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Introduction He 
D Research during the period under review was concerned with -. 
rn 

3 main topics, representing a logical development of investi- ^ 
CD 
•< 
to 

to provide some criterion for functional integrity of collecting -̂  
CO 

gations described in previous reports: 1) A method was devised 

ducts in the living animal. Results, described in detail in a 

manuscript to be published (Bowman and Foulkes, Antidiuretic 

Hormone and the Urea Permeability of Collecting Ducts , Am. J. 

Physiol., in press), provide a basis for investigating the 

effects of uranium on the collecting duct. 2) Application of 

the new method of studying function of collecting ducts to the 

problem of renal toxicology of uranium illustrates how research 

on basic mechanisms has been pursued in parallel with their 

application of the results to the practical problem at hand. 

A preliminary report of some of these results was presented 

to the Spring Meeting of the American Physiological Society 

(Bowman and Foulkes, Effects of Uranium on Rabbit Renal Tubules, 

Fed. Proc. 28:524, 1969. c f- Report #COO-l691-4 to the AEC, 

dated 3/26/69). A detailed manuscript is in press in Toxicol. 

Appl. Pharmacol. 3) Continued attempts were made to delineate 

the biochemical lesion underlying the functional damage caused 

by uranium intoxication. 

Results 

1) Study of properties of collecting ducts in vivo 
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One of the major functions of the mammalian collecting 
duct is the elaboration of concentrated urine. The primary 
physiological mechanism involved in this function is the 
control of permeability of collecting duct epithelium by ADH 
(antidiuretic hormone of the pituitary). It seemed logical, 
therefore, to attempt to define some of the properties of 
collecting ducts in terms of their interaction with ADH. 
Results obtained may best be summarized by the abstract of 
the paper in press in the American Journal of Physiology. 

"Movement of urea from papilla into fluid trapped in 
collecting ducts was investigated after ureteral oc
clusion in alcohol anesthetized rabbits. Two minutes 
after clamping of ureters infusion of C1 -urea was begun, 
together with H^-inulin in some experiments. After two 
minutes' infusion the aorta was occluded. At the same 
time ureteral clamps were removed. Urine was then 
collected until dissipation of intrarenal pressure led 
to cessation of flow. In the absence of ADH no signif-

14 icant amount of C -urea appeared in collecting duct urine 
although the papilla became highly labeled. Addition of 
ADH (2 milliunits/kg body weight/minute) to the infusion 

14 led to penetration of significant amounts of C -urea into 
fluid trapped in collecting ducts. None of these fractions 
contained any inulin. This finding provides further proof 
for an effect of ADH on passage of urea from renal tissue 
into urine, and complements previous work (6) on ADH 
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stimulation of urea flux from tubular fluid into renal 
tissue under similar conditions. The hormone presumably 
exerts a permissive effect on urea movement across the 
tubular epithelium." 
In brief it is shown that normal collecting ducts respond 

to ADH not only with the well established increase in passive 
water permeability. In addition, fairly direct evidence is 
provided for a bidirectional effect of the hormone on passive 
permeability to urea. As a corollary it may be concluded that 
the intact collecting duct in the absence of ADH must be rel
atively impermeable to urea, whether the movement of the solute 
be measured in the direction of lumen to interstitium or in the 
inverse sense, from interstitium into tubular lumen. 
2) Integrity of collecting duct function in the poisoned animal 

As pointed out in the previous section, one criterion for 
assessing the integrity of collecting ducts is provided by the 
conclusion that in the absence of ADH little or no urea should 
cross this tissue in either direction. Application of this 
criterion to the uranium treated rabbit led to the finding of 
normal permeability properties of collecting ducts of animals 
in water diuresis, i.e. in absence of ADH. These results have 
been combined with previously reported measurements of function 
of Henle's loop and the distal convoluted tubule (see report 
COO-1691-3 to the AEC, dated IO/I/1968) in a paper in the 
process of publication in Toxicol. Appl. Pharmacol. A copy 
of the paper is appended to this report; the abstract is here 
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reproduced for convenience. 
"Following an earlier report of effects of uranium on 

proximal tubules in rabbit kidney, the present results 
define lesions caused by intravenous administration of 
0.2 mg uranium/kg body weight on functions of more distal 
portions of the nephron. Depression of free-water clearance 
during water diuresis, decreased water conservation during 
hydropenia and dissipation of the normally high tissue 
sodium concentration in the renal medulla all point to 
inhibition of sodium reabsorption from the ascending limb 
of Henle's loop. More distally, effects are seen on sodium 
and water reabsorption under stop-flow conditions. On the 
other hand distal potassium secretion, as well as the normal 
impermeability of collecting duct epithelium to urea in the 
absence of ADH, remain unaffected. Damage to the nephron 
clearly occurs beyond the proximal tubule, previously 
believed to be the major site of attack of uranium on the 
rabbit nephron." 

The picture of the poisoned nephron emerging from our 
studies so far clearly indicates that even at a relatively 
low dose level where uranium does not cause a massive, non
specific renal shutdown (c.f. Nomiyama and Foulkes, Toxicol. 
Appl. Pharmacol. 1_3_: 89-98, 1968) functional damage extends 
beyond the proximal tubule, previously believed to be the 
major site of action of the uranyl ion L E G A L N O T I C E 
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3) The biochemical lesion underlying the toxic effects of 
uranium 
Previous results (Nomiyama and Foulkes, loc. cit.) 

described the study in vitro of the cortical transport system 
responsible for secretion of paraaminohippurate (PAH). Bio
chemical analysis of the inhibition of PAH transport will be 
one of the aims of future studies. In the period under review 
we concentrated on the metabolism of the renal medulla. It is 
the ascending limb of Henle's loop which is primarily respon
sible for the reabsorption or excretion of free water, by 
virtue of the active pumping out of salt across a water-
impermeable membrane. Our findings on free water excretion 
(see section #2) indicated that uranium intoxication leads to 
strong depression of medullary Na transport. Experiments were 
therefore designed to measure some of the metabolic parameters 
of the medulla in normal and poisoned animals. The following 
measurements have thus far been made, without revealing sig
nificant differences between control and poisoned animals: 
Lactate production by slices incubated in glucose containing 
Ringer's in atmospheres of 0$ or 20$ 02j Op consumption of 
slices in a succinate Ringer's in 95$ or 20$ Op- The rationale 
behind these studies had been the fact that renal medulla is 
well known to possess a high glycolytic metabolism and to be 
exposed generally in vivo to a low pOp. At the same time it 
was realized that the two parameters determined can only serve 
as crude, overall measures of metabolic activity. This statement 
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may be illustrated by the fact that a tissue poisoned with 
dinitrophenol will consume Op at high rates and yet will be 
unable to perform many vital processes. In further exper
iments we are therefore now measuring function in poisoned 
tissue by following movement of Na and K into and out of 
slices against their respective electrochemical activity or 
concentration gradients. A further extension of these exper
iments is also planned into the area of particular enzyme 
systems, such as the transport ATP'ase suspected to be involved 
in sodium transport. 
General; 

The work described in the present report was carried out 
by the principal investigator (ECF) in collaboration with 
Dr. A. F. Bowman, post-doctoral fellow in the department. In 
addition a graduate student participated in some of these 
studies. Dr. Bowman has now left the University of Cincinnati 
at the end of a two years fellowship. We are attempting at 
the moment to recruit another post-doctoral worker. 
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