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ferricyanide treatment decreased the rate of N-demethyl- 
ation in the control microsomes, the isoniazid inhibition 
of aminopyrine N-demethylation was reversed. The ferri- 
cyanide decrease in drug metabolism in control microsomes 
has been reported previously, but has not been character- 
ized [8]. 

The results reported here for isoniazid differ from experi- 
mental findings reported for phenelzine (phenylethylhy- 
drazine). In the presence of NADPH, phenelzine produced 
a concomitant decrease in the binding of CO to cytochrome 
P-450 and in the heme content of the microsomes [ 151. The 
spectral characteristics of the isoniazid complex differ from 
those formed by the alkyl hydrazine derivatives reported 
by Hines and Prough [16]. Thus, the various hydrazines 
and hydrazides can interact differently with the cytochrome 
P-450 system. 

In summary, ferricyanide reversal of the isoniazid inhi- 
bition of microsomal activity strongly suggests that isoniazid 
forms a metabolic intermediate (absorption maximum at 
449nm) in the presence of NADPH and oxygen which 
binds to cytochrome P-450. As with other metabolic inter- 
mediate complexes, a decrease in the functionally available 
cytochrome P-450 results and the rate of drug metabolism 
can, in turn, be diminished due to the decreased terminal 
oxidase. 
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Retention of phosphate transport function of rat renal brush border membranes 
isolated from frozen cortex 

(Received 16 April 1981; accepted 2 July 1981) 

Extensive studies of the transport properties of isolated 
luminal brush border membrane (BBM) vesicles from the 
renal proximal tubule have led to identification of specific 
Na’-dependent transport systems for glucose, amino acids, 
and various organic and inorganic ions including inorganic 
phosphate (PI) [l, 21. The Pi transport system in BBM 
represents a rate-limiting step in transtubular P, reabsorp- 
tion and is of particular interest because it is altered in 
response to several hormones and drugs administered in 
uioo. Examples of these agents are parathyroid hormone, 
growth hormone, 1,25_dihydroxyvitamin Dj, dibutyryl 
cyclic AMP, triamcinolone, nicotinamide, and diphos- 
phonates [3,4]. A combination of in uiuo and in uitro 
methods provides an extremely useful approach [5-71 for 
elucidating the mode of action of agents which regulate 
renal P, transport. The procedure is to study first with 
clearance techniques the effects of administered agents on 

* HEPES, 4-(2-hydroxyethyl)-l-piperazine-ethanesul- 
fonic acid. 

renal function and on transtubular P, transport. Then, at 
the end of these experiments, the kidneys are removed, 
BBM vesicles are prepared from the cortex, and Pi uptake 
by the vesicles is measured to provide direct determination 
of any changes in the Pi transport system in the BBM of 
the proximal tubule. A major disadvantage of this experi- 
mental design is that completion without interruption 
requires an extended period of time (about 15 hr). This 
problem would be avoided if, following the clearance stud- 
ies, the renal cortex could be stored until the next day (or 
longer) before preparing a BBM vesicle fraction. Evidence 
is presented here that the Pi transport function of rat renal 
BBM is well preserved in renal cortical tissue stored frozen 
by liquid nitrogen. Further, differences in Pi transport 
induced in uiuo by low Pi diet or nicotinamide are retained 
in BBM vesicles prepared from frozen cortex. 

Rats were anesthetized with ether, kidneys were 
removed, decapsulated, and rinsed in ice-cold buffered 
saline (154 mM NaCl, 1 mM Tris-HEPES*, pH 7.5), and 
the cortex was dissected free from the medulla. The cortex 
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was either used immediately for preparation of a BBM 
vesicle fraction, or was snap frozen by clamping between 
aluminium tongs cooled in liquid nitrogen and was stored 
in a liquid nitrogen refrigerator (Union Carbide, Indiana- 
polis, IN). Frozen cortex was thawed by immersion in 
ice-cold buffered saline for 20 min. BBM vesicles were 
isolated from renal cortex by the calcium precipitation 
method [3,7-91. The purity of the BBM preparations from 
fresh and frozen cortex, assessed by measuring appropriate 
“marker” enzymes for subcellular organelles, was not dif- 
ferent and was comparable to that reported previously [9]. 
Uptake of [32P]-phosphate, o-[3H]-ghicose, L-[3H]-proline, 
and 22Na+ by BBM vesicles was determined by a Millipore 
filtration technique used and described in detail elsewhere 
[7-111 and in the legends to the figures. 

Low P, diet (0.07% phosphorus) was obtained from ICN 
Nutritional Biochemicals, Cleveland, OH [9, 111; rats were 
given low P, diet for 3 days and were pair-fed and processed 
in parallel with control rats receiving normal Pi diet (Wayne 
Lab-Blox; Allied Mills, Inc., Chicago, IL) containing 
0.93% phosphorus. Nicotinamide was dissolved in 0.6 ml 
of isotonic saline (pH adjusted to 7.0 with NaOH) and was 
administered as a single intraperitoneal injection (1 g/kg 
body weight) to rats fed normal P, diet and the kidneys 
were removed 9 hr later (111. Control animals received 
saline injections. Protein and enzyme activities were 
assayed exactly as described previously [9,11]. Results 
were evaluated statistically by Student’s r-test for group 
comparisons; values of P > 0.05 were considered not 
significant. 

In the presence of a Na’ gradient (initially 100 mM 
extravesicular and 0 mM intravesicular), P, uptake by BBM 
vesicles from fresh cortex increased rapidly, reached a peak 
within 1 to 2 min (“overshoot”), and thereafter declined 
to a much lower level at 120 min (“equilibrium point”) 
(Fig. 1, left panel). Replacement of NaCl by 100 mM KC1 
(represents Na+-independent uptake) in the incubation 
medium abolished the initial overshoot and reduced P, 
uptake at 0.5 min to 1160 of the uptake in the presence of 
NaCI. These characteristics of the P, transport system agree 
closely with previous reports using fresh cortex [3, 7, 9, 121 
and are shared by BBM vesicles prepared from cortex 
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stored frozen for 8 days (Fig. 1, left panel). The principal 
effect due to freezing the tissue was a 40-50 per cent 
reduction in Pi uptake at all time points. A similar reduction 
in net Pi uptake was observed when using cortex frozen for 
only 24 hr, indicating that the reduction in uptake is prob- 
ably independent of time of storage. The P, uptake at the 
peak of the overshoot was about 5-fold greater than the 
uptake at equilibrium (120 min) for vesicles from both fresh 
and frozen cortex (Fig. 1, right panel). These results suggest 
that tissue freezing did not impair the capacity of the BBM 
transport system to accumulate P, against its concentration 
gradient. In contrast to freezing cortex prior to preparing 
BBM vesicles, when the isolated vesicles were stored frozen 
for the same time (results not shown) the overshoot was 
completely abolished, and the Na’-dependent uptake was 
reduced by 85 per cent compared to freshly prepared BBM. 
Preservation of the P, transport function in frozen BBM 
vesicles may require the presence of glycerol as reported 
for the D-ghCOSC transport system [13, 141. 

Like the P, transport system, the uptake of D-ghCOSC 

and L-proline by BBM vesicles from fresh cortex (Fig. 2) 
was markedly stimulated by a Na’ gradient (extravesicu- 
lar > intravesicular) and there was an initial overshoot rela- 
tive to the uptake at the equilibrium point [8-lo]. In marked 
contrast to the preservation of the P, transport function, 
there was severe impairment of the D-ghCOSC transport 
system in BBM vesicles from cortical tissue stored frozen 
for only 24 hr (Fig. 2. left panel). While D-ghCOSC uptake 
by vesicles from stored cortex was stimulated at initial time 
points by a Na+ gradient, the uptake did not exceed the 
equilibrium value, i.e. there was no transient overshoot. 
L-Proline transport was preserved better; the uptake by 
BBM vesicles from stored cortex was stimulated by a Na+ 
gradient and initially exceeded the equilibrium uptake by 
3-fold at 0.5 min (Fig. 2, right panel), suggesting retention 
of the capacity to transport t_-prohne against its concen- 
tration gradient. However, the size of the overshoot was 
diminished compared to Na+ gradient-stimulated uptake 
of L-proline by vesicles from fresh cortex. r.-Proline trans- 
port may be a useful control to determine the specificity 
of any changes in P, transport by BBM vesicles from frozen 
tissue. 
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Fig. 1. Phosphate uptake by rat renal BBM vesicles prepared from fresh cortex (0) and from cortex 
previously stored frozen (0) for 8 days under liquid nitrogen. BBM vesicles in 300 mM mannitol were 
incubated at 20” in 100 mM NaCI, 100 mM mannitol, and 5 mM Tris-HEPES (pH 8.5) containing 0.1 
mM K2H3’P04. Uptake was stopped at various times by addition of ice-cold 135 mM NaCI, 10 mM 
arsenate and 5 mM Tris-HEPES (pH 8.5), and the vesicles were collected by filtration using a Millipore 
filter. Uptake of phosphate when NaCl in the incubation medium was replaced by KCI is also shown 
(0, fresh cortex; n , frozen cortex). Fresh and frozen cortex were processed in parallel and the data 
are expressed both as absolute uptake (left panel) and as % increase over uptake at the equilibrium 
point at 120 min (right panel). Each point is the mean + S.E. of measurements in triplicate using one 

preparation of BBM vesicles derived from the pooled renal cortices of three rats. 
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Fig. 2. Uptake of o-glucose (left panel) and L-proline (right panel) by rat renal BBM vesicles prepared 
from fresh cortex (0, A) and from cortex previously stored frozen (m, A) for 24 hr under liquid 
nitrogen. Uptake was determined as described in the legend to Fig. 1 except that either 0.05 mM D- 

[3H]-glucose or 0.025 mM L-[sH]-proline replaced KzH~~PO~ in the incubation medium. Fresh and frozen 
cortex were processed in parallel. BBM uptake when KC1 replaced NaCl in the incubation medium was 
not different between fresh and frozen cortex, and only one set of points (0) is shown. Each point is 
the mean 2 SE. of measurements in triplicate using one preparation of BBM vesicles from the pooled 

renal cortices of three rats. 

At the equilibrium point the uptake of p-glucose and of 
L-proline was not different between BBM vesicles from 
fresh and frozen cortex (Fig. 2). which indicates that the 
two populations of vesicles have the same intravesicular 
space. Thus, the reduced Na+ gradient-dependent uptake 
of P, by vesicles from frozen cortex (Fig. 1) is not due to 
decreased vesicle size. 

The possibility that the changes in P, transport were 
secondary to changes in Na’ transport was eliminated by 
two types of experiments. First, direct measurement of 
z2Na+ uptake at 0.25, 0.5. 1.0, and 120 min revealed no 
differences in Na+ transport by BBM vesicles from fresh 
and frozen cortex. At 0.5 min the uptake (nmolesimg BBM 
protein; mean ? S.E.) of ZZNa+ was 23 2 4 for fresh cortex 
compared to 25 2 4 for frozen cortex. Second, BBM uptake 
of P, in the presence of Na+ but without a transmembrane 
gradient (extravesicular [Na+] = intravesicular [Na+]) was 
lower at all time points in vesicles from frozen cortex 
compared to fresh cortex (Table 1). These data suggest 
that the freezing step has a direct effect on the BBM 
transport system for P,. 

Kinetic analysis by double-reciprocal plots [7, 121 of the 
initial rate of Na’ gradient-dependent P, uptake by BBM 
vesicles incubated with various concentrations (range 0.05 
to 1.0 mM) of P, indicates that the major change is a 
decrease in the apparent V,,,,, [pmoles. (mg protein)-r.O.5 
mini’] for P, uptake from 2729 f 199 in vesicles from fresh 
cortex to 1309 2 278 (mean 2 S.E. from three different 
BBM preparations; P < 0.025, group t-test) in vesicles from 
frozen cortex. The apparent K,,, for P, transport was not 
significantly different between vesicles from fresh and 
frozen cortex (fresh, 46 * 11 PM; frozen, 36 + 5 vM; 
mean ? S.E.). The initial Pi uptake, measured at 0.5 min. 
was used for kinetic studies and at this part of the time 
course binding of P, to vesicles accounts for less than 10 
per cent of the total P, uptake [7, 121. Any decrease in P, 
binding after freezing would have a negligible effect on the 
total uptake at this time and on determination of the kinetic 
parameters of transport. By similar reasoning it is unlikely 
that a decrease in P, binding alone could explain the reduced 
P, uptake at the equilibrium point at 120 min since, again, 
P, binding at this time accounts for only a small proportion 
(about 15 per cent) of the total P, uptake [15]. 

Two maneuvers which influence specifically, but with 
opposite effects, renal transport of P, in uiuo were used to 
determine whether the expected changes in P, uptake by 

isolated BBM vesicles were still present following freezing 
and storage of renal cortex. Feeding low P, diet to rats 
leads, within 3 days, to a marked increase in BBM transport 
of P, as assessed by measuring P, uptake by BBM vesicles 
isolated from fresh cortex [3,9]. As shown in Fig. 3 (left 
panel), the increased uptake of P, in response to low P, 
diet was preserved in BBM vesicles from cortex stored 
frozen for 24 hr. The other maneuver was to inject rats 
with pharmacological doses of nicotinamide which causes 
dose-dependent inhibition of P, uptake by subsequently 
isolated renal BBM vesicles [ 111. Decreased P, uptake due 
to nicotinamide treatment was clearly evident in BBM 
vesicles from cortex stored for 24 hr (Fig. 3, right panel). 
Thus, changes in the P, transport system in BBM in response 
to certain stimuli are preserved in BBM vesicles from stored 
cortex. 

Preliminary experiments suggest that the P, transport 
function of BBM is preserved also in dog cortex stored 
frozen for up to 23 days. These findings indicate that 
preservation of the P, transport capacity is not a species- 
specific phenomenon. Thus, another advantage of the 
freezing step would be to facilitate collection and storage 
of human renal cortex which is available usually only at 
short notice and with unpredictable frequency. The com- 
bination of these factors is probably the major reason why 
P, transport by human renal BBM has not been character- 
ized in either normal or diseased states. 

Table 1. Phosphate uptake by BBM vesicles pre-equili- 
brated with Na’* 

Time Uptake (pmolesimg BBM protein) 
(min) Fresh cortex Frozen cortex 

0.25 83 2 3 54 + 4 
2 103 2 3 74 2 4 

15 132 t 4 79 ‘- 4 
120 135 2 6 110?6 

* Values are means 2 S.E. of triplicate measurements 
from one vesicle preparation. Vesicles were incubated for 
2 hr at 20” in 50 mM NaSCN, 200 mM mannitol and 5 mM 
Tris-HEPES (pH 8.5) prior to measuring phosphate uptake 
in a similar incubation medium containing 0.1 mM 
KzH=POd. 
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Fig. 3. Phosphate uptake by BBM vesicles prepared from rat renal cortex stored frozen for 24 hr under 
liquid nitrogen. Left panel: Effect of feeding rats on low Pi diet (LPD) for 3 days compared to control 
rats pair-fed normal Pi diet (NPD). NPD (0) and LPD (0) rats were processed in parallel. Each point 
is the mean + S.E. of measurements in triplicate using one preparation of BBM vesicles from the pooled 
renal cortices of three rats. Right panel: Effect of injection of nicotinamide (NiAm) to rats fed NPD. 
Control rats (0) and NiAm rats (A) were processed in parallel. Each point is the mean 2 S.E. obtained 
from three different BBM preparations; each BBM preparation was derived from one rat. Key: (*) 
P <O.Ol, compared to controls (group t-test). In both of these studies, BBM uptake of P, was not 
different between groups when KC1 replaced NaCl in the incubation medium and only one set of points 

(0) is shown. 

In summary, while net uptake of Pi was reduced in BBM 
vesicles isolated from rat renal cortex stored frozen, the 
degree of stimulation of Pi uptake by a Na+ gradient and 
the capacity to accumulate Pi in excess of the equilibrium 
uptake were comparable to that observed in BBM vesicles 
from fresh cortex. Stimulation of Pi uptake by feeding low 
Pi diet and inhibition of P, uptake by nicotinamide injection 
also were preserved in BBM vesicles from stored cortex. 
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