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Physiologic studies in normal and uremic sheep: I. The experi-
mental model. A model of chronic renal failure was created in
nine adult sheep by two-stage, subtotal nephrectomy. Carotid-
jugular cannulas provided clot-free access for 72 to 274 days
without exit-site infections. All sheep became uremic and ane-
mic. Median survival, while uremic, was 145 days (72 to 327 days),
although three were sacrificed. Five required dialysis within the
first week of uremia, and median survival on dialysis was 70 days
(41 to 177 days). Sheep that maintained adequate nutrition sur-
vived the longest on dialysis. Mean creatinine and BUN levels in
the stable uremic and dialyzed sheep were 4.8/95 and 7.8/59 mg/
dl, respectively. The other serum chemistries remained un-
changed (mean values) from normal, although one sheep died of
hypercalcemia (17.8 mg/dl). Renal blood flow correlated to GFR
in both normal and uremic states. GFR fell more than serum
creatinine rose, suggesting extrarenal excretion of creatinine.

Etudes physiologiques chez le mouton normal et urémique: I. Le
modéle expérimental. Un modéle d’insuffisance rénale chronique
a été créé chez neuf moutons adultes par néphrectomic sub-
totale en deux étapes. Des canules carotido-jugulaires ont permis
un accés sans coagulation pendant 72 a 274 jours sans qu’il y ait
d’infection aux lieux de pénétration. Tous les moutons sont de-
venus urémiques et anémiques. La survie médiane, au cours de
I'urémie, a été de 145 jours (72 a 327 jours) bien que trois d’entre
eux aient été sacrifiés. Cinq ont di étre dialysés dés la premiére
semaine de I'urémie et la survie médiane en dialyse a été de 70
jours (41 a 177 jours). Les animaux qui ont eu une alimentation
adéquate ont eu la survie la plus longue en dialyse. Les concen-
trations moyennes de créatinine et d’azote uréique dans 1'urémie
stable et chez les moutons dialysés étaient de 4,8/95 et 7,8/59 mg/
dl, respectivement. Les autres valeurs plasmatiques moyennes
n’étaient pas différentes de la normale bien qu’un mouton soit
mort d’hypercalcémie (17,8 mg/dl). Le débit sanguin rénal était
corrélé au débit de filtration glomérulaire dans ces situations
normales et urémiques. Le débit de filtration glomérulaire a di-
minué plus que la créatininémie n’a augmenté, ce qui suggére
une excrétion extra-rénale de créatinine.

Repetitive hemodialysis, introduced in 1960 by
Scribner et al [1], is capable of reversing or stabiliz-
ing many of the complications of chronic renal fail-
ure (CRF). The pathophysiology of the abnormal-
ities associated with renal dysfunction, however, is
difficult to study in humans because of the type of
experimentation required. Animal models of renal

failure have been developed to investigate these
problems [2, 3], but long-term studies are limited
because chronic dialysis of animals is technically
difficult.

Because of the need to study certain aspects of
CRF in an experimental setting, we have estab-
lished a large animal model for this syndrome in the
sheep. This model of CRF allows repeated studies
and physiologic manipulations to be performed, in-
cluding animals on hemodialysis for up to 6 months,
and animals can be used as their own controls prior
to the establishment of CRF.

The sheep was chosen because of two advan-
tages: (1) vascular access can be maintained for a
prolonged period of time free of infection, and (2)
by selecting animals for hemoglobin phenotype, it is
possible to take advantage of an unusual hemato-
poietic property of certain ruminants, the appear-
ance of a structurally distinct hemoglobin, hemoglo-
bin C (HbC), in response to erythropoietin (ESF)
stimulation [4]. In this report, the details of the
model are described.

Methods

Surgery. Adult, dewormed female sheep, each
weighing more than 100 pounds, were used. The
surgical details of cannulation of the carotid and
jugular vessels have been described elsewhere [5].

The spleen was removed at the same time the
vascular access was created. This was carried out
to exclude splenic red cell pooling and release,
which might complicate quantitative studies of red
cell production and destruction [6, 7].
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The uremic state was created by subtotal ne-
phrectomy. In sheep, the renal artery divides at the
renal hilus into posterior and anterior branches that
supply approximately two thirds and one third of
the kidney, respectively. Initially, the anterior
branch of the renal artery was ligated along with all
but one of the four to five secondary branches of the
posterior division. This leaves approximately 8 to
10% of the blood supply to that kidney intact.

At least 2 weeks after the animal had recuperated
from the renal infarction, the contralateral kidney
was removed. This intervening time allowed the
renal remnant to hypertrophy and reduced the like-
lihood that dialysis would be required immediately
postnephrectomy.

Metabolic studies. The sheep were kept in meta-
bolic cages to collect urine and to prevent dis-
lodging of the cannula by other sheep (Fig. 1). They
were fed a daily diet of salt, up to 9 liters of water,
and 1.0 to 1.5 kg of alfalfa pellets and hay. Blood
samples for hematologic values and chemistries
were obtained from the vascular access daily for the
first postoperative week, and thereafter as dictated
by the stability of the animal’s renal function.

Several parameters of renal function were fol-
lowed. RBF was determined by iodine-131 hippuran
clearance [8, 9]; GRF was measured by iodine-125
iothalamate [10] or ytterbium-169 diethylene tri-
amine pentacetic acid (DTPA) clearance [11]; over-
all renal function was monitored by the serum
creatinine concentration.

Hemodialysis. Dialysis was initiated when the
serum creatinine concentration exceeded 15 mg/dl

or the serum potassium concentration was more
than 7 mEq/dl. A standard 2-layer Kiil dialyzer (1
m?) or a Gambro-Lundia dialyzer (I m?, 13.5-um
membrane) was used 6 to 8 hours and 4 to 5 hours,
respectively, three times per week, utilizing a dialy-
sate containing 145 mEq of sodium [12], 38 mEq of
acetate, 3.5 mEq of calcium, 1.0 mg of magnesium,
and 102.5 mEq of chloride per liter. Potassium was
excluded.

Blood flow rates in the dialyzers were greater
than 200 ml/min, and dialysate flow rates were 200
ml/min. Weights were obtained before and after
dialysis to monitor fluid balance. During dialysis,
the sheep were kept in metabolic cages but were
partially immobilized by a stanchion (Fig. 1). Al-
though the sheep were able to eat during dialysis,
the blood tubing lines were inaccessible and could
not be accidently punctured.

Results

Vascular access (Table 1). Cannula survival in
previous studies of normal sheep averaged 46 days
(range, 9 to 152 days) [5] and was prolonged to 104
days by Coumadin® anticoagulation [13]. The medi-
an survival of cannula function in 9 uremic sheep
not receiving Coumadin was 142 days (range, 72 to
274 days). Three of these sheep clotted their can-
nulas. One (no. 53) died following surgical recannu-
lation, another (no. 62) died 10 days after surgical
recannulation, and the other had a cannula survival
of 208 days while receiving Coumadin. Of the 6
sheep whose cannulas did not clot, 3 were sacri-

Fig. 1. Sheep being dialyzed while in a metabolic cage. The animal is retained in a stanchion, can stand or lie during dialysis, and can eat

ad libitum.
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Table 1. Cannula function and survival

Sheep No. of Days of Cause

no. cannulations uremia of death
53 2 1882 Trichobezoar
62 2 101° Hypercalcemia
65 1 274¢ Pulmonary embolism?

182 1 142¢ Exsanguinated

318 1 74> Sacrificed

324 1 720 Pneumonia

353 24 3272 Sacrificed

362 1 1450 Pneumonia

363 1 180° Sacrificed

2 Dialysis not needed

® Dialysis required within 8 days after subtotal nephrectomy.

¢ Dialysis not needed until 210 and 101 days after subtotal ne-
phrectomy

4 Initial cannulation functioned 208 days, associated with
Coumadin therapy.

ficed, so the true duration of their cannula survival
is unknown.

Survival (Table 1). Of the 9 sheep made uremic, 5
required dialysis within 3 to 8 days after nephrecto-
my; the other 4 maintained a stable degree of ure-
mia (creatinine, 4.8 =[sp] 0.4 mg/dl) for 101 to 327
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days (median, 199 days). Hemodialysis was even-
tually required in 2 of these after 210 and 101 days
of renal failure, possibly because progressive fibro-
sis led to further destruction of the renal remnant
[14] The median survival time, once hemodialysis
was initiated, was 70 days (range, 41 to 177 days).
The median survival for all 9 sheep from creation of
the azotemic state was 145 days (range, 72 to 327
days).

The causes of death in the uremic sheep varied
and are indicated in Table 1. Three sheep were sac-
rificed at the termination of the studies.

Metabolic studies. Table 2 gives the blood chem-
istries observed in the normal, prenephrectomy
state, during the period of stable uremia, and during
dialysis. In dialyzed animals, the mean predialysis
serum creatinine was 7.8 * 3.0 mg/dl, which was
higher than values in sheep with stable uremia.
BUN levels, however, were lower in dialyzed sheep
than they were in stable uremic animals because
food intake was less. This is illustrated in Fig. 2,
which shows the mean weights of the two groups.
Mean serum albumin concentrations did not differ,
however, between the normal, stable uremic, or

Table 2. Blood chemistries in normal and uremic sheep?

Sheep Ser BUN Sa Sya Sk CO, Sca Sp Salk pase
no. mgldl mgldl gldl mEq/liter mkEqlliter mEqglliter mgldl mgldl 1U fliter N
A. Normal sheep (prenephrectomy)
53 1.1 26 2.3 148 4.6 23 9.6 6.9 70 2
65 1.1 23 2.7 149 4.7 25 10.4 —_ 80 1
182 1.3 29 2.4 148 4.4 27 10.3 — 55 2
318 1.1 23 2.0 146 4.3 27 8.9 6.4 69 12
324 1.0 21 2.3 145 4.3 25 9.1 6.5 33 8
353 1.1 23 1.9 142 4.7 25 9.4 5.3 53 3
362 1.0 21 1.8 145 4.9 26 8.2 8.8 45 5
363 0.7 20 1.9 144 4.7 26 8.6 6.3 51 32
Mean 1.1 23 2.2 146 4.6 26 9.3 6.7 57
* SD *0.2 *3 *0.3 *2 *0.2 *1 +0.8 *1.2 *15
B. Uremic, stable sheep
53 5.2 88 2.2 148 4.6 31 9.9 8.6 147 22
65 4.4 %0 2.3 147 5.1 29 10.2 7.5 98 39
182 4.5 100 23 146 5.5 30 11.0 — 107 24
353 5.2 103 2.6 146 5.0 29 9.6 5.0 55 37
Mean 4.8 95 2.4 147 5.1 30 10.2 7.0 102
* sD *0.4 *7 +0.2 *1 *0.4 *1 +0.6 *1.8 +38
C. Sheep on dialysis
62 10.8 61 1.9 138 4.5 22 12.4 — S1 38
65 9.8 47 1.7 143 4.5 25 8.0 10.2 37 20
182 11.7 56 2.0 145 4.8 28 8.5 5.6 42 9
318 4.1 58 2.9 147 4.8 24 9.1 8.9 62 33
324 7.5 44 2.3 141 5.8 29 10.4 6.8 36 7
362 5.4 78 2.2 145 5.9 27 8.1 11.9 42 54
363 5.1 70 3.1 145 5.5 28 9.0 6.4 50 48
Mean 7.8 59 2.3 143 5.1 26 9.4 8.3 46
+ SD +3.0 *12 +0.5 +3 +0.6 +3 *1.6 *2.5 *9

2 N denotes the number of determinations. In group B, N was obtained weekly beginning 1 month after surgery; in group C, N was

obtained before dialysis or three times per week.
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Fig. 2. Hematocrit, serum creatinine, blood urea nitrogen, and
body weight changes observed in 9 uremic sheep, 5 of which re-
quired dialysis shortly after the uremic state was surgically
created. The nondialyzed uremic sheep remained anabolic. The

hematocrit declined during the first month after surgery to a simi-.

lar degree in both the dialysis-dependent and stable uremic
sheep. Numbers in brackets indicate number of sheep.

dialyzed sheep, although the variation was greater
in the last group.

Hyperkalemia, a serious problem in dialyzed, to-
tally nephrectomized animals [15], was well con-
trolled with three-times-weekly dialysis in animals
subtotally nephrectomized. Hypercalcemia greater
than 12 mg/dl developed transiently in 3 animals and
persisted in another. This last sheep died with a
serum calcium concentration of 17.8 mg/dl while on
dialysis. Nevertheless, the mean serum calcium
concentrations were similar in all three study
stages.

Serum phosphate concentrations varied widely in
the dialyzed sheep (8.3 *= 2.5 mg/dl), although the
mean value was also similar at all three study
stages. This may be explained by the decreased in-
take of grain, which contains high quantities of
phosphates, by the dialyzed, uremic sheep. Even
the normal sheep had levels that ranged between 3.7

to 7.8 mg/dl. Alkaline phosphatase concentrations
were higher in 3 of the uremic sheep, but did not
increase when hypercalcemia was present. These
values subsequently normalized over a 3-month pe-
riod.

Renal function changes. Figure 3 shows the rela-
tionship between serum creatinine and GFR in 11
sheep. The mean GFR in 7 normal sheep (12 deter-
minations) was 161.1 = 44.3 ml/min, and was asso-
ciated with a mean serum creatinine of 0.88 = 0.28
mg/dl. One to two weeks after the unilateral seven-
eights renal infarction procedure, the mean GFR in
4 sheep was 74.0 = 20.8 mlI/min and was associated
with a mean serum creatinine of 0.98 + 0.21 mg/dl.
The 12% rise in the serum creatinine, associated
with a 45% reduction in the GFR, is consistent with
the fact that there may be extrarenal excretion of
creatinine in sheep [16]. Serial studies in several an-
imals indicated that the GFR must be reduced to
less than 15 ml/min before the serum creatinine ris-
es above 4 mg/dl.

The correlation between GFR and RBF is shown
in Fig. 4. The RBF was calculated by dividing the
measured renal plasma flow by the plasmacrit (100
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Fig. 3. Relationship of the GFR to serum creatinine in 11 sheep
at different levels of renal function, including the normal state
and after subtotal nephrectomy. The open circles indicate values
obtained in dialyzed sheep. The fact that the serum creatinine
remained normal despite marked reductions in GFR is compat-
ible with extrarenal excretion of creatinine.
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Fig. 4. Relationship of GFR to RBF in 5 sheep studied at all
levels of renal function. Each sheep is represented by a different
symbol, and the four open circles represent sheep requiring dial-
ysis. There is a direct correlation (r = 0.90) between these two
parameters.

— hematocrit). A close correation (r = 0.90) be-
tween GFR and RBF was found at all levels of
GFR.

Urine volumes fell below 1 liter/day for several
days after nephrectomy, but then varied between 2
to 9 liters/day, depending on fluid intake. When
urine volumes remained less than 700 ml/day, main-
tenance dialysis was subsequently required.

Discussion

A large-animal model of chronic renal failure,
produced by subtotal nephrectomy, has been
created specifically to study the pathophysiologic
changes of CRF. With this approach, about one half
of the experimental animals developed a stable, but
moderately severe uremia for 3 to 11 months before
requiring dialysis. The remaining animals required
dialysis within 3 to 8 days after the surgical estab-
lishment of uremia. These sheep were maintained
with thrice-weekly dialysis for 1 to 5 months. As
seen in Fig. 2, anemia developed within 1 month
and was similar in degree, whether or not dialysis
was required. Nutrition appeared adequate in the
nondialyzed uremic sheep, and body weight in-
creased 27 + 22% by 12 weeks. When renal func-
tion was poor enough to warrant dialysis, body
weight fell a mean of 5.2 = 4.7% after 4 weeks of
dialysis. There was longer survival in those sheep
that maintained their nutrition and weight. The 2
sheep that lived 18 weeks on dialysis had eventually
gained-9 and 14% above their original body weight,
whereas the 3 sheep that died earlier had lost 15, 16,

and 29% of their body weight. Dialysis ultrafiltra-
tion was able to prevent peripheral or pulmonary
edema in all but one animal.

The partially nephrectomized model has proved
much easier to maintain and study than the anephric
model [15]. Despite daily dialysis of 15 anephric
sheep, catabolism could not be controlled, and
death occurred within 39 days (mean, 15 days). The
differences between the two models indicate the im-
portance of the renal remnant. Potassium balance
was generally preserved and remained normal during
dialysis even while renal failure progressed. Salt
and water balance was also easily maintained, and
the intake of sodium did not need to be restricted.
Appetite remained good as long as the azotemia was
stable, but decreased once dialysis was necessary, a
finding similar to that in uremic man. The degree of
anorexia, however, was much worse in the anephric
sheep requiring dialysis. These differences suggest
that in the sheep even a small residual of renal tis-
sue may contribute to overall nutrition.

Renal function tests of RBF and GFR were pre-
dictable and correlated well with one another. The
serum creatinine was a good measurement of serial
changes in renal function despite the possible exis-
tence of extrarenal creatinine excretion.

Detectable hematologic changes were confined to
erythropoiesis. During the first month of uremia,
the hematocrit gradually fell from a mean of 30
vol% to 22 and 19 for nondialyzed and dialyzed ani-
mals, respectively. The hematocrits of dialyzed
sheep ranged between 15 and 18% thereafter. Ac-
cording to Fig. 2, the hematocrits of the stable ure-
mic sheep continued to decline, but this was be-
cause of study-related phlebotomies. The hemato-
crits of the 2 stable uremic sheep, just before
dialysis was initiated, were 13 and 19%.

The advantages of the sheep model are that carot-
idjugular, silastic-teflon cannulas function for
many months and provide for easy blood sampling
and hemodialysis with minimal clotting and infec-
tion. The large blood volume is similar to that in
humans and permits relatively large quantities of
blood to be removed or shifted extracorporeally
during dialysis without significant blood pressure
changes. Renal failure can be reliably created with
subtotal nephrectomy, and animals can be studied
serially, both before and after the establishment of
uremia, and thus serve as their own controls.

Other animal models do not have all of these ad-
vantages. Although anephric dogs can be kept alive
by daily peritoneal dialysis for up to 69 [2] and 111
[17] days, malnutrition and peritonitis limit long-
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term effectiveness [17, 18]. Partial nephrectomy in
dogs can create a uremic milieu without the need for
dialysis [19], but because erythroid function is al-
most absent in anephric dogs [20, 21] in contrast to
anephric humans [22], the uremic dog model is not
appropriate to investigate disorders of erythro-
poiesis in CRF. In addition, cannula survival in
nonuremic dogs is poor, due to frequent wound in-
fections (Eschbach and Cole, unpublished observa-
tions). Anephric rabbits have only been kept alive
with peritoneal dialysis for up to 9 days [3], or with
hemodialysis for 1 week [23]. In both situations,
infections of the access site limit long-term effec-
tiveness.

Anephric rats have been successfully peritoneally
dialyzed for up to 12 days without developing peri-
tonitis through the use of a permanent, dacron-
cuffed, peritoneal catheter [24]. Anemia develops
rapidly leading to a 50% reduction in red cell mass
by the 12th day of uremia. This technique should
allow for the maintenance of a more chronic uremic
state, so that repeated studies would then be fea-
sible. Nevertheless, because of the difficulties of
successfully dialyzing anephric rats, most rat mod-
els are based on the two-stage, five-sixths nephrec-
tomy originally described by Chanutin and Ferris
[25] in which the upper and lower thirds of one kid-
ney are surgically removed, followed by the remov-
al of the contralateral kidney 1 week later. Ibels et
al observed that death from uremia usually oc-
curred within 168 days unless phosphate depletion
was induced [14].

A stable level of anemia developed within 6 to 8
weeks in a similar model studied by two other in-
vestigators [26, 27]. There was, however, even-
tually a spontaneous improvement in the anemia
and azotemia of some nonphosphate-depleted, five-
sixths nephrectomized rats [28], making studies dif-
ficult to interpret in this setting. An ingrown strain
of mice with polycystic kidney disease that pro-
gresses to renal failure has been studied by Reiss-
mann and Werder [29], but as yet chronic dialysis
has not been used. Recently, small anephric goats
have been chronically maintained on hemodialysis
for up to 93 days, but the anemia failed to stabilize,
and weight loss continued despite normal food in-
take [30].

Because it is difficult to study the same small ani-
mals repeatedly in both control and uremic condi-
tions, let alone keep them alive and stable with dial-
ysis, if it is required, the subtotally nephrectomized
sheep provides an advantageous model in which the

physiologic changes of chronic renal failure can be
studied.

Acknowledgments

This study was supported by contract #NIH 20-
22-21 from the National Institutes of Health and by
designated research funds of the Veterans Adminis-
tration. M. Eng, F. W. Land, and G. Kaylor gave
technical assistance.

Reprints are not offered.

References

1. ScriBNER BH, Buri R, CANER JEZ, HEGSTROM R, BUR-
NELL JM: The treatment of chronic uremia by means of inter-
mittent hemodialysis: A preliminary report. Trans Am Soc
Artif Intern Organs 6:114-122, 1960

2. GRoOLLMAN A, TURNER LB, McLEAN JA: Intermittent peri-
toneal lavage in nephrectomized dogs and its application to
the human being. Arch Intern Med 87:379-390, 1951

3. ErsLEvV Al: Erythropoietic function in uremic rabbits. Arch
Intern Med 101:407-417, 1958

4. TnurMonN TF, Boyer SH, CrosBy EF, et al: Hemoglobin
switching in nonanemic sheep: III. Evidence for presump-
tive identity between the A to C factor and erythropoietin.
Blood 36:598-606, 1970

5. DeNNIs MB, CoLE JJ, ScriIBNER BH: Long term vascular
access for animal studies. J Appl Physiol 37:978-982, 1974

6. WaDE L Jr: Splenic sequestration of young erythrocytes in
sheep. Am J Physiol 224:265, 1973

7. ZEHR JE, JOHNSON A, MOORE WW: Blood volume measure-
ments in sheep by chromium *'-labeled red blood cells. Am J
Vet Res 30:1699, 1969

8. WAGONER RD, NEwLoN TW, Maser FT, HunT JC: Mea-
surement of effective renal plasma flow with sodium iodo-
hippurate I-131. JAMA 187:811-813, 1964

9. BLaurox MD, MeRrrILL JP: Simplified hippuran clearance.
Measurement of renal function in man with simplified hippu-
ran clearances. Nephron 3:274-281, 1966

10. ADEFUIN PY, GUR A, S1EGEL NJ, SPENCER RP, HAYSLETT
UP: Single subcutaneous injection of iothalamate sodium I-
125 to measure glomerular filtration rate. JAMA 235:1467-
1469, 1976

11. James AE, HosaIiN F, DELAND FH, REBA RC, WAGNER
HN: '""Ytterbium diethylene-triaminepentaacetic acid: A
versatile radiopharmaceutical. J Can Assoc Radiol 22:136-
143, 1971

12. McFARLAND WYV: Distribution and dynamics of body fluids
in sheep, in The Blood of Sheep, Composition and Function,
edited by BLunt MH, New York, Springer-Verlag, 1975, p
17

13. Boyp SJ, Dennis MB, Nocami RT, CorE JJ, SCRIBNER
BH: Effect of prophylactic coumadin on A-V cannula func-
tion. J Appl Physiol 37:6-7, 1974

14. IBeLs LS, ALFRey AC, Haut L, HUFFER WE: Preservation
of function in experimental renal disease by dietary restric-
tion of phosphate. N Engl J Med 298:122-126, 1978

15. EscHBACH JW, ADAMSON JW, ANDERSON RG, DENNIS MB:
Anemia of chronic renal failure: Studies of marrow regula-



16.

17.

20.

21.

22.

23.

Uremic sheep model

tion in the uremic sheep. Trans Am Soc Artif Intern Organs
18:295-300, 1972

VAN NIEKErRK DH, BENSADOUN A, PALADINES OL, REID
JT: A study of some of the conditions affecting the rate of
excretion and stability of creatinine in sheep urine. J Nutr
79:373-380, 1963

Houck CR: Problems in maintenance of chronic bilaterally
nephrectomized dog. Am J Physiol 176:175-182, 1954

. SELIGMAN SF, FRANK H, FINE J: Treatment of experimental

uremia by means of peritoneal irrigation. J Clin Invest
25:211-219, 1946

. BRICKER NS, STOKES JM, LuBowitz H, DEWEY RR, BER-

NARD HR, HARTCROFT PM: Experimentally induced per-
manent unilateral renal disease in dogs. J Lab Clin Med
52:571-575, 1958

NaEets JP: Erythropoiesis in nephrectomized dogs. Ex-
perientia 14:74, 1958

NAETs JP: Erythropoiesis in nephrectomized dogs. Nature
181:1134, 1958

NATHAN DG, ScHUPAK E, STOHLMAN F IR, MERRILL JP:
Erythropoiesis in anephric man. J Clin Invest 43:2158-2165,
1964

ALwALL N, BERGSTEN B, GEDDA P, NorviT L, STEINS

24,

25.

26.

27.

28.

29.

30.

731

AM: On the artificial kidney: IV. The technique in animal
experiments. Acta Med Scand 132:392-411, 1949

VAN STONE JC, Max P: Effect of erythropoietin on anemia
of peritoneally dialyzed anephric rats. Kidney Int 15:370-
375, 1979

CHANUTIN A, FEerRris EB Jr: Experimental renal in-
sufficiency produced by partial nephrectomy. Arch Intern
Med 49:767-787, 1932

Caro J, ErRsLEV AJ: Erythropoiesis and response to erythro-
poietin in rats with chronic uremia (abst). Blood 50 (suppl
1):123, 1977

ANAGNOSTOU A, VERCELLOTTI G, BARONE J, FRIED W:
Factors which affect erythropoiesis in partially nephrecto-
mized and sham-operated rats. Blood 48:425-433, 1976
ANAGNOSTOU A, BARONE J, KEDO A, FrRIED W: Effect of
erythropoietin therapy on the red cell volume of uraemic and
non-uraemic rats. Br J Haematol 37:85-91, 1977
REissMaNN KR, WERDER A: Response to erythropoietin in
chronic uremic and anemic mice with polycystic kidney dis-
ease. I1th Ann Contractors’ Conf, Artificial Kidney-Chronic
Uremia Program, NIH, 1978, p. 52

BoweRr ID, HoLBERT RD, PearsoN JE, JoNES Q, BENGIS
R. BERNDT WO: Chronic hemodialysis in the anephric goat.
Nephron 25:34-39, 1980





