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Unresponsiveness of the Adult Toad to Thyroxine Administration.* 
(31081) 

ELISA MARUSIC, RAMON MART~NEZ, AND JORGE TORRETTI 
(Introduced by Philip K. Bondy) 

Institute of Physiology and Department “R” of Medicine, University of Chile School of Medicine, 
Santiago 

An in vitro effect of thyroxine on vasopres- 
sin sensitive structures of the toad has been 
reported(1). We have confirmed the effect of 
thyroxine in water transfer and active sodium 
transport across the isolated toad bladder, 
and further demonstrated that the effects of 
thyroxine and vasopressin on water transfer 
but not on sodium transport, were synergistic 

Reports in the literature are contradictory 
as to the effects of thyroxine administration 
to the intact adult toad. Enzymes related to 
oxidative metabolic pathways, known to be 
altered in the thyroxinized mammal, have 
been reported to have normal activity in the 
adult toad after repeated injections of thyrox- 
ine( 3 ) .  

In thyroxine treated mammals an increase 
in oxygen consumption has regularly been 
found in intact animals, tissue slices and tis- 
sue hornogenates ( 3 )  , whereas similar stud- 

( 2 ) .  

* Supported by Grant R F  63015 of the Rockefeller 
Foundation and University of Chile under a joint 
program (Project 64-S), and partly by Pfizer Inst. 
of Chile for Scientific Research. 

ies in the toad have been reported as showing 
either an increase in oxygen consumption (4, 
5,6) or no demonstrable change(7). In the 
isolated bladder of normal toads Thornburn 
and Matty(8) have reported increased oxy- 
gen consumption after adding thyroxine in 
vitro, an observation which we have con- 
firmed. Reports on the effect of thyroxine on 
water uptake and transport of electrolytes 
through the skin of the adult amphibian are 
also contradictory(9,10,11). 

Our interest in the interrelation of thyrox- 
ine and vasopressin stimulated us to study 
the effects of thyroxine in Bufo spinolosus, 
the species in which our former studies were 
made. 

In addition to studies on the action of thy- 
roxine on vasopressin sensitive structures of 
toads given daily injections of thyroxine, de- 
terminations were made of the oxygen con- 
sumption by the isolated bladder and liver 
homogenates obtained from the same ani- 
mals; and also of the cystathionase and glu- 
tamic pyruvic transaminase activity of these 
liver homogenates. The activity of these en- 
zymes, unrelated to oxidative metabolism, has 
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been reported to be decreased early in the 
thyroxine treatment in the rat ( 12). 

Nethods .  Adult male toads, Bufo spino- 
Zosus arencum, weighing 30 to 80 g (average 
5 5  g) were used to measure the water uptake 
by the method described by Sawyer ( 13). Tbe 
toads were fasted 4 days previous to the ex- 
periments, and kept in water that was re- 
newed daily. Tap water was used 2 days and 
distilled water the 2 days immediately pre- 
ceding the experiment. On the day of experi- 
ment the bladder was emptied by abdominal 
pressure, and the cloaca was ligated. Under 
such experimental conditions we have found 
that water uptake is uniform in the first 6 
hours.+ Because of this finding, in all experi- 
ments in which the effect of an acute injec- 
tion of hormoae was studied, this injection 
was made after the first 3 control hours, and 
carried on for 3 more hours. In chronic ex- 
periments, thyroxine injections were given 
daily for 2, 4, 7 or 21 days previous to the 
experiments. In all experiments there was a 
control and an experimental group, the weight 
of toads in each group being similar. In water 
uptake experiments changes in weight were 
expressed in percentage change in initial 
weight. 

All holrmones were injected in the dorsal 
lymph sac through a long needle introduced 
through the skin of one of the hind limbs. 
Vasopressin ( Pitressin, Parke Davis) was dis- 
solved in redistilled water and given at  a 
dose of 1 U/lOO g body weight. Thyroxine 
was given as L-Thyroxine Sodium (L. Light 
& Co.) dissolved in phosphate buffer 0.1 M 
pH 8.5, and given at a dose of 01.8 mgJlOQ g 
body weight per injection. All control toads 
were injected with equal volume of the sol- 
vents used in preparation of the hormone so- 
lutions. 

At the end of the balance experiment the 
spinal cord was pithed, the liver excised and 
homogenized in 0.25 M sucrose; the bladder 
was isolated and kept in Ringer's solution. 
In  some experiments the isolated bladders 
were used to assay water permeability ac- 
cording to the method of Bentley(l4). In 
~~~ 

t In 14 normal toads the per cent gain in weight 
was 9.0 k 3.1 in the first 3 hours and 9.1 r+ 3.3 in 
the next 3 hours. 

others, oxygen consumption of the isolated 
bladder before and after addition of 100 mU 
of vasopressin to the bathing medium was 
measured. In  the liver homogenates oxygen 
uptake was also measured, before and after 
adding sodium succinate by the conventional 
manometric technique of Warburg at  28°C. 

In the liver homogenates the activity of the 
enzymes, glutamic-pyruvic transaminase and 
cystathionase, was also measured, according 
to the techniques used by Fernhdez and 
Horvath ( 12) and by Horvath ( 15) .  

In the statistical analysis of the results, we 
used a common values of S 

/(Nl--l) Sl2% (N2-l) S,2 
X, (standard error of / 

the observations) V N1+ N2-2 

Results.$ Water  transfer by  the isolated 
toad bladder. In  8 controls a water transfer 
of 4.5 t 3.0 pl/cm2/hr was observed before 
adding vasopressin to the medium, and 181.7 
t 41.01 ,pl/cm2Jhr after addition of this hor- 
mone. Under the same conditions values ob- 
tained in the isolated bladders of 14 toads 
treated 4 days with thyroxine, were 5.01 t 

TABLE I.* Water Balance Response of Thyroxine 
Treated Toads. 

Water balance responset 
Days of Before After 

treat- vaso- vaso- 
Group Seasoii n ment pressin pressin 

C$ cold 30 7.8 & 2.2 16.1 2 4.3 
T4 34 4 8.5 2 2.2 17.6 & 4.1 
c cold 16  5.6 2 1.4 12.3 1.3 
T, 18 21 6.3 2 1.1 11.6 2 2.8 

C warm 8 11.2 & 1.2 18.2 -I 6.1 
T4 10 21 13.4 2 3.5 16.5 & 3.8 

* I n  this and following Tables, mean and stand- 
arc1 deviation given. 

t yo Gain in  weight. 
3 C = Control. 

TABLE 11. Oxygen Consumption of Toad Blad- 
der, ul O,/mg Dry Weiglit/Hr. 

n Control Vasopressin" 

Control 10 1.36 2 .37 2.6 k .70 
T,, 4days 16 1.59 2 .G8 2.94 k .99 

Control 7 1.69 t .29 2.61 & .60 
T,,21 days 15 1.96 2 1 . 0 0  2.96 2 .44 

* Vasopreasiii z 100 niTJ/nil. 
~~~~~ ~ ~ 

3 Unless otherwise stated results reported were ob- 
tained during the cold season. 
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TABLE 111. Oxygen Consumption by Toad Liver 

n Control Suwinat e * 

Homogenates, pl O,/mg Dry Weight/Hr. 

Normal 15 .72 k .35 4.36 -+ .86 
T,, 2 days 5 .59 & .ll 4.07 2 .93 
T,, 4 ” 5 .79 k .28 4.81 & 1.08 
T,, 7 ” 5 -59 & .16 3.99 .63 
T,, 21 ” 14 -81 2 .38 4.21 k 1.05 

* Sodium succinate, 15 pM/ml. 

TABLE IV. Wa.ter Balance Response of the Toad 
After Acute Injection of Thyroxine. 

Water balance* 
Group n 0-3 hr 3-6 hr 

Control, no hormone 14 9.0 2 3.1 9.1 & 3.3 
T, at 3 hr 17 10.1 t 2.7 12.1 -+- 2.4 

Control, vasopressin 14 7.6 & 3.1 16.3 2 4.5 

Vasopressin + T, 15 7.5 & 2.4 18.4 2 4.3 
at 3 hr 

T, = Thyroxine, 0.8 mg/100 g. 
Vasopressin = 1 U/lOO g. 
* 70 Gain in weight. 

3.7 pl/cm2/hr and 189.5 t 59.8 pl/cm2/hr, 
respectively. Thus in these experiments no 
difference was shown between normal and 
thyroxine- t rea ted toads. 

Water uptake b y  the intact toad. Results 
summarized in Table I show no difference in 
uptake of water both in basal conditions and 
after administration of vasopressin in normal 
adult toad and in toads treated 4 or 2 1  days 
with thyroxine, regardless of the season in 
which the study was made. 

Oxygen consumption by  the isolated blad- 
der. No significant difference in oxygen u p  
take of isolated bladders of normal or thy- 
roxine-treated toads was observed (Table 

Oxygen consumption by  Liver homogenates. 
Table I11 summarizes a series of experiments 
in which QO, by liver homogenates of toads 
treated 2 to 21 days with thyroxine was stud- 
ied. No difference between normal and 
treated toads was obtained, either before or 
after the stimulating action of succinate. 

Cysiatliionase and glutamic-pyruvic trans- 
aminuse activity of liver homogenates. Al- 
though the mean cystathionase activity was 
lower in the liver homogenates of toads 
treated 2 1  days with thyroxine than in those 
of normal controls, this difference was not 
statistically significant: 44.6 t 19.1 pM/g/ 

11). 

hr in 10 controls and 3 1.9 -t- 18.3 pM/g/hr 
in 15 thyroxine-treated toads (p>O.lO). 

The difference in glutamic-pyruvic trans- 
aminase activity, however, was highly signifi- 
cant, being 164.2 t 45.6 pM/g/hr in the 10 
control toads and 112.3 t 27.1 pM/g,/hr in 
the 15 thyroxine-treated toads (p<O.OOl). 

Wdter uptake in the toad under acute ef- 
fects of thyroxine and/or vasopressin. Table 
IV shows the results of these experiments. 
There is no difference in uptake of water dur- 
ing the first 3 or last 3 hours of the experi- 
ment in control toads. In  the 3 hours that 
follow the injection of thyroxine the increase 
in water uptake is of doubtful significance 
(p>0.025). The difference in uptake after 
injection of vasopressin with and without the 
simultaneous injection of thyroxine is not sig- 
nificant (p>O.20). 

Discussion. Although we have previously 
shown a change of water permeability in toad 
bladders treated in vitro with fthyroxine, we 
have been unable to show a change in per- 
meability after thyroxine is given in vivo, 
either in the isolated bladder or through the 
skin of the intact toad. Consistent with these 
findings are our observations that there is no 
difference in oxygen consumption of bladders 
isolated from normal or thyroxine-treated 
toads, while Thornburn and Matty(8) h v e  
reported, and we have confirmed their obser- 
vations, that addition of thyroxine to the fluid 
bathing isolated toad bladders is followed by 
an increase in their oxygen consumptioa. 
From the results obtained in these experi- 
ments, it may be concluded that there is a 
difference between the effects of thyroxine in 
vidtro on tissues of the toads and effects of 
comparable doses in vivo. Circulating levels 
of thyroxine in the toad have not been deter- 
mined and the doses used in our experiments 
are based on the results obtained on toads in 
vitro, and in vivo in mammals. They repre- 
sent a dose comparable to those needed to 
produce metamorphosis in tadpoles. It seems 
possible that the tissues are responsive but 
the hormone is disposed of in such a fashion 
in the intact animal that the concentration of 
thyroxine at the tissue effector sites never’ 
reaches effective levels. 

If this were the case, thyroxine might also 
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be ineffective in systems other than those as- 
sociated with alterations of oxygen uptake or 
water transport. This question was explored 
by studying the effect of the hormone, given 
in vivo, on the activity of liver glutamic- 
pyruvic transaminase. In rats, treatment with 
thyroxine reduces the activity of this en- 
zyme. Similar results were obtained in the 
toad. 

The discrepancy between the unresponsive- 
ness of the toad skin and bladder and the re- 
sponsiveness of the liver enzyme system may 
reflect differences in the sensitivity of the two 
systems to minimal concentrations of Ithe hor- 
mone. Alternatively the disposal of thyroxine 
-probably by the liver-may remove the 
hormone from the membrane sites of action 
so rapidly that its effect is negligible, while 
permitting the hormone to accumulate in sig- 
nificant quantities in the liver to reduce the 
level of transaminase. It is also possible that 
the hormone itself is not responsible for the 
changes in the hepatic enzyme levels, but 
that its metabolic product is the functioning 
substance. Finally, the difference may be a 
result of differences in the tirne-course of ac- 
tion of the hormone; however, the fact that 
no effect on water transfer and oxygen con- 
sumption could be found even when several 
intervals were studied makes this unlikely. 

Summary. Thyroxine injected into intact 
toads ( B .  spinulosus aremum) failed to in- 
crease the water permeability and oxygen up- 
take of the skin and bladder, although when 
added in vitro it caused clear cut increases in 
these parametersl. ?“he hormone did, however, 
reduce the activity of the liver glutamic-pyru- 

vic transaminase. This suggests that the fail- 
ure of thyroxine, in vivo, to affect the me- 
tabolism and function of toad bladder or skin 
is not a result of end-organ unresponsiveness, 
but reflects some peculiarity of the metabo- 
lism or disposal of the hormone in vivo. 

The authors gratefully recognize Dr. P. K. Bondy 
for valuable suggestions in preparaton of the manu- 
script and Dr. J. M. Ugarte for assistance in the 
statistical analyses. 
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In Mice. (31082) 

GERALD E. UNDERWOOD, CAROLYN A. BAKER AND SHELDON D. WEED 
(Introduced by R. 0. Stafford) 
The Upjohn Co., Kalamazoo, Mich. 

Coe virus, first isolated by Lennette and especially among military recruits. Efforts to 
co-workers from patients with mild respira- find a suitable animal host for laboratory in- 
tory illness( l ) ,  was later identified as Cox- vestigation led to successful adaptation of 
sackie A-2 1 virus ( 2 ) .  Investigators in various Coe virus to weanling mice, where infectio’n 
parts of the world found the virus to be re- produced muscle degeneration and flaccid pa- 
sponsible for significant numbers of %olds,” ralysis ( 3 ) .  Cw-infected mice have subse- 


