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TABLE 11. U-21221 on Specific Activity of Plasma Free Fatty Acids. 

r------FFA-----7 

Treatment No. (mg/kg) (mg%) pE/1* CPM/pE t 
Dose Blood sugar 

Controls 5 - 82 952 .70 
u-2 12 2 1 5 .5 76 240 : 1.80: 

* Microequivalents/liter. 
t Counts per minute/microequivalent. 
$ P <.Ol. 

duced by insulin. Since insulin has an effect 
on FFA(2), it was of interest to study effects 
of U-21221 on FFA. Data reported here 
show that the isoxazole also depresses FFA. 
Observation showing that U-2 122 1 does not 
alter oxidation of ~ a l m i t a t e - 1 - C ~ ~  and in- 
creased specific activity of circulating FFA 
after injection of labeled palmitate suggests 
that the mechanism of U-21221 depression 
of FFA was due to decreased release from 
the depots. 

The finding that FFA were depressed prior 
to change in blood sugar suggests that blood 
sugar change might be due to a compensa- 
tory increased glucose utilization due to re- 
duction of FFA as an energy source or re- 
moval of the inhibitory effect of FFA on 
glucose utilization (3,4) . However, this is 
probably an over simplification of the mecha- 
nism of action of U-21221 on blood sugar 
since FFA were depressed in barbiturate- 
treated intact rats following treatment with 
isoxazole without a decrease in blood sugar. 
These results suggest that there is either no 
relationship of the FFA and blood sugar 
effects of U-21221 or that barbiturates and 
evisceration are able to specifically block the 
action of U-21221 on blood sugar. 

Summary. 3,5-Dimethylisoxazole was shown 

to decrease FFA, increase specific activity of 
plasma FFA after injection of labeled pal- 
mitate but to have no effect on palmitate oxi- 
dation. These observations were interpreted 
to mean that U-21221 lowered FFA as a 
result of decreased release from depots. De- 
pression of FFA occurred prior to the fall in 
blood sugar in intact rats treated with 
U-2 1 2 2 1. The isoxazole caused a depression 
of FFA in barbiturate-treated intact rats and 
in eviscerated rats without producing depres- 
sion of blood sugar. These results were in- 
terpreted to mean that either the effects of 
U-21221 on FFA and blood sugar were inde- 
pendent of each other or that barbiturates 
and evisceration can specifically block action 
of U-21221 on blood sugar. 
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Action of Aldosterone and Ouabain on O2 Consumption and 
Short-circuit Current of Toad Bladder." (B889) 

JOSEPH V. LEVY AND V. RICHARDS 
Research Laboratories, Presbyterian Medical Center, San Francisco, Calif. 

It has been established that aldosterone is 
capable of stimulating active sodium ( N ~ + )  
transport across the isolated urinary bladder 
of the toad(1-4). The exact mechanism Assn. 

*This investigation was supported in part from 
grants from Nat. Heart Inst., N.1.H. and Am. 
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whereby this effect is produced is still incom- 
pletely understood. 

Reports by various investigators (5-9), how- 
ever, have now defined many of the basic bio- 
chemical and physiological properties of the 
transport mechanism in the toad bladder, and 
recently Edelman e t  aZ(3) and Crabbe( 10) 
presented evidence indicating that aldoster- 
one may be stimulating active Na+ transport 
in this tissue by inducing de novo synthesis 
of enzymes involved in supplying energy for 
cation transport, 

I t  is generally recognized that a portion 
of the oxygen uptake of cells is related to 
the expenditure of metabolic energy involved 
in the processes of actively transporting Na+ 
(1 1) .  While recent reports have defined some 
of the metabolic requirements and functions 
of the toad bladder(8,9), the exact nature 
of the link between the energy-yielding proc- 
esses (metabolism) of this tissue and the 
active transport of Na+ is unknown. Also, 
the manner in which these energy-yielding 
processes are influenced by agents such as 
aldosterone which can affect Na+ transport 
remains to be explained. Therefore, we con- 
sidered it desirable to determine whether or 
not aldosterone had any effect on the oxi- 
dative metabolism of bladder tissue in con- 
centrations known to stimulate Na+ tran- 
sport. 

Moreover, since ouabain is recognized as 
an inhibitor of active Na+ transport in a 
variety of cells and tissues, we also deter- 
mined the effects of the glycoside on the 0 2  

consumption of the isolated bladder. Separate 
experiments were also performed to charac- 
terize the effects of these two steroids on the 
short circuit current of the isolated bladder. 

Methods. The bladders used in all experi- 
ments were obtained from female toads (Bufo 
marinus) weighing 250-300 g. Upon receiv- 
ing the animals from the supplier,+ they were 
divided into 2 groups. Group I was immersed 
in small tanks containing distilled water. 
These animals were used 3-7 days following 
this treatment. This procedure is known to 
increase the sensitivity of the bladder to the 
exogenous effects of aldosterone ( 1 ) . Group 

I1 was kept in a large metal cage containing 
mud. 

The hemibladders obtained from Group I 
were always found to be markedly distended 
and generally had more of a “mucosal” ap- 
pearance than bladders from the other groups. 
The bladders from Group I1 were also found 
to be distended, but were characterized by a 
clear, transparent appearance in contrast to 
the toads kept in distilled water. 

Measurement of Oa consumption. After 
pithing an animal, the hemibladders were re- 
moved and placed into an oxygenated toad 
Ringer solution for rinsing. The bladders 
were then transferred into petri dishes con- 
taining a phosphate buffered medium(9) of 
the following composition (mEq) : NaCl, 
111.4; KCl, 1.88; CaC12, 1.78; NaH2P04, 
0.1; Na2HP04, 4.0. Modification of this 
basic medium was made as noted under the 
section on Results. The bladders were finely 
minced with scissors. This was done to avoid 
the tendency of intact bladders to curl and 
fold and hence possibly interfere with 0 2  

diffusion through the tissue. The minced 
bladders were blotted gently on filter paper 
to remove excess fluid, and portions were then 
placed into Warburg flasks containing 2.98- 
3.0 ml of the phosphate Ringer’s. Drug and 
diluent effects were studied by appropriate 
additions to the flask media so as to keep 
the flask contents constant at 3.0 ml. The 
center wells contained 20% KOH. After the 
tissues were in the flasks, they were mounted 
on the recording manometers and placed in 
a constant temperature tank maintained at 
37.5”C. Although the temperature is ap- 
proximately 12°C higher than that used for 
the short-circuit current measurements, the 
higher O2 consumption recorded permitted 
the detection of relatively small changes 
which were obscured at lower ( 2 5 ” C )  values. 
The flasks were gassed for 10 minutes with 
100% O2 while being shaken during the tem- 
perature equilibration period. At the end of 
10 minutes, the flask vents were sealed and 
the recording of O2 uptake begun. The re- 
cording of the data was facilitated by the 
use of an automated device$ which permitted 
continuous recording of O2 uptake by the 

t Tarpon Springs Zoo, Florida. $ Mechrolab, Inc., Mountain View, Calif. 
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tissues in pl 0 2 .  Experiments were run for 
2-5 hours. At the end of experiment, the 
tissues were removed from the flasks, lightly 
blotted and placed in tared weighing crucibles 
in a drying oven overnight a t  110°C. Dry 
weights were obtained, and 0 2  consumption 
plotted in pl 02Jmg dry weight versus time. 

Measurement of short-circuit current, The 
apparatus and techniques used for measure- 
ment of the short-circuit current (SCC) of the 
isolated bladders were of the basic design 
described by Ussing and Zerahn( 12). The 
hemibladders were incubated for 18-24 hours 
after mounting in a drug-free bicarbonate 
frog-Ringer’s solution (20 ml in each half- 
chamber) as described by Porter and Edel- 
man (4). After this incubation period, the 
solutions were exchanged, and a glucose-forti- 
fied (10 mM) frog-Ringer’s was substituted. 
One-half to one hour later, the drug being 
studied was added to the solution bathing 
the serosal side of one hemibladder, and drug 
diluent added to the other bladder which 
served as a simultaneous control. Active Na+ 
transport, as measured by the short-circuit 
current, was continuously monitored by use 
of an automated servo device$ which keeps 
the membrane potential at 0 mv while con- 
tinuously plotting the shorting current in 
Pa. 

Results. 0, uptake. a. Aldosterone eflecis 
in normal media. Fig. 1 illustrates the O2 
uptake of minced bladders from Group I1 
toads. Over a 3-hour period, 0 2  uptake 
gradually decreased in the controls. D-aldos- 
terone (1.9 X lW7 M) failed to signifi- 
cantly affect (P>O.O5) O2 uptake, although 
there is an indication that O2 uptake in the 
steroid-treated bladders remains nearly linear 
over the 3-hour period of observation. 

b. Aldosterone and ouabain eBects in gEu- 
cose-enriched media. Fig. 2 shows 0 2  uptake 
of bladders from Group I1 toads in a medium 
fortified with glucose (10 mM). The control 
group was characterized by a more linear O2 
uptake than the untreated controls in a glu- 
cose-free media. Of interest is the finding 
that 1.9 X M d-aldosterone tended to 
produce a stimulation of O2 uptake relative 
to these controls, while 2.8 X M oua- 
bain tended to cause a decrease in 0 2  uptake 

measured over a 5-hour period. However, the 
mean Q02 values for these 2 steroid groups 
are not significantly different when compared 
with the controls at 5 hours. 

The apparent tendency of glucose in the 
media to unmask the steroid effects prompted 
us to study the actions of aldosterone and 
ouabain on bladders taken from toads im- 
mersed in distilled water for 3-7 days (Group 
I) using a glucose-enriched media. Fig. 3 
shows the results of these experiments. The 
untreated controls showed a non-linear 0 2  

uptake characterized by an initial decrease 
during the first 60-90 minutes, followed by 
a progressively increasing O2 consumption 
thereafter. Aldosterone (1.9 X M )  
produced a sustained increase in 0 2  uptake 
of the tissue relative to the controls so that 
a t  the end of 5 hours, the mean O2 consump- 
tion of the steroid-treated group was signifi- 
cantly greater (P>ODl) than the control 
group. There is also a suggestion that at 
2.5-3.0 hours there is an increase in the rate 
of 0 2  consumption compared to the rate seen 
during the first 2 hours. 

M) tended to pro- 
duce an increase in O2 consumption in con- 
trast to the untreated controls, although the 
mean value at  5 hours is not significantly dif- 
ferent (P>0.05) than the value for the con- 
trol group. 

c. Aldosterone and ouabain etects in a 
high K+ media. Experiments were performed 
to compare O2 uptake changes seen in a high 
K+ media (18.8 mEq) versus those seen in 
a normal K+ media (1.88 mEq). Under 
these conditions, steroid effects on 0 2  uptake 
are absent, the O2 uptake of the aldosterone 
and ouabain treated groups being nearly iden- 
tical to that shown by the untreated controls. 
There was no evidence that the aldosterone- 
treated bladders showed a more linear O2 
uptake than did the untreated bladders (as 
was seen in Fig. 1) where a normal (1.88 
mEq) K+ was used. However, O2 uptake 
of the untreated tissues in the high K+ media 
was significantly greater (P<O.OS) than the 
value recorded in the untreated controls in a 
normal K+ media when compared a t  3 hours. 

Short-circuit current (scc). a. Eflects of 
ouabain. Addition of ouabain in concentra- 

Ouabain (2.8 x 
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tions of 1 F 6  M or lower had no effect on the 
scc of the isolated toad bladder when added 
to the media bathing the serosal side of the 
tissue. Higher concentrations ( 10-5-10-3 M) 
produced only a slight but transient effect 
on the SCC. Fig. 4 shows the typical tran- 
sient decrease in scc following addition of 
ouabain (8.3 X M) to the serosal 
media. Note the recovery of the SCC approxi- 
mately 30 minutes after the drug was added, 
with a subsequent increase in scc above the 
pre-drug value. 

b. Effects of aldosterone. Addition of al- 

.1 
\_*----- -v- 

lb. 

---&-o- 

- - - 0  

dosterone ( 7  X M) to the serosal 
media was found to produce a sustained in- 
crease in the scc compared to the control 
bladder. In confirmation of the results seen 
by Crabbe( 1 )  and Edelman and associates 
(3,4) , approximately a 60-90 minute latent 
period was seen before a clear increase in the 
scc was noted. Addition of ouabain in a 
concentration of 8.3 X lop5 M failed to 
affect the aldosterone-stimulated sodium 
transport when the glycoside was added at  
340 minutes. These effects are illustrated in 
Fig. 5. 



ALDOSTERONE-OUABAIN ON TOAD BLADDER 505 

= * 5 = -CONTROL BLIODER 

0 I - *O !m m 240 Sm ssa 
24 HL INCUR MINUTES 

FIG. 5. Aldoaterone on short-circuit current 
(SCC) of isolated toad bladder. Both hemiblad- 
dem were “incubated” for 24 hr (plus 30 min glu- 
cose pretreatment) before aldosterone (7  X 104M) 
was added to the serosal media of experimental 
bladder. Ouabain (8.3 X 10-KM) added t o  the 
seroeal media of aldosterone stimulated bladdeT at 
340 min failed t o  change the SCC. 

Discussion. a. Eflects of aldosterone. 
Agents which increase the SCC, and thus active 
Na+ transport in the isolated toad bladder 
may do so by several mechanisms, including 
(a) action on the transport (carrier) mecha- 
nism, (b) action on the metabolic or enzy- 
matic sources supplying energy to the trans- 
port mechanism, (c) modification of the 
access of Na+ to the carrier. Vasopressin 
apparently increases active Na+ transport in 
the toad bladder predominantly by the latter 
mechanism, even though the hormone is ca- 
pable of stimulating the energy metabolism 
of the tissue (7,8). The stimulation of energy 
metabolism by vasopressin, including an in- 
creased O2 uptake, was thus found to be en- 
tirely secondary to the direct effect on active 
Na+ transport as indicated by the lack of 
effect of the hormone on the metabolism of 
the tissue in the absence of Na in the incu- 
bating medium ( 7) .  

On the other hand, thyroxine, which also 
increases 0 2  uptake of both the isolated skin 
and bladder of the toad concomitant with a 
stimulation of active Na+ transport, does so 
by a mechanism which produces a rise in 
respiration greatly exceeding that presumably 
required by the energy-dependent active Na+ 
transport mechanism( 13). These results have 
been interpreted as indicating that thyroxine 
not only stimulates the enzyme systems in- 
volved in active Na+ transport but also those 
concerned with general cellular metabolism. 

While our data show that a low concentra- 
tion of aldosterone produces a stimulation of 

0 2  uptake of minced toad bladders from ani- 
mals kept in a distilled water environment, 
the question may be raised as to whether this 
is a non-specific effect on cellular respiration 
or whether in fact the steroid is stimulating 
metabolic processes directly involved in the 
active transport of Na+ in the intact bladder. 

That aldosterone is acting to increase blad- 
der O2 uptake specifically through an energy- 
yielding system involved in active Na+ trans- 
port is supported by the following: (a) The 
greatest effect of aldosterone is seen on 
minced bladders from toads kept in a water 
environment known to stimulate the endoge- 
nous production of the hormone ( 2 ) ,  and 
which show the greatest sensitivity to the 
stimulant effects of aldosterone on active 
Na+ transport( 1 ) .  (b) The O2 uptake re- 
sponse to aldosterone is greater in a glucose- 
enriched than in a glucose-free media; (c) 
the increase in O2 uptake is brought about 
by a low concentration of steroid shown to 
be effective in enhancing active Na+ trans- 
port (SCC); (d) the stimulation of 0 2  uptake 
by aldosterone in bladders from Group I 
toads follows a diphasic course, with one rate 
evident from 0-150 minutes, a second faster 
rate from 150 minutes on. This may cor- 
respond to a similar latent period for in- 
crease in Na+ transport produced by the 
hormone in the intact bladder ( 1,3,4). 

On the other hand, the results may be 
interpreted by the following: (a) aldosterone, 
perhaps like other steroids, may act to un- 
couple phosphorylation from oxidation ( 14). 
However, arguing against this view are re- 
ports indicating that uncoupling agents such 
as 2,4 dinitrophenol decrease the active trans- 
port of Na+ in the toad bladder(l5) and 
frog skin( 16) with a concomitant increase in 
O2 uptake in the latter. (b) The steroid may 
have a non-specific stimulating action on 
cellular respiration unrelated to its action in 
stimulating the active transport of Na+. 
Arguing against this interpretation, however, 
is the finding that in a wide range of con- 
centrations, aldosterone has no effect on 0 2  

uptake of rat, rabbit and human myocardium 
(17) * 

b. Effects of ouabain. In view of the 
potency of ouabain in inhibiting active Na+ 
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transport in amphibian tissue such as the 
frog skin (e.g., 18, 19), as well as in a vari- 
ety of other tissues, the finding that the scc 
of the toad bladder was only transiently 
affected by a high concentration of the glyco- 
side was surprising. Sharp and Leaf (20) and 
Bower(21) have also indicated that the un- 
stimulated toad bladder scc is little affected 
by ouabain in concentrations lower than loA4 
M. The former could only get inhibition of 
Na+ transport in an aldosterone stimulated 
bladder. We were unable to show a reversal 
of aldosterone effects with an 8.3 X M 
concentration of ouabain (Fig. 5 ) .  

This relative lack of effect of ouabain re- 
mains to be explained. One possibility that 
we are exploring is that the Na+-K+ activ- 
ated ATPase which is glycoside sensitive in 
other tissues may be relatively unaffected by 
ouabain in the toad bladder. There is evi- 
dence that frog gastric mucosal ATPase does 
not show the same cation dependence for 
activation as other membrane ATPase and 
is not influenced by ouabain up  to M 

I t  is conceivable that bladder membrane 
ATPase may show a similar pattern of Na+- 
K+  activation which may help explain the 
relative lack of glycoside effects on active 
Na+ transport. 

With regard to ouabain effects on bladder 
O2 consumption, the data fail to show any 
significant effect of the glycoside on oxidative 
metabolism. This lack of a definite effect of 
ouabain is compatible with its lack of effect 
on the SCC; although it  should be empha- 
sized that inhibition of active cation trans- 
port by glycosides can occur in the absence 
of changes in oxidative metabolism( 23). 

Summary. O2 consumption of minced urin- 
ary bladders of toads which were kept in 
various environments was measured. A con- 
centration of aldosterone (1.9 X M) 
effective in increasing Na+ transport was 
found to produce a significant increase in 
O2 uptake in a glucose-enriched media using 
bladders from toads kept in a distilled water 
environment. This stimulant effect was less 
apparent in bladders from toads kept in a 
moist soil environment. The stimulation of 
O2 consumption by aldosterone seen in blad- 

(22). 

ders from toads kept in distilled water was 
non-linear, with 2 rates being distinguishable, 
one from 0-150 minutes, the other from 150 
minutes on. This change in rate of 0 2  con- 
sumption may be related to the latent period 
for stimulation of enzyme synthesis and active 
Na+ transport suggested by others. Ouabain 
was found to produce no significant effect on 
0, consumption of minced bladders. Ouabain 
(8.3 X M )  produces only a transient 
decrease in the short-circuit current of the 
isolated toad bladder. This is in marked con- 
trast to the potent inhibition produced by 
the glycoside in frog skin. Although 0 2  up- 
take of tissue in high (18.8 mEq) K+ media 
was significantly higher than that seen in a 
normal ( 1.88 mEq) solution, steroid effects 
were absent in the high K+ environment. The 
data are compatible with the view that aldos- 
terone produces its effect on active Na+ 
transport in part via an effect on 02-depen- 
dent energy metabolism. 
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Complement-Fixing Activity of Rabbit Amtibody Reconstructed from 
Half Molecules.* (29890) 

KIMISHIGE ISHIZAKA, TERUKO ISHIZAKA AND JAY BANOVITZ 
Children’s Asthma Research Institute and Hospital, and the National Jewish Hospital, 

Denver, 

The effect of reduction and alkylation of 
antibody on its complement (C’) fixing prop- 
erties has been studied in a number of labora- 
tories with conflicting results. After rabbit 
anti-human y globulin was reduced and alkyl- 
ated, we found essentially no decrease in C’- 
fixing properties ( 1 ) .  Schur and Becker ( 2 )  
observed a reduction in C’ fixation of less 
than 20% after treating rabbit anti-human 
albumin sera with cysteine, whereas Wieder- 
mann et aZ(3,4) recently reported complete 
loss of the C’-fixing activity associated with 
human and rabbit antibodies after reduction 
in 0.1 M mercaptoethanol. As the exact con- 
dition for the reduction-alkylation treatment 
was different in each investigation, it is diffi- 
cult to decide from these experiments which 
molecular structures are essential for the C’- 
fixing properties of antibody. Recently, Pal- 
mer et aZ(5) reported that rabbit y globulin 
was split into half molecules by reduction 
in 0.1 M mercaptoethylamine followed by 
lowering the pH to 2.5, indicating that the 
inter-heavy (H)  chain disulfide linkage (s) is 
reduced by the procedure. In view of these 
findings, the present experiments were under- 
taken to study the role of the inter-H chain 
disulfide linkages in rabbit antibody mole- 
cules on their C’-fixing properties. The re- 
sults indicate that after irreversible reduction 
of the inter-H chain disulfide linkages, the 
half molecules of antibody can recombine in 

* This work was supported by Research Grant Al- 
04985 and A1-05840 from USPHS and by Grant GB- 
1164 from Nat. Science Foundation. 

Colorado 

the presence of antigen to form antibody com- 
plexes which fix C’. 

Mateyials and methods. Antigen and anti- 
body. A crystalline bovine serum albumin 
(BSA) (Armour & Co.) rabbit anti-BSA 
system was employed in these experiments. 
Anti-BSA rabbit serum was obtained by im- 
munization of rabbits for 4 weeks with an 
increasing amount of alum-precipitated BSA. 
The animals were bled 7 days after the last 
injection of antigen. Gamma globulin frac- 
tion of the antiserum was obtained by pre- 
cipitation with ammonium sulfate at % satu- 
ration followed by DEAE cellulose chroma- 
tography( 6).  

Reduction of y globulin. The y globulin 
fraction of anti-BSA serum was reduced with 
mercaptoethylamine HC1 (Nutritional Bio- 
chem. Co.) under N2 by the method of 
Palmer et aZ(5). The fraction ( 1 . 5 % )  was 
incubated at pH 5.0 in 0.1 M mercaptoethyl- 
amine for 75 minutes at 37°C. Twice molar 
excess of iodoacetate was then added to the 
reaction mixture and the pH maintained at  
8.0 by addition of 1 M Tris (Tris (hydroxy- 
methyl) aminoemethane) solution. After one 
hour, the reduced-alkylated y globulin was 
dialyzed against saline for 48 hours. 

Complement fixation tests. Pooled guinea 
pig serum was used as the source of C’. The 
serum was purchased in a frozen state from 
Probio Inc., New York, and absorbed with 
1/30 volume of packed sheep erythrocytes. 
The number of units of C’ inactivated by 
antigen-antibody complexes was determined 


