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Methylhydrazine reacts with hemoglobin and myoglobin in their
Fe(III) or Fe(II) states, in the presence of limited amounts of
oxygen, with quantitative formation of methyldiazene-Fe(II) com-
plexes of these hemoproteins.These complexes are equally formed
by direct reaction of Hb- or Mb-Fe(II) with methyldiazene itself.
They are oxidized by oxygen or ferricyanide to stable complexes
exhibiting visible spectra very similar to those previously des-
cribed for complexes formed by aerobic reactions of phenylhydra-
zine with Hb or Mb.The reactions of Hb with CHaNHNH, and CgHgNHNH,
exhibit two major differences:(i) no intermediate p%enyldiazene-
Fe(II) complex could be detected from CgHgNHNHo, (ii) the final
Hb-Fe (III)-phenylhydrazine-derived metabo%ite complex is more sta-
ble than its methylhydrazine counterpart; moreover, an acidic
heme extraction on the former leads to important amounts of N-phe-
nyl-protoporphyrin IX whereas iron-protoporphyrin IX is mainly
recovered from an identical treatment of the latter.

INTRODUCTION

Hydrazine derivatives are very effective inducers of hemoglo-
bin(Hb) precipitation in the form of Heinz bodies within the red
cells and ensuing hemolytic anemia(1-3).As yet, most studies have
been concerned with arylhydrazines,and it has been shown that
reactive intermediates such as phenyldiazene and phenyl radicals
are formed upon oxidation of phenylhydrazine(CéHSNHNHz)by oxy -
hemoglobin(HbOz)(4-6).However,the detailed mechanism of the
reaction between hemoglobin and arylhydrazines is not yet com-
pletely clear despite the following results:(i) a hemoglobin-
Fe(III)-phenylhydrazine-derived metabolite complex is quantita-
tively formed upon reaction of oxyhemoglobin and CéHsNHNH2(2,6,7)
(i1i) very recently, N-phenyl-protoporphyrin IX(8,9) and @-meso-
phenyl-biliverdin IX(9) were isclated as final products of the
reaction between HbO2 and CéHSNHNHZ, after acidic treatment.The
present report concerns the reactions of methylhvdrazine CHBNHNH2

with hemoglobin and myoglobin and compares them to the correspon-
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ding reactions of phenylhydrazine.It provides evidence for the
intermediate formation of iron(II)-methyldiazene complexes in the
reactions of CHBNHNHinhich are the first examples of hemoprotein-
or iron-porphyrin-Fe(IIl)-alkyldiazene complexes, and shows that
these compounds are further oxidized into ferric complexes having
spectral characteristics similar to those of the previously des-

cribed ferric hemoglobin-CGHSNHNHZ-derived metabolite complexes{(2).

MATERTALS AND MNTHODS

Materials: Methylhydrazine was used as supplied from Aldrich.
Phenylhydrazine from Prolabo was distilled over NaOH pellets.
Methyldiazene was prepared as described previously(10).Myoglobin
type I equine skeletal muscle and hemoglobin type I from bovine
blood were purchased from Sigma; they are almost completely in
the ferric form.Deoxy=-Fe(II)-Mb or =-Hb were prepared by reduc-
tion of the commercial samples with nearly stoechiometric amounts
of sodium dithionite under argon and purified by chromatography
on a Sephadex G-10 column.Spectrophotometric measurements were
performed on an Aminco DW2 spectirophotometer.

Reaction of methyldiazene with MbFe(II):Methyldiazene prepared as
described previously{10) was bubbled through a 107°M solution of
MbFe (II) in phosphate buffer pH 7.4(0.1M) during ca. 5mn, in
strictly anaerobic conditions.The visible spectrum of the solution
was recorded immediately and found almost superimnosable to that
of complex Ay (Fig.1)

Typical procegure for the isolation of complexes B and E': 1g of
CHgNHNHp is progressively added to an aerobic 50 ml solution of
1g of MbFe(III).After 3h, the hemoglobin complex is purified and
separated from the excess of hydrazine by chromatography on a
Sephadex G-10 column{0.1M phosphate buffer as eluent).A further
lyophilization allowed to remove the remaining traces of hydra-
zine.

Acidic extraction of the heme of isolated complexes By, and B%b'
20 mg of isolated complex B, is treated by 30 ml of ~"CH30H ¢don-
taining 1.5 ml of HpSO4q 36M overnight at 4°C.The pigments are
then extracted by a previously described vrocedure(8) and studied
by visible spectroscopy and thin-laver chromatography on silicagel
(CH2612:acetone,SO:ZO?.The major vpigment was found in this case
nearly identical to that derived from iron(III)-protoporphyrin IX
or HbFe(III) themselves treated in the same conditions; it is
iron-protoporphyrin IX-dimethyl ester because of esterification
of the COOH groups during the ClgOH-HyS04 extraction.The same
reaction performed on B!. gives a vigment which was found iden-
tical to N-phenyl-protoporphyrin IX-dimethyl ester(8), either as
a free base or its Zn4"complex.

RESULTS

Reaction of hemoslobin and myoglobin with CH_NHNi. :

3 2
In anaerobic conditions, CHBNHNﬁz does not bind to the iron
of MbFe(II) and only reacts with MbFe(IIT) by reducing it to
MbFe (II).When MbFe(III), or MbFe(II), is made to react with excess

CHBNHNH2 in the presence of limited amounts of 02(10 moles per

mole of Mb) a new complex AMb exhibiting characteristic peaks at
281 -
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Table 1

UV-visible spectral characteristics of the complexes
formed by reaction of Mb and Hb with CH NHNHZ(A,Q)
or C6H5NHNH2(§j)(phosphate buffer pH 7.4,0.1°M)

\ max{(nm)
Ay 423 525 555(sh) 563
Ay 429 528 555
Byy, 440 540 571{sh) 635(sh)
Byy 437 537 567(sh) 636(sh)
By 433 539 573(sh) 641(sh)
Ry 430 538 S71hl 6400h) |

423, 525, 555 and 563 nm is almost quantitatively formed(Fig.1).
Once formed, complex AMb is unchanged upon addition of a few
equivalents of sodium dithionite but reacts immediately and quan-
titatively with CO to give MbFe(II)CO.Complex Ayy 1s equally for-
med by reaction of MbFe(II) with CHBNzNH in anaerobic conditions.
The visible spectrum of comolex A,, is very similar to that ore-
viously described for the myoglobin complex formed by reaction of
diimide NH=NH with MbFe(II), for which a MbFe(II)-(NH=NH) struc-
ture has been proposed(11).This spectral similarity, together with
the formation of complex Ay, by direct interaction of MbFe (II)
with CH3N=NH and its fast transformation into MbFe(II)CO uvnon CO
addition, indicates that complex A, derives from the binding of
CH,N=NIl to the iron of MbFe(II).

Upon addition of one equivalent of ferricyanide to complex
AMb’ it is quantitatively oxidized to comvnlex BMb’ the visible
spectrum (A= 440, 544 and 570 nm, Fig.1)of which is very similar
to that found for the compnlex Eﬁb formed by reaction of oxymyo-
globin with C6H5NHNH2(Table 1) JExnosure of comnlex AMb to dioxy-
gen also leads to complex BMb within 15 mn, and it is noteworthyv
that reaction of oxymyoglobin with CHBNHWH2 in usual aerobic con-
ditions leads guantitatively to complex gMb.

Very similar reactions were observed with hemoslobin, the
corresponding AHb and EHb complexes exhibiting the spectral cha-
racteristics indicated in Table 1.It is noteworthy that, as b or
Hb complexes, compounds BMb and EHb are characterized by Soret
peaks unusually shifted to the red.

. o . . . ' .
Proverties of complexes BMb and RHb’ comnarison with BMb and RHb'

Complexes BMb and EHb

to those described for the Mb- and Hb-"ferrihemochromes"{(complexes

exhibit visible svectra very similar
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Byy, and Eéb)formed by reaction of Mb and Hb with 06H5NHNH2(Tab1e
1) and previously interpreted as Mb or Hb«Fe(III) complexes with
a C H N=NH or 06H5N=N- ligand of the iron(2,7).Complexes By, and
B

Hb
hours in the presence of moderate excess of sodium dithionite,In

5

can be purified by column chromatography and are stable for

the presence of a large excess of sodium dithionite, complexes

By, and By, are slowly transformed into Mb- or Hb-Fe (I1)(90% after
48h).When kept at 20°C in aerobic phosphate buffer oH 7.4(0.1M),
they are slowly transformed into Mb- or Hb-Fe(III) that give Mb-
or Hb-Fe(II)CO quantitatively upon dithionite reduction in the
presence of CO.Complexes Bj., and BYj, are more stable in that sen-

se they do not revert to Mb- or Hb-Fe(II)(or Fe(III))in identical

conditions.

Extraction of the heme of isolated complex Eﬁb in the condi-
tions described by Ortiz De Montellano et al.(8)(treatment by
H2SOL in CHBOH and CHCl3 extraction)leads to N-vhenyl-vrotopor-
phyrin IX-dimethyl ester with a yield of about 40%.This is in
agreement with the results previously revorted for heme extrac-
tion on mixtures coming from reaction of Hb with CéHSNHNH2 in
excess(8,9).0n the contrary, we were unable to detect the corres-
ponding green N-methyl-protoporphyrin IX-dimethyl ester when iso-
lated comvlex EHb was treated in the same conditions, iron-proto-
porphyrin IX-dimethyl ester being the main vigment recovered in

this case.

DISCUSSION

The aforementioned results give a detailed mechanism for the
reaction of Mb- or Hb-Fe(II) or -Fe(III) with CHBNHNH2
conditions(Scheme 1).The first intermediate({complex Ayp OT Ayy)
derives from the oxidation of CHNHNH, by HbFe(II)O2 or HbFe(III)
leading to CH3N=NH and HbFe(II), and the binding of CH3N=NH to
HbFe (II).Complexes Ay and Ay,
direct binding of CH3N=NH to the iron of 'bFe(II) in anaerobic

in serobic

which are equally obtained by

HpFem .C.H:)NHNH, B H; CH;0H N-C,H,-PPIX DME
+ U

HpFel :CH,NHNH, [HpFeu<—NH=NCH,] FelCNkK, g
<0, iweqi / A or 0,

HpFen + NH =NCH,

Scheme 1

(Hp: Hb or Mb, PPIX DME = protoporphyrin-1X- dimethyl ester)
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conditions, are the first reported alkvldiazene comvlexes of a
ferrous hemovrotein.The existence of their (CH3N=WH)-Fe(II) bond
is further substantiated by a recent isolation and characterisa-
tion of a porphfrin-iron(II)-methyldiazene compvlex; Fe(tetraphe-
nylporphyrin = TPP)(CH3N=NH)2, upon reaction of Fe(IT)(TPP) with
CH3N=NH(P.Battioni. J.P.Mahy, G.Gillet, D.Mansuy, to be published)
The alkyldiazene ligands are isoelectronic to their oxysgen-con-
taining analogues, nitrosoalkanes(12,13) and 02.Thelr afflnltJ

N 0
/A NN N 1 y7
Iz——ﬁ<a § Felg—-N/ FeIL~—W7

R
for Fe(II)-porphyrins is however much lower than that of nitroso-

Fe

alkanes, since contrary to the latter licands they are easily
disnlaced by CO and even by Oz(when 02 is bubbled throush a 10
solution of vure complex Ay 1t is ranidly transformed into
EbFe (I1)0,).When CH;NUNI, reacts with 4bFe (I1T) or HbFe(II)0, in
usual aerobic conditions, comvlex Aﬂb is only formed as an inter-

Sy

mediate, 1its concentration devnending uvon the relative starting
concentrations of CEBWHV Lo Hb and Oz,since its diszene ligand mav
be exchansed with 02 and since it is further oxidized hy 02 into
comnlex PTb'

In the case of the corresvonding reactions with C(H5hﬂ‘q
a final complex qu(or PMb)' exhibiting visible snectra very
similar to those of EHb is also formed, but, in similar condi-

tions to those mentioned above, no equivalent of complex A was

Hb

ever observed,Accordingly, no iron(II)-CAH5N=Nﬂ2 bond is formed

uvon anaerobic reaction of 06H5\—N1 and b= or Mb-Fe(II)(é,14).
This could be related either to a zreater steric hindrance or a
lower binding affinity of 66H5N=HH compared to CﬁgN:NH.In that
resnect, it is noteworthy that nitrosocalkanes exhibit a much
nizher affinity for ferrous hemoproteins and porvhyrins than
nitrosoarenes(15).Another major ditference between the reactions
of CHBWHWHz and 06H5N%hd is the fate of isolated comnlexes p{b
and Eﬁb upon acidic extraction of the heme.l-nhenyl-nrotonornhvrin
IX is formed in high yields from the latter, as found nreviously
(8,9) whereas N-methyl-protoonornhyrin IX could not bhe detected
from the former, ironenrotonornhyrin TZ bein~ mainly recovered in
this case,

The nrecise structure of comnlexes of tvne B is not yeat nre-
sently clear.Takins into account tha*t connlex P is formed bv oxi-
dation of A by Fe(C! )6 3 or 02, a nossible structure for 1t could
involve the bindinz of either the diazene itself, CW3N=NH, or its

anion CHBN:N- to Ib- {or Mb-) Fe(IIl).However, it is known that
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oxygen-containing analogues of alkyldiazenes, nitrosoalkanes and

02, do not bind to hemoproteins in their ferric state, making the
Fe(III)~-(NH=NR) structure unlikely.

Further work is in progress to determine the structure of

complexes B and B' and to understand the different behaviour of

B and B' upon heme extraction by acidic treatment.
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