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Antidiuretic Hormone in the Urine and Pituitary of .  the Kangaroo Rat? 
(18216) 

ROSE G. AMES AND H. B.  VAN DYKE. 
From the Department of Pharmacology, College of Physiciam and Surgeons, CoEwzbia University. 

The desert rodent Dipodomys ordinarily 
does not have access tso water and its survival 
depends upon an extremely economical use 
of the water present in food or derived from 
the oxidation of hydrogen. Its ability to 
excrete a highly concentrated urine is the 
important faGtor in its conservation of water 
(1-5). This rodent can excrete a more con- 
centrated urine than any other mammal 
whether terrestrid or marine. According to 
the Schmidt-Nielsens and their colleagues 
(2-S), the electrolyte-content of Dipodomys 
urine can reach 1.2 N and urea can be present 
in a concentration of 3.6 M. The mecha- 
nisms by which such unusual concentrations of 
electrolyte and urea are reached require eluci- 
dation. Howell an'd Gerlsh ( 1) concluded that 
considerablle water was removed from the 
urine in both the collecting tubules and in 
the bladder. The most important hormonal 
factor in water conservation by the kidneys 
is the antidiuretic hormone of the posterior 
pituitary and it seemed probable that Dipo- 
doniys requires relatively large quantities of 
this hormone. A comparison of the urinary 
excretion of antidiuretic hormone and of the 
quantity of stored hormone in the pituitary 
of kangaroo rats (Dipodomys merriami) and 
of stock rats (Long-Evans strain) has been 
made and will be reported in this communi- 
cation. 
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*This study was in part supported by a grant 
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Methods. The kangaroo rats used in this 
study were obtained from the Arizona desert 
and were maintained on a diet of dry corn, 
barley, wheat and rolled oats. Lettuce was 
offered them 3 times a week but no drinking 
water was furnished. The animais main- 
tained their weight which was taken to be 
good evidence of a satisfactory water bal- 
ance. The comparative studies on stock rats 
were carried out with bhe Long-Evans stradn 
of our laboratory colony. The problem of 
obtaining sufficient urine from the kangaroo 
rats which usually weighed 35 to 40 g was 
solved by ligating the neck of the bladder 
under ether anesthesia. Twenty-four hours) 
later the operated animals were killed by 
illuminating gas and the accumulated urine 
was aspirated from the bladder by means of a 
syringe and fine needle. Approximately 0.5 
mi of urine for assay could thus be obtained 
from each animal. Occasionally the urine 
was contaminated with blood although there 
was no apparent reason for hemorrhage into 
the urinary tract. The best specimens, never 
containing bIood, were aspirated from the 
bladder at  laparotomy before ligation; there 
was no means of ascertaining the period of 
collection of these samples. The samples of 
urine from ligated bladders represented the 
urine excreted during 24 hours. One-fourth 
per cent acetic acid was used for the pre- 
liminary dilution of the urine. Either the 
pars neuralis or the whole pituitary was re- 
moved under a dissecting microscope aind ex- 
tracted at room temperature by grinding with 
0.25% acetic acid in an agate mortar. The 
diluted fine suspension was kept at  4°C 
before assay. (Brief extraction at 100°C 
immediately followed by chilling caused con- 
siderable loss of antidiuretic hormone.) 
Before extraction, the pars neuralis was 
quickly weighed on a sensitive torsion bal- 
ance (t 0.02 mg) ; the whole pituitaries usu- 
ally were not weighed. 
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T-IBLE I. Concentration of Ailtidiuretic Hormone 
i n  tlic T'rinc. of ICangaroo Rats and of Stock Rats 

(Long-Evans Strain).  

l;Ioo(l i i i  urinr. 
i 11 ~ Y O U J I S  of 4 ciiC.1). 

Specimens from the stock rats were also 
collected in the same manner. In  one experi- 
ment with 44 stock rats, urine was collected 
in metabolism cages each containing 4 rats. 
_Antidiuretic hormone was determined in hy- 
drated unanesthetized dogs by the method 
of Ames, Moore and van Dyke(6). The 
minimum quantity of hormone which could 
be detected was 0.25 m.u. (0.00025 U.S.P. 
unit). 

Results. Antidiuretic activity was detected 
in all urines obtained from the kangaroo rats 
in concentrations ranging from 1.7 to 50 m.u. 
per ml (Table I ) .  The average from 9 speci- 
mens of kangaroo rat urines before ligation 
of the bladder was 19.3 % m.u. per ml. 
I n  the 24 hour urine collections from the 
ligated bladders of 11 rats the average titer 
was 7 .2  ~1 4.0 m.u. per ml. Three other speci- 
mens from ligated bladders contained gross 
blood and the average of these was 10.0 m.u. 
per nil. It was felt that small amounts of 
blood or serum in these 24-hour collections 
might account for their lower potency as com- 
pared with the urines obtained without liga- 
tion of the bladder. 

L-rine obtained from 5 stock rats on ade- 
quate food and water intake contained no 
antidiuretic activity. When drinking water 
was withdrawn for 48 hours or more! anti- 
diuretic activity was detected in increasing 
amounts. There was a small amount of anti- 
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diuretic hormone (0.5 m.u. per ml) in only 
one of 4 rats deprived of water for 48 hours; 
the amount present in  the urine of the other 
3 was less than 0.2 m.u. per ml. Crine was 
collected for the last 24 hours of a 72-hour 
thirst lperiod from 11 groups of 4 rats in 
metabolism cages. The average titer of these 
specimens, each representing 4 rats,, was 1.7 
t 1.5 m.u. per mI and the range was 1.0 to 
5.9 m.u. per ml. An acid p H  was maintained 
in these urines by the use of collecting cylin- 
ders which contained 1% acetic acid. I n  a 
control experiment in which pitressin solutions 
of 2 and 5 m.u. per ml at pH 5.5 were allowed 
to drip through metabohm cages for a 
similar period, no loss of activity could be 
detected . 

In  Tables TI and 111, determinations of 
the amount of antidiuretic hormone in the 
neural lobe or whole pituitary are summarized. 
The dissection and weighing of the neural 
lobes was completed as rapidly as possible. 
Possibly there was some posterior lobe tis- 
sue !not removed, especially in the small 
kangaroo-rat glands, which were found to 
contain more hormone in the whole gland 

T,.ZRL E 11. Antidiuretic IIorniune in  S e u r a l  Lobe 
of Kangaroo Hats and of Xormal Stock Rats 

( I.ong-E:\-ans Strain). 

Antidiuretic hoi - 
inone in pars 

iieuralis 

1 1  Kangaroo 41 0.37 .91 33G I+ 110 
14 Stock '71; 1.07 .20 476 +: 146 

c 
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,Table 111). Anterior lobe tissue of the 
kangaroo rat, carefully freed of any neural 
lobe, contained no antidiuretic hormone. The  
fresh median eminence of a few rats of each 
species contained measurable quantities of 
antidiuretic hormone amounting to 19 m.u. in 
the kangaroo rat (average of 3 rats) and 11 
m.u. in the stock rat (average of 7 rats). 
From a comparison of the neural lobes of the 
two species (Table 11), it  can be concluded 
that kangaroo rats have as much or more 
stored antidiuretic hormone than normal 
stock rats weighing 5 times as much. The 
observed difference is not statisticdly signi- 
ficant. The concentration’ of antidiuretic hor- 
mone is more than 3 times as high in the 
neural lohe of the kangaroo’ rat than in that 
of the stock rat. 

It was concluded that for complete extrac- 
tion of the pituitary antidiuretic hormone, 
whole pituitaries should be used. This plan 
was followed in the determinations reported 
in Table I11 in which an attempt was made 
to estimate the effect of thirst on the stlored 
hormone in the stock rats. I n  Gomparison 
with normally-hydrated stuck rats, kangaroo- 
rat pituitaries contain significantly mjore hor- 
mone (F = <O.Ol by Fisher’s “t” test). 
L4mong the noIrma1 and thiirsted stock rats, 
there was found a significantly increased 
storage of hormone after a thirst of 72  hours 

A few other (observations deserve mention. 
number of inactivation experiments was 

completed. In  every case, thioglycolate( 6) 
destroyed the antidiuretic activity of urine; 
under the same conditions posterior-pituitary 
antidiuretic principle was likewise completely 
inactivated. Ultracentrifugation of 3 mix- 
tures of kangaroo rat urine was also carried 
out. In  each experiment \there was marked 
sedimentation of the active substance. Before 
ultracentrifugation the average assay of these 
urine mixtures was 6.7 m.u. per ml. After 
ultracentrifugation the top fraction contained 
1.2 and the bottom, 18.3 m a .  per ml. 

Discussion. Since every urine specimen from 
the kangaroo rats had a detectable amount 
of antidiuretic activity it is evident that 
the secretion of this hormone may be one of 

(I’ = 0.05). 

the most important factors in khe water econ- 
oimy olf these desert rodents. I t  is probable 
that the kangaroo rat excretes highly concen- 
trated urine in part because of a continuous 
and high rate of secretion of antidiuretic 
hormone by the pars neuralis. Our stock 
rats on an adequate fluid intake did not 
excrete antlidiuretic hormone. However, after 
they were thirsted from 48 to 72  hours anti- 
diuretic activity could be detected in the 
urine. The group of 44 rats which were 
thirsted for 72  hours appeared active and well 
a t  the end of this period despite some loss of 
weight. Increased secretion of antidiuretic 
hormone evidently induced adequate water 
conservation. However, if the concentration 
of antidiuretic hormlone in the urine be taken 
as a measure of the rate of secretion, this 
rate off secretion is 4 times or more as rapid 
in the kangaroo rat on its normal diet than 
in stock rats of the Long-Evans strain thirsted 
for 48 to 72  hours. In  another mammlal, the 
dog, powerful ‘osmotic stimulation is fodlolwed 
by a urinary titer of antidiuretic hormone 
not exceeding 6 m.u. per ml. The maximum 
concentration od hormone Eonnd in kangaroo- 
rat urine was 50 m.u. per ml in comparison 
wisth 6 m.u. per rnl in thirsted stock rats. 
This high rate of secretion is associated with 
the storage of a large amlouint of hormone in 
the pars neuralis in a much higher concentra- 
tion than found in the glanld (of stock rats. 
Gillman and Goodman(7) using rats for 
bio-assay injected either the standard poster- 
ior-pituitary solution or urine concentrates 
sulbcutaneously. They repiort an experiment 
in which the urine of la*boratory rats thirsted 
72  hours was thought to contain 1010 m,u. of 
antidilureitic principle per ml. Urine concen- 
trates contain substances which mark)edly re- 
tard absorption and prolong the action of 
any alccompanying antidiuretilc principle when 
injected subcutaneously. Hence, an  assay 
such as that just cited is sulbject to gross 
error (8). 

The work of Shannoa(9) in the dog sug- 
_______ 

7. Gilman, A. and Goodman, L., J .  Physiol., 1937, 

8. Gilman, A., personal communication. 
9. Shannon, J. A.,  J .  E x p .  Med., 1942, v’16, 387. 

v90, 113. 



420 D D T  EFFECT ON OVARIAN CHOLESTEROL 

gests that supramaximal amounts of antidiu- 
retic hormone are continuously secreted by  
kangaroo rats. This may depend upon a dif- 
ferent renal response requiring larger amounts, 
a different rate of destruction of the hormone 
elsewhere, an excessive rate of secretion or a 
combination of more than one factor. The 
amount of antidiuretic hormone in the pitui- 
tary of stock rats was found to increase after 
a thirst of 72  hours. Thus, an increased rate 
of secretion of the hormone was associated 
with the storage of an increased amount of 
hormone in the gland. These results are dif- 
ficult to compare with those of Simon ( 10) 
who found a decrease in pituitary oxytocic 
and pressor hormones in rats deprived of 
water for a much longer period (120-168 
hours) than our rats ( 7 2  hours). He  de- 
tected no significant change after 72-96 hours 
in a few rats: however, in view of the varia- 
tions to be expected, this is not surprising. 

Su~nninry. The kangaroo rat (Dipodornys 
wcrriami) excretes large amounts of antidiu- 
retic hormone in the urine (up to 50 milli- 
units per ml).  The presence of this high 

10. Simon. -\., .4m. J .  PhyJiol., 1933. \-107, 220. 

concentration of hormone is believed to be 
related to the ability of this desert rodent to 
excrete the most concentrated urine of any 
mammal and to reflect. a correspondingly high 
rate ,of secretion 'of antidiuretic hormone by 
the posterior pituitary. In  2 other mammals, 
the dog with powerful osmotic sltimulation of 
the cerebrum, and the laboratory rat (Long- 
Evans strain) deprived of water for 48-72 
hours, the maximum concentration of hor- 
mone in the urine is about 6 m u .  per ml. 
The hormone in kangaroo-rat urine undergoes 
sedimentation in the ultracentrifuge and thus 
resembles endogenous antidiuretic hormone in 
canine urine. The  pituitary of kangaroo rats 
contains more antidiuretic hormone than thak 
of normal laboratory rats although the latter 
are 5 to 6 times larger, Af'ter 72 hours of 
thirst the laboratory rat's pituitary con- 
tains an increased amount of hormone. Each 
microgram of fresh posterior lobe contains 
about 0.9 m.u. of antidiuretic hormone in 
kangaroo rats and about 0.3 m.u. in normal 
laboratory rats. 
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Effect of DDT Ingestion on Total Cholesterol Content of Ovtiries 
Of White 'Rat." (18217) 

OSCAR E. TAGBER AND ARDEN €3. HUGHES. 
F Y O ~  the Dcpartntent of Zoology and Entokology,  Iowa State Coilege, Antes, l a .  

Fitzhugh(1) observed that DDT,  up to 
600 p.p.m. in the diet of female rats, did not 
affect survival of young of the first genera- 
tion. However, in the second generation of 
feeding DDT poisoned food, there were few 
living young at birth. -iilthough the high 
mortality of young in Fitzhugh's D D T  feed- 
ing tests may have come about through direct 
toxicity of the chlorinated hydrocarbon. it is 
possible that a hormonal disturbance may be 

involved in the whole problem. There is 
evidence that cholesterol is a precursor of 
some hormones exerting their influences in 
the reproductive cycle of the rat(2).  There- 
fore, it  seemed promising to investigate 
ovarian cholesterol in rats subjected to DDT 
poisoning. In  connection with investigations 
(3 )  concerned with accumulation of ingested 
p,p' D D T  in various internal organs of white 
rats, additional females were exposed to diets 
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