fusioos 

• moan Pcl-tO~m.Eq/l / ~ .l(clmeonect-lO~.fq/! 
~ [  / ~30 °~cOameanpcl.To5m OOoo 

7o t / 

O0 20 ~0 60 80 20 ~0 60 80 
Plasma BHCO~ mM/l Plasma BHCO~ mM/l 

Fig. 1.--Left: Comparison between the control periods of the present 
respiratory acidosis experiments (---) and the curve obtained by 
PZTTS and LOTSP~IC~ a in normal dogs infused with hypertonic 

NaHeOs solutions (--). 
Fig, l.--Right: Comparison between the control periods of the respi" 
ratory acidosis experiments (---) and the KC1 (black circles) and 
KHCOs (open circles) infusions experiments and the curve obtained 

by PITTS and LOTSpEICH 5 (--). 

The  m a r k e d  suscep t ib i l i t y  of b i c a r b o n a t e  r e a b s o r p t i o n  
to  the  K + ion in r e s p i r a t o r y  acidosis  c o m p a r e d  to  h y p o -  
ch lo remic  a lkalos is  is e x p l a i n e d  b y  t he  fac t  t h a t  po t a s -  
s ium can  dev ia t e  t h e  d i s t a l  ionic  e x c h a n g e  N a  + ~ H + to  
N a  + ~_ K + in  acidosis  b u t  n o t  in  a lkalos is  where  t h e  pro-  
cess of K secre t ion  is a l r e ady  w o r k i n g  m a x i m a l l y / .  

~2 

0 t 

Hypochloremic Alkalosis 

controls 
• moan I'cl=84m.Eq/l 

/ & 
t 

2O ~ 

in s'o ioN° 
Plasma BHCO~ mM]l 

K infusions 
Kcl mean Pcc-gT m.Eq/[ 
/(HCOsmean Pcl-85m.Eqfl 

? / /  

. i 
1 /  

o • 

20 40 60 
Plasma BHCO 3 mM]l 

Fig. 2.--Lelt: Comparison between the control periods of the hypo- 
chloremic alkalosis experiments (---) and the curve obtained by 
P1TTS and LOTSFEm~ s in normal dogs inlused with hypertonic 

NaHCO 3 solutions (--). 
Fig. 2.--Right: Comparison between the control periods of the hypo- 
chloremic alkalosis experiments (---) and the KC1 {black circles) and 

KHCO, {open circles) inlusions experiments. 

The  lack of s t i m u l a t i o n  p roduced  b y  KHCO~ c o m p a r e d  
to KC1 on b i c a r b o n a t e  excre t ion  in h y p o c h l o r e m i c  a lka -  
losis f u r t h e r  d e m o n s t r a t e s  t h e  ex is tence  of a t  leas t  tw o  
d i s t inc t  m e c h a n i s m s  for  b i c a r b o n a t e  r e a b s o r p t i o n :  (1) 
ionic exchange  Na+~<~ H+ u n d e r  t h e  d e p e n d e n c e  of car-  

8 The slope of the curve obtained during respiratory acidosis 
should be theoretically (as in Fig. 2) the same as the one observed by 
PiTTS and LOTSPEICn 5 in normal dogs infused with NaHCO a hyper- 
tonic solutions. Actually, the slope of the curve in respiratory acidosis 
is reduced because, due to dilution, plasma chloride concentration 
falls while plasma bicarbonate concentration rises during the bi- 
carbonate infusion. 

bon ic  a n h y d r a s e ,  a n d  (2) ac t ive  r e a b s o r p t i o n  of sod ium,  
w i t h  t h e  o b l i g a t o r y  r e a b s o r p t i o n  of  HCO~ a n d  CI-  in  t h e  
r e spec t ive  p r o p o r t i o n  t h e y  are  found  in  t h e  t u b u l a r  
ur ine .  T h e  f i rs t  m e c h a n i s m  is sens i t ive  to  t h e  p o t a s s i u m  
ion  a n d  t h e  l a t t e r  to  t h e  ch lor ide  ion,  

These  e x p e r i m e n t s  show t h a t  t h e  in f luence  of KC1 ad-  
m i n i s t r a t i o n  o n  b i c a r b o n a t e  e x c r e t i o n  in  v a r i o u s  cl inical  
a n d  e x p e r i m e n t a l  cond i t i ons  s h o u l d  b e  ca re fu l ly  ana ly sed  
before  def in i t e  conclus ions  c a n  be  d r a w n  as to  t h e  effect  
of t h e  p o t a s s i u m  ion i tself  for some of t h e  resu l t s  o b s e r v e d  
m i g h t  be  due to  t h e  ch lor ide  ion. 

CH. TOUSSAINT, M. TELERMAN, 
a n d  P. VEREERSTRAETEN 

Laboratoire de Mddecine expdrimentale,  Universitd Libre  
de Bruxel les  et Fonda t ion  Mddicale Re ine  Elisabeth, 
Bruxel les  (Belgium),  Ie 29 ddcembre 19~8. 

Rdsumd 

L 'e f f e t  d ' i n fus ions  de KC1 e t  de K H C O  3 a ~t6 6tudi~ 
chez des  ch iens  soumis  h deux  s i t ua t i ons  a igues  ca rae t6r i -  
s~es p a r  u n  acc ro i s semen t  de la r ~ a b s o r p t i o n  du  b ica r -  
b o n a t e :  l ' ac idose  r e sp i ra to i re  e t  l ' a lcalose  hypoch lo rd -  
mique .  Les deux  sels d i m i n u e n t  f o r t e m e n t  la r ~ a b s o r p t i o n  
du b i c a r b o n a t e  au  t o u r s  de l ' ac idose  r e sp i ra to i re  ma i s  le 
KC1 es t  b e a u c o u p  plus  efficace dans  l 'a lcalose  h y p o -  
ch lo r6mique  off le K H C O  a p a r a l t  d @ o u r v u  d 'effe t .  

Ober die Bedeutung der Innervation 
fiir die Adrenal insynthese  im Nebennierenmark 

Se lbs t  l a n g d a u e r n d e  e lek t r i sche  R e i z u n g  des N e r v u s  
sp lanchn icus  f i ih r t  zu ke ine r  n e n n e n s w e r t e n  V e r m i n d e -  
r u n g  des  K a t e c h o l a m i n g e h a l t e s  im N e b e n n i e r e n m a r k .  Die  
R e s y n t h e s e  h a l t  o f fens ich t t i ch  a u c h  m i t  d e r  A b g a b e  
grosser  H o r m o n m e n g e n  S c h r i t t  (ELLIOTT 1, HOKFELT u n d  
McLeAN ~, HOLLAND u n d  SCHOMA~Na). 

U m  e inen  d i r e k t c n  A n h a l t s p u n k t  da f i i r  zu gewinnen ,  
dass  die I n n e r v a t i o n  de r  N e b e n n i e r e  fi ir  die Geschwind ig -  
ke i t  d e r  A d r e n a l i n s y n t h e s e  v a n  B e d e u t u n g  ist,  h a b e n  wir  
a n  K a n i n c h e n  d u r c h  mehrt~igige B e h a n d l u n g  m i t  Rese r -  
p i n  das  N e b e n n i e r e n m a r k  w e i t g e h e n d  a n  A d r e n a l i n  ver -  
a r m t ,  s o d a n n  die l inke  N e b e n n i e r e  d u r c h  S p l a n c h n i c o t o -  
mie  d e n e r v i e r t  u n d  3, 4 u n d  6 Tage  spXter  d e n  A d r e n a l i n -  
g e h a l t  be ide r  N e b e n n i e r e n  k o l o r i me t r i s ch  u n d  f tuori-  
m e t r i s c h  b e s t i m m t  (KRONEBERG 4 u n d  SCtt/.)MANNS). 

Die  E r g e b n i s s e  s ind  in d e r  Tabe l le  z u s a m m e n g e s t e l l t :  
F r f ihe re  U n t e r s u c h u n g e n  4 a n  7 K a n i n c h e n  h a t t e n  er-  
geben ,  dass  d e r  A d r e n a l i n g e h a l t  be ide r  N e b e n n i e r e n  i m  
Mi t t e l  86 ~zg/kg K 6 r p e r g e w i c h t  betr~igt  (43 ~zg/kg p ro  
Nebenn ie re ) .  N a c h  d re ima l ige r  i n t r a v e n 6 s e r  I n j e k t i o n  v a n  
je  0,3 m g  R e s e r p i n / k g  i m  A b s t a n d  v a n  24 h i s t  a m  4. T a g  
de r  A d r e n a l i n g e h a l t  d e r  r e e h t e n  N e b e n n i e r e  i m  Mi t t e l  v a n  
3 V e r s u c h e n  a u f  6,4 ~zg/kg, de r jen ige  d e r  l i nken  N e b e n -  
n ierc  au f  6,6 ~zg/kg a b g e s u n k e n  (Kont ro l t t i e re ,  G r u p p e  I). 
Wie  die V e r a r m u n g  be ide r  N e b e n n i e r e n  n a h e z u  gleieh 
gross ist ,  so is t  a u c h  die R e s y n t h c s e g e s c h w i n d i g k c i t  der  
K a t e c h o l a m i n e  in  b e i d e n  N e b e n n i e r e n  p r a k t i s c h  i d e n t i s c h  
(Schc inoper i e r t e  Tiere,  G r u p p e  I I ) .  Be i  d en  Versuchs -  
t i e ren  (Gruppe  I I I )  wurde  n a c h  d re ima l ige r  I n j e k t i o n  v a n  
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