Doxazosin Induces Apoptosis in Cardiomyocytes Cultured In
Vitro by a Mechanism That Is Independent of
a,-Adrenergic Blockade
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Background—The «oy-adrenoceptor—blocking antihypertensive doxazosin has been associated with increased risk of heart
failure and is known to induce prostate cell apoptosis. We hypothesized that it might also induce apoptosis in
cardiomyocytes.

Methods and Results—Hoechst dye vital staining and flow cytometry provided evidence that doxazosin induced apoptosis
time- and dose-dependently in cardiomyocytes of the HL-1 cell line. TUNEL assays and 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) viability test confirmed that doxazosin induced DNA damage and cell death in
these cells. MTT tests showed that doxazosin treatment decreased cell viability in primary cultures of neonatal rat
cardiomyocytes, and Hoechst dye vital staining demonstrated doxazosin-induced apoptosis in primary cultures of human
adult cardiomyocytes. The proapoptotic effect of doxazosin on cardiomyocytes seems not to depedbokade,
because it was not modified by cotreatment with or B-adrenergic agonists or with the irreversihig-blocker
phenoxybenzamine and because doxazosin also decreased the viability of NIH 3T3 cells, whighalddnoceptors.

It also does not involve calcineurin, being unaffected by the presence of the calcineurin inhibitors cyclosporin A and
FK506. Three othew;-blockers were also investigated; prazosin was proapoptotic, like doxazosin, but 5-methylurapidil
and terazosin were not.

Conclusions—The «;-blockers doxazosin and prazosin induce the apoptosis of cardiomyocytes cultured in vitro by a
mechanism that is independent @f blockade and calcineurifiCirculation. 2003;107see -eee .)
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he antihypertensive doxazosin, am-adrenoceptor covered plates with ExCell 320 (JRH Biosciences Ltd) supplemented

blocker, was found in the Antihypertensive and Lipid- Wwith FBS_ (from Life Technologies Ltd), insu_lin, norepinephrine,
Lowering Treatment to Prevent Heart Attack Trial (ALL- en_dothellal_cellgrowth _supplement (Upstate Blotechnologylnc),_and
HAT) study to be associated with greater risk of cardiovas- retinoic acid®@ Mouse fibroblast cells (NIH 3T3) were grown in

. . " = . DMEM supplemented with 10% FCS (Life Technologies, Ltd) and
cular accidents than chlorthalidohd@he biological basis of | _gytamine. Primary cultures of rat neonatal cardiomyocytes were

this association has not been elucidated, but it is known that established as follows: The hearts of 1-day-old Sprague-Dawley rats
doxazosin induces the apoptosis of prostate cancer?¢ells were digested with collagenase and pancreatin at 37°C in 3 30-
and halts the cell cycle of human coronary smooth muscle minute digestion cycles, cells were centrifuged from the pooled
cellsé7 In the present study, we used a variety of tests to Supernatants, and fibroblasts were removed by differential seeding
investigate whether doxazosin also induces the apoptosis ofWith incubation for 4 hours at 37°C in newborn calf serum (Life

- . .. Technologies, Ltd); the cardiomyocytes were seeded at a density of
various types of cultured cardiomyocytes. We found that it 50 000/cm in gelatin-coated plates containing DMEM/M199 me

does and that this action is independent@flockade and gy (Life Technologies, Ltd) supplemented with horse serum (Life
calcineurin. Of the 3 othew,-blockers investigated, prazosin  Technologies, Ltd), FCS, L-glutamine, and antibiotics. Primary
was also proapoptotic, but 5-methylurapidil and terazosin cultures of human cardiomyocytes were established as follows: In
were not. surgery requiring cardiopulmonary bypass, a catheter is placed in the
right atrium. The catheter passes via an opening made by excising
Methods part of the right atrial appendage. The excised tissue is normally
discarded. These human right atrial appendages were minced in
small pieces and digested at 37°C in 3 5-minute cycles with PBS
Cells containing 0.25% trypsin, 0.15% collagenase, and 0.02% glucose,
HL-1 cardiomyocytes (a gift from Dr W.C. Claycomb, Louisiana and cells were centrifuged from the pooled supernatants for 5
State University Medical Center) were cultured on fibronectin- minutes at 58§ and cultured in Iscove’s modified Dulbecco’s

All products were from Sigma Chemical Co unless otherwise stated.
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Figure 1. Doxazosin and prazosin induce apoptosis in HL-1 cardiomyocytes. A, Apoptosis (shown by brilliant blue nuclear fluorescence
and fragmentation) revealed by staining with Hoechst 33258 dye after treatment with 0.1 to 40 umol/L doxazosin for 12 hours (A.1) or
48 hours (A.2); quantitative results of 3 independent experiments (*P<0.05, **P<<0.01, **P<0.001 relative to controls) and fluorescence
microphotographs (X400) of one typical experiment. B, As for panel A.2, but with prazosin instead of doxazosin. C, Fluorescence
microphotographs (X200) corresponding to TUNEL assays of cells treated for 48 hours with doxazosin or prazosin (1 to 25 umol/L);

green fluorescence shows DNA damage.

medium (Life Technologies, Ltd) supplemented with 10% FBS,
L-glutamine, and antibiotics.

Hoechst Vital Staining

Cardiomyocytes (10 were treated for 12 or 48 hours with 0.1 to 40
wmol/L doxazosin (a gift from Pfizer Pharmaceuticals, New York,
NY) or for 48 hours with 0.1 to 4umol/L prazosin and were then
incubated for 45 minutes at 37°C in Hoechst 33258 dye.

TUNEL Assays
TUNEL assays were performed using the In Situ Cell Death
Detection Kit (Fluorescein) from Boehringer Mannheim Corp.

MTT Viability Assay

Cardiomyocytes (10per treatment) were treated for 48 hours with
0.1 to 50umol/L doxazosin, prazosin, terazosin, or 5-methylurapidil
and 4 hours before the expiry of this period with 0.5 mg/mL MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide). Af-

incubated for 1 hour in a solution containing 1 mg/mL RNase and 5
ng/mL propidium iodide, after which flow cytometry was performed

in a FACSCALIBUR apparatus (Becton & Dickinson) using the
CellQuest program. Apoptosis was measured as the percentage of
DNA in the hypodiploid (sub-@G,) peak.

Statistical Analysis

Results are meanSEM of those of the stated number of independent
experiments (n). The statistical significance of differences between
means was estimated using ANOVA followed by Student Newman-
Keuls multiple comparison test.

Results

Doxazosin- and Prazosin-Induced Apoptosis of

HL-1 Cells

Relative to controls, doxazosin and prazosin increased apo-
ptosis among HL-1 cells, and the increase was dose and time

ter overnight incubation at 37°C, absorbance at 550 to 600 nm was dependent, as assessed by Hoechst dye vital staining (Figures

measured.

Cell-Cycle Analysis
HL-1 cells (1G per treatment) were treated for 72 hours with 0.1 to
10 umol/L doxazosin with or without FBS (15%); 4% paraformal-

1A and 1B). DNA damage in cardiomyocytes treated with
doxazosin and with prazosin was confirmed by TUNEL
assays (Figure 1C).

Figure 2A shows the percentages of apoptotig/Gs

dehyde was added; and after 10 minutes, the cells were incubatedPhase, and S/BVi-phase cells measured by flow cytometry

overnight in 70% ethanol at-20°C. The cell pellets were then

after 72 hours in 1 of 3 independent experiments, the other 2
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Figure 2. Effect of doxazosin on the viability of HL-1 cardiomyocytes or NIH 3T3 cells. A, FACS analysis of HL-1 cells treated with doxazosin for 72
hours and stained with propidium iodide (results of 1 of 3 independent experiments), showing numbers of cells plotted against DNA content; values
are percentages of cells that are apoptotic (Apo) or in the G¢/G; (2n) or S/M (4n) phases. B, Doxazosin-induced cell death of HL-1 cells is indepen-
dent of ay-adrenoceptor blockade and calcineurin activity. B.1, Prior exposure to 1 umol/L phenoxybenzamine for 4 hours did not alter the MTT-
evaluated effects on HL-1 cells of 48 hours of exposure to 0.1 to 50 umol/L doxazosin; terazosin and 5-methylurapidil did not decrease HL-1 cell
viability. B.2, MTT-assessed cell death of HL-1 cells after 48 hours of incubation with doxazosin (0.1 to 10 umol/L) was not reduced by the pres-
ence of equal concentrations of the a- and B-agonists norepinephrine and epinephrine, the a-agonist phenylephrine, or the B-agonist isoprenaline.
B.3, Fluorescence microphotographs (X400) of HL-1 cells treated for 48 hours with doxazosin and/or epinephrine, norepinephrine, isoprenaline, or
phenylephrine (1 umol/L in each case) before Hoechst staining. B.4, Treatment for 24 hours with 0.1 to 50 umol/L doxazosin or prazosin induced
the dose-dependent cell death of NIH 3T3 cells, as assessed by the MTT test; terazosin and 5-methylurapidil did not affect NIH 3T3 viability. B.5,
Presence of the calcineurin inhibitors cyclosporin A (CsA, 3 umol/L) and FK506 (150 ng/mL) did not prevent the dose-dependent induction of HL-1
cell death by 48 hours of exposure to 0.1 to 50 umol/L doxazosin, as assessed by the MTT test. Statistical significance of differences in B.1, B.2,
B.4, and B.5 (h=3): *P<0.05; *P<0.01; **P<0.001.
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Fluorescence microphotographs (x400)
show apoptosis (brilliant blue nuclear
fluorescence) after treatment with 1 to 10
umol/L doxazosin for 48 hours and sub-
sequent staining with Hoechst 33258
dye.
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of which afforded similar results. Apoptosis was 13.5%, Reduction of Viability of Human and Neonatal

24.53%, and 36.84% among control cells and cells treated Rat Cardiomyocytes in Primary Cultures

with 0.1 and 10umol/L doxazosin, respectively, in keeping In MTT viability tests, doxazosin and prazosin induced loss
with which, the percentages of S/GI-phase and @G- of cells and metabolic activity in primary cultures of neonatal
phase cells fell with increasing doxazosin concentration from rat cardiomyocytes, whereas terazosin had no effect (Figure
11.47% and 45.16%, respectively, among controls to 6.3% 3A). Hoechst dye vital staining showed that doxazosin was
and 22.78%, respectively, among cells treated with 10 also proapoptotic for primary cultures of human cardiomyo-

wmol/L doxazosin. cytes (Figure 3B).
Independence ofa;-Adrenoceptor Blockade Discussion
and Calcineurin In ALLHAT, % the main reason for early withdrawal of

In MTT viability tests, doxazosin induced loss of cells and doxazosin from the study by the National Heart, Lung, and
metabolic activity, and this effect was not altered by prior Blood Institute (NHLBI) was the finding that it was associ-
exposure to the irreversible-blocker phenoxybenzamine, ated with a greater risk of cardiovascular accidents, heart
which did not itself reduce cell viability (Figure 2B1); failure in particular, than the diuretic chlorthalidone. Previ-
prazosin behaved similarly (results not shown). Terazosin and ously, the Vasodilator Heart Failure Trial 1 (V-HeFT) had
5-methylurapidil did not decrease cell viability (Figure 2B1). found that the a;-blocker prazosin was associated with
Cell death was not affected by the presenceasefand greater mortality among heart failure patients than were other
B-adrenergic agonists (epinephrine, norepinephrine, phenyl- vasodilators! Given the hemodynamic, metabolic, and va-
ephrine, and isoprenaline, equimolar with doxazosin) (Fig- sodilatory benefits afforded bw;-blockers, these findings
ures 2B2 and 2B3). Doxazosin and prazosin also reduced thewere surprising, although by the time of the ALLHAT report
MTT-assessed viability of NIH 3T3 cells, which have no it was becoming known that doxazosin halts the cell cycle of
a-adrenoceptors, whereas terazosin and 5-methylurapidil hadhuman coronary smooth muscle céllsnd that it induces the
no effect (Figure 2B4). apoptosis of prostate cancer céltsln the present study, we

In view of reports that in cardiomyocytes the*Claalmod investigated whether they-blockers doxazosin, prazosin,
ulin-activated phosphatase calcineurin can act both proapo-5-methylurapidil, and terazosin induce the apoptosis of HL-1
ptotically® and antiapoptotically? we investigated whether it cells, which derive from murine atrial cardiomyocytes and
is involved in the action of doxazosin on cardiomyocytes. The were considered to constitute a suitable in vitro model
fact that it is not is shown by the action of doxazosin being because they maintain a heart-specific phenctypel nor-
unaffected by the presence of the calcineurin inhibitors mally feature all of the cell-surface and intracellular compo-
cyclosporin A and FK506 (Figure 2B5). nents required for an,-adrenergic responséWe also used
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primary cultures of human and neonatal rat cardiomyocytes before cell death? The clinical implications of our results

to confirm the results obtained with HL-1 cells.

nevertheless remain to be elucidated, although we note,

We found that both doxazosin and prazosin induced the finally, that our findings may be relevant not only to treat-
apoptosis of cultured cardiomyocytes dose-dependently overment of hypertension but also to the consideration of dox-

the range 0.1 to 50umol/L, whereas terazosin and
5-methylurapidil had no effect on cultured cardiomyocytes’
viability. The effect of doxazosin was already considerable at

azosin for treatment of benign prostatic hyperplasia.
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