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Experimental renal tubular lesions in animals are of interest for at least two 
reasons. Firstly, because in recent years there has been considerable debate 
about the localization of various functions of reabsorption, ionic exchange, 
and secretion carried out in different segments of the nephron. Selective ne- 
crosis of a specific segment of the nephron may be important in further inves- 
tigation of such claims. Secondly, it is of interest to compare such experimen- 
tal lesions with those occurring in diseased states in man, always remember- 
ing that the kidney of any animal is not the same as the kidney of man. 

Dunn and Poison (1) reported 30 years ago that they had produced severe selec- 
tive damage in the ascending limbs of ttenle, second convoluted tubules, and to 
some extent in the collecting tubules by the introduction into the circulation of the 
rabbit of large doses of uric acid in solution, in the form of lithium monourate. Ne- 
crosis of the epithelial lining was produced within an hour of the injection and re- 
generative changes were in full swing by the 4th to 8th day. This is, so far as we 
know, the only experimental claim of a selective lesion of this segment of the neph- 
ron, with the exception of the experiments of McFarlane (2) who in 1941 considered 
that in experimental phosphate nephritis of rats the lesion was again almost restricted 
to the segments of the lower nephron. However, Oliver (3) later showed by his micro- 
dissection technique that the phosphate lesion involved the descending part of the 
proximal convolution as well as the ascending limb of Henle. So far, lesions produced 
by uric acid have not been used in ancillary physiological investigations, and it is 
not the purpose of this paper to record such. 

When describing the renal lesions in two cases of crush syndrome, Dunn, Gillespie, 
and Niven (4) claimed that acute selective damage of the lower segments of the 
nephron was present and compared it to the lesion produced in the rabbit by uric 
acid. They were, we think, the first to emphasize this point, although the kidney 
involvement in crushing injuries had been pointed out by Minami (5) many years 
previously. With minor reservations (6-8) this localization of the lesion in the crush 
syndrome and in the similar condition, the kidney of incompatible blood transfusion, 
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was accepted by most workers in Great Britain and America in the years of World 
War I I  and the immediate postwar period. 

This view, however, was vigorously contested by Oliver, MacDowell, and Tracy 
(9) who considered the lesion in the crush syndrome kidney, that of incompatible 
blood transfusion, and other examples of acute renal failure to be a patchy one which 
might involve at random the proximal convolution, its descending limb, the ascend- 
ing limb of Henle, and the second convoluted tubule. They were able to demonstrate 
patchy tubular necrosis and disruption or tubulorhexis-to use the term favored by 
them-by examining individual nephrons in their entirety following microdissection 
of portions of the kidney. I t  therefore seemed worthwhile to repeat the original ex- 
periments of Dunn and Polson with uric acid in the rabbit and to see where the 
experimental lesion was situated when the kidney was examined by microdissection. 

Before detailing our experiments, however, it is as well to point out that Duma and 
Polson were fully aware of the difficulty of identifying with certainty in ordinary his- 
tological section the exact site in a tubule of an area of necrosis. They sought to 
overcome this by making serial sections at right angles to the papilla and they con- 
sidered that there was a certain zone 1.4 ram. wide from the 950th to l l50th section 
in which the only tubules present were narrow limbs of Henle's loop, broad ascend- 
ing limbs, and collecting tubules (see Fig. 1 taken from their article). They thought 
that in this zone the broad ascending limbs of Henle could be distinguished from 
narrow limbs and collecting tubules even when some of these elements were necrotic. 
Our experiments indicate that this is open to question. 

Methods 

Our method was essentially the same as that used by Dunn and Poison. A supersaturated 
solution of lithium monourate was prepared by adding saturated Ethium carbonate solution 
to a suspension of uric acid in water with heating. It was found that about 18 cc. of saturated 
lithium carbonate solution was sufficient to carry almost the whole of 1 gm. of uric acid 
suspended in a few centimeters of water into a supersaturated solution, giving a final volume 
of about 20 ce. for 1 gin. or a little less than 1 gin. of uric acid. The lithium carbonate was 
added gradua]ly and finally there came a point where an almost clear solution resulted. With 
our chemicals a little residual material was always left which was filtered off to give us a final 
clear solution. This was then injected into the ear vein of a rabbit, after cooling to 37°C. 

In a typical experiment 1 gm. in 20 cc. of solution was injected over a period of about 5 
minutes, it was difficult to make the injection more slowly because further cooling resulted 
in some precipitation. About 30 to 60 minutes later the procedure was repeated so that a 
2 kg. rabbit was given almost 2 gin. of uric acid over a period of 30 to 60 minutes. 

E X P E R I M E N T S  

The total duration of injection and the amount  was varied in different ex- 
periments in order to produce a variety of lesions. If too little was given, no 
satisfactory lesion occurred, and if too much was given rapidly the rabbit  
sometimes died within a few hours. A few rabbits exhibiting excessive saliva- 
tion, diarrhea, and occasionally rapid respirations, died within 24 to 48 hours. 
These features were thought to be due in part  to pulmonary edema and also 
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to lithium poisoning. In these rabbits there was often edema of the lungs and 
severe congestion in the alimentary tract at postmortem. This type of fatal 
issue appeared to depend to some extent upon the rapidity of the injection. 
Preliminary experiments indicated a rise in blood urea in the first 24 to 48 
hours but systematic investigations of the blood chemistry were not made. 
Animals were killed at varying intervals up to 4 days by intravenous injec- 
tion of air and some that died were also examined, but in no instance was ma- 
terial used for dissection or histology unless a postmortem was done immedi- 
ately after death. The kidneys were removed and, after noting naked eye 
changes, were immersed in formol saline for a few days before preparation of 
histological sections and the use of some material for microdissection. The 
method of dissection of nephrons, subsequent staining, and photography were 
as detailed by Oliver, MacDowell, and Tracy (9). 

Rabbit 1-2, weight 2 kg., received approximately 3 gin. of uric acid injected in 55 cc. of 
fluid over a period of rather less than an hour between 12 and 1 p.m. Diarrhea commenced at 
2 p.m. and the animal died at 2:45 p.m., i.e., about 2 hours after the injection. Immediate 
postmortem showed the cortex of the kidney to be swollen and pale with faint gray streaks in 
the outer zone of the congested medulla. On microscopical examination there was necrosis of 
several segments of rather dilated tubules in the outer zone of the medulla in which the 
lumina were filled with esoinophil debris, and around these there were occasional pyknotic 
nuclei in some places. There was some degeneration and focal flattening of tubules in the 
cortex; although their nuclei were preserved no localization of these was attempted. From the 
examination of ordinary histological material it was not possible to be certain of whether 
the necrotic tubules in the medulla were collecting tubules or ascending limbs of Henle (Fig. 
2). Microdissection was not undertaken in this case. 

Rabbit 1-3, weight 2 kg., received 2.3 gin. of uric acid between 2 and 3 p.m. The animal 
recovered satisfactorily after the injection but later in the day developed rapid respirations 
and died approximately 8 ~  hours after injection. Immediate postmortem was carried out; 
the naked eye appearance of the kidney was similar to that of rabbit 1-2, except that the 
intense congestion of the medulla was absent. Microscopically complete necrosis of epithelium 
of straight segments of tubules in the outer medulla and in the lower part of the cortex was 
present. The lumina of these tubules were almost an eosinophil coagulum and the borders of 
some of them showed infiltration with leucocytes. The convoluted tubules in the cortex showed 
mild degeneration only. It was not possible to be certain whether the necrotic elements were 
in the descending straight parts of the first convolutions, the ascending limbs of Henle, the 
collecting tubules, or in more than one of these elements. Fig. 3 shows several such necrotic 
segments at the junction of the cortex and medulla. This kidney was therefore dissected and 
the results of dissection of a typical proximal convolution with its descending straight portion 
are seen in Fig. 6, and of an ascending limb of Henle leading into a distal convolution and 
collecting tubule in Fig. 7. The only indication of damage in the proximal tubule is some focal 
loss of mitochondrial pattern. In Fig. 7 the ascending limb starts in the bottom left corner of 
the photograph and runs up as far as the hump a on the right hand side just below the bend. 
This is where it was adjacent to a glomerulus and indicates the commencement of the distal 
convolution. The latter occupies most of the bend and the straight part running across the 
top of the photograph, but at one point here there is a stump of another distal convolution, b. 
This, situated rather nearer to the left upper corner of the photograph than the right, indicates 
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a point where two distal convolutions joined to form a junctional collecting tubule. The latter 
is seen curving abruptly in the left upper corner of the photograph and can then be followed 
down and around to unite with another collecting tubule just before the termination of the 
photograph in the upper left hand comer again. I t  is evident that the cellular pattern in the 
ascending limb of Henle is fairly well preserved and that the distal convolution, although occu- 
pied to some extent by black stained material, is also well preserved. In the junctional tubule 
and the first part of the collecting tubule proper there is however severe change. The basement 
membrane is intact but cellular outline is completely lost and the lumen is occupied by a 
granular debris. As the collecting tubule proceeds downwards occasional elements of residual 
cells are seen, but for the most part its structure is very severely damaged. Further on, some 
luminal material obscures the cellular pattern of the collecting tubule and here it is not possible 
to be certain whether severe damage is or is not present. This example showed then severe 
necrosis of tubular segments which microdissection identified as collecting tubules. 

Rabbit 1-4, weight 2.2 kg., received approximately 2.2 gin. of uric acid over a period of 50 
minutes and died 41/~ hours later. Immediate postmortem showed some swelling of the kidneys 
with grayish streaks in the intermediate zone and congestion of the medulla. Microscopical 
examination showed extensive tubular necrosis in the medulla adjacent to the cortex, extreme 
congestion of the vasa recta and focal leucocytic infiltration in relation to areas of necrosis and 
elsewhere. Dissection confirmed that the necrotic tubules were the first parts of the collecting 
tubules. 

Rabbit 1-6, weight 2.6 kg., received 1.5 gin. of uric add over 15 minutes and was not dis- 
turbed by the procedure. I t  was killed 70 hours later. The kidneys were only slightly swollen 
but showed scattered yellowish-white streaks in the inner medulla. On microscopical examina- 
tion the most pronounced feature under the low power was a pattern of holes in the cortex 
(Fig. 4) and to an even greater degree in the intermediate zone and upper medulla. These 
holes proved to be dilated tubules lined with flattened epithelium which, in the intermediate 
zone particularly, showed occasional mitotic figures (Fig. 5). There were however not the con- 
spicuous hyperchromatic nuclei in numerous cells that are typical of regeneration in proximal 
tubules after exposure to such poisons as corrosive sublimate. Dissection indicated that these 
dilated tubules were collecting tubules, ascending limbs of Henle and distal convoluted tubules. 
In a few tubules in the intermediate zone there was some necrosis of epithelium and eosinophil 
debris in the lumina in the histological sections. 

Rabbit 1-7, weight 3 kg., received 1.8 gin. of uric acid and was killed 4 days later. The ap- 
pearances were essentially similar to those in rabbit 1-6. 

Rabbit 2-0, weight 2.6 kg., received 1.6 gin. of uric acid and was killed 70 hours later. 
Microscopical examination revealed changes essentially similar to those in rabbits 1-6 and 1-7. 

DISCUSSION 

Our results confirm the findings of Dunn and Polson that large doses of 
lithium monourate injected intravenously into rabbits produce severe renal 
t ubu la r  damage .  A l though  some of the  fea tures  exhib i ted  by  animals  t ha t  d ied  

wi th in  24 hours  were p robab ly  due  to the  l i th ium,  e.g. the  gas t roenter i t i s  and  

resp i ra tory  changes,  we would  agree t h a t  the  renal  effect is due  to the  ura te ,  

as an  an ima l  in jec ted  wi th  a fa ta l  dose of l i th ium chloride shows no renal  

lesions, and  the  l a t t e r  are  no t  found in l i th ium poisoning. 

T h e  pr incipal  difference f rom the  results  of D u n n  and  Polson is our  finding, 

by  microdissect ion  technique,  t h a t  the  max ima l  lesion in the  first 24 hours  is 
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in the first part of the collecting tubules and not in the ascending limb of 
Henle. As already mentioned, they were aware of the difficulty of identifying 
the site of necrotic tubules in histological sections. I t  would appear that their 
assumption that the ascending limbs of Henle and collecting tubules could be 
distinguished even when one or the other was necrotic was incorrect, although 
the issue was reduced to these two elements by their technique of serial sec- 
tions at right angles to the papilla. They indeed described necrosis of some 
collecting tubules in certain animals of their experiments, although assigning 
the major lesion to the ascending limb of Henle and the second convoluted 
tubule. 

They suggested that the reason for damage in these lower segments and not 
in the proximal convoluted tubules was the fact that the urate came out of 
solution following a change in the reaction of the tubule content from alkaline 
to acid pH. At that time they had no exact information as to the point at which 
this  occurred, but assumed it occurred before the fluid entered the duct-like 
collecting tubules--to quote their words, "that  is to say, while it is in the sec- 
ond convoluted tubules or in the broad limb of Henley Investigation since 
that time has assigned this change in reaction to the distal segment. I t  would 
appear likely that their assumption of a change in reaction being the impor- 
tant factor in precipitating urate and allowing it to exert a local action was 
correct, and that this would occur beyond the distal segment where the change 
in reaction occurs. I t  is possible that the concentration of "precipitated" uric 
acid is increased in the first part of the collecting tubules by further absorp- 
tion of water at this site. 

The mechanism by which the urate damages the renal epithelium is uncer- 
tain. The amounts of uric acid required to produce damage are far higher 
than those of such nephrotoxic agents as mercuric chloride and uranium salts. 
A local mechanical action by the precipitated material may well be more im- 
portant than a chemical toxic effect. If the latter were important, it should 
of course occur in the higher reaches of the nephrons where the urate is in 
solution. We have indeed little or no information available as to possible 
mechanisms of a toxic action of uric acid upon kidney or any other epithelium. 
The whole question of the form in which uric acid exists in a solution in serum 
or urine is still uncertain, as the discussion of Peters and Van Slyke indicates. 
(10). For the moment, however, the simple explanation given here, which is 
largely that of Dunn and Polson, seems the most satisfactory. 

We would also agree with their interpretation of the fact that only a pro- 
portion of the tubules are affected by invoking intermittent glomerular blood 
flow. I t  will be remembered that this hypothesis, developed by Richards and 
Schmidt (11) following observations in amphibia, was thought to be valid in 
mammals for many years. Homer Smith (12) summarizes the evidence against 
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the validity of the concept in mammals, but accepts the possibility that it 
may operate in the rabbit. 

The dilatation of collecting, distal convoluted, and ascending Henle segments 
found at 3 to 4 days is thought to be due to an internal hydronephrosis con- 
sequent upon obstruction in the collecting tubules by uric acid and epithelial 
debris. Such hydronephrosis may cause atrophy of lining epithelium, and this 
may lead to focal regeneration. I t  is thought that the occasional mitotic fig- 
ures are explained on this basis. The histological picture does not compare 
with the intense regeneration seen following exhibition of such known tubular 
poisons as corrosive sublimate. However we have no satisfactory base line 
with a known poison affecting the lower segments specifically with which to 
compare the present lesions. I t  may be recalled that Strong (13) noted mitotic 
figures in tubular epithelium within a few days of ligature of the ureter in 
rabbits. 

If the above interpretation of a primary localization of damage by uric 
acid in the collecting tubules consequent to precipitation of large amounts at 
the site is accepted, the argument from analogy with the uric acid lesion can- 
not be used to support a hypothetical toxic damage in ascending tIenle and 
the distal convoluted tubule as the fundamental change in the crush syn- 
drome kidney. 

S ~ Y  

Experimental uric acid lesions in the kidney of the rabbit have been rein- 
vestigated using the technique of miscrodissection for location of lesions. The 
maximal initial lesion was found to occur in the first part of the collecting, 
and not in the ascending Henle and the distal convoluted tubule. Such lesions 
were only produced by very high dosage (approximately 0.5-1 gm. per kg.). 

I t  was concluded that the argument by analogy with the uric acid lesion 
cannot be used to support a hypothetical toxic damage to the segments of 
ascending Henle and the distal convolution in the crush syndrome. 

We wish to thank Dr. Jean Oliver for interest and advice in this investigation and Muriel 
MacDowell for instruction in the art of microdissection and the photographs of the dissected 
nephrons. 
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EXPLANATION OF PLATES 

PLAZE 58 

FIG. 1. Diagram to illustrate distance of various segments of the rabbit nephron 
from the tip of the papilla. (Reproduced by permission from J. Path. and Bact., 
1926, 29). 

FIo. 2. Rabbit 1-2. Necrotic tubules in outer medulla. 2 hour lesion. Hematoxylin 
and eosin. X 335. 

FIG. 3. Rabbit 1-3. Necrotic tubules at  junction of cortex and medulla. 8 hour 
lesion. X 650. 

FIG. 4. Rabbit  1-6. Cortex with scattered dilated tubules. 70 hour lesion. Hema- 
toxylin and eosin. × 53. 

FIG. 5. Rabbit  1-6. Intermediate zone with dilated tubules. Some cells in the flat- 
tened epithelium show mitotic figures. Hematoxylin and eosin. X 530. 
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(Smith and Lee: Uric acid nephritis) 



PLATE 59 

FIG. 6. Rabbit 1-3. Proximal tubule in dissected specimen. The decreasing gradient 
of the mitochondrial pattern is normal. A few places where the pattern is lost can 
be identified but the damage is minimal. 
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(Smith and Lee: Uric acid nephritis) 



PLATE 60 

FIG. 7. Rabbit 1-3. Ascending limb of Henle running from bottom left corner to 
a; distal convolution from a to b, collecting tubule running from b to curve abruptly 
in upper left corner and then down and up again to unite with another collecting 
tubule in the upper left hand corner. Complete loss of cellular outline and granular 
debris in lumen of upper collecting tubule; essentially normal ascending Henle and 
distal convolution. 
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iSmith and Lee: Uric acid nephritis) 


