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Diuretic action of BTS 39542 (dihydrophthalazin-I-ylacetic acid) is consistent with 
inhibition of Na + K + Cl cotransport 

(Received 5 February 1982; accepted 29 March 1982) 

BTS 39542 (dihydrophthalazin-1-ylacetic acid) is a potent 
diuretic agent in rats, rabbits and dogs [I] which is struc- 
turally unrelated to other high-efficacy diuretics [l]. The 
exact renal tubular locus and mechanism of action of BTS 
39542 are, however, unknown. Simple pharmacological 
model systems of diuretic action such as anuran skin [2] or 
human red cells [3] have been identified whose major ion 
transport systems reflect the functionally important ion 
transport of microdissected, microperfused thick ascending 
limb and distal renal tubules [3. 41. In the present paper 
we have attempted to characterise the molecular action of 
BTS 39542 by comparing its effect with loop diuretics such 
as furosemide upon the passive Na + K + Cl contransport 
system in cultured human carcinoma cells (HeLa), cultured 
canine renal epithelial cells (MDCK) and human red blood 
cells. 

Materials and melhods 

Human red cells were obtained by venepuncture from 
healthy volunteers. After washing four times in a medium 
containing 150 mM NaCI, 10 mM Tris-HCI, 6.0 mM KCI, 
10 mM glucose, pH 7.4 and removal of the buffy coat, red 
cells were used for XhRb influx measurements at approxi- 
mately 70% haematocrit. 

HeLa cells were grown in Eagle’s Basal Medium sup- 
plemented with 10% new-born calf serum [5]. For experi- 
mental purposes, monolayers of cells were grown to con- 
fluency in 60 mm Sterilin plastic petri dishes (approximately 
2 X 10h cells/plate). 

MDCK cells form monolayers possessing epithelial struc- 
ture and capable of transmonolayer ion transport [6]. Cul- 
tures of MDCK cells were obtained at 60 serial passages 
from Flow Laboratories (Irvine, U.K.) and maintained in 
serial culture in Roux flasks in Minimum Essential Eagles 
(M.E.M.E.) supplemented with non-essential amino acids, 
(2mM glutamine, 1 unit/cm’ gentamycin antibiotic and 
10% v/v foetal bovine serum (Flow)) at 37” in an air-5% 

CO2 atmosphere. For experiments, cells were grown in 
60 mM Sterilin plastic petri dishes to form subconfuent cell 
monolayers. 

K influx measurements were made using %Rb as a tracer 
in all experiments [5,7,8]. Influx determinations (30 min) 
were made in human red cells at 37” by a slight modification 
of the method of Lauf and Joiner (91 using centrifugation 
through dibutylphthalate to separate cells from the radio- 
active influx solution. For cultured cells, the %Rb influx 
into cell monolayers was measured at 37” during a 10 min 
(HeLa) or 5 min (MDCK) incubation in Krebs’ solution 
containing 137mM NaCI; 5.4 mM KCI; 2.8 mM CaClz; 
1.2 mM MgSOJ.7Hz0; 0.3 mM NaHzPOl; 0.3 mM 
KHzP04; 12 mM HCI; 14 mM Tris base and 11 mM glucose 
supplemented with 1.0% v/v new-born calf serum, pH 7.4 
and 0.2$i/ml “Rb. At the end of the influx period, the 
monolayer was rapidly rinsed four times with ice-cold 
Krebs’ solution to remove extracellular isotope and then 
trypsinised to form a single cell suspension. After trypsin- 
isation, the cell number and mean cell volume of each 
experimental plate was determined on a Coulter Counter 
(Model ZF) fitted with a Channelyser attachment (Model 
ClOOO). The %Rb content of all samples was measured in 
a liquid scintillation spectrophotometer (Packard. model 
3255) by the Cerenkov method. 

The effect of chronic BTS 39542 treatment upon Na-K 
pump function was determined in HeLa cells by measuring 
specific [‘Hlouabain binding to determine Na’ pump num- 
ber [5] from a media containing 2 X lO_‘M ouabain in 
K-free Krebs solution or one containing 15 mM KC1 for 
20min [5]. At the end of the incubation period the cells 
were rinsed four times with ice-cold Krebs solution and the 
cell number, mean cell volume determined, as well as the 
jH content. Intracellular Na + K contents were also meas- 
ured by flame photometry after rinsing cell layers four 
times with ice-cold choline chloride followed by a 3-hr 
incubation in deionised water. Cell number and cell volume 
were determined on parallel samples as above. 
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X6Rb was purchased from the Radiochemical Centre 
(Amersham, U.K.). Tissue culture supplies were obtained 
from Flow Laboratories (Irvine, U.K.) and Gibco-Biocult 
Ltd. (Paisley, U.K.). 

BTS 39542 was a gift from Dr. M. Sim, Boots Co Ltd. 
(Nottingham, U.K.) and stock solutions were made in 
lo-* Tris. Other materials were obtained as stated pre- 
viously [7]. 

Variation in results is expressed as the standard error of 
the mean. Tests for significance of differences were made 
by a two tailed Student’s r-test (unpaired means solution). 

Results and discussion 

Potassium influx into human red cells [3], HeLa [7] and 
MDCK [7,8] cells may be separated into three components, 
namely a ouabain sensitive component consisting of 
Na+,K’-ATPase mediated transport (Table 1, columns 
>4). a ouabain insensitive but furosemide sensitive com- 
ponent mediated via a Na + K + Cl cotransport system 
(Table 1. columns 9-10) and a ouabain and furosemide 
insensitive component representing the ground permea- 
bility of the membrane to K’ (Table 1, column 6) (see also 
Refs. 10 and 11). The furosemide-sensitive component of 
K+ influx is of particular significance since this diuretic- 
sensitive transport system may give rise to secondary active 
Cl- transport using the energy from K or Na gradients 
[3, 121. Thus, in mammalian thick ascending limb the major 
features of the furosemide senstive transport located upon 
the apical membrane strongly resemble the known features 
of the furosemide sensitive cotransport system in MDCK, 
HeLa, red cell and ascites cells [7, 10, 131. 

BTS 39542 at lo-” M causes a significant reduction in K’ 
influx in both the presence and absence of lo-’ M ouabain 
in HeLa, MDCK and human red blood cells (Table 1). The 
diuretic sensitive flux for all 3 cell types in the presence or 
absence of ouabain is similar, whether furosemide or BTS 
39542 is used; moreover, BTS 39542 together with furo- 
semide (lo-‘M) does not produce an additive reduction 
in K’ influx (e.g. for MDCK cells, furosemide plus BTS 
39542 treated cells, the K’ influx is 3.33 i 0.15 mmolesil 
cell waterimin compared to 3.83 5 0.13 or 3.77 5 
0.24 mmolesil cell waterimin for furosemide, or BTS 39542 
treated cells). The ouabain insensitive but diuretic sensitive 
K’ flux shows a marked dependence on medium Na’ and 
Cl- consistent with the coupled (Na+ + K- + Cl-) nature 
of this transport process; with inhibition of the cotransport 
system by replacement of medium Cl by NO3 no BTS 39542 
sensitive component is observed (e.g. in red cells the 
ouabain-insensitive K’ influx in NO?- media is 0.16 2 0.01 
(n = 4) mmoleil packed cellsihr, with BTS 39542 (10-j M) 
this flux is unchanged at 0.18 5 0.04 (n = 4) mmoleil packed 
cellsihr. P > 0.5, N.S.). 

This data is therefore consistent with BTS 39542 inhi- 
bition of the Na + K + Cl cotransport system; an effect of 
BTS 39542 on active ion transport via the Na’. K’)-ATPase 
is unlikely since the effects of BTS 39542 upon K’ influx 
are approximately additive with ouabain (Table 1). The 
smal: difference between diuretic sensitive fluxes in the 
presence and absence of furosemide observed with furo- 
semide or BTS 39542 (Table 1) is most likely due to an 
interdependence of pump/leak pathways rather than a 
direct effect of the diuretics on Na-K pump function. A 
test of alteration in Na-K pump function was made by 
chronic (24 hr) applications of BTS 39542 (lo-” M) in the 
growth medium of HeLa cells [5]; BTS 39542 neither mark- 
edly reduced specific [3H]ouabain binding to intact HeLa 
cells (control binding = 0.60 t 0.02 (S.E.) x lo6 sites/cell, 
chronic BTS 39542 treatment = 0.73 2 0.02 (S.E.) (n = 
5) X lo6 sites/cell) or more significantly, raised intracellular 
Na contents (control Na and K contents = 14 -C 1, 209 ? 
2 (S.E.) (n = 5) mmoles/l cell water respectively, chronic 
BTS 39542 treatment = 14 2 1, 228 t 3 (S.E.) (n = 
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Fig. 1. Dose-response curves for the effect of BTS 39542 
upon the ouabain insensitive shRb influxes in human red 
blood cells (A), HeLa (0) and MDCK cells (0). Each 
point is the mean of at least 4 determinations. Standard 
errors for all points are < 5%. For human red cells R6Rb 
influxes in the presence and absence of lO_-‘M ouabain 
were 2.5 f 0.1 (n = 4) and 0.74 2 0.02 (n = 4) mmoleil 
packed red cells/hr. For HeLa and MDCK cells these fluxes 
were 4.4 2 0.2 (n = 4), 2.5 f 0.1 (n = 4) and 11.67 ? 0.62 
(n = 4), 7.99 2 0.29 (n = 4) mmoles/l cell waterimin, 
respectively. The diuretic-insensitive flux in the presence 

of ouabain is subtracted from all results. 

5) mmolesil cell water respectively, P > 0.9, P < 0.01 for 
increases in Na and K contents respectively). 

Figure 1 shows the dose-dependency of BTS 39542 action 
upon the ouabain insensitive fluxes in HeLa. MDCK. and 
human red cells: 50% inhibition determined using probit 
analysis is observed at 1.0 + 0.2 (S.D.) x 10mh M, 2.2 t 
0.2 (S.D.) x 10m6M and 1.8 +- 0.4 (S.D.) X lO_“M in the 
three cell systems respectively, these values compare with 
5 x 1O-6 [7], 2-3 x 10mh [S] and 9.0 X 10mh M [3] for furo- 
semide inhibition of ouabain insensitive K’ influxes in 
HeLa, MDCK and red cells, respectively: The similarities 
between the inhibitory potency of BTS 39542 and furosem- 
ide in dog cells reported here differs from their relative 
diuretic potencies in dogs and this is suggestive of more 
than a single tubular locus for BTS 39542 action or extra 
renal actions [l]. 

We have tested BTS 39542 in the isolated frog-skin 
preparation, but no inhibition of the short-circuit current 
with BTS 39542 (lo-’ M) was observed although amiloride 
(lo-” M) gave a 96% reduction in the short-circuit current 
(unpublished data). The major site of BTS 39542 action, 
consistent with present data, is thus the Na + K + Cl 
cotransport system in the thick ascending limb which gives 
rise to secondary active Cl- movement (3. 131. Finally, it 
is pertinent to note that the novel structure of BTS 39542 
compared to furosemide derivatives [3] should be of use 
in defining structure-inhibition relationships for the 
cotransport system. 
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2,3,4,4’,5Pentachlorobiphenyl: differential effects on C57BL/6J and DBA/ZJ 
inbred mice 

(Received 23 November 1981; accepted 26 February 1982) 

Polychlorinated biphenyls (PCBs) typify a group of halo- 
genated aromatic chemicals which include the polychlori- 
nated dibenzofurans (PCDFs), dibenzo-p-dioxins 
(PCDDs), naphthalenes and polybrominated biphenyls 
(PBBs). These chemicals have a number of common chem- 
ical and biological properties [l], e.g. (1) within each group 
there exists a multiplicity of isomers and congeners, (2) 
there are dramatic effects of structure on the biologic and 
toxic potencies of individual halogenated aromatic com- 
pounds, and (3) like 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD), the most toxic individual halogenated aromatic 
compound, a limited number of approximate stereoisomers 
elicit comparable toxic responses [2-91. Included in this 
latter group are 3,3’,4,4’,5,5’-hexachlorobiphenyl (HCBP) 
and hexabromobiphenyl (HBBP) [2.9]. In addition, it has 
been shown that the 2,3.7,8-TCDD and related compounds 
induce the microsomal cytochrome P-450-dependent 
monooxygenase, benzo[a]pyrene hydroxylase (or aryl 
hydrocarbon hydroxylase, AHH) and reversibly bind to a 
high-affinity cytosolic receptor protein (3. 10, 111. The 
non-covalently bound ligand (inducer)-receptor complex 
is transported into the nucleus and subsequently controls 
the expression of AHH induction and related toxic 
responses [9-131. The cytosolic receptor protein, a product 
of the Ah locus in mice, is found in higher concentrations 
in certain mouse strains. such as the C57BLi6J inbred strain 
(12, 131, which are highly sensitive to the biologic and 
toxic effects of 2,3,7,8-TCDD, 3.3’,4,4’,5.5’-HCBP. 
3,3’,4,4’,5,5’-HBBP and related compounds [2.9, 141. In 
contrast, the DBAI2J mouse strain contains lower levels 
of the high-affinity receptor protein and is much less sus- 
ceptible to the inductive and toxic effects of 2.3,7,8-TCDD 
and related compounds [9, 141. 

Recent reports have described a group of PCB and PBB 
isomers and congeners that induce a pattern of hepatic 
microsomal enzyme activities consistent’with the coadmin- 
istration of 3-methvlcholanthrene (3-MC. an AHH inducer) 
plus phenobarbitbne (PB) [8, 15-191. Some of these 

mixed-type inducers are toxic to chick embryos [Xl] and 
rats [21]; however. their toxicities and activities as AHH 
inducers in inbred mouse strains have not been determined. 
This study reports the biologic and toxic effects elicited by 
2,3,4.4’S_pentachlorobiphenyl (PCBP), a mixed-type 
inducer in rats. in the responsive CS7BLI6J and the non- 
responsive DBARJ mice. 

PCBP and 2,2’,4.4’,5,5’-HCBP were > 9Y% pure and 
prepared as described [ 151. The synthetic route and puri- 
fication procedures were developed to preclude the pres- 
ence of PCDD and PCDF contaminants. Ascorbic acid and 
phenazine ethosulfate were purchased from the Sigma 
Chemical Co., St. Louis, MO. The sources of other chem- 
icals used in this study are described elsewhere [ 151. Adult 
C57BLi6J and DBAI2J inbred strains of mice were obtained 
from the Jackson Laboratory, Bar Harbor. ME. The mice 
were housed in wire cages, maintained on a l?-hr diurnal 
light regimen, and allowed free access to Purina Certified 
Rodent Chow (No. 5002) and water. Both strains of mice 
were injected intraperitoneally with PB or .I-MC 
(400pmolesikg body wt) on three consecutive days. and 
the animals were killed by cervical dislocation 24 hr after 
the last injection. The C57BLi6J mice were injected with 
two doses of PCBP (either 150 or 750 pmolesikg) on days 
1 and 3 and killed on day 6. DBA/ZJ mice received only 
the high dose of PCBP. Mice injected with corn oil 
(20 ml/kg) serves as controls. All animals were fasted over 
the last 24 hr to lower liver glycogen levels. The thymic 
involution studies were carried out as described ahovc 
except that the animals were not fasted over the last 24 hr. 

The mouse livers were cleared of blood hy perfusing via 
the hepatic portal vein with ice-cold isotonic saline con- 
taining EDTA (100 PM). and the liver weights were deter- 
mined. Thymuses were excised. trimmed. blotted dry. and 
weighed. The liver microsomal fraction was isolated as a 
100,000 g pellet by further centrifugation of a 10,000 fi 
supernatant fraction from the whole liver homogenate [HI. 

The concentration of cytochrome P-450 was determined 


