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Abstract : Several compounds such as aldoximes, ketoximes, amidoximes and guanidoximes were
oxidized by liver microsomes from dexamethasone-treated rats with formation of nitrogen oxides such as

NO7-, NO3- and NO. The oxidative cleavage of their C=N(OH) bond appears as a general P450 3A-
catalyzed reaction, which is particularly efficient in the case of N,N'-disubstituted guanidoximes.

Nitric oxide, NO, is a recently discovered biological effector which plays a key role in the
cardiovascular and central and peripheric nervous systems, and modulates immunological responsesl. In
vivo, NO is biosynthesized by a two-step oxidation of L-arginine, the second step being an oxidative
cleavage of the C=N(OH) bond of intermediate N®-hydroxy-L-arginine (eq.1)2:3. This oxidation is
catalyzed by NO synthases that are hemeproteins closely related to cytochromes P4503. Even classical rat
liver P450s catalyse the oxidation of N®-hydroxy-L-arginine to citrulline and nitrogen oxides including

NO?.
o i
NOS or P450 o _ }
(eq.1) RNH—C-—NH, o » RNH—C—NH, + NO —— NO3, NOj
NADPH + O,
N®_hydroxy-arginine citrulline

Recently, we found that an exogenous compound, benzamidoxime Ille, could also generate
nitrogen oxides including NO by a P450-dependent oxidation of its C=N(OH) bondS. Moreover, the P450-
dependent oxidation of a guanidoxime, N-hydroxydebrisoquine, to the corresponding urea was recently
reported®. These results suggested that exogenous compounds containing a C=N(OH) function could act as
precursors of NO and be exogenous equivalents to N®-hydroxy-L-arginine for NO formation. In order to
test the generality of this phenomenon, we have synthesized various compounds containing a C=N(OH)
function such as alkyl- and aryl-aldoximes I, ketoximes II, amidoximes IIT and guanidoximes IV, and
compared their capacity to generate NO2™ and/or NO3- (the final, stable oxidized derivatives of NO) upon
oxidative cleavage of their C=N(OH) bond by rat liver cytochromes P450. This communication reports that
the 18 compounds studied are oxidized by liver microsomes with formation of nitrogen oxides, and shows

for the first time that the P450-catalyzed oxidative cleavage of C=N(OH) bonds is a general reaction.
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S::nthesis"

Aldoximes I, ketoximes II and amidoximes III (Table 1) were prepared from reaction of
NH,OH, HCI with the corresponding aldehydes, ketones and nitriles by classical methods8.9. The
synthetic routes used to prepare mono- or N,N-disubstituted guanidoximes from the corresponding
cyanamides are outlined in Scheme 1. Addition of NH,OH, HCI to intermediate cyanamides gave
guanidoximes IV as well as small amounts of ureas which could be easily separated. Symetrically N,N'-
disubstituted guanidoximes were obtained upon reaction of NH2OH, HCl with the corresponding
carbodiimides!0.

RR'NH 2 . RR'N—CN —E——> RR'N—ﬁ—NHz + RR'N—I(ll—NHz)

N—OH 0
c.d c

RRN—C—NH,

S
Scheme 1 : Synthetic routes to guanidoximes IV (Table 1).
a) 1.1 eq. BrCN, 2eq. NEt3, Et70, 3h, O°C!! ; b) 1.5 eq. NH2OH, HCI, EtOH, 15h, reflux ; ¢) 1 eq.
PhCOCI, 1.05 eq. NH4SCN, acetone, 0.5h, 0°C then 1 eq. RNHR, 1h, reflux ; d) NaOH, 1h, reflux then
HCI13 ; &) 1 eq. Pb(QAc), Hp0, 0.5h, 70°C12,

Oxidation by rat liver cytochromes P450.

The ability of the various compounds containing a C=N(OH) function to undergo a P450-
dependent oxidative cleavage of their C=N bond was first studied by incubating them with rat liver
microsomes in the presence of the cofactors of cytochromes P450, NADPH and O3, and by measuring the
formation of NO;- 14, Table 1 shows that , for all the compounds studied, liver microsomes from rats
treated by dexamethasone were much more active than microsomes from untreated rats. This result is in
complete agreement with previous results reported for amidoxime Ille, showing that cytochromes P450
from the 3A subfamily which are specifically induced by dexamethasone are the most active ones”. All
aldoximes 1, ketoximes IT, amidoximes IIT and guanidoximes 1V studied led to significant amounts of
NO;-. Its formation was clearly dependent on a cytochrome P450-catalyzed oxidation as it did not occur
either with boiled microsomes or in the absence of NADPH, and was greatly decreased in the presence of
troleandomycin, a classical inhibitor of P450 3As (data not shown, see also ref. 5, 4, 15). Moderate
formation of NO2- (between 2 to 7 nmol per nmol P450 in 10 min) was observed for aldoximes, ketoximes
and amidoximes, whereas much higher activities were obtained for guanidoximes IV (between 11 to 79
nmol.nmol P450-1. (10 min)~!1). In that regard, it is noteworthy that the rates of NO;~ formation markedly
increased when nitrogen-containing electron-donating substituents were present on the C=N(OH) carbon
(compare for instance IIIb and 1Va). Moreover, activities were higher with guanidoximes bearing two N-
alkyl substituents than with those having only one N-alkyl (or aryl) substituent (compare IVa,b and ¢ with
IVd,e and f).



Formation of nitrogen oxides

Table 1 : Formation of NO»- from incubations of RR'C=N(OH) compounds with liver
microsomes from untreated (control) or dexamethasone (DEX)-treated rats in
the presence of NADPHA.
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R R' control DEX R R' control DEX
rats rats rats rats
Ia |Ph H <01 [3.0 |1 |Ph NH; 02 25
Ib |4-CIPh H <0.1 |20 |IIb |4-CiPh NH; 07 26
Ic |nCeHis H 0.2 [3.7 | Illc |4-(nCgH30)Ph NH, 06 68
Ila |Ph CH: | <01 |32 |IVa {4-CIPhNH NH, 0.6 184
Ib |4-CIPh CH3 0.1 [6.2 | IVb|4-CF3PhNH NH, <01 110
e |nCsH;;  CH3 | <01 [7.0 |Ive O—N“ NHy <01 286
1d |nC4Hg CHs | <01 |51 [1Ivd >—.\'H >—NH 09 62
1le -(CHp)s- <01 |30 |1ve <:>——.\'H <:>—-NH <01 55
IIf |CH3CO  CH3 | <01 |46 |1Ivf CN_ NH, o

a) Results are expressed as nmol NO;™.(nmol P450)-1.(10 min)} and are means + 20% from at least four
experiments. Incubations were performed as described previously ; they involved 100 UM substrate, 1
MM P450 and 1 mM NADPH in 0. 1M phosphate buffer, pH 7.4.

In the case of ketoxime IIb, amidoximes IIb and 11Ic, and guanidoxime IVa, we have checked
that formation of NOj- was accompanied by that of the keto derivative RR'CO that is expected for an
oxidative cleavage of the substrate C=N(OH) bond (Table 2). Formation of NO3- was also detected ; it was
always smaller than that of NO3- except in the case of IIle. The amounts of RR'CO were comparable o
those of NO2~ + NO3-in all cases studied (Table 2).

Table 2 : Formation of NO2°, NO3- and RR'C=0 from reaction of various RR'C=N(OH)

compounds with rat liver microsomes and NADPH.

R R’ NOy~ NOs- RR'C=0
ITb 4-CIPh CHj 6.2 1.2 6.4
{1Tb 4-ClPh NH»> 2.6 1.5 5.1
IIlc 4-(nCeH130)Ph NH»2 6.8 8.1 12.5
IVa 4-CIPhNH NH»> 18.4 4.4 17.7

Results expressed as nmol product.(nmol P450)-1.(10 min)-1 and are means + 20% of at least four
experiments performed with liver microsomes from dexamethasone-treated rats as described in ref.5 in the
case of IITb. NOy- and NO3~ measured according to a previously described procedure!4.

The aforementioned data show that 18 different compounds containing a C=N(OH) function act as

precursors of nitrogen oxides upon oxidative cleavage of their C=N(OH) bond by rat liver microsomes.
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Formation of NO was studied in the case of ketoxime IIb and guanidoximes IVa and I'Vd. NO formation
was followed by detection of P450-and P420-Fe(I)-NO complexes by EPR spectroscopy and found to
occur with these three compounds (data not shown) as well as with amidoxime III¢S. Thus the formation
of nitrogen oxides including NO upon enzymatic oxidation of exogenous compounds involving a
C=N(OH) function, which has been previously reported for benzamidoxime IIIc3 and N-
hydroxypentamidine!6, appears as a quite general reaction occurring not only for amidoximes and
guanidoximes but also for aldoximes and ketoximes. As shown in Table 2, the formation of nitrogen
oxides occurs in a manner concomitant to that of the keto compounds RR'CO corresponding to starting
RR'C=NOH substrates. This oxidative cleavage of C=N(OH) bonds appears as a new general cytochrome
P450-dependent reaction, which is very efficient with cytochromes P450 3A (eq.2). It is particularly fast in
the case of N,N'-disubstituted guanidoximes (around 8§ turnovers per min). Its mechanism is currently
under study ; its significance for the formation of NO from exogenous compounds in vivo remains to be
established.

(€q.2) RRC=N-OH —=" __» RR'C=0 + NO;(NO;3, NO...)
NADPH + O,

R,R' = H, alkyl, aryl, NHR,, NR|R,
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