Renal Actions of Endothelin during Mannitol

and Saline Expansion (43445

SARAH L. FOLZENLOGEN, JACQUELINE Novak, AND ROBERT O. BaNKS!

Department of Physiology and Biophysics, University of Cincinnati College of Medicine, Cincinnati, Ohio 45267

Abstract. We evaluated the effects of volume expansion with saline (0.5 ml kg™' min~',
n = 13) and with 10% mannitol in saline (0.5 ml kg~' min~', n = 13) on the cardiorenal
actions of endothelin-1 (ET) in rats anesthetized with sodium pentobarbital. We aiso
evaluated to what extent the calcium channel antagonist, verapamil (0.02 mg kg~' min~"),
aitered the cardiorenal actions of endothelin in volume-expanded rats (n = 10 with
saline and n = 10 with mannitol). In five rats from each group, renal blood flow was
measured with an electromagnetic flow probe. Sixty minutes after surgery, control
clearances were collected, ET (110 ng kg™’ min~") was then infused for 30 min, and
recovery clearances were collected for 60 min. ET caused a similar increase in mean
arterial blood pressure and decrease in renal blood flow and the glomerular filtration
rate in the saline and mannitol groups. Verapamil significantly attenuated but did not
abolish the ET-induced increase in mean arterial blood pressure in both saline- and
mannitol-treated rats. By contrast, the calcium channel antagonist had no effect on the
ET-induced decrease in either the glomerular filtration rate or renal blood flow in saline-
treated rats, but significantly attenuated these responses to ET in mannitol-expanded
animals. These data demonstrate that (i) the systemic and renal responses to ET are
not affected by expansion with saline or mannitol and (ii) the renal vasoconstriction
prompted by endothelin is not affected by verapamil in saline-expanded rats, but is
attenuated by the Ca®* channel antagonist during expansion with mannitol. These data
suggest that during volume expansion with mannitol, but not with saline, the ET-induced
renal vasoconstriction occurs primarily at intrarenal resistance sites that are dependent

upon extracellular Ca®*,
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vascular endothelial cells (1, 2) and are among

the most potent endogenous vasoconstrictors
currently isolated. Intravenous infusions of endothelin-
1 cause a number of cardiovascular, renal, and endo-
crine responses, including increases in mean arterial
pressure, plasma renin activity, plasma norepinephrine
and epinephrine concentrations, and decreases in renal
blood flow and glomerular filtration rate (1-4). The
kidney is very sensitive to endothelin, as illustrated by
the long-lasting renal vasoconstriction that occurs dur-
ing infusion of the peptide (3, 5-8). The change in

Endothelins are a class of peptides produced by
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intrarenal resistance is the result of a constriction of
both afferent and efferent arterioles (9, 10).

The kidneys may also play a major role in the
metabolism and/or clearance of endothelin. Cao and
Banks (11) and Kohno et al. (12) reported that the
systemic response to endothelin, as defined by the
increase in mean arterial blood pressure, is both poten-
tiated and prolonged in bilaterally nephrectomized rats.

Mannitol, a nonelectrolyte osmotic diuretic, also
has pronounced effects on the kidney. The sugar has
been used to prevent, as well as to treat, acute renal
failure and to reduce intracranial and intraoccular pres-
sure (13, 14). Mannitol-induced diuresis is caused by
an alteration of the osmotic gradient across the renal
tubule, which results in a decrease in water reabsorption
and an increase in urine flow rate. In addition, hyper-
osmotic solutions of mannitol have been shown to
attenuate the vasoconstrictive effects of norepinephrine,
prostaglandin F»,, and serotonin in isolated vascular
smooth muscle strips (15, 16). These actions may ac-
count for the reported vasodilation of vascular beds
caused by the sugar (16).



Potential interactions between mannitol and en-
dothelin have not been evaluated. Therefore, because
mannitol affects both renal hemodynamics and tubular
function, the present studies were designed to evaluate
to what extent the osmotic diuretic affects the cardiore-
nal actions of endothelin. Rats expanded with saline
served as controls for the mannitol-expanded animals.
In addition, verapamil was utilized to examine the role
of L-type Ca?* channels in the endothelin-induced sys-
temic and renal vasoconstriction during saline and
mannitol expansion.

Materials and Methods

Forty-six female Sprague-Dawley rats (200-300 g)
were maintained on standard rat chow and water ad
libitum until the experiments. Rats were anesthetized
with sodium pentobarbital (60 mg/kg) and rectal tem-
perature was maintained at 37 = 0.5°C with a radiant
heat lamp connected to a temperature controller. The
left femoral vein and artery were cannulated with PE-
50 tubing. Blood pressure was monitored with a pres-
sure transducer and displayed on a chart recorder.
Immediately after catheterization of the femoral vein,
saline containing 3% creatinine was infused at a rate of
24 pl/min and maintained throughout the experiment.
A second infusion pump was utilized to infuse: saline
at 0.5 ml kg™! min~' (Group 1, n = 13), saline +
verapamil at 0.02 mg kg™' min~! (Group 2, n = 10),
10% mannitol in saline at 0.5 ml kg™' min~! (Group 3,
n=13), or mannitol + verapamil at 0.02 mg kg™! min~!
(Group 4, n = 10) via the left femoral vein throughout
the entire experiment. The bladder was cannulated with
PE-100 tubing via an abdominal incision. Renal blood
flow (RBF) was measured with an electromagnetic flow
probe positioned on the left renal artery, as described
previously (17), in five rats from each group.

After surgery, the rats were administered 1.3 mg of
sodium pentobarbital, a procedure that was repeated at
20 min during a 60-min stabilization period. Three X
15-min clearance periods (C,, C,, and C;) were then
performed with a 0.2-ml arterial blood sample obtained
after Ci; baseline values represent the average of C,~Ca.
Endothelin-1 was then added to the creatinine infusion
to yield a dose of 110 ng kg™! min~'; this dose is one
that we utilized previously (3) and represents a dose of
the peptide that is approximately 2-fold greater than
the minimum dose required to produce significant
changes in arterial blood pressure and renal function.
Endothelin was infused for 30 min during which time
2 X 15-min clearances (E, and E,) were collected; the
second arterial blood sample (0.2 ml) was obtained
immediately following E,. The infusion of endothelin
was stopped and 3 X 20-min recovery clearances (R,
R,, and R;) were collected with 0.5 ml of arterial blood
obtained following Rs;. Upon the completion of each

experiment, all rats were sacrificed with a lethal dose of
sodium pentobarbital.

Chemical Determinations

Urine volume was determined gravimetrically.
Creatinine concentrations in urine and blood were
measured by the method of Folin and Wu (18); the
clearance of creatinine was equated with the glomerular
filtration rate (GFR) (19).

Endothelin-1 (Peninsula Laboratories) was dis-
solved in 0.5 N acetic acid, divided into aliquots, and
stored at —80°C until the experiment.

Statistical Analyses

Differences within each group were determined by
using one-way analysis of variance for repeated meas-
ures and Duncan’s new multiple-range test. Differences
between groups were evaluated using Student’s ¢ test
for grouped data. Values were accepted as significantly
different when the probability of no difference was less
than 5%. Means =+ SE are reported.

Results

Systemic Response: Increase in Mean Arterial
Blood Pressure. Endothelin-induced changes in mean
arterial pressure (MAP) are summarized in Table I. In
addition, since the verapamil-treated rats had signifi-
cantly lower baseline MAP values compared with cor-
responding control groups, the MAP data were also
analyzed as a percentage of the baseline (time = 0)
values; these data are illustrated in Figure 1. Endothelin
caused a significant increase in MAP in both saline-
treated (Group 1) and mannitol-treated (Group 3) rats;
the fractional increase in MAP was similar in both
groups.

Verapamil significantly attenuated, but did not
totally block, the endothelin-induced increase in MAP
in both saline-expanded (Group 2) and mannitol-ex-
panded rats (Group 4). Thus, as is illustrated in Table
1, endothelin did induce a significant increase in MAP
above the baseline value in both groups of verapamil-
treated animals.

Renal Response: Decrease in GFR and RBF. The
endothelin-induced changes in glomerular filtration
rate, renal blood flow, and urine flow rate are also
summarized in Table I. GFR and RBF values were
normalized to the corresponding baseline values and
these data are illustrated in Figure 2 (GFR data) and in
Figure 3 (RBF data). Endothelin caused a significant
decrease in both GFR and RBF in each of the groups
studied. However, as is illustrated in Figure 2, the
endothelin-induced decrease in GFR in saline-ex-
panded rats was not affected by verapamil (only the
GFR values obtained during the first recovery period
following infusion of endothelin were significantly dif-
ferent from baseline). By contrast, the endothelin-in-
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Figure 3. RBF values (percentage of baseline) are shown before,
during, and after intravenous infusions of endothelin (110 ng kg™
min~") into saline (0.5 ml kg~ min~")-expanded rats (Group 1, solid
bars), into rats treated with saline + verapamil (0.02 mg kg™ min~")
(Group 2, cross-hatched bars), into rats treated with 10% mannitol in
saline (0.5 ml kg™" min™") (Group 3, open bars), and into rats treated
with 10% mannitol in saline + verapamil (Group 4, right-slanted bars).
*P < 0.05 compared with saline alone; +, P < 0.05 compared with
10% mannitol alone. Statistical evaluation of time-related changes in
RBF are reported in Table I.

was significantly greater in mannitol-treated rats com-
pared with saline-expanded animals (200 + 17 ul/min
vs 79 = 12 ul/min, respectively). However, the frac-
tional decrease in urine flow rate in the saline group at
30 min during the infusion of endothelin (43 + 8% of
the baseline value) was not significantly different from
the mannitol group (34 £ 3% of the baseline value). By
contrast, verapamil significantly attenuated the endo-
thelin-induced decrease in urine flow rate in mannitol-
treated rats (urine flow rate decreased to only 65 + 6%
of the baseline value; P < 0.05 compared with mannitol
alone), but had no effect on the fractional decrease in
urine flow rate prompted by the infusion of the peptide
into saline-expanded rats (urine flow rate decreased to
40 £ 7% of the baseline value; P < 0.05 compared with
mannitol + verapamil, but not significantly different
from saline alone).

Discussion

The results of the present study demonstrate that
volume expansion, either with saline or with mannitol,
does not alter the systemic or renal vasoconstriction
induced by an intravenous infusion of endothelin. Vol-
ume expansion with mannitol, but not with saline,
does, however, change the apparent dependence on
extracellular Ca®* of the renal vasoconstriction
prompted by the peptide. Thus, during volume expan-
sion with mannitol, the endothelin-induced renal vaso-
constriction was significantly reduced by verapamil,
whereas the renal actions of endothelin were relatively
unaffected by the calcium channel antagonist in saline-
expanded rats. Finally, the systemic action of endothe-

lin, as defined by the increase in mean arterial blood
pressure, was attenuated by verapamil during saline
and mannitol expansion, indicating that a significant
component of the systemic response to the peptide
under both conditions is dependent on extracellular
Ca®" influx.

There have been conflicting reports with regard to
effects of Ca®* channel antagonists on the systemic
versus renal actions of endothelin (20-22). We reported
previously that the endothelin-induced increase in
mean arterial blood pressure in non-volume-expanded
rats is virtually abolished by verapamil and by Mn?>*,
whereas the decrease in GFR is not affected by either
of those agents (20). In that study, we also reported that
verapamil had no effect on the endothelin-induced
decrease in renal blood flow (measured with a flow
probe) in the dog (20). Madeddu et al. (21) have re-
ported that, in conscious rats, both the systemic and
renal vasoconstriction prompted by an intravenous
bolus injection of endothelin are attenuated by nifedi-
pine but that, compared with the systemic circulation,
the renal circulation is not nearly as sensitive to the
antagonist. Katoh er al. (22) reported that the endothe-
lin-induced renal vasoconstriction is significantly atten-
uated by nicardipine when both endothelin and the
Ca®* channel antagonist are infused directly into the
renal artery of the rat. However, in the latter study (22),
the investigators did not report the effects of nicardipine
alone on renal blood flow prior to infusing endothelin.
Given the well-known renal vasodilation associated
with intrarenal infusions of Ca®* channel antagonists
(see, for example, Fig. 5 in Ref. 20), it is possible that a
significant portion of the attenuation reported by Katoh
et al. (22) was related to an offsetting renal vasodilation
associated with the nicardipine infusion.

One of the interesting facets of the current study
relates to the fact that the renal actions of endothelin
were attenuated by verapamil in mannitol-expanded
rats, but not in saline-expanded rats. Endothelin elicits
a contraction of both the afferent and efferent arteriole
(9, 10). However, the endothelin-induced contraction
of only the afferent arteriole is attenuated by verapamil;
endothelin-induced contractions of the efferent arteri-
ole are not affected by the Ca®* channel antagonist (9,
10). Therefore, one interpretation of the current data is
that in saline-expanded animals treated with verapamil,
endothelin-induced decreases in the GFR and RBF may
be due primarily to an increase in efferent arteriolar
resistance. On the other hand, in rats treated with
verapamil and mannitol, the peptide-induced decreases
in RBF and GFR are attenuated, indicating that under
these conditions the primary site of action of endothelin
could be in the afferent arteriole. Clearly, however,
additional studies will be required to explain the mech-
anism by which mannitol and/or the relative distribu-
tion of fluid between the intracellular and extracellular
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fluid spaces alters the apparent extracellular Ca** re-
quirements of the endothelin-induced renal vasocon-
striction.

In summary, volume expansion with either saline
or with mannitol does not alter systemic or renal vaso-
constriction associated with a constant infusion of en-
dothelin. Moreover, the endothelin-induced increase in
mean arterial blood pressure during expansion with
either agent is significantly attenuated by verapamil,
indicating a major role for extracellular Ca®* influx in
that event. By contrast, the renal vasoconstriction
prompted by the peptide is not affected by verapamil
during saline expansion, whereas it is significantly at-
tenuated during volume expansion with mannitol.
These data suggest that during volume expansion with
mannitol, but not with saline, the ET-induced renal
vasoconstriction occurs primarily at intrarenal resist-
ance sites that are dependent upon extracellular Ca**.

The atomic absorption spectrophotometer was an award of the
National Science Foundation (PCM-8300503). This study was sup-
ported in part by grants from the Ohio Affiliate Chapter of the
American Heart Association and from the Kidney Foundation of
Greater Cincinnati,

The current study represents a portion of the Masters of Science
thesis of S. L. F. at the University of Cincinnati College of Medicine.
Department of Physiology and Biophysics.

1. Hickey KA, Rubanyi G, Paul RJ, Highsmith RF. Characteriza-
tion of a coronary vasoconstrictor produced by cultured endo-
thelial cells. Am J Physiol 248:C550-C556, 1985.

2. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi
M, Mitsui Y, Yazaki Y, Goto K, Masaki T. A novel vasocon-
strictor peptide produced by vascular endothelial cells. Nature
332:411-415, 1988.

3. Banks RO. Effects of endothelin on renal function in dogs and
in rats. Am J Physiol 258:F775-F780, 1990.

4, Gillespie MN, Owasovo JO, McMurtry IF, O'Brien RF. Sus-
tained coronary vasoconstriction provoked by peptidergic sub-
stance released from endothelial cells in culture, J Pharmacol
Exp Ther 236:339-343, 1986.

5. Badr KF, Murray JJ, Breyer MD, Takahashi K, Inagami T,
Harris RC. Mesangial cell, glomerular and renal vascular re-

382 VOLUME EXPANSION AND ENDOTHELIN

20.

21

22,

sponses to endothelin in the rat kidney. J Clin Invest 83:336-
342, 1989,

. King AJ. Brenner BM, Anderson S. Endothelin: A potent renal

and systemic vasoconstrictor peptide. Am J Physiol 256:F1056-
F1058. 1989,

. Kon V. Yoshiola T, Fogo A, Ichikawa I. Glomerular actions of

endothelin in vivo. J Clin Invest 83:1762-1767, 1989.

. Lopez-Farre A, Montanes I, Mills I, Lopez-Novoa JM. Effect of

endothelin on renal function in the rat. Eur J Pharmacol
163:187-189, 1989,

. Edwards RM, Trinza W, Ohlstein EH. Renal microvascular

effects of endothelin. Am J Physiol 289:F217-F221, 1990.

. Loutzenhiser RD. Epstein M, Hayashi K, Horton C. Direct

visualization of effects of endothelin on the renal microvascula-
ture. Am J Physiol 258:F61-F68, 1990.

. Cao L, Banks RO. Effects of nephrectomy and of adrenergic

receptor blockers on the cardiorenal actions of endothelin. Proc
Soc Exp Biol Med 194:119-124, 1990.

. Kohno M, Murakawa K, Yasunari K, Yokoawa K, Horio T,

Kurihara N, Takeda T. Prolonged blood pressure elevation after
endothelin administration in bilaterally nephrectomized rats.
Metabolism 38:712-713, 1989.

. Shenkin HA, Goloboff B, Haft H. The use of mannitol solution

in decreasing brain mass and lowering cerebrospinal fluid pres-
sure. J Neurosurg 19:897-901, 1962,

. Warren SE, Blantz R. Mannitol. Arch Intern Med 141:493-497,

1981.

. Kent RL. Sheldon RJ. Harakal C. The effects of hyperosmolar

solutions on isolated vascular smooth muscle examined with
verapamil. Pharmacology 26:157-163, 1983.

. Sasaki T, Kassell NF, Fujiwara S, Torner JC, Spallone A. The

effects of hyperosmolar solutions on cerebral arterial smooth
muscle. Stroke 17:1266-1271, 1986.

. Pollock DM. Banks RO. Effect of atrial extract on renal function

in the rat. Clin Sci 65:47-55, 1983.

. Folin O, Wu H. A system of blood analysis. J Biol Chem 38:81-

110, 1919.

. Harvey AM, Malvin RL. Comparison of creatinine and inulin

clearances in male and female rats. Am J Physiol 209:849-852,
1965.

Cao L. Banks RO. Cardiovascular and renal actions of endothe-
lin: Effects of calcium channel blockers. Am J Physiol 258:F254-
F258. 1990.

Madeddu P. Yang X-P. Anania V, Troffa C, Pazzola A, Soro A,
Manunta P, Tonolo G, Demontis MP, Varoni MV, Melis MG,
Glorioso N. Efficacy of nifedipine to prevent systemic and renal
vasoconstrictor effects of endothelin. Am J Physiol 258:F304-
F311, 1990.

Katoh T, Chang H, Uchida S, Okuda T, Kurokawa K. Direct
effects of endothelin in the rat kidney. Am J Physiol 258:F397-
F402. 1990.





