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The antihypertensive compounds hydralazine, dihydralazine and cadralazine and
their metabolites inhibit myeloperoxidase activity as measured by
chemiluminescence

(Received 23 November 1990; accepted 16 June 1991)

Antineutrophil cytoplasma antibodies (ANCA) now called
C-ANCA were described in 1985 {1]. They have become
a marker of systemic vasculitis, especially Wegener’s
granulomatosis and are directed against the elastinolytic
enzyme, Proteinase 3.

Antibodics against the lysosomal enzyme mye-
loperoxidase (MPO) were recently reported in patients
withidiopathic necrotizing and cresentic glomerulonephritis
[2]. We have found antimyeloperoxidase antibodies (anti-
MPO)in patients with genuine systemiclupus erythematosus
(SLE) [3]. We have also recorded circulating anti-MPO in
the hydralazine-induced SLE-like syndrome [3], and in
isolated hydralazine-induced kidney damage [4].

Hydralazine (1-hydrazinophthalazine) is an anti-
hypertensive agent, which has been in clinical use since
1950. Cadralazine, (2,3-[6-(2-hydroxypropyl)ethylamino]-
pyridazinyl)ethylcarbazate (ISF 2469) is structurally related
to hydralazine and with the same pharmacological principles
[5,6]. Myeloperoxidase is a heme enzyme localized in
azurophil granula in neutrophil granulocytes and monocytes
(7). Its main function is the killing of microorganisms taken
up via phagocytosis. Since a connection between
hydralazine-induced autoimmunity and circulating anti-
MPO has been found [3], it was of interest to investigate
the interaction between MPO and hydralazine and its
relevant metabolites, and their influence upon enzymatic
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activity, and furthermore, to compare with dihydralazine
and the new antihypertensive agent cadralazine.

Materials and Methods

Mpyeloperoxidase (MPO}. Human myeloperoxidase
{oxidoreductase; EC 1.1.11.7) was purified according to
Olsson et al. [8] and Matheson [9] with slight modifications
using 1-day-old buffy coats. Its purity was checked on a
sodium dodecylsulphate-polyacrylamide gel.

Chemicals. Hydralazine, dihydralazine, cadralazine and
four hydralazine metabolites N-acetylhydrazinophthal-
azine {(NAC-HP2) BA 14184, 3-hydroximethyltriazolo-
phthalazine (3-OH-MTP) CGP 10601, methyliria-
zolophthalazine (MTP) BA 7114, triazolophthalazine TP
BA 7127 and CGP 22639 the major metabolite to
cadralazine were a kind gift from Ciba-Geigy (Basel,
Switzerland). Luminol was purchased from the Sigma
Chemical Co. (St Louis, MO, U.S.A.). All other chemicals
used were of highest analytical purity.

Experimental design. Chemiluminescence measurements:
The three main compounds were dissolved in 0.1M
phosphate buffer, pH 6.1. The following final concentrations
were run: 13, 1.3 and 0.13mM; 13, 1.3 and 0.13 uM; 13,
1.3 and 0.13nM. Three separate runs with controls in
parallel were performed for each of the agents. The
metabolites BA 7114, BA 7127 and CGP 22639 were
dissolved in 0.1 M phosphate buffer, pH 6.1. CGP 14184
and CGP 10601 were dissolved in a mixture of ethanol and
phosphate buffer. Controls were run in parallel with the
corresponding concentrations of ethanol as in incubations
with the respective metabolite. The following final
concentrations were run for BA 7114, BA 7127 and CGP
22639: 20, 2 and 0.2 mM; 20, 2 and 0.2 uM; 20 and 2 nM;
for CGP 10601: 10, 2 and 0.2 mM; 20, 2 and 0.2 uM; 20
and 2 nM; for CGP 14184: 1 and 0.2 mM; 20,2 and 0.2 uM;
20 and 2 nM).

Fifteen microlitres of MPO (3.6mg/mL) was pre-
incubated shortly with the same volume of the respective
compound and transferred to a cuvette for luminometric
recording. One hundred microlitres of luminol
(5.6 x 10-*M) and 50 uL. NaBr (0.4 mM) were added and
the content thoroughly mixed. The reaction was started by
adding S0ul H,0, (17.6 mM) through a dispenser.
Recording was carried out by a LKB-1250 luminometer
and at 22°. The output signal was recorded on a LKB-
recorder. Full deflection corresponded to 1000 mV.

Statistical analysis. Student’s r-test was used for statistical
talculations.

Results

Hydralazine, dihydralazine and cadralazine caused a
reduction in myeloperoxidase enzyme activity at high
concentrations. At a concentration above 1.3 mM all three
compounds caused a total inhibition. Dihydralazine was
found to be the most potent inhibitor of the three. On the
other hand, cadralazine inhibited MPO activity more
efficiently than hydralazine. At a concentration of 1.3 mM
hydralazine caused an average reduction of 91%,
dihydralazine 98.5% and cadralazine 95.5%. The cor-
responding figures at 0.13 mM were 57% for hydralazine,
and 75% for cadralazine. Dihydralazine differed from the
other two with a more pronounced inhibition of about
97%. At 0.1 and 0.05 mM inhibition was greater at 93.5%
and 82%, respectively, as compared to hydralazine and
cadralazine. No inhibition was found for hydralazine,
dihydralazine or cadralazine in the range 1.3 uM t00.13 nsM
as seen in Fig. 1.

At the highest concentrations, 20-10 mM inhibition of
MPO enzyme activity was seen for the following three
hydralazine metabolites: BA 7114, BA 7127 and CGP
10601, 87, 35 and 54%, respectively, compared to controls.
The metabolite CGP 14184 was tested at 1 mM because it
was difficult to keep this substance in solution at
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concentrations above 1 mM. The most potent inhibitor was
the cadralazine metabolite (CGP 22634), which at 20 mM
caused a 100% inhibition, and at 0.2mM caused a
pronounced inhibition of myeloperoxidase enzyme activity
(87%). For further details, see Table 1.

Discussion

This study shows that hydralazine, dihydralazine and
cadralazine exert an inhibitory effect upon MPO activity.
Hydralazine and dihydralazine have a similar molecular
structure, and differ only in the number of hydrazine
groups, hydralazine having one and dihydralazine two. The
results show clearly that the number of hydrazine groups
are important for blocking MPO enzyme activity. The new
antihypertensive cadralazine was found to possess an
intermediate position with a stronger inhibitory potency as
compared to hydralazine, but weaker as compared to
dihydralazine.

Cadralazine is chemically related to hydralazine and
dihydralazine, but differs by an ethoxycarbonyl group
attached to the hydrazine group. The underlying reason
has been to “hide” the hydrazine group and thereby

Hydralazine

100 |F——" T\-\
3
50 - \.,
30 — \
! ! L~
Dihydralazine
100 _I—_.T___I\-;
o
e
oy
=4
o
© 50 -
M
5}
2 30
{ i -
Cadrolazine
100 |- \‘L--—T\T\
50
30 |~ -
L 1 1\
-9.9 -6.9 -4.9 -2.9

Log concn (M)

Fig. 1. Inhibition curves for the three antihypertensive

compounds hydralazine, dihydralazine and cadralazine in

the concentration range 13 mM to 0.13 nM. For all three

compounds a statistical significance was found in reduction

of MPO enzyme activity at the concentration 1.3 uM
(P <0.001).
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Table 1. Interaction of four hydralazine metabolites and the major metabolite to cadralazine which are detected in

plasma, with myeloperoxidase (MPO) enzyme activity

Concn (mM) BA 7114 (%) N

Hydralazine

Cadralazine

BA 7127 (%)N

CGP 10601 (%) N CGP 14184 (%) N*

CGP 22639 (%) N

20 -87+7.2(8) —353x5.1(7) — — —100 0.0 (6)
10 — — —54.5+ 6.3 (5) — —

2 -8.6+4.7(9) 1.5+2.1(7) -4.0=7.1(5) — —-99.2 + 0.3 (6)

1 — — - 5.7+5.5 (6) —

0.2 ~1.1£53(@8) -37%43(7) -3.9+2.9(5) -2.9+7.0(5) ~87.2 £ 3.3 (6)
2x1077  +36x49(5) +1.9%35(7) ~2.7245(5) ~6.6 = 9.3 (5) ~6.4 2.6 (12)
2x10°? 5.1+40(4) —24%5.1(7) 2339 (5) +1.4 = 8.8 (5) +6.1 = 8.0 (9)
2x10*  +8.0224(4) -08%3.6(7) 10.2 = 8.6 (5) +14.9 = 4.2 (5) +1.0 = 5.0 (9)
2x107%  +1.826.1(6) —14243(7) 1.0+2.5(5) -2.7%2.9(5) +0.8 7.7 (8)
2%x10°% +1.4%57(5) —-08%£53(7) 1.7+42(5) +2.6 4.5 (4) +23 6.0 (8)

Controls were run in parallel. CGP 14184 and CGP 10601 were dissolved in ethanol/phosphate buffer. Controls with

corresponding percentages of ethanol were run parallel to each drug concentration.

— Inhibition of MPO enzyme activity.

+ Stimulation of MPO enzyme activity expressed against controls.
* It was difficult to keep this substance in solution at concentrations above 1 mM.

Values are means = SD. N, number of observations.

preventing interaction with macromolecules. However, this
study shows that cadralazine binds to myeloperoxidase
with the same strength as hydralazine, Hydralazine, as well
as cadralazine inhibited MPO enzyme activity more
efficiently than their metabolites, indicating a stronger
binding to the MPO molecule.

Hydralazine may induce two kinds of autoimmune
adverse effects. It may cause a SLE-like syndrome called
also “later toxicity”. This condition differs in a very
significant fashion from idiopathic systemic lupus ery-
thematosus, in that the Kidney is characteristically spared
in hydralazine lupus. In the idiopathic disease, however,
renal failure is frequent. The underlying pathogenic
mechanisms for, both the induced SLE-like syndrome
{10, 11}, as well as the induced isolated kidney damage
{12, 13} are still unknown. It has been found previously
that hydralazine is able to bind to macromolecules.
Therefore, it has been speculated that the hydrazine group
could be the chemical moiety responsible for the induced
lupus-like syndrome, where a reaction between the
hydrazine group and the pyrimidine of DNA could be a
possible explanation for the immunological side-effects
[14). Hydralazine has also been reported to complex with
soluble nucleo protein (a DNA-histone complex) and
thereby change its physical properties [15]. Furthermore,
it has also been shown that hydralazine binds covalently
to the complement component C4 [16].

On the other hand, it has been found that several
chemical substances bind to MPO and have been found to
inhibit its enzyme activity. Diketones inhibit MPO activity
[17). They are used for probing for essential arginine
residues in proteins [18]. It has been reported that chloride
binds to MPO. By resonance Raman spectra it was
evidenced that chloride binds to the central iron atom of
the chlorine [19].

The study shows that hydralazine, dihydralazine and the
new agent cadralazine bind to MPO. Evidently they bind
to the enzymatic active site or very near to it. Spectral
analysis and nuclear magnetic resonance (NMR) could
help to identify the exact binding site.

In conclusion, from a theroretical point of view it could
be assumed that the binding of hydralazine to MPO could
contribute under certain circumstances, and in patients
with a genetic predisposition, to production of antiboc'ies
against MPO.
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