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The Kangaroo rat is of interest to the 
physiologist because of its rather unique water 
and electrolyte metabolism. That these ani- 
mals can exist in xeric habitats, where cacti 
and succulent vegetation are not available as 
water sources, is well documented (1,2). If 
humidity and temperature are controlled, 
Kangaroo rats can be maintained in positive 
water balance when fed only dry seeds (2,3). 
No specialized water depots are known to ex- 
ist in desert rodents (2,4). Although glomeru- 
lar filtration rate, kidney size, and number of 
nephra are essentially the same as in other rats 
of similar weight(5,6), i t  is known that the 
structure of collecting ducts and papilla renis 
of Heteromyidae is unique among rodents ( 5 ,  
7 ) .  Ames and Van Dyke(8) found high con- 
centrations of antidiuretic holrmone in urine 
and posterior pituitary of the Kangaroo rat. 
Howell and Gersh ( 1 ) suggested that absorp- 
tion of water from the bladder may also oc- 
cur; however, this mechanism could not be 
verified by other investigators (4) .  Higher 
concentrations of electrolytes in urine( 9 )  and 
greater reabsorption of water from tubuli of 
Heteromyidae, as compared with the white 
rat ( l o ) ,  also have been demonstrated. One 
of the results of preceding mechanisms, which 
contributes to unique water economy of this 
animal, is that of a prolonged body water 
turnover time. However, comparatively lit- 
tle is known about the kinetics of water me- 
tabolism in the desert rat. Our purpme was 
to determine volume and turnover of ex- 
changeable body water (using tritium water 
dilution method) as adjunct to a study of 
interspecific relations in water metabolism. 

Materials and methods. The animals (Di- 
podomys deserti) were live-trapped in the Ne- 
vada desert,* and morphological characters 

*Work performed under auspices of  IJ.  S. Atomic 
Energy Comni. 

t We acknowledge our appreciation to 1)r. Kermit 
Larsen of Environmental Radiation Division, Univ. 
of California a t  Los Angeles, for these animals. 

were used to identify the species. Animals 
were housed individually in small galvanized 
sheet-metal cages containing dusty Nevada 
sand and covered with hardware cloth. Ani- 
mal room was darkened and relative humidity 
maintained at  20-30% at  70-75°F. During 
18-day acclimatization period, the animals 
were given pearled barley ad lib. and only an 
occasional slice of apple to serve as exogenous 
source of water. Pearled barley, which offers 
several advantages as food source, was kept in 
open container to assure equilibration of pre- 
formed water (i.e., that water which can be 
removed by drying a t  105°C) with the water 
in air. Two experiments were performed to 
determine turnover of exchangeable body 
water. The first (Group A) started after ini- 
tial 18-day acclimatization, and the second 
(Group B) began about 80 days later follow- 
ing additional 14-day acclimatization in dif- 
ferent animal quarters. Temperature in lat- 
ter quarters ranged between 70-75"F, and 
relative humidity 10-20%. Each rat was in- 
jected intraperitoneally with 0.1 ml water con- 
taining 0.85 mc of tritium as HTO. At 2 ,  3, 
and 4 hours after injection, 0.02 ml of blood 
was drawn into a Sahli hemoglobin pipette 
from small incisioa in tail vein and mixed with 
1 ml of normal saline, After centrifuging, 0.5 
ml of clear supernatant was assayed for tri- 
tium activity using a liquid scintillation 
method. Details of assay procedure have 
been reported by Langham et al. (1 1) .  Tri- 
tium activity of each sample was converted 
to pc/ml olf body water by multiplying by ap- 
propriate dilution factors and assuming blood 
to be 79% water, Equilibration of HTO with 
body water was determined frolm 3 blood 
samples obtained on first day, and turnover 
was calculated from changes in HTO concen- 
tration in 5 blood samples obtained for 18-day 
period . 

Results. The mean exchangeable body water 
content folr 20 animals was 62.37% of body 
weight, with standard deviation (a) 2.16. No 
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statistically significant difference lictwecn 
mean exchangeable body water content of the 
2 groups was observed (Table I ) ,  and the 
turnover of H T O  followed a single exponen- 
tial function throughout experimental period 
(Fig. 1 ) .  The half-time (T1h) of body water 
turnover of each group can be determined 

from the relationship T% = ~ where k is 

the rate constant. The mean life ( 7 )  of HTO 
in each group is equal to reciprocal of rate 
constant. Table I1 lists values of parameters 
a and k of the exponential rate equations and 
T, for individual animals. Values for a and 
k were obtained from regressioin equations cal- 
culated by the method of least squares. 

Water intake for animals in Group A was 
estimated from folod consumption and com- 
pared with the vaIue calculated from ex- 
changeable body water and turnover data 
shown in Table I1 and Fig. 1. Mean es- 
changeable body water coatent a t  time zero 
is the product of body weight and the fraction 
of body weight which is water (59.41 g 
water). As loss is exponential, the amount 
remaining in the body a t  end of first day (A,) 
can be calculated from the following relation- 
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ship (where A,, is equal to 59.41 g ,  a i d  t is 
equal to 1 day) :  A,  = A,,e-lit = 55.23 g 
water. The difference between A,, and A, is 
equal to loss during first 24 hours, which 
amounts to about 4.2 g water. 

Each 100 g of barley (dry weight) con- 
sumed by animals gave rise to 54 g of water 
uiu biological oxidation of hydrogen ( 12 ) . The 
preformed water content of barley available to 
rats in Group A was approximately 10%. 
From average foo'd intake for 14 days period, 
average total daily water intake was 3.0 g /  
rat. Average daily water intake of animals 
in Group €3 (calculated from exchangeable 
body water and turnover data) was 2.9 g. 

The value obtained for body 
water content of Dipodomys deserti is in fair 
agreement with that determined by drying en- 
tire animal(2). In  a group of 23 animals 
maintained on dry food only, body water 
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A ,  = where A,  is HTO activity (pc /n i l )  
of body water a t  any time t ;  zt is IlTO acativity 
(puc/ml) of body water a t  time zero; k is fractional 
cliangr/tlay; and t is time in d a p .  

ranged from 62-7070 body weight, with a 
mean of 66% as compared with 62% in our 
study. This small difference is probably not 
due to variation in species, since similar values 
were obtained for Dipodomys spectabilis and 
Perognathus baileyi (pocket mouse) which 
are also members of the family Heteromyidae 
( 2  ) . These investigators found no significant 
t1iffererlc.e lwtwcen l~crcentage ol body water 
in rats niaintained on dry iootl m ( 1  on diets 
of varying water content. 

Newly captured animals appear to have a 
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higher percentage of body water than animals 
in captivity for longer times(2). Captive ani- 
mals apparently become fatter and less mus- 
cular, and amount of body water relative to 
body weight decreases because fat contains 
less water than muscle. No statistically sig- 
nificant difference was found between ex- 
changeable body water content of the 2 groups 
of animals in this investigatioln, even though 
determinations were made about 18 and 100 
days after their arrival from the desert. The  
cliff erent conditions of relative humidity to 
which each group was exposed, however, 
might justifiably preclude any comparison of 
body water content as a function of time in 
captivity . 

The 10- to 15-day half-time for HTO in 
the Kangaroo rat is extremely long, as com- 
pared with the white rat, which has a half- 
time of about 4 days. It is interesting also 
that water retention half-time of the Kan- 
garoo rat (maintained on diet of pearled bar- 
ley only) is longer than that of the dog, mon- 
key, and man on ad lib. water intake. A 
statistically significant difference (p  = < 
0.01) between mean half-time for each group 
appears real, in spite of the small numbers of 
animals. I t  has been shown by Schmidt- 
Nielsen et  al. ( 3 )  that there exists a lower limit 
of relative humidity and temperature (about 
10% relative humidity a t  75°F) beyond 
which these animals cannot remain in positive 
water balance when maintained on a dry diet. 
The animals in Group B were exposed to very 
similar conditions, and their increased water 
retention might represent a respolnse to one 
or more environmental changes such as light, 
noise, relative humidity, or time in captivity. 

The results of this investigation ciemonstrate 
the effectiveness with which the Kangaroo rat  
conserves water and thereby survives in a 
xeric environment. 

Sumnznry . Mean exchangeable body water 
content (t u ) ,  as measured by the tritium 
water dilution method, was 62.37 1: 2.163, 
of the body weight for 20 Kangaroo rats (11. 
descrt i ) .  When maintained on a diet of 
pearled barley only, 2 groups of animals 
showed mean turnover times for exchangeable 
body water of 33.9 and 22.1 days. This is 
much longer than that found in the ordinary 
white rat and in other mammals and presents 
an adaptation to a xeric environment. 
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