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Results in a dog model which combined
hemoglobinuric and renal blood flow re-
duction processes were interpreted to indi-
cate that antidiuretic hormone (ADH) plays
a critical role in the pathogenesis of acute
renal failure (ARF) (1). It has also been
shown that circulating levels of ADH in-
crease about 40-fold in rats with glycerol-
induced ARF (2—4). However, in Brattle-
boro rats with congenital diabetes insipidus
(DI rats) glycerol effectively induced ARF
(5). It is not clear, therefore, whether the
release of ADH does contribute to the
pathogenesis of ARF, or if it is secreted as a
consequence of the uremic state.
Moreover, in glycerol-induced renal failure,
an increase in osmolality secondary to a
transfer of glycerol from muscle to blood, in
addition to an increase in plasma osmolality
produced by muscle destruction, could ac-
count for the increase in ADH secretion (6).
The increased ADH level could therefore
be unrelated to the development of ARF.
Another uncontrolled factor would be
changes in renal metabolism of ADH during
development of ARF.

We have attempted to clarify the possible
role of ADH in the pathogenesis of ARF
using the ischemic model of ARF in rats.
We have shown that: 1. Renal ischemia
combined with ADH administration can re-
sult in ARF even when the ischemia alone
or treatment with ADH alone did not pro-
duce ARF; 2. saline administration to
maintain high hydration is not effective in
preventing hypoxia-induced ARF; 3. renal
anoxia of DI rats results in production of
ARF.

Methods. Because this work was carried
out in two different laboratories, each labo-
ratory used the rat strain with which they
had had past experience, and about which
they had accumulated information. At the
Sheba Medical Center in Israel, Charles
River rats (CR) were used exclusively and
were obtained from Yokneam, Israel. Wis-

tar rats (W) were obtained from Calgary,
California for use in Albuquerque. In addi-
tion, DI rats of the Brattleboro strain were
grown in the laboratories of the University
of New Mexico and kindly supplied by Dr.
Helmuth Vorherr and Ute Vorherr. All
animals were known to be homozygous for
the DI trait from their breeding history. In
addition, physiological evidence confirmed
the existence of the DI trait. Treatment
with ADH in infancy was needed to insure
survival, and high fluid intake and urine
output was also confirmatory in non-
ADH-treated mature animals. Individual
strains are indicated as necessary in the re-
sults section of this paper.

All animals were allowed food and water
ad libitum until the time of surgery. At that
time the animals weighed between 250 and
350 g. Renal ischemia was induced accord-
ing to procedures previously described (7,
8). In brief, the animals were anesthetized
with ether and the femoral artery was can-
nulated for administration of saline and
drugs. Following laparotomy, the right kid-
ney was removed. The left renal artery was
exposed, the kidney was stripped of peri-
renal fat, and the artery was clamped for 70
min. After clamp removal, the laparotomy
was closed. Sham-operated controls were
treated in the same way except that the left
kidney was manipulated but not clamped.
Following recovery from anesthesia, the
rats were placed in metabolic cages for 24
hr to allow for the development of
azotemia. Urine was collected in a
graduate, and volume was measured di-
rectly. Urinary creatinine was determined
using an autoanalyzer, and emission flame
photometry was used for measuring sodium
and potassium. At the end of the 24-hr pe-
riod, the animals were reanesthetized and
blood was removed from the inferior vena
cava. Blood was analyzed for creatinine
using an autoanalyzer. Analysis for urea
was done either by autoanalyzer (Israel) or
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by the diacetyl monoxide and thiosemicar-
bazide method (Sigma Bull. No. 535 in Al-
buquerque). Although the determining
factors are not known, the difference in the
strain of rats, differences in geographic
sites of the studies, or differences in meth-
ods of analysis could result in slight differ-
ences in blood urea concentrations. Direc-
tional changes were always qualitatively
the same. Since strain differences could
have been responsible for the quantitative
differences, results for all parameters are
presented for all strains of animals. Results
are expressed as mean *+ standard error.
Statistical evaluation was carried out using
the Student’s 7 test. Except where other-
wise specifically indicated, all animals re-
ceived 6 ml of saline per hour for a period of
100 min. Drugs were administered in the
infusion solution.

In the first series of studies, the interac-
tion between ADH and ischemia was in-
vestigated. Group A was sham-operated
controls and group B underwent 70-min
ischemia. A third group (Group C) con-
sisted of animals having only 40 min of
ischemia. The fourth group (Group D) had
the same ischemic time as group C, and the
ischemia was followed by 5 U of octapres-
sin administered over a 30-min period. In
group E, 11.2 U of ADH alone was admin-
istered over 70 min. This procedure simu-
lated a comparable period of reduced blood
flow as in renal ischemia animals (Group
B).

In the second series of experiments, the
effect of an increase in circulatory volume
was studied. Rats (Group F) were infused
with saline at a dose of 5% of body weight
for 40 min before clamping the renal artery
in order to increase circulatory volume.
The renal artery was clamped for 70 min as
in group B. After clamping, the fluid ad-
ministration was the same as the other
groups. In the final series of studies (Group
G), ARF was induced in DI rats using 70
min of ischemia. In this group, 12 ml of
saline per hour was administered for 100
min.

Results. The interaction between ADH
and ischemia. Renal artery clamping for 70
min in uninephrectomized rats (Group B)
produces severe acute renal failure in both
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groups of rats. Serum urea nitrogen in-
creases four- to sixfold from 28.2 + 3.2 in
shams to 122.8 mg% = 11.2 (CR) and from
21.8 = 2.3 to 167.3 = 18.15 (W). Serum
creatinine also showed an increase from 1.5
+0.1to4 mg% =+ 0.3 (CR) and from 1.16 =
0.1 to 4.64 = 0.37 (W). Thus, 24 hr after
declamping the probability that either group
of animals has the same serum urea or
creatinine concentration is < 0.001. This is
an acute nonoliguric renal failure with a
24-hr urinary output as high as the sham-
operated controls. The 24-hr urinary
creatinine excretion was 2.56 mg = 0.51
(CR) and 3.48 mg = 0.87 (WR) which is
significantly lower than that of sham-
operated rats (P < 0.001). The ARF groups
had a significantly higher 24-hr urinary
sodium (P < 0.001), and lower potassium
excretion (P < 0.01) when compared to the
sham controls.

Rats with the renal artery clamped for
only 40 min (Group C) did not develop
ARF. Twenty-four hours after declamping
the serum urea nitrogen, Na and K were not
different for the sham controls. The 24-hr
urinary excretion of creatinine, Na, K were
also similar to the sham-operated rats. Ex-
perimental group D, in which 40-min isch-
emia is followed by infusion of ADH for
another 30 min, developed ARF, although
less severe than group B with 70-min isch-
emia. The serum urea nitrogen and
creatinine rose to 73.44 mg% = 11.56 (CR)
and 2.09 mg% =+ 0.27, respectively, 24 hr
after declamping. This was also a
nonoliguric ARF. The 24-hr urine volume
was 14.2 ml = 1.67. In this group the uri-
nary 24-hr sodium excretion was signifi-
cantly higher than in the sham-operated
group (P < 0.01). The administration of
ADH alone for 70 min without previous
ischemia of the kidney did not induce ARF
(Group E).

The effect of increased circulatory vol-
ume (group E). An increase of 5% of body
weight with normal saline infusion, during
40 min prior to the 70-min renal ischemia as
in group B, did not protect the rats from
similar severe ARF as in group B.

Ischemic ARF in DI (Brattleboro) rats
(group F). Uninephrectomy and 70-min
ischemia of the remaining kidney result in a
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severe form of ARF in DI rats. The serum
creatinine in this group 24 hr after the de-
clamping was the highest of all groups, 6.31
mg% =+ 0.39. The rats also had a high he-
matocrit 43.7 = 1.5 and a high serum potas-
sium 5.73 meq/liter 0.3. The urine volume in
the 24 hr following the induction of ARF
was extremely low for this strain of rats,
4.64 ml = 1.96. They also had a high urinary
sodium and an extremely low potassium
excretion in the 24 hr following declamping.

Discussion. The observations made in
this study were: 1. Subthreshold bouts of
ischemia combined with administration of
large doses of ADH produces ARF; 2.
ADH administration alone does not cause
renal failure; 3. ischemic renal failure can
be produced in Brattleboro DI rats indicat-
ing the ADH is not necessary for induction
of ARF; 4. saline expansion at the time of
the anoxic insult does not alleviate uremia
in this renal model of ARF. As far as we
know this is the first demonstration that
two different subthreshold stresses can
combine to produce ARF.

It is known that production of ARF by
renal ischemia requires a minimal duration
of reduced blood flow for an adequate time,
the severity of the subsequent uremia is de-
pendent upon the duration of the ischemia.
In contrast, ADH is neither sufficient or
necessary for production of ARF. One can-
not produce renal failure with massive
doses of ADH, yet ARF can be produced in
DI rats. The fact that subthreshold ischemia
and ADH in combination can produce ARF
indicates that ADH had an effect on the
course of ARF even though it is not a crit-
ical factor. The interaction could depend on
its vasoconstrictor actions. (9) The white-
ness of the kidney is most impressive in this
respect (unpublished). In group D where
the stimuli are administered simultaneously
the administration of ADH could serve to
prolong effectual ischemic time so that a
threshold level for production of ARF was
reached. If this explanation is correct, the
effects of high ADH may have clinical sig-
nificance. In some of the common situa-
tions leading to ARF in man, such as
trauma or surgery accompanied by anaes-
thesia, high levels of ADH are produced.

If one considers the increase in concen-
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tration of serum urea, and creatinine as an
index of the severity of ARF, then it would
appear that the DI rats had the most intense
response. Although urea was not very dif-
ferent from other strains (Table I), S;, was
the highest of any experimental group. Uri-
nary volume was markedly reduced, below
that of any group even though polyuria is
present in untreated animals. These obser-
vations can possibly be interpreted as indi-
cating that the pattern of ARF is different in
DI rats. It was noted, but not quantita-
tively, that these rats did not drink as much
as preoperatively (unpublished). It is
known that unoperated DI rats have high
serum Na and seem to be chronically de-
hydrated (11). The observation that the
urine volume is low in ischemia-induced
AREF in this species may also indicate that
dehydration per se is a contributing factor
to increasing the severity of ARF.

The observation that acute administra-
tion of saline at the time of insult had no
effect on the future production of ARF is
consistent with observations made in other
experimental models of ARF (12). The re-
sults of these studies are in contrast with
those done on humans wherein beneficial
treatment for prevention of ARF involves
maintenance of body fluid volume (13). One
must consider, however, that the latter
situation involves treatment of ARF,
whereas in the case of fluid administration
at the time of insult, prevention of ARF is
being attempted. It is probably inappropri-
ate to compare the two situations.

One final point deserves consideration.
In groups E and F, Sy, was reduced. Such
an effect is to be expected in the ADH-
treated animals (group E) since this hor-
mone induces retention of water and also
can cause enhanced urinary excretion of Na
under some conditions. The reason for the
reduction in Na in the saline-treated rats
with subsequent ischemia does not seem to
be readily and rationally explained. Be-
cause the difference from controls is small
and just reaches significance, this result
may be spurious.

Summary. After uninephrectomy and
contralateral renal artery clamping for 70
min, severe uremia developed in two differ-
ent species of rats. Twenty-four -hours after
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the operation the serum urea nitrogen
(SUN) was 122.8 = 11.2 mg% (CR) and
167.3 = 18.15 mg% (W). The serum
creatinine was 4 = 0.3 mg% (CR) and 4.64
+ 0.3 mg% (W). Expansion of volume by
5% of body weight just before the ischemic
period did not reduce the severity of the
renal failure. The administration of antidi-
uretic hormone for 70 min without renal
artery clamping or an anoxic period of only
40 min are not able to produce uremia. A
combination of 40 min renal artery clamp-
ing followed by 30 min of intravescular ad-
ministration of ADH resulted in ARF. SUN
was 73.44 + 11.56 mg% 24 hr after surgery
and S¢; 2.09 = 0.27 mg%. Congenital dia-
betes insipidus rats (Brattleboro) were not
protected against ischemic ARF. The SUN
was 111 + 8.95 mg% and serum creatinine
was 6.38 + 0.39 mg% 24 hr after surgery. It
is concluded that the absence of ADH does
not offer protection against ischemia-
induced ARF. However, high ADH levels
in combination with a subthreshold renal
ischemic period are a contributory factor in
the development of this type of experi-
mental ARF.
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