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Abstract. The ability of unanesthetized, long-term hypophysectomized (HPX) rats to excrete
a saline challenge was evaluated. HPX rats were hypophysectomized 1-2 months prior to ex-
periments. Saline was administered either by intragastric gavage or by intravenous infusion. For
3 hr following gastric saline loading, HPX rats excreted significantly less sodium and potassium
than did intact rats. When saline was administered intravenously, both intact and HPX rats
excreted similar amounts of sodium during 3 hr of continued volume expansion. On the other
hand, potassium excretion was again markedly lower in saline expanded HPX rats than in intact
rats. Saline expanded HPX rats in both series of studies had lower excretion rates of creatinine
and had lower plasma aldosterone and corticosterone concentrations than expanded intact rats.
Urine osmolalities were not significantly different between intact and HPX rats, either before
or after volume expansion, indicating that there was at least partial recovery of posterior pituitary
function in the HPX animals. These results suggest that adequate anterior pituitary function is
required for supporting the kaliuresis but not the natriuresis associated with saline expansion.

Although it has been recognized since 1901
that extracts of the pituitary gland possess na-
triuretic as well as antidiuretic properties (1),
the ability of hypophysectomized animals to
regulate sodium excretion under conditions
of sodium loading has not been widely stud-
ied. Moreover, information that is available
is conflicting in nature. Lichardus and Ponec
have reported that an attenuated natriuretic
response ensues when rats are volume ex-
panded with either whole blood (2) or saline
(3) shortly after hypophysectomy (within 1 to
2 hr of surgery). On the other hand, Kaloy-
anides et al. (4) did not find a compromised
volume-induced natriuresis by isolated kid-
neys perfused with blood of hypophysecto-
mized dogs. In the latter study hypophysec-
tomized dogs were treated with antidiuretic
hormone and the natriuretic response to vol-
ume expansion was evaluated 24 hr following
surgery.

No studies have been reported on the abil-
ity of long-term hypophysectomized animals
to adjust the excretion rate of sodium in re-
sponse to a sodium challenge. Consequently,
in the current study the competency of rats
to excrete a saline load was evaluated 1 to 2
months following hypophysectomy. Since
long-term hypophysectomized animals do not
tolerate anesthesia and surgery well, the stud-
ies reported in this paper were performed on
unanesthetized rats.

Methods. Female Sprague-Dawley rats
weighing 200-250 g were used. Hypophysec-
tomies were performed by the supplier
(Charles River Breeding Laboratories). Hy-
pophysectomized (HPX) rats were housed in
departmental small animal quarters for at least
1 month prior to the initiation of renal func-
tion studies. Standard rat chow (Purina) and
tap water were provided ad libitum. Intact (I)
rats were housed for at least 1 week after ar-
rival.

Two experimental protocols were em-
ployed: in one series, rats were volume-ex-
panded by the administration of saline intra-
gastrically while in the second series, saline
was infused intravenously.

Intragastric (IG) protocol (Series I). Nine
intact and nine HPX rats were evaluated. At
the beginning of each experiment, the animals
were exposed to ether for 3-5 sec to induce
a reflex emptying of the bladder (5). The ini-
tial urine sample was discarded and each rat
was then placed in a metabolic cage. Spon-
taneously voided urine was collected during
the next 3 hr (urine was always aspirated into
a syringe immediately after voiding). At the
end of this 3-hr control period the animals
were again exposed to ether for 3-5 sec. A
volume of saline equal to 5% of the rat’s body
weight was then administered to each animal
via a stomach tube (18-gauge gavage needle).
Rats were returned to the metabolic cages,
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spontaneously voided urine was collected, and,
after 3 hr, ether again was used to stimulate
emptying of the bladder. Immediately follow-
ing collection of the urine sample, rats were
decapitated and blood was collected into hep-
arinized tubes.

Intravenous (IV) protocol. Series ITa—sa-
line expansion. Six intact and six HPX rats
were used in this series. Rats were placed into
wire-mesh restraining cages and sterile saline
was infused (0.1 ml kg! min™') via a 25- or
27-gauge needle positioned in a tail vein. The
needle was attached, via PE5S0 tubing, to a
syringe infusion pump (Harvard Apparatus
Model 925). Urine was collected in a petri
dish placed beneath the animal. Prior to and
after each urine collection period a voiding
reflex was initiated with ether inhalation, as
described above. Following a 2-hr control
urine collection period, the rats were volume
expanded with saline, administered at a rate
of 2 ml kg™! min~! for 15 min and then 0.5
ml kg™! min~! for 2.75 hr. During saline ex-
pansion three consecutive 60-min urine sam-
ples were obtained.

The intravenous protocol was repeated
three times on control rats and two to three
times on HPX rats (values for repeated de-
terminations on each rat were averaged so that
the mean of both the HPX and the intact
group reflect n = 6). One week was allowed
to elapse between studies on individual rats.
After the final experiment was performed on
each rat and immediately following the third
hour of saline expansion, the animal was de-
capitated and blood was collected into hep-
arinized tubes.

Series IIb—nonexpanded. Six intact and
six hypophysectomized rats were placed into
wire cages and control urine samples collected
as described in Series IIa. The rats were then
decapitated and blood collected into heparin-
ized tubes.

Analytical procedures. Sodium and potas-
sium concentrations in urine and plasma (P)
were determined by flame photometry (Ad-
vanced Instruments Corp.). Endogenous cre-
atinine concentrations in urine and plasma
were measured using the picric acid method
of Folin and Wu (6). It should be noted that
endogenous plasma creatinine estimations us-
ing a picric acid determination include “non-
creatinine chromogens” (7). Plasma concen-
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trations of aldosterone (aldo) and corticoste-
rone (Cmpd B) were measured using the
radioimmunoassay of Gomez-Sanchez et al.
(8) and Ray et al. (9), respectively. Urine os-
molalities were measured by freezing point
depression (Precision Inst).

Statistical analyses were based on Student’s
t test for pooled data. Values were accepted
as significantly different when the probability
of no difference was less than 5%. Data are
reported as means = 1 SEM.

Results. Intragastric series. Selected phys-
iological variables obtained from unanesthe-
tized, intact and hypophysectomized rats in
this series of experiments are summarized in
Table 1. Prior to saline expansion the rate of
sodium excretion ( Un, ¥ where V = urine flow
rate and U = urine concentration) was sig-
nificantly lower in the HPX rats compared
with intact rats. During saline expansion there
were significant increases in the excretion rate
of Na by both groups of rats. However, HPX
rats excreted only 44.0 + 5.9% of the admin-
istered sodium load compared to 72.9 + 4.8%
by intact rats (p < 0.005). In addition, the
change in Na excretion rate (A Un,V, in ueq
3 hr 7! g body wt™") induced by saline was

TABLE 1. EFFECTS OF SALINE ON SELECTED
PHYSIOLOGICAL VARIABLES OF ANIMALS IN SERIES |

Pre- Saline
expansion expansion
Intact rats
UneV, neq hr™! g BW™! 0.70 + 0.03 2.6 £ 0.1*
UxV, ueq hr! g BW™! 0.87 £ 0.10 1.07 £ 0.07
Uc,V, ug hr™! g BW™! 1.7+£0.1 2.1 + 0.07*
Us, mOs/kg HO 735 + 60 543 + 21
Puso, ng/dl —_ 25+5
Py, pg/mi§ — 15+1
Pras pueq/ml — 145+ 3
HPX rats
UnoV, ueq hr™' g BW™! 0.33 £ 0.07% 1.4 £ 0.1%f
UV, peq hr™! g BW™! 0.67 + 0.07 0.37 £+ 0.03*%¢
UcV, peq hr™! g BW™! 1.6 + 0.1 1.5+0.1
U, mOs/kg H,O 634 + 50 602 + 80
Pugo, ng/dl — 5+ 1t
Pe,, ug/ml§ —_ 13+1
P, peq/ml — 143+ 3

Note. Values are means =1 SEM. Py values were not measured
in Series 1.

* p < 0.05 compared to preceding period.

t p < 0.05 compared to same period for intact rats.

§ Value represents creatinine and chromagen.
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only 3.2 + 0.4 in HPX rats but 5.6 + 0.4 (p
< 0.005) in intact rats.

The rate of K* excretion (Ux V') was similar
in both groups of rats prior to saline expan-
sion. However, during the 3 hr following sa-
line administration, the rate of potassium ex-
cretion decreased significantly in hypophy-
sectomized rats but did not change in the
intact groups.

Saline expansion resulted in changes in the
excretion rate of creatinine (U} that were
similar to volume-induced changes in K* ex-
cretion. That is, prior to saline expansion both
groups of rats excreted similar amounts of
creatinine whereas following expansion intact
rats excreted significantly more creatinine than
HPX rats.

There were no significant differences in the
concentration of creatinine + chromogens in
the plasma of volume expanded intact vs HPX
rats. Similarly, urine osmolalities were not
significantly different in the two groups, either
before or after saline expansion. On the other
hand, the concentration of aldosterone in sa-
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line expanded HPX rats was 1/5 that found
in saline expanded intact animals.

Intravenous studies. Table II summarizes
selected physiological variables obtained from
unanesthetized, intact, and hypophysecto-
mized rats prior to and during 3 hr of con-
tinued intravenous saline expansion (Series
II). During each collection period the rate of
Na* excretion by HPX rats was either equal
to or greater than that found in intact rats.

Intact rats were characterized by a marked
kaliuresis during saline expansion, a phenom-
enon which was, however, significantly atten-
uated in the hypophysectomized group. Dur-
ing the second and third hours of expansion
the excretion rates of K* HPX rats were not
significantly different from preexpansion
values.

Creatinine excretion rates prior to saline
expansion were similar in both groups of rats.
However, differences in U,V between the two
groups of rats were observed when the ani-
mals were volume expanded. Specifically,
during the second and third hours of expan-

TABLE II. EFFECTS OF SALINE ON SELETED PHYSIOLOGICAL VARIABLES OF ANIMALS IN SERIES 11

Saline expansion

Pre-
expansion First hour Second hour Third hour
Intact rats
UnaV, ueq hr™! g BW™! 0.44 + 0.05 40 +0.3* 5.1 £0.3* 4.7 +0.3
UxV, ueq hr™! g BW™! 0.45 + 0.05 1.30 = 0.07* 1.10 + 0.08* 0.83 + 0.08*
UeV, ug hr'! g BW™! 1.3+0.1 23 £0.1* 2.0 £ 0.1 1.8 £0.1
U,, mOs/Kg H,0 570 + 56 410 + 9* 397+ 8 389 + 10
P40, ng/dl 51 + 107 — — 18+3
Pc,, ug/ml§ 19+ 17 — — 12+2
PempeB, ng/ml —_ — — 391 +98
Pya, ueq/ml 143 £ 17 — — 149 £ 5
Py, peq/ml 6.3 +£0.27 —_ — 52+03
HPX rats

UnaV, ueq hr! g BW™! 0.89 + 0.12% 52 +04* 46 +0.3 52+04
UV, ueq hr™! g BW! 0.37 = 0.05 0.76 + 0.11%+ 0.44 + 0.03*+ 0.41 + 0.05t
UeV, ug hr™! g BW™! 1.2+ 0.1 24 +0.3* 1.4 + 0.03%¢ 1.5 £ 0.1
U,s, mOs/kg H,O 465 + 17 369 £ 7 415+ 9 476 + 24
Py, ng/dl 13 + 6™ — — 4 + 2t
Pc,, pg/ml§ 20+ 1" — — 16 £ 2
PimpaB, ng/ml — —_ —_ ND+t
Py,, neq/ml 145 + 27 — — 154 £ 6
Py, peq/ml 6.7 £0.5" — — 50+02

Note. Values are means +1 SEM. ND = nondetectable.
* p < 0.05 compared to preceding period.

1 p < 0.05 compared to same period for intact rats.

§ Values represents creatinine + chromogen.

" Values are from rats in Series IIb, all other values are from rats in Series Ila.
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sion there was a lower excretion rate of cre-
atinine by HPX rats whereas both groups ex-
creted similar amounts during the first hour
of expansion.

The concentrations of creatinine + chro-
mogens, corticosterone and aldosterone in
plasma obtained following the third hour of
expansion are also given in Table II. The con-
centration of creatinine + chromogens was
similar in both groups of rats whereas aldo-
sterone and corticosterone concentrations
were significantly lower in HPX compared to
intact rats. Corticosterone values in HPX rats
were nondetectable, i.e., values were less than
2 ng/ml, clearly demonstrating that the pi-
tuitary gland had been completely excised.

Finally, urine osmolalities were not signif-
icantly different between intact and HPX rats
prior to or during the 3 hr of saline expansion.

Series ITb. The plasma concentration of
creatinine + chromogens in nonexpanded
HPX (n = 6) and intact rats (n = 6) was not
significantly different, averaging 20 + 1 and
19 + 1 ug/ml, respectively. By contrast, the
concentration of aldosterone was significantly
higher (p < 0.05) in the nonexpanded intact
rats (51 = 10 ng/dl) than in the nonexpanded
HPX rats (13 + 6 ng/dl).

Discussion. The present study demon-
strates both similarities and differences in the
renal handling of solute during saline expan-
sion between intact and long-term hypophy-
sectomized rats. It is of particular interest to
note that hypophysectomized rats did in-
crease the excretion rate of sodium to the same
extent as did intact rats, a fact clearly dem-
onstrated by the results of the intravenous se-
ries of experiments. Moreover, the fact that
intact and HPX rats had comparable changes
in Na* excretion during intravenous but not
during intragastric expansion, strongly sug-
gests that the compromised natriuresis of HPX
rats in the Series I was due to a reduced ab-
sorption rate of saline from the gastrointes-
tinal tract. Hypophysectomy has been found
to delay gastric emptying (10) and to reduce
intestinal absorption rate of carbohydrate (11),
fat (12), and sugar (13).

The results of the current study are in
agreement with those of Kaloyanides and co-
workers (14). They also reported that pitui-
tary function is not a factor in determining
the ability of kidney to modulate sodium ex-
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cretion during volume expansion. By con-
trast, Lichardus and Ponec (2, 3) observed
that hypophysectomized rats are character-
ized by an attenuated natriuresis during vol-
ume expansion when experiments were per-
formed shortly following surgery (within 1-2
hr). It is possible that surgical trauma, not
duplicated in sham-operated controls, ac-
counts for the compromised natriuretic re-
sponse to volume expansion observed in short-
term hypophysectomized rats. Alternatively,
since it has been well established that ele-
ments of posterior pituitary function recover
following hypophysectomy (14-16), a fact at-
tested to by the lack of a water diuresis in the
HPX rats used in the current study, it is also
possible that a natriuretic function of the pos-
terior pituitary gland recovers with time.
Clearly, however, anterior pituitary function
is not reestablished following hypophysec-
tomy (plasma corticosterone concentrations
were nondetectable in the current study) and
is not necessary for the natriuresis associated
with intravenous saline expansion.

The renal handling of K* during volume
expansion was affected by hypophysectomy.
Excretion of K* by HPX rats in both the in-
tragastric and intravenous experiments was
markedly reduced during saline expansion as
compared to intact rats. In the intragastric
series K* excretion rate by HPX rats actually
decreased during expansion while in the IV
series only a small and transient kaliuresis was
observed.

Many factors including the glomerular fil-
tration rate (GFR) are known to affect the rate
of K* excretion (17). In the current study there
appeared to be differences in the GFR be-
tween saline expanded intact and HPX rats.
Although creatinine clearances could not be
obtained with the protocol used in the current
study, the fact that endogenous plasma cre-
atinine + chromogen values were not signif-
icantly different between nonexpanded intact
and HPX rats, or between intact and HPX
rats during the third hour of expansion sug-
gests that differences in creatinine excretion
rate between the two groups were due to dif-
ferences in GFR (creatinine clearance in the
female rat is equal to the GFR (18)). Along
these lines, it should be noted that the profile
of K* excretion in both series of experiments
was qualitatively similar to the profile of cre-
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atinine excretion. Specifically, in the IG series
both creatinine and K* excretion decreased
in HPX rats during expansion while the same
two variables tended to increase in expanded
intact rats. Similarly, in the IV series HPX
rats were characterized by an increase in cre-
atinine and K* excretion only during the first
hour of expansion. Both variables returned to
basal values during the second and third hours
of expansion. Intact rats were characterized
by higher excretion rates of creatinine and K+
during each hour of expansion (compared to
preexpansion values). These facts are further
illustrated in Fig. 1 which is a plot of K* ex-
cretion rates (ueq hr™! g BW™!) vs the rate of
creatinine excretion (ug hr™! g BW™') during
each hour of IV saline expansion. There was
a significant correlation between these two
variables in both groups of rats. Linear regres-
sion analysis of the data shown in Fig. | pro-
vides the following least squares equations: y
= 0.522X - 0.02, r = .621 (p < 0.001) for
intact rats and y = 0.298X + 0.0064, r = .724
(p < 0.001) for hypophysectomized rats.
Nonetheless, the slopes of these regression
equations are significantly different (p < 0.05).
Therefore, it is likely that other physiological
variables also contribute to the observed dif-
ferences in K* excretion rate between volume
expanded intact and HPX rats.

Willis and Bauer (5) have concluded that
during saline expansion, differences in the
plasma concentration of aldosterone between
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groups of rats will result in differences in so-
dium excretion rate. Since plasma aldoste-
rone concentrations were markedly different
between saline expanded intact and HPX rats
the data from the current study also permit
an evaluation of the potential role of the mi-
neralocorticoid in regulating Na* excretion
during volume expansion. Thus, the plasma
concentrations of aldosterone were four- to
fivefold greater in intact compared to HPX
rats in both series of studies. Nonetheless, ex-
cretion rates of sodium during expansion were
not significantly different in the Series II an-
imals and were actually lower (not higher as
would be predicted based on plasma concen-
trations of aldosterone) in the HPX rats com-
pared with intact rats in the intragastric stud-
ies. These results do not support the conten-
tion that differences in plasma concentrations
of aldosterone during saline expansion mark-
edly affect the rate of sodium excretion.

In summary, the results of this study dem-
onstrate that long-term hypophysectomized
rats have a compromised natriuretic response
to intragastric but not to intravenous saline
loading. These results do not provide evi-
dence for a functional role of the anterior pi-
tuitary gland in modulating changes in the
renal handling of a sodium load. By contrast,
long-term hypophysectomized rats are char-
acterized by an attenuated kaliuretic response
to both modes of saline loading, clearly dem-
onstrating the necessity of adequate anterior
pituitary function for supporting the kali-
uresis associated with saline expansion. Evi-
dence suggests that the reduced K* excretion
rate by saline expanded hypophysectomized
animals is related to both attenuated glomer-
ular and tubular functions.
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FIG. 1. Amount of potassium excreted by intact (®)
and HPX (A) rats during each hour of intravenous saline
expansion is plotted vs the amount of creatinine excreted
during the same time interval.
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