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BloOi Urea and Creatinin after Experimental Reduction of the Kidney 

S~bstanca. Changes in the Kidney Remnant. 

This investigation was undertaken with the ultimata purpose of 

determining whether the course of chronic renal disease with insuf

ficiency is influenced by high or low protein diet. The problem 

has not been carried to completion; in fact, it has progressed only 

to the point of establishing controls for later dietary studies. 

However , the characteristic changes in the chemistry of the blood 

after great reduction of the kidney substance and the changes in the 

kidney remnant seem to be of sufficient importance to warrant a re

port . 

It has DOng bean held, apparently largely on theoretical con

siderations, that a chronic nephritis with nitrogen retention is 

benefited by a low protein diet. This therapy has found widespread 

acceptance in the treatment of Bright's disease. Janewayl states 

that,if there is retention of nitrog~n bodies in the blood, a low 

protein diet should be given. Andars2 makes a similar statement. 

Millar3 and Arnold4 advise the minimum of protein which will avoid 

destruction of body tissues. Carter, Howe and Mason5 quote Frothing 

ham and Smillie as stating that "in certain types of nephritis the 

concentration of non-protein nitrogen in the blood will rise and 

fall with high and low protein diet; and that nephritic patients 

can be kept at a normal !eYe~ of non-protein nitrogen if fed a low 

protein diet." Foster and Davis 6 believe that,by decreasing the 

protein in the diet and by forcing fluids to aid in elimination, 

clinical improvement results. 0'Hare7 , on the other hand, seams 

to feel that repeated infections have more to do with injury to 

i the kidneys than excessive protein in the diet. 
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A number of observers (Chace and Rose8,Folin, Denis and 

Seymour9 , McLean10 ) have shown conclusively that the concentration 

of non-protsin nitrogen in the blood of nephritic patients .is in

creased or diminished markedly by corresponding changes in the quan-

tity of protein in the diet. But, it does not necessarily follow 

that these changes in the blood influence the general condition of 

the patient or the course of the disease. McLeanlO quotes data 

from a case of nephritis in which the blood urea was made to vary 

from 26 mg to 254 mg per 100 co without changing either the subjec

tive or objective symptoms of the patient. Falin, Denis and Sey

mour9, on the other hand, noted headache, nausea, lassitude and 

gastrointestinal disturbances in patients.to whom they fed a high 

protein diet. They did not note any extensive increase in the blood 

urea. The symptoms produced may have been due to gastrointestinal 

disturbances incident to an unacaustomed heavy diet. Opie and l

f ord11 found experimentally that potassium chromate and uranium ni

trate were more potent in producing nephritis in animals fed a meat 

diet. 

The opinions of different writers vary somewhat concerning the 

injury par se wrought by high concentrations of nonprotein nitrogen 

in the blood. Frothingham and Smillie12 maintain that a high con

centration of nonprotein nitrogen is injurious. Foster13 states 

that retention of known urinary bodies will produce all of the 

symptoms of the so-called asthenic type of uremia - weakness, nausea 

stupor, headache, vertigo and increasing somnolence - but will not 

produce convulsions. He had the opportunity of observing three pa-

tients in whom the only kidney present had been removed at opera

tion. They died in from nine to eleven days with a very high degree 

of nitrogen retention in the blood and with the symptoms just men-
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~ioned , but without developing convulsions . Further , he claims to 

~ave isolated from the protein- free blood filtrate of uremic patients 

a crystaloid substance of unknown chemical natu~e and not found in 

normal bloods, which invariably produces convulsions in animals . v. 
C. Vaughan14 also holds the view that retention of metabolites will 

~roduoe the above symptoms and eventually death. Hewlettl5 has pro

~uced concentrations of urea in the blood of from 160 to 245 mg per 

~00 co by giving large quantities by mouth. At such levels , he 

found that definite symptoms occurred. These consisted in headache , 

~izziness , apathy, drowsiness , bodily weakness and fatigue and were 

comparable to those encountered in asthenia uremia. McLean10 , on 

the other hand , found no change in the symptoms of ~ patient suffer

~ng from nephritis when the blood urea was increased from 26 mg to 

254 mg per 100 co by giving urea by mouth together with a high pro

tein diet. Myers16 states that "it is hardly possible that either 

of the three nitrogenous products - uric acid , urea and creatinin

can cause toxic symptoms unless it be creatinin. Creatinin under 

certain conditions will produce methyl-guanidin, a substance which 

~auses symptoms similar to those of uremian . Methyl guanidin is 

suggested also by Boyd17 as a possible cause of uremic symptoms. 

The real cause of the progressive development of renal insuffi

ciency in chronic nephritis is not clear. One view is tha t it is due 

to repeated infectiona(O ' Hare7 ). Bell (personal communication) be

~ieves that each new infection ~curring in a nephritic causes clos

ure of more glomerular capillaries and leaves the patient with a 
5 smaller kidney filter than before . Carter, Howe and Mason suggest 

as a possibility that progressive damage to the kidneys may result 

from repeated minimal injury by means of irritating food substances 

some of which are known and others as yet unrecognized . Injury to 

, 
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the remaining functioning tissue by high concentration of retained 

metabolites or by overactivity are other possible causes of the pro

gressive development of insufficiency. 

The problem of producing, in animals , a condition comparable 

to human chronic nephritis is difficult . It has been conclusively 

shown that the essential pathological condition in chronic nephritis 

is glomerular injury (L~hlein18 ) . Atrophy of the tubule follo a 

closure of the glomerulus. All of the glomeruli are injured in ad

vanced oases, and show either partial or complete closure (Herxheim

erl9). In effect the condition amounts to a grea t reduction in the 

area of the kidney filter . 

xperimental renal lesions produced by ~ranium (Pearce and Saw

yer20) , by chromate and cantharidin (Folin, Karsner and Denia21) and 

by chloroform are acute , transitory and mainly tubular in type . The 

animals either die quickly or recover entirely after a short time. 
' 

The acute glomerulonephritis produced by Pappenheimer, Hyman and 

Zieman22 by means of bacteria injected directly into the renal a rter. 

is also transitory. Karsner and Denis23 succeeded in causing a re

tention of nitrogenous bodies in the blood by injecting nephrotoxi 

substances , but this as of short duration. 

Since chronic nephritis is , in effect , a reduction of the fUnc

tioning kidney tissue , a condition similar in this respect may be 

prOduced by surgical reduction of the renal parenchyma. 

The renal tissue has been reduced in various aye by other 

!workers . 

Pilcher24 ligated half the renal blood supply and studied the 

results . In one animal there was a slight tendency to ard retention 

of nitrogen bodies . Jane ay25 did some similar ork. The method is 

not satisfactory because it is not possible to judge ith sufficient 
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accuracy the amount of tissue which is incapacitated and because a 

mass of toxio, necrotic material remains. 

Karsner26 removed various proportions of the total kidney tis

sue. Half produced no noteworthy effect. Removal of three-fourths 

caused a moderate retention of nitrogen bodies for from one to three 

days. (This finding does not corr·espond with the results reported 

below. ) It was not until the entire kidney substance was removed 

that progressive retention occurred with death intervening three or 

four days after the removal. 

In an other experiment (Karsner and Bunker27) it was found,after 

removal of all the kidney tissue, that urea nitrogen in the blood 

rose as high as 285 mg. 

Pearce28 in a study on four dogs concludes that removal of half 1 

two-thirds and sometimes ae much as three-fourths of kidney tissue 

causes no change in nitrogen metabolism as evidenced by the study of 

~xcretion into the urine. Removal of larger amounts leads to changes 

in nitrogen metabolism but he interprets these as starvation changes 

due to extreme gastrointestinal disturbances. 

J. Rose Bradford29 in studying the influence of the kidney on 

~etabolism removed between two-thirds and three-fourths of the total 

~idney tissue. Bradford concludes that this amount may be removed 

without causing death but removal of more than three-fourths caused 

ieath from asthenia and wasting. After death there was found a great 

ncrease of urea nitrogen in the blood and tissueB. 

It was decided for the purposes of this study to remove a large 

proportion of the kidney substance surgically after the method o~ 

Bradford. In doing this the kidney cortex can be reduced any desired 

~ount and a proportion found which would simulate the reduced filter 

~ound in chronic nephritis. It was realized that the two conditions 
~21 IM 



6 
would not be exactly similar : in chronic nephritis praotically all 

of the glomeruli are at least partially closed , whereas following 

partial nephrectomy the small number which remain are entirely nor-

mal . 

~he~method ohosen ~or~ watching the course of the changes in 

the animals was periodic analysis of the blood for creatinin and 

urea nitrogen. 

Most authorities agree that the concentration of these two sub

stances in the blood furnishes a reliable index as to the decreased 

permeability of the kidney and the progression of chronic nephritis 

(Myers30 , 1Iyers and Lough31, Austin32 , Fitz33 ) . Urea is a sensitive 

altho not an entirely reliable index alone , whereas creatinin, be

cause it is of exclusively endogenous origin, varies but little and 

is a very reliable means of follo ing the course of nephritis . It 

is not retained us ear y as urea and is the~efore ±a not so sensi

tive ( atanabe34) . 

To reiterate briefly, the problem as first conceived 1as to pro 

duce in animals by surgical means a condition comparable to chronic 

nephritis; to follow the course of the resulting condition by ob-

serving the concentration, in the blood , of urea nitrogen and creat

inin; to vary the concentration of these substances by means of diet 

and to determine the result of such variation on the health of the. 

animal and on the remnant of kidney still functioning. 

Methods . The animal used for these experiments was the rabbit . 

The blood of each animal was analyzed at least once before the sec-

ond operation and usually before the first . It was found that the 

first operation produced no change in the chemistry of the blood. 

The rabbits were fed a mixed diet of oats, alfalfa carrots 
t ' 

fresh grass and cabbage during the experiments . 
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The operative procedures followed Bradford's tecPnfc rather 

closely. Two operations were performed on each animal . 

The first operation was on the left kidney, which was approache 

thru the lumbar region close to the heavy lumbar muscles . After ex

posure and delivery of the kidney into the wound , a soft rubber

covered clamp was placed on the vessels. A wedge-shape portion was 

then removed which varied in size from a fourth to a half of the 

kidney substance. This was done in the following manner: the kidney 

was transfixed with a sharp , thin bladed knife (edge 

toward the cortex) in the region of the single pyramid 

and cut as cleanly as possible out thru the cortex at an 

angle depending upon the size of the piece to be removed. To cut 

the second side of the wedge, the kidney was again transfixed at the 

same point as before with the edge inclined at the desired angle. 

Again the blade was brot thru the cortex and the wedge removed. In 

making the two incisions for removal of the wedge an attempt ~as 

always made to make both pass in planes of about t he same area, in 

o~der that the resulting fresh surfaces might be accurately approx

imated. This usually demanded that the lower incision be made clos

er to the lower pole than the other was to the upper pole . The low

er pole is usually larger. After the removal of the edge, the 

fresh surfaces were brot into contact and three or four rather deep 

mattress sutures of fine silk placed and tied. The clamp was then 

removed and more sutures entered herever bleeding occurred. After 

all bleeding had been stopped , the perirenal fat was se ~ed about the 

kidney remnant (care being taken that the pedicle did not become 

twisted) by means of #O plain catgut. The muscles and skin wer e 

closed with /0 or #I catgut and the wound covered with collodion. 

After ten days or two weeks, depending upon the condition of 

4-21 6M 
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the rabbit , the entire right kidney was removed at a second operatior. 

The approach was made thru the right lumbar region 2 or 3 om anterio 

to the lumbar muscles and as close to the last rib as possible . The 

kidney was delivered thru the wound , the renal vessels located in 

the pedicle and a round , curved needle carrying #0 catgut passed 

around them. The vessels were carefully tied twice in this manner. 

The entire pedicle was then included in one or two ties , using the 

ends of the gut which closed the vessels . The kidney was then re

moved and the pedicle dropped back into the abdomen. Time was always 

taken to make sure that the pedicle was free and not under tension. 

It sometimes became sewed or tied to the lumbar muscles . The abdomer 

Was closed as before . 

The average weight of the portions removed from the left kidney 

was 3. 07 grams . It is olear that some necrosis occurred in the kid

ney at the site of the incisions and that any tubules that were cut 

at any point would undergo atrophy and that therefore the percentage 

by weight would indicate only approximately the amount of function!~ 

cortex remaining. If one-third of the left kidney were removed, it 

is obvious that after complete healing less than two- thirds ould be 

functioning . 

The average weight of the right kidneys removed was 9. 1 grams. 

The total weight of both kidneys was taken as twice the weight of 

the right in each case , and was probably only approximately correct . 

The percentage removed and the percentage remaining were calculated 

on this basis . The total amount removed varied between 62 and 6 • 

The amount remaining varied between 32 and . 3~. 

The rabbits were kept in individual cages following each opera

tion, until they had recovered from the immediate effects . This re 

quired from four to eight days . They ere allowed the freedom of a 
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larger enclosure tog ther with the other rabbits, after recovery. 

At intervale of seven to ten days , 5 co of blood was drawn 

with a syringe from an ear. It as learned by experience that 7 or 
I 

8 co was too muohto remove each week. The hemoglobin fell markedly 

in the rabbits subjected to such bleeding. It was found that 5 oc 

removed every eek or ten days coUld be well borne . 

To prevent the coagulation of the blood 0. 1 oo of 10 to 2~ 

potassium oxalate solution as drawn into the needle and syringe . 

The amount of the 2 solution required to fill the needle and point 

of the syringe was found to be ample. 

Technic of blooi analysis . The blood analysis as done accord-

ing to the methode advocated by Folin and 35 They are briefly 

as folio a : 

Preparation of protein - free blood filtrate -

Place the blood in a large flask and add seven volumes of 

distilled ater - mix: add one volume of a 1 sodium tungstate sol-

tion - mix : add one volume of exactly 2/3 normal sulphuric acid -

If onditione are right , hardly a bubble ill form on the 

1
surface and the mixture ill become a chocolate brown in color. 

tar. If the color is not dark brown and if the filtrate does not 

come thru the filter paper ater clear , add a drop or t o oft ice 

ormal sUlphuric acid and shake . ontinue until the proper condi-

tiona are obtained . excess of acid must be avoided. he fil -

trate must be ater clear. 

Urea nitrogen determination -

il 

mhe urea in the filtrate is hydrolized by means of a ureas 

solution (Jack-bean meal extract) as follo a: place 5 co of bloo 

filtrate in a clean, dry pyrex tube ; add t o drops of a buffer solu

tion, sodium pyrophosphate; then add 0. 5 to 1 co of urease solution 



and immerse in water at 55°C. or leas , for five minutes . Add 10 

1 - 2 oc of 1~ NaOH and aspirate the liberated ammonia into a grad

uated V5 oo test tube containing 2 oc of . 05 normal HOI . Di lute to 

20 co , add 2. 5 co of Nessler ' s solution and fill to the 25 co mark 

(if large quantities are expected use more Nessler's and dilute to 

50 or 75 co) . Read in a colorimeter against a standard containing 

0. 3 mg of nitrogen in a 100 co volume, also freshly nesslerized . 

Different standards may be required if larger than normal quantities 

are expected. The result is calculated from the reading on the col

orimeter , the standard used and the volume of the unknown. 

Creatinin determination -

Place 25 oc of saturated solution of purified picric acid 

in a clean flask ; add 5 co of Io% NaOH and mix. 

Place 10 oo of blood filtrate in another clean flask. 

Place 5 co of standard creatinin solution in a third clean 

flask and dilute to 20 co . 

Add 5 co of the freshly alkalinized picric acid solution to the 

blood filtrate and 10 co to the standard creatinin solution. Allow 

to stand 10 minutes and read in colorimeter. en larger amounts 

of creatinin are expected , 10 , 15 or 20 co of the standard creatinin 

solution may be used instead of 5 co . 

oat of the solutions used ere personally prepared by the 

author. 

Protocols . Nos . 1 , 2 and 3 died during the first operation. 

Blood analysis on these three before operation yielded the folio ing 

results : No . 1 , creatinin 1 . 46 mg; urea nitrogen 13. 5 mg ; NO• 2, 

oreatinin 1 . 11 mg ; urea nitrogen 24. 0 mg; and creatinin 1 . 43 mg ; 

urea nitrogen 28 . 5 mg; No. 3 , oreatinin 1 . 47 mg ; urea nitrogen 20 . 0 

mg per 100 oc of blood. 

• - Z1 &M 
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Nos . 4 and_5 died after the first operation. No . 4 , January 

25 , 1921 : creatinin 1 . 3 mg ; urea nitrogen 27 mg ; February 16 , creat• 

inin 1 . 37 mg; February 22 , creatinin 1 . 6 mg ; urea nitrogen 16. 2 mg. 

March 9 , 4 grams of the left kidney removed. Microscopic , normal . 

lfurch 14, it was noticed that the rabbit was passing bloody urine . 

This bleeding continued until death. March 30 , appeared very sick; 

hemoglobin lo%; creatinin 6 mg ; urea nitrogen 92 mg. Di ed at 5 P. 

M. Autopsy: emaciated1; uperation wound healed. The left kidney 

showed moderate hydronephrosis , due to obstruction caused by an old 

clot which filled the pelvis and first part of t he uxe ter. The 

liver was very yellow. 

No. 5 , May 27 , creatinin 1 . 03 mg; urea nitrogen 30 mg. June 

8 , 2. 5 grams of left kidney excised ; mi croscopic , a few foci of 

lymphocytes. June 20 , found dead. Autopsy : surgical wound healed . 

The left kidney remnant was healed and apparently in good condition. 

Nos . 6 and 7 died during the se cond operation. No . 6, January 

28 , 3. 35 grams of the left kidney excised ; microscopic , normal . 

February 8 , creatinin 1 . 9 mg ; urea nitrogen 18 mg. ~ebruary 15 , 

died during the second operation. Autopsy : the first operation 

wound contained a foreign body abscess in the abdominal wall which 

had apparently been caused by a linen suture . The remnant of the 

left kidney was healed and apparently in good condition; weight 4 

grams; microscopic , normal . 

No . 7, June 7 , creatinin 1 . 57 mg ; urea nitrogen 24. 2 mg. 

June 22 , 3 . 02 grams of left kidney removed ; microscopic, normal . 

June 29 , creatinin 1 . 9 mg ; urea nitrogen 30. 8 mg. July 6 , died dur-

ing second operation. utopsy: the first operation wound was healed 

The left kidney remnant was healed and seemed t o be functi oning 

n ormal l y . 

•-zl &M 



Uos . 8 nd 9 survived the second operation but died shortly 

afterwards without further blood studies having been made . No . 8 , 

.iarch 11 , creatinin 1 . 6 mg; rch 16 , 3. 35 mg; left kidney removed; 

mi croscopic , normal . .arch 23 , creatinin 1 . 97 mg; urea nitrogen 

16. 6 mg. .u.pril 1 , right kidney removed; weight 9 . 8 grams; mioroscop 

ic , normal . pril 5 , found Qead. Autopsy: the first operation 

ound was h aled. The kidney remnant was healed and draining nor

mally. 

No. 9 , June 25 , removed 2. 84 grams of the left kidney; mioro

sco,Lc , a =a 1 sclerosed glomeruli . June 29 , creatinin 1 . 8 mg; urea 

nitrogen 33. 2 mg. July 1 , right kidney removed ; microscopic_, normal 

Jul 6, found dead. utopsy : the first operation ound as healed . 

The remnant of the left kidney was healed but showed a marked degree 

of h dronephrosis . icros apically, there ~ere found ver many atro 

phied and a fe v dilated tul:lul ea . 

l os . 10 to 18 survived the second operation and ere available 

for study. 

No. 10, ay 27 , 3. 18 grams of the left kidney excised ; micro

scopic , normal . June 20 , creatinin 1 . 4 mg; urea nitrogen 17. 9 mg. 

June 24 , right kidney removed ; reight 1 0 grams ; microscopic , normal . 

June 27 , found dead three da s after removal of the right kidney . 

.~. utopsy: the 19ft kidne as healed , out about 201:~ as necrotic . 

The remainder appeared normal gros 1 but , microscopicall , atroph 

and dilation o~ the tubules ~ere prominent . small gray mass of 

necrotic · teria1 as found in the pelvis but there was no obstruc

tion. 

No. 11 , una 7 , creatinin 1 . 4 mg; urea nitrogen 12 mg. June 

17 , 3. 32 grams of the left idney excised ; microscopic , normal . 

June 29 , creatinin 1 . 8 mg; urea nitrogen 21 . 0 mg. July 6 , right 
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kidney removed; microscopic , normal . July 9 , creatinin 3. 3 mg; urea 

nitrogen 126. 0 mg. July 10 , found dead four days after removal of 

right kidney. (Chart 1.) 

No . 12, March 11 , creatinin 1 . 5 mg; March 19 , creatinin 1 . 6 mg; 

urea nitrogen 16. 2 mg. March 23 , 3 . 1 grams of left kidney excised; 

microscopic , normal . April 18 , right kidney removed; weight 10 . 1 

grams; microscopic , normal . April 24 , found dead six days after the 

removal of the right kidney. Autopsy : both wounds were healed . The 

weight of the left kidney was 7. 9 grams . It was healed and appeared 

n ormal grossly but microscopically showed a slight diffuse hydropic 

change in the tubules and a few atrophied tubules . (Figure 1 . ) 

No . 13 , June 7 , creatinin 1 . 44 mg ; urea nitrogen 13 mg• June 22 

3 . 7 grams of the left kidney excised; microscopic , normal . June 29 , 

creatinin 2 . 1 mg; urea nitrogen 16. 8 mg. July 1 , right kidney re-

moved; microscopic , normal . July 6, creatinin 4. 3 mg; ur&a nitrogen 

182 mg. July 11 , found dead , ten days after removal of the right 

kidney. Autopsy: the operation wounds were both healed . The left 

kidney was healed and draining normally; microscopically the post 

mortem autolysis was so marked that satisfactory interpretation was 

impossible . (Chart 2. ) 

No. 14 , May 4 , 3 grams of the left kidney excised ; microscopic , 

normal . June 3 , oreatinin 1 . 4 mg; urea nitrogen 17. 4 mg. June 8 , 

right kidney removed ; weight 8 . 4 grams; mioroscopio , normal . June 2C, 

oreatinin 4 . 7 mg; urea nitrogen 293 mg. June 21 , found dead , 13 days 

after removal of the right kidney. Autopsy : emaciated; an abscess 

~as found under the skin in the operation wound on the left side . 

The wound on the right was healed . The left kidney remnant was 

healed and weighed 4 . 2 grams . Microscopically there was found a mod 

erate diffuse hydropic change , some atrophied tubules and , near the 
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line of incision, a few dilated tubules . (Chart 3. ) (Figure 2. ) 

No . 15 , June 17 , 3. 6 grams of the left kidney excised; micro-

scopic , normal . June 29 , creatinin 2. 01 mg; urea nitrogen 28. 0 mg. 

July 6, right kidney removed; miaroscopic , normal . July 9, creatin

in 3 . 1 mg; urea nitrogen 103. 6 mg. July 17 , creatinin 4. 14 mg; urea 

nitrogen 224 mg. July 20 , creatinin 7 mg; urea nitrogen 362.6 mg. 

The animal died late in the afternoon of July 20, 14 days after re

moval of the right kidney. Autopsy: both operation wounds were 

healed . The left kidney was healed; weight 3. 6 grams. Microscopic

ally it showed many atrophied tubules , a moderate number of dilated 

tubules and the presence of albumin in many of the lumina. (Chart 4 . 

No . 16. February 2 , 1.9 grams of left kidney excised ; mic·ro

scopic, one area of lymphocytic infiltration. February 21 , right 

kidney removed; weight 7. 5 grams; miaroscopic , normal . March 7, 

creatinin 2. 37 mg; urea nitrogen 23. 5 mg. March 17 , creatinin 3. 06 

mg. March 21 had regai~lfle~\rg~t-t.ve arch 23, creatinin 3. 4 mg; urea 

nitrogen 61 . 8. April 4 , delivered young and appeared very sick. 

April 7 , appeared very sick and dull; creatinin 4 mg; urea nitrogen 

about 150 mg (solution precipitated , making accurate reading impos

sible) . April 8 , found dead 46 days after removal of 'the right kid-

ney. utopsy : both wounds were healed; milk was present in the mam

mary glands. The left kidney remnant was healed but showed one smal 

necrotic area; weight 7 grams. Microscopically the remnant showed a 

marked hydropic degeneration of the tubular epithelium and a moder

ate number of dilated tubules . (Chart 5, Figure 3.) 

No. 17, January 26 , 2. 25 grams of the left kidney removed; mi-

crosoopic , normal . February 2 , creatinin 2. 1 mg; February 17, 

right kidney removed; weight 7.25 grams; microscopia , normal . Feb-

ruary 22 , creatinin 2. 2 mg; urea nitrogen 49 . 0 mg. arch 5 , had re-
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gained preoperative weight . March 7 , creatinin 2. 9 mg; urea nitroge 

32 . 3 mg. March 14, appears sick, sits quietly in a corner with the 

closed; has rigors . March 17 , creatinin 3 . 6 mg. April 7 , 

2. 2 mg; urea nitrogen 35. 7 mg. April 29 , creatinin 4 . 1 mg ; 

rea nitrogen 44. 1 mg. May 4 , observed making a nest (pregnancy 

be established nor ruled out) ; creatinin 3. 6 mg ; urea 

itrogen 58. 8 mg. May 27 , creatinin 4. 5 mg ; urea nitrogen 75 . 05 mg; 

6. 0 mg; urea nitrogen 275 mg. June 4 , found dead , 

05 days after removal of the right kidney. Autopsy:emaciated; both 
. 

ounds healed; no milk in mammary glands . The left kidney was heale 

appeared to be draining normally; l ower pole atrophied ; weight 

grams . licroscopic: extreme , diffuse , hydropic degenerati on in 

tubular epithelium; a few dilated tubules. (Chart 6. Figure 4) 

No. 18. ipril 29 , creatinin 1 . 7 mg; urea nitrogen 13. 9 mg. 

y 4, 3 grams of the left kidney e~ci sed; microscopic , normal . May 

7 , right kidney removed ; microscopic , one small localized patch of 

change . June 3, oreatinin 1 . 7 mg; urea nit, ogen 48 mg. 

creatinin 2. 4 mg ; urea nitrogen 51 . 3 mg. (The results of 

he analyses for July were discarded because the solutions were ques 

ionable.) _ugust 3 , creatinin 2. 02 mg. August 12, oreatinin 3 . 6 

ugust 17 , creatinin 3. 56 mg. ~gUst ) 24, creatinin 3. 4 mg. 

ugust 31 , oreatinin 4 . 6 mg. September 14, creatinin 4. 6 mg; Septem-

er 20, creatinin 5. 4 mg; urea nitrogen 216 . 4 mg. eptember 21 , 

ound dead , 116 days after removal of the right kidney. utopsy: 

maciated; both 0p3ration ~ounds healed. The left kidney remnant 

shows marked hydronephrosis due to a large calculus in the pelvis; 

eight ~ithout the stone 10. 5 grams . .li croscopic examination shows 

the typical picture of h dronephrosis . (Chart 7. ) 

Discussion. nalyses were made on 25 samples of normal blood . 
4 - 21 SM 
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The average amount of creatinin found was 1 . 6 mg per 100 cc of blood 

' 1he hi5hest figure was 2 . 1 mg and the l0\7est 1 . 03 mg. The average 

amount of urea nitrogen found 1as 20. 9 mg per 100 cc. The highest 

figure was 33. 2 mg and the louest , 13. 0 mg. J..hese figures are some -

what higher than those usually accepted ~s normal for hm an beings 

but are not higher than the normal limit for human beings reported 

by Hammet36 • Har.~Jet maintains that a urea nitrogen concentration of 

35 mg is not abnormal . 

~allowing each operation the animals invariably lost weight for 

a few days , but began to gain agai4 after a week and in some cases 

regained ~reoperative weight even ~fter the seco~d operation ( Ios . 

16 and 17) . This shows that the animals a· not suffer from inani-

tion. Hence , this factor cannot be cons dered as a cause of the 

nitroeen retention. 

~he operation for the excision o~ the we·ge-shaped )ieee from 

the left kidney did not injure the idney tissue remainin~, ~s far 

as could be determined. The remnant of the , idne , ·n the animals 

that dled before the right kidney as removed , ~as found healed 

a small amount of scar tissue in the line of incision and drain 

.:.ng normally, unless complications h d intervened. ucroscopic ex

amination of the remnant of the left kidney in ro. 6 showed a nor-

mal kidney tissue except for the scar tissue in the region of the 

invision. •his indicates that the changes in the left kidne noted 

in those anirr ls w· ·ch survived the removal of the right idney were 

not directly due to the operative procedures . Io . 4 bled from the 

left kidney follo~ing the first operation until it finally died af

ter thYee weeks lith a hemoglobin of l~o . In Io . 9 the pedicle had 

apparently become twisted ir- such a way as to cause obstruction be -
' 

cause the animal died a few days after the removal of the right kid-

4-21 8M 
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nay with a hi h grade h dronephrosis of the remnant of the left kid-

nay. 

Nos. 10 to 18 inclusive survived the second operation and era 

available for further blood studies and microscopic study of the 

remnant of the left Kidney. 

_hese animals lived , folloting the second operation, a time 

varying from 4 to 11 days . After recovering from the shock of oper

ation, they seemed to be in good health for a time as far as could 

be determined. ~he length of life sho~ed a distinct relation to 
' 

the degree of retention of nitrogen bodies in the blood . hose in 

hich th accumulation as slo lived long and those in hich it 

as rapid diad early. 1his seems to indicate that death as due to 

accumulation in the blood of substances normally excreted by the 

kidneys and that the length of life de pen d upon the rapidity of the 

accumulation. If this be true , 1m diataly the question arises as 

to hy the accumulation is rapid in soma and low in others . 

This is difficult to ana ar. The total amount of idne tissue 

removed varied from 6 ' to 6 , b eight . his difference does not 

sa m to be great anou~h to account for the if erences in the rapid-

it of c ulation of nitro en. oreover, those ch died earli-

est ere not a1 a s those fran hich the larger quantities h d been 

remov d. om a ho ad a certain amo t of necrosis in the remnant 

near the operative inci ion ( os. 10, 12 and 16) . hi ma have bee 

a factor in the ear y death of o. 10. his anim sho •ed necrosis 

of about 2 of the kidne remnant d lived onl three da a . On 

the oth r hand , 1 o. 16 lived for three months and suffered Onl a 

ver gradual accumulation of urea and creatinin. oreovar , ost of 

those that diad early sho ed no necrosis . he scarring of the ram-

nant , altho it doubtless did destro a certain amount of tissue 
• 
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could hardly ~ave been a determining factor in the rapidity of nitre ~ 

gen retention and the length of life , since it was about the same 

in each case . Hydronephrosis caused the death of Nos . 9 and 18. Lc 

No. 9 the pedicle had apparently become twisted during the first 

operation, causing obstruction. In No. 18 , hydronephrosis was a 

late development, following the formation of a calculus. Pregnancy 

seemed in at least one case , No. 16 , to be a factor in hastening 

death. Such a re.sul t would be expe<Ot ed , since it is well known that 

pregnancy causes an increase in the intensity of the symptoms in a 

human who is suffering from chronic nephritis. 

The changes in the chemistry of the blood were quite character-

istic . The concentration of urea nitrogen and creatinin increased 

steadily in each case , beginning shortly after the second operation 

and continuing until death. This disagrees with Karsner ' s23 find

ings in dogs . Karsner removed a kidney and a half each from a small 

number of dogs and found XkRX only a temporary rise of nitrogen in 

the blood , which disappeared after a few days. Removal of one kid

ney caused a slight rise for only twenty- four hours . It was not 

until both kidneys were entirely removed that a progressive rise 

occurred. He states that after removal of both, there is a pro

gressive retention until death occurs , usually in three or four 

days~ 

In these experiments there was a consistent progression, begin

ning \vith figures but little above normal (Nos. 2 , 4 , 7) . The 

health of the animals continued good apparently until a very decided 

retention had developed. When the concentration of urea rose as 

high as 80 to 100 mg and the creatinin to 3. 0 or 3. 5 mg, the animals 

began to lose weight and to become less lively. eakness began to 

be apparent and the animals failed to eat well . Finally, as the 

4 - Zl 6M 
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concentration rose still higher a day or two before death , they qui t 

eating entirely. The hemoglobin f ell to a point somewhere be t ween 

50 and 7~; , usually. The more severe symptoms usually appeared only 

a few days or a week before death. 

The curves showing the changes in the chemistry of the bl ood i n 

Nos. 11 , 13 and 14 illustrate the rapid rise of urea and creatinin 

in those animals which lived only a short time after removal of the 

right kidney. (See charts 1 , 2 and 3. ) In the case of No. 14 (char 

3) the blood was drawn less than 24 hours before death and the urea 

found to be 293 mg. Apparently just before death, there is a very 

great increase in the concentration of both urea and creatinin. No . 

15 shows this still better {chart 4) . The last blood drawn from No . 

15 was taken just a few hours before death and was found to contain 

362 mg urea nitrogen and a mg creatinin per 100 cc . 

Nos. 15 to 18 (Charts 4 , 5 , 6 and 7) show the slowe r ~ee in the 

animals which live~ longer. No. 16 lived about six weeks and t o 

weeks after the removal of the right kidney still showed only a very 

small a ccumulation (Chart 5) . The urea nitrogen as 24 mg and the 

creatinin 2 . 4 mg per 100 cc . An entire month after the operation 

lthe urea nitrogen had reached only 62 mg and the creatinin 3. 4 mg. 

Had not pregnancy int ervened this animal perhaps would have lived 

much longer. About six weeks after the operation it delivered young. 

It died four days after delivery ith a very hi h urea , estimated at 

400 mg. 

o. 17 lived three and a half months and sho s a still more 

gradual rise (Chart 6) . Pregnancy could not be ruled out in this 

case but , if it occurred , delivery took place a month before death. 

At this time there was a distinct rise in urea concentration. The 

sharp rise just before death is illustrated in this curve . This 
~21 GM 
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animal lived the longest of any, with the exception of No . 18 , and 

showed the most extreme hydropic degeneration obtained (Figure 4) . 

No. 18 lived longer than No. 17 but died finally from hydrone

ph~osis, due to a calculus in the pelvis of the kidney remnant. The 

rise of urea and creatinin was slow (Chart 7) . It is possible that 

this animal might have recovered had not the hydronephrosis devel -

oped. It at least showed very little progression for many weeks . 

The defect in the curves is due to the fact that analyses were not 

made during the time indicated. 

None of the other animals in the series recovered after a de -

cided retention had developed. 

Changes in the kidney remnant. The kidney 'remnant ,in all ex

cept those that died of hydronephrosis , showed a marked injury to 

the tubules . This was usually evidenced by varying degrees of hy-

dropic change and less frequently by atrophy. 

The hydropic change was diffuse and di=fered in this res,ect 

from the small patches of hydropic degeneration found frequentl in 

otherwise normal kidneys . In the group , Ios . 10 to 18, four showed 

hydropic change . !hese 1ore Nos . 12 , 14 , 16 and 17. The severity 

increased with the length of life ( see mi crophotographs, ~i s. 1 to 

4), being least severe in no. 12 which lived onl six days and most 

severe in No. 17 , whlch lived 105 days • 

... trophy appeared in Nos . 10 and 15 with no gross chan0 e S to 

account for it. Io . 1 hich lived 14 days showed more atrophy than 

lo . 10 which lived o~y three days . The cause of this atrophy is 

not clear. 

lo . 18 died from hydronephrosis and showed the atrophy and dil

ation incident to thet condition. 

The remaining two could not be studied for tubular injury. 
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11 was lost and No. 13 showed uch extens·ve post mortem change that 

diagnosis was not possible. 

_hus in every animal that lived a number of da s after tho re

moval of the right kidney and in which there was a marked retention 

of creatinin and urea , there was found a severe tubular injury in th 

kidney remnant . _his was not found in No. 6 which died two eeks 

after the operation on the left kidne but befoye the right kidney 

has been removed and before there was any nitrogen retention. 

In severe grades of chronic glomerular nephritis in man , there 

is invariably a tubular degeneration of some type . 1his is usually 

fatty. In these experimental animals a somewhat comparable condi

tion of reduced kidney tissue was present. It is possib e that the 

degenerative changes may be due to some cause similar to that which 

brings about the fatty change in man. 

Two possibilities present themselves as the cause of this tubu

lar injury: first , the toxic effect of retained urinary bodies; sec

ond, an exhaustion phenomenon following hyperactivitiy on the part 

of the renal epithelium, due to the greatly increased dem~d made 

I it is a toxic effect , the causative agent ma be some 

substances hich accumulate in the blood , or some un-

own agent yet to be determined. 

~uch further study i 1 be necessary to determine the cause of 

degeneration. 

rossly the kidney remnants all sho ed complete healing, and 

from the three animals , hich lived more than 45 days, all 

hawed distin t hypertrophy. In each oase the remnant ei hed nearl 

s much as the entire right Kidney. one of the other anima s , all 

whioh lived less than fifteen days , sho~ed any hypertrophy. 

~ZI IM 
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Conclusions . 1 . A condi t ion of renal insufficiency, compar

able in certain respect s to chronic nephritis in man , can be pro

duced in rabbits by the removal of two- thirds of the kidney sub

stance . 

2. Removal of this amount of kidney substance results in a 

retention in the blood of urea and creatinin, which increases pro

gressively in intensity until Qeath results . 

3. The kidney substru1ce which remains after such surgical 

reduction undergoes a progressive degeneration, which takes the 

£orm of hydropic change or atrophy. 

4. pparently this degeneration progresses with no other 

causes acting than those produced by renal insufficiency. 

The ~iter wishes to express thanks to Mr. • • Swanson 

and ~ ss lorence Madsen for aid rendered in the chemical studies. 
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Tabla 1. 

Number of experiments and stage to whioh eaoh was carried. 

Died during first operation 3 

Died after first operation 2 

Died during second operation 2 

Survived seoond operation 11 

Table 2 . 

Results of analysis of normal blood . 

No . of analyses Average High figure Low figure 
per 100 oc 

-----------------------------------------------------------------Creatinin 

Urea nitrogen 

~-Zt IM 

25 

21 

1 . 6 mg 

20. 9 mg 

2.1 mg 

33. 2 mg 

1 . 03 mg 

13. 0 mg 



Table 3. 

Summary of operative procedures and autopsies 

IExper- Days :t.of wt . of t.of Percen- icroscopic 
iment sur- piece right rem- tage of findings in 

vived of left kidney nant kidney remnant 
after kidney of substance 
2nd exoi sed left remaining 
opera- kidney 
tion 

--------------------------------------------------------------------10 3 . 3.18 gm lO.Ogm 5 . 5 gm 38. 0 tubules atro
phied 

--------------------------------------------------------------------11 4 3. 32 10. 0 33. 4 
--------------------------------------------------------------------

12 3.1 10.1 34.7 moderately 
hydropic 

--------------------------------------------------------------------13 10 3. 7 10.0 7.2 31 . 5 post mortem 
autolysis 

--------------------------------------------------------------------14 13 3. 0 8. 4 4 . 2 32 . 1 oderately 
hydropic 

--------------------------------------------------------------------15 14 10.1 32. 2 tubules 
atrophied 

--------------------------------------------------------------------16 46 1 . 9 7.5 7.0 37 . 3 eve rely 
hydropic 

--------------------------------------------------------------------17 105 2 . 25 7 . 25 6. 8 34. 5 extremely 
hydropic 

--------------------------------------------------------------------18 116 3. 0 10. 4 10. 5 35 . 7 hydronephrosis 
--------------------------------------------------------------------
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Fig. 1 . Rabbit No. 12. 
moval of right kidney. 

Kidney remnant. Six days after re
'oderate hydropic degeneration. 

1ig. z. Rabbit No . 14. lldney remnant . i hirteen days after 
removal of right kidney. ode~ate hydropic degeneration. 
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Fig. 3. Rabbit No . 16. Kidney remnant. Forty-six days after 
removal of right kidney. Severe hydropic change . 

Fig. 4. abbit No. 17. Kidney remnant . One hundred five days 
after removal of right kidney. Extremely severe hydropic 

degeneration. 
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