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I n  vivu and in v i tm studies from this labo- 
ratory ( 1 )  have shown that the toad bladder 
excretes H +  and N H 4 + ,  and the H +  excre- 
tion is increased by an NH4C1-induced ac- 
idosis. This finding raises the question, 
“What controls the rate of H+ and NH4+ 
excretion in the toad bladder?” 

Rector et al. ( 2 ,  3 )  reported that the renal 
mammalian carbonic anhydrase concentra- 
tion is a controlling factor in H+ excretion. 
They also report pC02 to be a controlling 
factor. Pitts and Lotspeich (4) and Schiess et 
al. ( 5 )  reported that the plasma bicarbonate 
level affects H+ excretion. 

Excretion of NH4+ in the mammalian kid- 
ney is thought to be controlled by: ( i )  the 
urine pH;  and ( i i )  a change in the cellular 
secretory capacity (6 ) .  This change in the 
secretory capacity is associated with an in- 
crease in appropriate renal enzyme concen- 
trations that catalyze ammonia metabolism 

The purpose of this study was to determine 
if an unknown “plasma factor” might alter 
the H+ and/or the NH,+ excretion in the 
toad bladder. 

Initially, we observed an increase in H+ 
and NH4+ excretion, produced by plasma 
from toads in both metabolic and respiratory 
acidosis, in bladders from nonacidotic toads. 
To eliminate the factors mentioned above we 
dialyzed plasma, and extracted plasma with 
ethyl acetate. By testing these preparations 
on paired hemibladders, against appropriate 
control solutions, we avoided changes in the 
basic cellular enzyme content. 

Materials and Methods. The source and 
the routine care of toads, instrumentation, 
solutions, the procedure for inducing acidosis 
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1 Supported in part by Grant GR-1’1610 of the 
National Science Foundation. 

and the methods of measuring H+ and 
NH4+ excretion were as previously described 
(1).  Heparinized plasma was obtained by 
cardiac puncture from pithed toads. The H +  
flux was calculated using a pK, for the phos- 
phate buffer pair of 6.50. This value was 
obtained both empirically in Ringer solution 
and by calculation (9) to correct for the 
effect of ionic strength. 

Hemibladders from normal nontreated 
toads were mounted between Lucite cham- 
bers. Each chamber was 2 ml in volume. One 
hemibladder served as a control and the oth- 
er for the experimental intervention. The mu- 
cosal solution was a 0.6 mM PO1 buffered 
Ringer solution, pH 6.80. The solution con- 
tained (mM), in addition to the 0.6 mM 
sodium phosphate, NaCI, 114.0; KCI, 3.0; 
and CaCI?, 0.9. The serosal medium was a 
1.5 mM PO4 buffered Ringer solution, pH 
7.10, containing 0.61 mM glutamine. The in- 
dicated additions were made to this solution 
for experimental procedures. For the lipid 
extract experiments, ethanol, 1% (v/v), was 
added to the control and experimental solu- 
tions. The pH remained 7.10 after all addi- 
tions. After a 30 min equilibration period, the 
120 min flux determination was begun. 

In  experiments A and B, a volume of plas- 
ma from acidotic toads was dialyzed and the 
nondialyzable portion was Iyophilized, and 
redissolved in an equivalent volume of 
Ringer solution. The dialysate was then ex- 
tracted with ethyl acetate. The ethyl acetate 
was dried, the residue was dissolved in petro- 
leum ether which was dried, and this residue 
was redissolved in the appropriate volume of 
ethanol. This ethanol was then added to a 
volume of the indicated serosal medium, 
equal to the original volume of plasma. 

In  experiments C and D, ethyl acetate 
extracts were made of acidotic toad plasma, 
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and normal toad plasma, respectively. The 
preparation was the same as above, except 
that the plasma was extracted directly, rather 
than being dialyzed. 

In  the experiments E and F using extracts 
from dog plasma, heparinized plasma was ob- 
tained from a normal mongrel dog, and then 
from this same dog after administration of 20 
g of NH4C1 over a 48 hr period. The extrac- 
tion procedure was the same as in experi- 
ments C and D above. 

Results. Exps. A and B .  Table I, Expt. A 
shows that the lipid extract of the dialyzed 
fraction of acidotic toad plasma stimulates 
H+ excretion ( p < . O O S ) ,  but did not stimulate 
NH4+ excretion ( p >  .20). The concentration 
of this extract was 270 g / m l  of Ringer 
solution. On the other hand in Expt. B we see 
that the nondialyzable fraction lowered the 
H+ excretion ( p > . O S ) ,  but increased the 
NH4+ excretion ( p < . O S ) .  

Expts. C and D. Table I, Expt. C shows 
that the lipid extract of acidotic toad plasma 
stimulates H+ excretion (9 < .OOS) . In  7 out of 
10 pairs of hemibladders tested, the H+ 
excretion was higher than the corresponding 
control excretion. In five of the seven blad- 
ders stimulated, excretion was more than 
double the control excretion rate. The NH4+ 
excretion was increased, but not significantly 

Experiment D shows the effect of a lipid 
extract from normal toad plasma. As shown, 
this extract caused no significant increase in 
either the H+ or NH4+ rates. The concentra- 
tions of the extract from the acidotic and 
normal toad plasma was 80 and 72 pg/ml of 
Ringer solution, respectively. 

Expts. E and F. Expt. E of Table I shows 
that the lipid extract of acidotic dog plasma 
stimulated both H+ and NH4+ excretion sig- 
nificantly over the control rates (p<.OOS,  p <  
.01, respectively). In  these experiments, there 
was an increased NH4+ production, as well 
as excretion. Expt F shows that a lipid ex- 
tract of plasma from the same dog before she 
was made acidotic did not stimulate either 
H+ or NH4+ excretion (p>.40, P>.OS, re- 
spectively). The concentration of the acidotic 
plasma extract was 236 pg/ml of Ringer 
solution. 

(p>.05). 

Discussion. This study reports on a newly 
discovered factor (s) which stimulates H+ 
and NH4+ excretion in the toad bladder. The 
factor is obtained by extraction of plasma 
with lipid solvents. I ts  activity is assayed in 
vitro in the toad bladder. At similar dosage 
levels, calculated on the basis of volume 
equivalents of plasma extracted, the activity 
was present in plasma from toads in metabol- 
ic acidosis, but not in plasma from normal 
nonacidotic toads. Similarly, it was found in 
plasma from a dog with metabolic acidosis, 
but was not present in “normal” plasma ob- 
tained from the same dog. 

In  the lipid-soluble fraction of the dialyza- 
ble material, in the direct lipid extract of 
toad plasma and in the lipid material ob- 
tained from the acidotic dog the concentra- 
tions used were very low. This was a crude 
extract of lipid material; only a small frac- 
tion of the material is probably active. 
Therefore, the concentrations used suggest 
that the substance involved is hormonal in 
nature. The extract was subject to two drying 
procedures, thus COa could not be carried 
with the extract. The solvents used would not 
dissolve significant quantities of electrolytes 
in them. These facts support the postulate 
that a plasma factor, other than ions and 
COZ, exerts a control over H+ and NH4+ 
excretion. 

There appears to be a factor present in 
plasma from metabolic acidotic animals, 
which also stimulates NH4+ excretion. This 
effect was not due to common chemicals such 
as NH*+, H+, or COz in solution. The 
positive effect in nondialyzable fraction of 
toad plasma, and the positive effect of the 
lipid extract of dog plasma are the basis for 
this interpretation. Lipid extracts of plasma 
from the same dog, before acidosis was in- 
duced did not show similar activity. 

Evidence suggests that the factor responsi- 
ble for the NH*+ stimulatory effect is sepa- 
rate from that affecting H+ excretion. The 
clear separation of the H+-stimulating effect, 
and the NH4f-stimulating effect was seen in 
Expts. A and B in the toad. It would seem 
unlikely that known ammonia precursors 
such as glutamine, glutaminate, alanine, and 
glycine would remain after dialysis, although 
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this possibility cannot be ruled out altogeth- der. The solubility characteristics along with 
er. On the other hand, there was a stimula- 
tion of NH4+ production by the lipid extract 
of dog plasma. The extraction procedure 
precludes this being due to such substances 
as the above-mentioned ammonia precursors. 

This study does not disprove the reported 
observations that H+ excretion is also effect- 
ed by pCOz, HC03- levels and carbonic 
anhydrase activity. On the contrary we have 
reported elsewhere (10) that the H+ excre- 
tion in the toad bladder is sensitive to the 
pCOz and that it can be inhibited by aceta- 
zolamide. The present study reveals that a 
lipid factor is also present during acidosis 
which stimulates H+ and NH4+ excretion in 
the toad urinary bladder. In  addition we 
have shown that a similar factor is also 
present in dog plasma during metabolic ac- 
idosis which can also stimulate H+ and 
NH4+ excretion in the urinary bladder. 

Summary. H+ excretion in the toad ur- 
inary bladder is increased during metabolic 
acidosis. A factor can be extracted from plas- 
ma of acidotic toads which stimulates H+ 
and NH4+ excretion by the toad urinary 
bladder. A factor has also been obtained from 
plasma of an acidotic dog which stimulates 
H+ and NH4+ excretion by the toad blad- 

the concentration of the lipid fraction in the 
media suggest that this factor is hormonal in 
nature. 

The authors thank Mr. Robert Lipsey for this 
technical assistance during this study. 
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