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Summary. A mouse model of renal failure, which is induced 
by the sequential electrocoagulation of the right renal 
cortex and left nephrectomy, was examined for the capaci- 
ty to reproduce the characteristics of chronic uremia. 
Assessment was conducted six weeks after the second surgical 
procedure in 13 week old female C57BL/6 inbred mice 
with renal failure and in normal and sham-operated controls. 
The surgery, which was well tolerated, was free of local and 
systemic signs of inflammation or infection. Growth was 
significantly delayed in all animals post surgery however 
renal failure mice presented the most severe growth retarda- 
tion. Biochemical analysis of plasma revealed multiple 
abnormalities with commensurate elevations of urea and 
creatinine. In addition to the expected hyperphosphatemia, 
hyperkalemia and acidosis, a significant increase in choles- 
terol was present. Furthermore, in contrast to controls, 
renal failure mice produced large volumes of urine which 
contained significant levels of protein. Renal failure mice 
presented profound hematological changes in the red cell 
series in which anemia was evident. Changes in plasma bio- 
chemistry and in bone histology revealed the presence of 
severe secondary hyperparathyroidism. It was therefore 
concluded that the described mouse model of chronic renal 
failure presented characteristics consistent with those ob- 
served clinically in end-stage renal disease. 

Key words: Experimental renal failure - Chronic renal 
failure - Chronic uremia 

Introduction 

The pathophysiology of experimental chronic renal failure 
remains to be clearly delineated. Animal studies using 
surgical models have received the most attention and most 
investigators have utilized the rat as the test species. Three 
basic models have been described in which renal lesions are 
created surgically with the purpose of inducing chronic 

renal failure without initiating concomitant infectious or 
inflammatory processes. The first is the remnant kidney 
model in which a subtotal nephrectomy is performed [2, 4]. 
The second model involves ligation of renal arteries [29]. 
Finally, papillectomy can be achieved successfully in some 
defined rat strains [2, 7]. 

Recently, we have described a model of chronic renal 
failure [10], in which mice are subjected to electrocoagula- 
tion of the surface of one kidney with subsequent contrala- 
teral nephrectomy according to a modification of a tech- 
nique originally applied to rats [1]. The present model is 
of considerable practical as well as theoretical interest. The 
mouse is particularly well suited for immunological studies 
since its immunogenetic background and the function of its 
various immunocompetent cells and immunoglobulin clas- 
ses have been extensively investigated. Accordingly, we 
initiated a study to examine the characteristics of this 
mouse model of chronic renal failure, particularly those 
related to extrarenal abnormalities secondary to uremia. 
Most studies were done approximately 6 weeks after the 
onset of renal failure, a time at which we had previously 
performed several immunological investigations [9, 12-16 ]. 
These experiments were conducted in female C57BL/6 
inbred mice in which a number of biological features are 
well established [3, 23, 30]. The ability of chronic renal 
failure mice to thrive following nephrectomy was assessed 
by survival and growth rate. Routine biochemical and 
hematological studies were done to evaluate the systemic 
consequences of uremia and blood pressure determinations 
were conducted. Structural alteratons in bone were also 
assessed. 

Methods 

Animals 

Experiments were performed in 5 week old female C57B1/6 inbred 
mice (Canadian Breeding, St. Constant, Qu6. and Kingston NY, USA) 
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left to acclimatize for one week in our animal facilities prior to use. All 
animals were fed a commercially available mouse diet (Ralston 
Purina Co., St. Louis, Mo, USA) containing approximately 20% 
protein by weight and provided in pellet form. Drinking water was 
untreated tap water. Food and water were available at libitum. 

Production of Renal Failure 

Renal failure was induced by a two-step procedure involving electro- 
coagulation of the surface of the surgically exposed right kidney and 
left nephrectomy. Details of this method have been reported previ- 
ously [10]. Briefly, eleetrocoagulation of the entire surface of the 
right kidney except for a 2 mm of intact tissue around the hilum 
was followed by left nephrectomy twelve to fifteen days later. In 
sham-operated animals, the right kidney was electrocoagulated and 
the left kidney was temporarily exposed in a similar fashion to that 
used for nephrectomy but was not manipulated. All animals were 
subjected to electrocoagulation of the renal surface, nephrectomy or 
sham-surgery which were conducted under controlled ether anesthe- 
sia through small bilateral flank incisions leaving the intestines and 
the upper abdominal contents undisturbed. Renal electrocoagula- 
tion was performed using a foot-operated single point eauterizer 
angled at 30 ° (Hyfrecator, Model X-712, The Birtcher Corp., Los 
Angeles, Calif., USA). The kidney was freed from perirenal fat and 
the adrenal gland prior to electrocoagulation and special care was 
taken not to manipulate the ureter; after eleetrocoagulation, the 
kidney was replaced into the renal fossa and completely covered by 
the tissue of the abdominal wall and skin. After either surgical 
procedure, the incisions were closed in layers with clips applied to 
the skin. The duration of surgery from skin-to-skin never exceeded 
10 min. Unless stated otherwise, the animals were studied 6 weeks 
after the second operation.The degree of renal failure was defined 
by the blood urea nitrogen (BUN) concentration as measured on 
sacrifice day. 

Body Weight 

Mice were weighed at the time of induction of renal failure, ear-clip- 
ped for future identification and weighed weekly until sacrifice. 

Blood Pressure Measurement 

Systemic blood pressure was measured in conscious mice by a tail- 
cuff method. For two weeks prior to assessment mice underwent 
daily acclimatization of the holding chambers required for blood 
pressure determinations. All measurements were made at the same 
time of day under standardized conditions. 

Blood Tests 

At the time of sacrifice blood was collected by cardiac puncture into 
plastic syringes coated with a 3 : 10 dilution of heparin (Hepalean, 
Harris Laboratories, Toronto, Canada). Blood urea nitrogen concen- 
tration was measured by autoanalyzer method either separately (IL9 
Autoanalyzer, Instrumentation Laboratory Inc., Lexington, Mass., 
USA) or as part of SMAC-16 blood testing (Teehnicon Instruments 
Corporation, Montreal, Canada). Routine hematological assessment 
was done by Coulter Counter (Model 2B1, Coulter Diagnostics Inc., 
Hlaleah, Fla., USA). In a separate experiment, platelet counts were 
also performed in parallel by direct phase-contrast microscopy 

[2]. Differential leucocyte counts were performed on the basis of 
100 cells per slide on Wright-stained blood smears. In a limited 
number of mice reticulocyte counts were carried out on fresh and 
unstained thick blood smears. 

Urine Biochemistry 

Eighteen-hour urine collections were made in modified metabolic 
cages. Urinary protein content was measured with a Technicon RA 
1000 Autoanalyzer (Technicon Instruments Corp., Montreal, 
Canada). Osmolarity was measured on frozen samples with an 
Advanced Cryomatic Osmometer (Model 3C2; Advanced Instruments 
Inc., Needham Heights, Mass., USA). 

Bone Analysis 

The bone was fixed in sucrose formalin buffer, then processed as 
previously described following embedding in glycol methacrylate, 
staining for acid phosphatase and counter-staining with modified 
Harris hematoxylin [21]. 2 # undeealeified sections of the proximal 
tibia were examined. 

Statistical Analysis 

All results are expressed as means -+ SD and single comparisons were 
made with Student's t test. 

Results 

Survival 

Except  for the occasional death occurr ing during surgery 

and ascribed to  anesthesia, this mode l  o f  chronic renal 

failure (mean BUN values o f  100 mg/dl )  was associated wi th  

a mor ta l i ty  rate which varied f rom 4 to  15% in separate 

exper iments  according to the degree o f  e lec t rocoagula t ion 

applied to the right renal cor tex.  Deaths in renal failure 

mice occurred on the second to four th  day fol lowing lef t  

nephrec tomy .  Plasma biochemis t ry  per fo rmed  at that  t ime 

in animals where death seemed imminen t  revealed values o f  

BUN above 250 mg/dl  and of  potass ium above 8 mmol/1. 

All animals that  expired were excluded f rom analysis. In 

selected exper iments  where severe renal failure (BUN above 

180 mg/dl )  was induced by excessive cautery  o f  the right 

k idney ,  increased morta l i ty  during the days fol lowing 

n e p h r e c t o m y  was observed (Fig. 1). Thereaf ter  during the 

six week  fol low-up,  no  significant animal loss occurred.  No 

post  surgical fatalities were encounte red  in sham-operated 

control  animals. 

Growth 

The effects  o f  renal failure on growth were readily observed 

and growth curves o f  the three mice groups are presented in 
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Fig 1. Survival curve of mice during the course of renal failure (dashed line, n = 48 at the start) and of sham-operated (dotted line, n = 35) 
and normal (solid line, n = 36) controls. Observations made in C57BL/6 female inbred mice during three separate experiments. All deaths past 

the first week were due to accidental overanesthesia 

Fig 2. Growth curve in mice surviving during the course of  renal failure (dashed line) and in sham-operated (dotted line) and normal (solid 
line) controls. Points and brackets represent the mean +- SD of at least 93 determinations obtained during the same experiments reported in 

Fig. 1 

Fig. 2 where measurement began after the second surgical 
procedure. Following the second operation, there was a 
significant growth impairment in all animals. This impair- 
ment was most severe in renal failure mice in which signifi- 
cant weight loss was recorded one week after nephrectomy. 
Sham-operated animals recovered more quickly from the 
operation than renal failure mice and both groups had 
significant growth retardation at sacrifice six weeks later. 

General Observations 

In this study, none of the renal failure mice having survived 
the first week post nephrectomy demonstrated signs of 
spontaneous bleeding or gross neurological impairment. 
Furthermore, the nature and level of activity of renal fail- 
ure mice as well as their overall appearance was comparable 
to control animals. 

Local Findings 

This surgical mode of induction of renal failure was free of 
local complications. The skin clips were removed one week 
after each of the two surgical procedures. On both occa- 
sions, in sham-operated and renal failure mice alike, the 
flank wounds were completely healed, and no signs of inflam- 
mation were detectable. Examination of the peritoneal 
cavity six weeks after the second surgery revealed no ab- 
normalities outside of the kidneys. Again, there were no 
signs of inflammation or infection. The intraperitoneal side 
of the surgical wounds had healed completely. The general 

appearance of the electrocoagulated kidney of renal failure 
mice was markedly altered. The outer surface was pale, ir- 
regular and distended with translucent areas through which 
urine could be seen. When punctured the kidney rapidly 
emptied of urine and collapsed to a thin-walled pouch. In 
contrast, the electrocoagulated kidney of sham-operated 
animals had markedly atrophied and was generally difficult 
to locate, appearing as a very small mass of nondescript 
tissue adhering firmly to the liver. In these animals marked 
hypertrophy of the contralateral kidney was always present. 

Biochemical Evaluation 

The biochemical data of mice with renal failure and sham- 
operated and normal controls are shown in Table 1. A 
number of species differences between mice and man can 
be appreciated, the most striking involving creatinine, 
bicarbonate, phosphate, cholesterol, and the enzymes GOT, 
GGTR and LDH. The expected retention of nitrogenous 
compounds was observed in renal failure mice. Com- 
mensurate increases of urea and creatinine occurred averag- 
ing fivefold and two to threefold, respectively. In sham- 
operated animals,values of urea and creatinine did not change 
significantly, indicative of the degree of contralateral renal 
hypertrophy that followed the extensive destruction of the 
right kidney by electrocoagulation. In contrast to control 
animals, renal failure mice presented moderately, although 
significantly, elevated mean values of plasma potassium, 
chloride, calcium and phosphate as well as significantly 
reduced bicarbonate concentrations. Furthermore, renal 
failure mice always presented biochemical evidence of 
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Table 1. Plasma concentrations of selected blood constituents in mice six weeks after the onset of renal failure and in sham-operated and 
normal controls a 

Status of animals Normal Sham-operated Renal failure Normal range 
n = 32 n = 32 n = 30 in man 

Glucose(mg/dl) 223 +- 31 218 -+ 48 198 -+ 26 60 -115  
Urea nitrogen (mg/dl) 19 -+ 3 24 -+ 5 105 -+ 36 e,d 8 - 25 
Creatinine (mg/dl) 0.4-+ 0.1 0.4-+ 0.1 0.9 +- 0.3 e,d 0 .5-  1.5 
Sodium (mmol/1) 147 -+ 6 140 -+ 13 148 -+ 6 136 -147  
Potassium (mmol/1) 4.2 +- 0.7 4.4 -+ 0.9 5.5 +- 0.9 e,d 3 .5-  5.0 
Bicarbonate (mmol/1) 12 -+ 2 11 -+ 3 9 -+ 3 e,d 21 - 30 
Chloride (mmol/1) 109 +- 4 102 -+ 8 e 119 -+ 6 e,d 97 -109  
Uric acid (mg/dl) 3.0 +- 0.6 3.6 -+ 1.2 e 2.6 -+ 1.2 ¢,d 2 .5-  8.5 
Calcium (mg/dl) 9.3 +- 0.7 9.8 +- 0.9 e 10.6 -+ 1.0 c,d 9 .0 -  10.6 
Phosphate (mg/dl) 7.4 + 1.0 6.6 +- 0.9 e 8.8 -+ 1.6 e,d 2 .4-  4.5 
Total protein (g/dl) 5.2 -+ 0.4 5.1 +- 0.7 5.2 -+ 0.3 6 .0-  8.0 
Albumin (g/dl) 3.0 -+ 0.3 3.0 -+ 0.4 3.0 -+ 0.3 3 .5-  5.2 
Cholesterol(mg/dl) 110 +- 16 119 -+ 21 188 -+ 40 c,d 110 - 2 5 0  
Bilirubin (mg/dl) 0.1 + 0.1 0.1 -+ 0.1 0.1 -+ 0.1 0 .2 -  1.2 
Alkaline phosphatase (U/l) 112 -+ 25 124 -+ 20 e 307 -+ 106 e,d 30 - 1 1 0  
GOT(U/l) b 221 -+ 125 201 -+ 85 226 -+ 207 8 - 40 
GPT(U/1) b 58 -+ 51 35 -+ 24 e 30 -+ 28 e 0 - 4 0  
GGTR(U/1) b 3 -+ 2 3 -+ 3 2 -+ 1 e 7 - 55 
LDH (U/l) b 393 -+ 198 382 +- 134 366 -+ 181 100 - 2 1 6  
Globulins (g/dl) 2.2 -+ 0.4 2.1 +- 0.6 2.2 -+ 0.3 2 .3 -  3.3 

a Determinations performed at sacrifice in 13 week old female inbred C57BL/6 mice and expressed as mean -+ SD 
b Abbreviations used are: GOT = glutamic oxaloaeetic transaminase; GPT = glutamic pyruvic transaminase; GGTR = gamma glutamyl trans- 
ferase; LDH = lactate dehydrogenase 
e - d  Indicates a significant difference (p < 0.05) between renal failure mice and e normal mice and d sham-operated mice 
e Indicates a significant difference (p < 0.05) between sham-operated and normal mice 

Table 2. Urine biochemistry in mice six weeks after the onset of renal failure and in sham-operated and normal controls a 

Status of animals Normal Sham-operated Renal failure 
n = 14 n = 14 n = 11 

BUN(mg/dl) 26.1 -+ 5.0 25.3 + 3.5 119.3 -+ 21.6 b,e 
Volume(ml) 1.5 -+ 0.8 2.2 -+ 0.8 3.0 -+ 1.3 b 
Osmolarity (mOsm/kg H20) 417.6 -+ 163.9 307.5 -+ 86.7 338.5 -+ 107.0 
Protein (mg/ml) 0.12 +- 0.05 0.13 -+ 0.05 0.47 -+ 0.4 b,e 

a Eighteen hour urine collection performed the day before sacrifice in 13 week old female inbredC57BL/6 mice;valuesgivenare means +- SD 
b - e  Indicates a significant difference (p < 0.05) between renal failure mice and b normal mice and c sham-operated mice 

s econda ry  h y p e r p a r a t h y r o i d i s m  w i t h  h y p e r p h o s p h a t e m i a  

and  e leva ted  alkal ine phos pha t a s e  in  the  absence  o f  h y p o -  

calcemia.  A n  u n e x p e c t e d  f ind ing  in this  s t u d y  was the  pres- 

ence  of  h y p o p h o s p h a t e m i a  in the  s h a m - o p e r a t e d  animals .  

In te res t ing ly ,  renal  fai lure mice p re sen ted  s igni f icant ly  

e levated  levels o f  p la sma  choles te ro l  c o m p a r e d  to  cont ro ls .  

The  o t h e r  b iochemica l  pa rame te r s  t e s ted  were similar  

across the  three  groups  o f  mice .  

Ur ina ry  character is t ics  o f  spec imens  col lec ted  f r o m  mice 

dur ing  an  18 h o u r  co l lec t ion  pe r iod  are p r e sen t ed  in Table  

2. Rena l  fai lure mice were n o t  oliguric and  in fac t  p r o d u c e d  

the  grea tes t  vo lumes  o f  ur ine  and  s h a m - o p e r a t e d  mice also 

p r o d u c e d  increased  urine volumes  c o m p a r e d  to n o r m a l  

con t ro l s .  S igni f icant  levels o f  p r o t e i n  were recovered  f r o m  

ur ine  spec imens  col lec ted  f r o m  renal  fai lure mice whi le  

ur ine  osmola r i ty  was n o t  s igni f icant ly  d i f f e ren t  b e t w e e n  

renal  fai lure and  con t ro l  animals .  

Hematological Assessment 

Afte r  six weeks  of  renal  fai lure,  there  was a m a r k e d  decrease 

in h e m o g l o b i n  c o n c e n t r a t i o n  (Table  3)  as well  as e ry th ro -  

cyte  n u m b e r  and  h e m a t o c r i t  (da ta  n o t  shown) .  A close 

re la t ionsh ip  was observed  b e t w e e n  the  fall in  h e m o g l o b i n  

and  the  sever i ty  of  the  renal  fai lure (Fig.  3).  E r y t h r o c y t e  in- 

dices were on ly  mode ra t e ly ,  a l t h o u g h  s igni f icant ly ,  a f fec ted  

b y  renal  fai lure where  m e a n  corpuscu la r  vo lume (MCV) and  



Table 3. Hematological features of  mice six weeks after the onset  of  renal  failure and in sham-operated and normal  controls a 

Status of  animals Normal  Sham-operated Renal failure Normal  range 
n = 68 n = 64 n = 56 in man  
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BUN (mg]dl) b 
Leucocytes / ram 3 
Neutrophils  (%) 
Neu t roph i l s /mm 3 
Lymphocy te s  (%) 
L y m p h o c y t e s / m m  3 
Platelets (x 1 0 3 / m m  3) 
Hemoglobin (g/dl) 
MCV (pm3) b 
MCH (pg)b 
MCHC (g/dl) b 
Reticulocytes (%)c 

25 -+ 6 29 -+ 6 108 -+ 33 d,e 8 -  25 
5,334 -+ 2,937 6,125 -+ 2,269 5,188 -+ 3,278 4 , 8 0 0 - 1 0 , 8 0 0  

5.3 -+ 3.6 6.1 +- 3.6 7.3 -+ 5.8 d - 
295 +- 328 379 +- 277 341 -+ 272 - 

94.3 -+ 4.0 93.5 -+ 3.6 92.3 -+ 6.0 d - 
4,910 -+ 2,723 5,725 -+ 2,144 4,891 -+ 3,144 - 

813 -+ 222 804 -+ 193 807 -+ 203 1 3 0 -  400 
13.4 -+ 0.9 13.3 -+ 0.8 8.4 -+ 1.4 d 'e  14 18 
45.7 -+ 1.0 45,4 -+ 1.1 44.1 + 1.0 d,e 8 2 -  100 
16.4 -+ 0.7 16.5 -+ 0.7 15.6 -+ 0.6 d,e 2 7 -  31 
35.8 -+ 1.4 36.4 -+ 1.9 35.3 -+ 1.6 e 3 2 -  36 

2.5 -+ 0.9 2.7 -+ 0.6 1.8 -+ 0.7 e - 

a Determinat ions  performed at  sacrifice in 13 week old female inbred C57BL/6 mice and expressed as mean  -+ SD 
b Abbreviations used are: BUN, blood urea nitrogen; MCV, mean  corpuscular volume; MCH, mean  corpuscular hemoglobin;  MCHC, mean  
corpuscular hemoglobin  concentra t ion 
c Reticulocyte counts  were performed in only eight animals o f  each group and are not  corrected for the  degree of  anemia  
d - e  Indicates a significant difference (p < 0.05) be tween renal  failure and d normal  mice and e sham-operated mice 

13) 

.E 
8 
8' 

- r  

20 - -  

15 - 

10 -- 

5 -- 

0 

/ 

o~q~ ~ • o •  o 
VoOo00~LD O • 

• o o ~  • • • 
• • g o  ~ • • 

o ° e •  
O O o °  o • 

1000 

900 

x 

.t= ,$ 

E 800 

~, 

.~ 700 
o~ 

== 

600 

E_ 

t o  
•0 

0 •  • 

I I I I 500 I I I I I 
50 100 150 200 500 600 700 800 900 1000 

Blood urea nitrogen (mg/dl) 4 Platelet counts by the autoanalyzer method (x 103/#1) 

Fig 3. Correlation between concentrat ions of  blood urea nitrogen and hemoglobin (y = - 0 . 0 3 x  + 12.07, r = - 0 . 6 0 8 ,  p < 0.01) o f  53 mice 
6 weeks after the  onset  o f  renal failure. Values for sham-operated and normal  controls are contained within the shaded area. Other hematolog- 
ical features o f  the  mice are presented in Table 3 

Fig. 4. Correlation between circulating platelet numbers  of  35 normal  6 week old C57BL/6 female inbred mice as determined by the  visual 
and autoanalyzer  methods .  (y = 72x + 90, r = 0.852,  p < 0.01) 

mean corpuscular hemoglobin (MCH) were reduced com- 
pared to control mice. It is noteworthy that normal values 
of MCV and MCH in the mouse are approximately half that 
observed in man. Reticulocyte counts indicative of  the ex- 
tent of  bone marrow response to the anemia tended to be 
reduced in renal failure mice and when corrected for the 
degree of anemia reticulocytosis was even more indicative 
of  an inadequate bone marrow response. 

Examination of  the total and differential leucocyte 
counts and platelet numbers, revealed no differences be- 

tween renal failure mice and controls (Table 3). Circulating 
leucocytes in the mouse are predominantly lymphocytes 
and polymorphs constitute a small minority, approximately 
5%, of  circulating leucocytes while monocytes are rarely 
seen [9]. Platelet numbers are consistently higher than in 
man. The standard method to ascertain platelet counts was to 
use the autoanalyzer counter. However, the counter is set 
for human blood in which erythrocytes are considerably 
larger than platelets but in the mouse erythrocytes are 
small and in fact close to the size of  platelets. Therefore 
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of renal failure mice (112 -+ 13 mmHg) (mean -+ SD) and 
their sham-operated (94 -+ 9) and normal (103 + 4) controls. 
No significant differences in systolic blood pressure be- 
tween the three animal groups were recorded. 

Fig. 5A and B. Examples of bone sections (upper metaphyseal plate 
of tibia) in normal mice (A) and in mice six weeks after the onset of 
renal failure (B). The prominence of osteoelasts, bone remodeling 
and marrow fibrosis is visible during renal failure (Acid phosphatase 
stain with Harris hematoxylin counterstain; original magnification 
x 170) (Courtesy of Dr. Michael Kaye) 

the validity of mouse platelet counts based on assessment 
by the autoanalyzer method was confirmed by conventional 
counting of platelets employing visual means (Fig. 4). 

Bone Studies 

Renal osteodystrophy was fully established 6 weeks after 
the onset of renal failure. Changes in bone histology con- 
sistent with severe hyperparathyroidism were observed with 
an increase in the number of osteoclasts, extensive areas of 
increased bone resorption and widespread marrow fibrosis. 
Differences in bone histology between normal and renal 
failure mice can be appreciated in Fig. 5. 

Blood Pressure 

Systolic blood pressure determinations (tail cuff technique) 
were conducted in a small number (4 animals in each group) 

Discussion 

This report describes abnormalities in mice with chronic 
renal failure which resemble those observed in humans 
with end-stage renal disease. Significant growth retardation, 
severe anemia, major alterations in blood chemistry and 
striking secondary hyperparathyroidism were observed in 
female C57BL/6 inbred mice after six weeks of renal failure. 
The same abnormalities are found in humans and it was 
concluded that this mouse preparation is a suitable animal 
model of chronic uremia. The results of this study confirm 
our earlier findings [9, 12-16] in that a significant reduc- 
tion in renal function is consistently achieved with the 
ensuing retention of nitrogenous products and severe con- 
sequences of the renal failure readily follow. Previous re- 
ports [8, 17, 27, 28] supports these data, indicating a sub- 
stantial increase in blood urea nitrogen for prolonged peri- 
ods in similar experimental mouse models following con- 
trolled injury to both kidneys. In the present model we 
have previously shown that the severity of the renal failure 
is greatest if the electrocoagulation is limited to one kidney 
with a subsequent contralateral nephrectomy [ 10]. 

It was our goal to develop a surgical preparation with a 
consistent and reproducible degree of renal failure which 
could be readily induced in a large number of mice that 
could then be maintained under standard conditions of 
animal husbandry. After an initial animal loss during the 
first week post nephrectomy due to excessive renal failure 
in a small proportion of mice, no significant mortality was 
observed during a six week follow-up period. According to 
previous observations six weeks after the second surgical 
procedure, renal failure and sham-operated mice did not 
present evidence of infection or inflammation consequent 
to the surgical preparation [15, 16]. Peritoneal leucocytes 
collected from renal failure mice were similar to a resident 
population and peritoneal structures were sterile as evi- 
denced by microbiological assessment. 

This mouse preparation of renal failure was originally 
developed for the study of immune responses in chronic 
experimental uremia. In that context, sham-operated ani- 
mals were subjected to electrocoagulation of the right 
kidney at the time of the first surgery and mobilization 
rather than removal of the contralateral kidney two weeks 
later. Therefore the potential immunomodulating influence 
of thermal injury to the kidney as well as the surgical 
trauma inherent to the model was accounted for in the 
sham-operated control animal [18, 20]. The present study 
demonstrated that the level of nitrogenous waste products 
of sham-operated and normal mice were not significantly 
different. 
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Postoperatively, growth of uremic mice was significantly 
impaired and six weeks after the induction of renal failure 
mean body weights had decreased to 80% of normal mice. 
Although growth rates were accelerated 2 and 3 weeks after 
surgery, renal failure mice were smaller and actually gained 
less weight than did sham-operated controls. In previous ex- 
periments we have shown that sham-operated mice demon- 
strated catch-up growth whereas renal failure animals con- 
tinued to present growth retardation up to 15 weeks after 
the induction of renal failure [ 11]. 

The remarkable difference in the appearance of the elec- 
trocoagulated kidney between renal failure mice and sham- 
operated controls might find an explanation in the pheno- 
menon of renal counterbalance [6]. It has been known for 
a long time that the effect of unilateral renal damage on the 
function of the affected kidney depends on the function of 
the contralateral kidney. The exact mechanism of renal 
counterbalance is less clear. Recent studies suggest that 
this occurs as a result of either increases in vasodilatory 
substances or decreases in vascoconstrictor compounds. 
Alternately this response may be mediated by the accumu- 
lation of naturally occurring cytoprotective agents. Evid- 
ence for the physiological importance of renal counter- 
balance was brought about by a number of experimental 
observations, particularly by unilateral ureteral ligation or 
renal artery clamping in the rat. Instead, the electrocoagula- 
tion technique that we used in our study produces an in- 
homogenous renal injury leaving a rim of renal cortex 
around the hilum intact and the deep juxtamedullary 
nephrons which may have escaped the thermal injury. 

When compared to adult man, we found that differences 
in normal blood constituents were common in thirteen 
week old female C57BL/6 inbred mice. These differences 
included an increase in inorganic phosphate, the enzymes 
alkaline phosphatase, GOT and LDH, and in the number of 
platelets and circulating lymphocytes. As well a decrease in 
creatinine, bicarbonate, cholesterol, bilirubin, the enzyme 
GGTR, the erythrocyte indices MCV and MCH and in poly- 
morphonuclear counts was demonstrated. Elevations in 
blood glucose could have resulted from the scheduling of 
our evaluation in the early morning in mice with nocturnal 
eating habits. The sodium-containing heparin preparation 
used for the blood collection might explain the observed 
hypernatremia relative to man. 

Normal blood levels of creatinine in mice comparable to 
that of man have been observed by several groups [3,23,30]. 
Meyer et al. [25] have demonstrated the overestimation of 
the picric acid method in measuring serum creatinine levels 
in mice. In studies of normal C57BL/6 female emice, 
we have observed a similar fourfold difference between two 
automated methods of determination of plasma creatinine 
of normal mice, using the SMAC equipment in the present 
report and the 1L-1 elsewhere [15]. One difficulty with the 
former method is that the volume required by that tech- 
nique is large for mice. In addition, even the latter method is 
still insensitive to very low levels of creatinine. For these 

reasons the measurement of blood urea nitrogen constituted 
our routine index of evaluation of renal function in mice. 

Biochemistry assessments of renal failure and control 
mice revealed several interesting manifestations of uremia. 
Renal failure mice presented evidence of secondary hyper- 
parathyroidism, with elevated plasma levels of inorganic 
phosphate and alkaline phsophatase. Hypocalcemia, de- 
scribed as a complication of chronic renal failure and at- 
tributed to the rise of serum phosphate and vitamin D 
deficiency was not observed in these chronically uremic 
mice. Although we did not measure ionized calcium in the 
present study, it is very likely that increments in total 
serum calcium in chronically uremic mice reflect a rise in 
ionized calcium. It is currently not feasible to perform 
measurement of parathyroid hormone in the mouse and 
therefore no conclusions regarding such measurements can 
be drawn from the current data. 

In contrast to the evident secondary hyperparathyroidism 
observed in the chronically uremic mice, investigations of 
sham-operated mice unexpectedly revealed hypophos- 
phatemia, hypercalcemia and high alkaline phosphatase. 
These biochemical findings are characteristic of primary 
hyperparathyroidism yet sham-operated animals had under- 
gone renal electrocoagulation yielding a reduction of renal 
parenchyma. Therefore the observed hyperparathyroidism 
must in fact be of a secondary nature. We do not have a 
satisfactory explanation for the signs of early secondary 
hyperparathyroidism observed in the sham-operated mice. 

Much like in man, the hematological consequences of 
chronic renal failure in mice affected predominantly the 
red cell series [5]. Six weeks after the onset of renal failure 
mice invariably presented severe anemia with evidence of 
relative bone marrow unresponsiveness. We have demon- 
strated previously the progressive development of the 
anemia from the time of onset of the renal failure [11 ]. In 
view of the prominence of the bone disease the anemia 
could result in part from excess parathyroid hormone 
through at least three pathways [24]. These include inhibi- 
tion of erythropoiesis, shortening erythrocyte survival and 
inducing fibrosis of the bone marrow cavity. Thus the over- 
all effects of the multiple consequences of uremia on hema- 
topoiesis may result in prevailing functional alterations 
which may also be accompanied by structural changes. The 
observations made in this study would suggest that bone 
marrow fibrosis might play an important contributing role 
in the anemia of severe renal failure. 

Our results confirm and extend the observations of others 
who have developed animal models of experimental uremia 
through surgical reduction of renal parenchyma and have 
assessed renal failure induced systemic changes. However, 
our model is singular in that it provides the means for study- 
ing the role of renal failure in modulating immune re- 
sponses. The availability of immunodeficient and immuno- 
modified strains, and the volume of knowledge on immune 
cell populations and membrane markers favor the mouse 
in studies of the potential influence of renal failure on im- 
mune function. 
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