Effect of Bromotetramisole on Renal
Phosphate Excretion (s40s0

MARCINE ONSGARD-MEYER, ANGELA L. McCoy, AND FRANKLYN G. KNnox!
Departments of Medicine and Physiology & Biophysics, Mayo Clinic and Foundation, Rochester, Minnesota 55905

Abstract. Levamisole inhibits alkaline phosphatase (ALP) activity in kidney brush bor-
der membranes and increases phosphate excretion in vivo in dogs and rats. /-p-
Bromotetramisole (/-BR) is a more potent analog of levamisole in regard to inhibition
of ALP activity in vitro, but had no effect on phosphate transport by in vitro proximal
tubules of the rabbit. Since its effect on phosphate excretion in vivo has not been
studied, the present study tested the effects of infusion of /-BR on phosphate excre-
tion in Sprague-Dawley rats. Fractional excretion of phosphate (FE;) was measured in
thyroparathyroidectomized Sprague-Dawley rats before and during a systemic infu-
sion at 0.8 mi/min of 10 mM /-p-Bromotetramisole oxalate (/-BR, n = 6), or the inactive
isomer d-p-Bromotetramisole oxalate (d-BR, n = 5). The FE;, increased significantly
from 4.7% + 0.9% to 13.4% + 3.1% in response to I-BR whereas there were no changes
in FE, with inactive d-BR. In conclusion, systemic infusion of /-p-Bromotetramisole

increases FEy, in Sprague-Dawley rats.
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the brush border membranes of proximal tubules

(BBMYV) has been correlated with increased phos-
phate uptake (1). Inhibition of ALP with levamisole
has been shown to decrease phosphate uptake in brush
border membrane vesicles (BBMYV) of the rat and dog,
and infusion of levamisole increased phosphate excre-
tion in vivo (2). I-p-Bromotetramisole (I-BR) is an an-
alog of levamisole which is reported to be more potent
than levamisole (3) and has been shown to inhibit ALP
activity in many tissues including the brush border
membranes of the rat kidney (4, 5). However, surpris-
ingly, [-BR did not change phosphate transport in iso-
lated perfused proximal convoluted tubules of the rab-
bit (6). The in vivo effect of I-BR on phosphate excre-
tion has not been studied. Therefore, the objective of
the present study was to determine whether a systemic
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infusion of I-BR would increase the urinary excretion
of phosphate in Sprague-Dawley rats. The inactive iso-
mer of [-BR, d-p-Bromotetramisole (d-BR), was used
as a control.

Materials and Methods

Experiments were performed on adult male
Sprague-Dawley rats weighing 275-350 g (Harlan
Sprague-Dawley, Indianapolis, IN). Rats were main-
tained on a normal phosphate diet (ICN low-phosphate
diet supplemented with mono and dibasic sodium and
potassium phosphate, NaCl and K,CO;; 0.7% phos-
phorus, 1.0% calcium) and water ad libitum for 2 days
prior to the experiment, and were monitored to insure
ingestion of food daily. Rats were anesthetized with an
intraperitoneal injection of 100 mg/kg body wt Inactin
(Byk-Gulden, Konstanz, West Germany) and placed
on a heated table to maintain body temperature be-
tween 36° and 38°C. Rats were acutely thyroparathy-
roidectomized (TPTX) by heat cautery, and a trache-
ostomy was performed. A PE 240 catheter was placed
in the trachea to facilitate spontaneous breathing.
Catheters (PE 50) were placed in the left carotid artery
for mean arterial pressure measurement (MAP) and
blood sampling, into both jugular veins for infusions,
and into the bladder (PE 90) for urine collection. An
infusion of 3% inulin dissolved in a 1% albumin-saline
solution was initiated at a rate of 3.3 ml/hr and contin-
ued throughout the experiment. In addition, 0.9% sa-
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line was infused at 2.5 ml/hr for the first hour, then
decreased to 0.8 ml/hr for the remainder of the exper-
iment. In each rat, a 30-min control clearance was col-
lected at least 2 h after TPTX. After the control clear-
ance, 10 mM [-Bromotetramisole oxalate (I-BR) (n =
6) or inactive d-Bromotetramisole oxalate (d-BR) n =
5) (Aldrich Chemical Co., Milwaukee, WI) replaced
the saline infusion and was infused at 0.8 ml/hr. The
Bromotetramisole was dissolved in normal saline and
was adjusted to a pH of 5.0-6.5 with NaOH to prevent
precipitation. A 10-min equilibration period was fol-
lowed by a 45-min clearance period. A blood sample of
approximately 0.5 ml was collected at midpoint of
each clearance.

Glomerular filtration rate (GFR) was determined
by measurement of the renal clearance of inulin, mea-
sured by the anthrone method (7). Concentrations of
sodium and potassium in urine and plasma were mea-
sured by flame photometry (Instrumentation Labora-
tories, Lexington, MA), phosphate by the method of
Chen (8), and urinary 3’5’ cyclic adenosine-monophos-
phate (cAMP) by radioimmunoassay (Biomedical Tech-
nologies, Stoughton, MA). Statistical comparisons were
made using a Student’s ¢ test, with a p value designated
as less than 0.05.

Results

That data are summarized in Table I. Infusion of
I-BR significantly increased fractional excretion of
phosphate (FEp,) from 4.7% = 0.9% to 13.4% =+ 3.1%
(P < 0.05). Plasma phosphate (Pp;) increased signifi-

Table I. Effect of the Systemic Infusion of I-BR
(n = 6) ord-BR (n = 5)

Control BR

MAP (mm HgQ)

I-BR 113 =6 113+ 6

d-BR 119 =7 1125
GFR (ml/min)

I-BR 24 +0.2 1.8 +0.2

d-BR 24+03 2201
FEp; (%)

I-BR 47 09 13.4 = 3.1

d-BR 52+22 7728
FEa (%)

I-BR 1.3+03 2104

d-BR 1.0+ 05 3.7=x02°
Pg; (MM)

I-BR 3.4x0.1 3.7+02°

d-BR 34+02 30+04
cAMP (pg/mi/min)

I-BR 453 +£7.2 450+ 741

d-BR 432+ 34 43.0 =59

Note. Values are expressed as mean + SEM. n, number of ani-
mals; GFR, glomerular filtration rate; MAP, mean arterial pres-
sure; FEp;, fractional excretion of phosphate; P, plasma phos-
phate concentration; cAMP, cyclic 3'5' adenosine-
monophosphate.

2 Significant difference from control, P < 0.05, Student’s t test.

cantly with /-BR. Fractional excretion of sodium
(FEy,) tended to increase with [-BR infusion, (1.3% *
0.3% to 2.1% = 0.4%); however, this did not reach
statistical significance. MAP and GFR did not change
significantly throughout the experiment. Urinary
cAMP was also unchanged with infusion of [-BR. In-
fusion of the inactive isomer, d-BR, did not change
FEp; significantly (5.2% = 2.2% to 7.7% * 2.8%), but
FE,, increased significantly with infusion of d-BR
(1.0% = 0.5% to 3.7% = 0.2%, P < 0.05). MAP and
GFR remained stable with d-BR, and likewise Pp; and
cAMP did not change significantly.

Discussion

In the present study, systemic infusion of /[-BR
resulted in a significant increase in the FEyp,; in Sprague-
Dawley rats. Since there were no increases in filtered
load, these results suggest that [-BR decreases phos-
phate reabsorption. These findings are consistent with
a previous study, by PetitClerc et al., who demon-
strated that in vivo inhibition of ALP with infusion of
levamisole decreased the fractional reabsorption of
phosphate in rats and dogs (2).

Alkaline phosphatase is concentrated in the brush
border membrane of the proximal tubule (4). Kempson
et al. demonstrated increased ALP activity in the
brush border membranes of rats adapted to low-
phosphate diet, a condition where phosphate uptake is
increased (1). However, Yusufi et al., from the same
laboratory, reported that the presence of ALP in BBM
is not required for sodium gradient dependent trans-
port of phosphate. They concluded that their findings
argue against a direct involvement of ALP in sodium-
dependent phosphate transport across the renal brush
border membranes, but did not exclude the ALP might
play a role in the modulation of phosphate transport
9).

Several in vitro studies performed in proximal con-
voluted tubules and in brush border membrane vesi-
cles from proximal tubules (BBMV) which used vari-
ous inhibitors of ALP, including /-p-Bromotetrami-
sole, have not demonstrated a direct correlation
between ALP activity and phosphate transport (6, 9-
12). Brunette et al. inhibited ALP activity in rat
BBMY with [-BR, but failed to demonstrate a decrease
in phosphate uptake (6).

The discrepancy between the effects of inhibition
of ALP in vitro and in vivo may be attributable to
metabolic changes that may secondarily alter phos-
phate reabsorption. PetitClerc and Plante concluded
that the phosphaturia induced by levamisole does not
appear to be mediated by changes in parathyroid hor-
mone secretion or other extrarenal hormonal sub-
stance, since the phosphaturia was seen when the drug
was administered in the renal artery of the dog (2).
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Similarly, the present experiments were performed in
TPTX rats, again demonstrating that the phosphaturia
produced during infusion of I-BR is independent of the
effects of PTH. Alternatively, [-BR may cause nonspe-
cific changes in phosphate transport independent of its
effects as an inhibitor of alkaline phosphatase.

Considering the present results in the context of
the literature, it is highly unlikely that ALP is a com-
ponent or directly linked to sodium dependent phos-
phate transport across the brush border membrane of
proximal tubules. Since ALP inhibitors are phospha-
turic when directly administered to the intact kidney
and the effect can be demonstrated in the absence of
parathyroid hormone, we postulate that ALP plays a
role in the modulation of the autocrine/paracrine reg-
ulation of phosphate transport by renal proximal tu-
bule cells (13).

In conclusion, systemic infusion of /-Bromotetra-
misole increased the fractional excretion of phosphate
in TPTX Sprague-Dawley rats.
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