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Methylhydrazine reacts with hemoglobin and myoglobin in their 
Fe(II1) or Fe(I1) states, in the presence of limited amounts of 
oxygen p with quantitative formation of methyldiazene-Fe(I1) com- 
plexes of these hemoproteins.These complexes are equally formed 
by direct reaction of Hb- or Mb-Fe(I1) 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 CHsNHNH and C6H5NHNH2 
exhibit two major differences:(i) no intermediate p enyldiazene- % 
Fe(I1) complex could be detected from C6H NHNHz,(ii) the final 
Hb-Fe(III)-phenylhydraxine-derived metabo ite complex is more sta- 5. 
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(l-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(C6H5NHNH2)by oxy- 

hemoglobin(Hb02)(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 C6H5NHNH2(2,6,7) 

(ii) very recently, N-phenyl-protoporphyrin 1X(8,9) and @-meso- 

phenyl-biliverdin IX(o) were isolated as final products of the 

reaction between Hb02 and C6H5NHNH2, after acidic treatment.The 

present report concerns the reactions of methylhydrazine CH3NHNH2 

with hemoglobin and myoglobin and comoares them to the correspon- 
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ding reactions of phenylhydrazine.It provides evidence for the 

intermediate formation of iron(I1) -methyldiazene complexes in the 

reactions of CH NHNH2iwhich are the first examples of hemoprotein- 
3 

or iron-porphyrin-Fe(II)-alkyldiazene complexes, and shows that 

these compounds are further oxidized into ferric complexes havinp 

spectral characteristics similar to those of the previously des- 

cribed ferric hemoglobin-C#5NIINH2-derived metabolite complexes(2). 

MATERIALS AND M!ZTHODS 

Materials: Kethylhydrazine was used as supplied from Aldrich. 
Phenylhydrazine from Prolabo was distilled over NaOH 
Methyldiazene was prepared as described previously(l0 P 

ellets. 
.Myoglobin 

type I equine skeletal muscle and hemoglobin tyoe I from bovine 
blood were purchased from Sigma; they are almost completely in 
the ferric form.Deoxy-Fe(II)-Mb or -Hb were orepared by reduc- 
tion of the commercial samples with nearly stoechiometric amounts 
of sodium dithionite under argon and purified by chromatoqranhy 
on a Sephadex G-10 column.Spectrophotometric measurements were 
performed on an Aminco DW2 spectrophotometer. 
Reaction of methyldiazene with tibFe(II) :Yethyldiazene prepared as 
described previously(lO) was bubbled throuch'a 10D5M solution of 
MbFe(I1) in phosphate buffer pB 7.L(O.lV) durinr ca. 5mn, in 
strictly anaerobic conditions.The visible snectrum of the solution 
was recorded immediately and found almost, superimnosable to that 
of complex AMg(Fig.l) 
Tyoical proce ure for the isolation of complexes I? and F': 1~ of -- ___l--_l_---~. 
CHxNHNII2 is progressively added to an aerobic 50 ml solution of 
1~ of MbFe(III).After 3h, the hemoglobin complex is purified and 
separated from the excess of hydrazine by chromatography on a 
Sephadex C-IO column(O.lM phosphate buffer as eluent).A further 
lyophilization allowed to remove the remainin:; traces of hydra- 
zine. 
Acidic extraction of the heme of isolated complexes 
20 rni; of isolated complex ?SHb is treated by 30 al of 

BHb and P! : 
C'igOIibbn - 

taining 1.5 ml of H2SO4 36Y overnight at .&OC.The pi:ment's are 
then extracted by a previously described nrocedure(8) and studied 
by visible spectrosco y and thin-layer chromatography on silicasel 
(CN2C12:acetone,80:20 . r The major oigment was found in this case 
nearly identical to that derived from iron(III)-protopornhyrin IX 
or HbFe(II1) themselves treated in the same conditions; it is 
iron-protoporphyrin IX-dimethyl ester because of esterification 
of the COOH groups during the CII3O!I-!I2SO4 extraction.The same 
reaction performed on F$, gives a oiqment which was found iden- 
tical to N-phenyl-p;ojJoporphyrin IX-dimethyl ester(R), either as 
a free hase or its hn complex. 

RESULTS 

Reaction of hemoglobin and my,-qlobin with Ci!3NHI!i!2 : -.~ - 
In anaerobic conditions, CH3N!13X2 does not bind to the iron 

of YbFe(I1) and only reacts with EbFe(II1) by reducing it to 

MbFe(II).When MbFe(III), or MbFe(II), is made to react with excess 

CH3NHNH2 in the presence of limited amounts of 02(10 moles per 

mole of Mb) a new complex &b , 1 exhibitin-! characteristic peaks at 
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Table 1 

UV-visible spectral characteristics of the complexes 
formed by reaction of Mb and Hb with CH NHNH (A,B) 
or C6H NHNH2(g)(phosohate buffer pH 7. 2,0.12M) 

r 
max(nm) 

&Mb 423 525 555bh) 563 

AHb 429 528 555 

@Mb L&O 5LO 571bh) 6351sh) 

%b 437 537 567kh) 636(sh) 

%b L33 539 573(sh) 6Ll(sh) 

%b L30 538 571 (sh) 6.&O(sh) 

423, 525, 555 and 563 nm is almost quantitatively formed(Fig.1). 

Once formed, complex AMh is unchanged upon addition of a few 

equivalents of sodium dithionite but reacts immediately and quan- 

titatively with CO to give YbFe(II)CO.Comnlex AMh is equally for- 

med by reaction of MbFe(I1) with CK N=NJ! in anaerobic conditions. 
3 

The visible spectrum of comnlex AEjb is very similar to that nre- 

viously described for the myoglobin complex formed by reaction of 

diimide NH=NH with MhFe(II), for which a MbFe(II)-(NH=NH) struc- 

ture has been oroposed(ll).This spectral similarity, together with 

the formation of complex liErh by direct interaction of MbFe(I1) 

with C!i N=NII 
3 

and its fast transformation into MbFe(II)CO unon CO 

addition, indicates that complex AE,,h derives from the binding of 

CH3K=NII to the iron of KhFe(I1). ' 

JJnon addition of one equivalent of ferricyanide to complex 

AwJ* it is quantitatively oxidized to comnlex ? 

spectrum(A= 440, 544 and 570 nm, 
--Mb' the visible 

Fiq.l )of which is very similar 

to that found for the comnlex R,ib formed hy reaction of oxymyo- 

slohin with CcF!5 NJ!NH2(Table 1) .Exnosure of comnlex &h to dioxv- 

Ken also leads to complex PMh within 15 mn, and it is noteworthv 

that reaction of oxymyo?lohin with CF13NII"JI12 in usual aerobic con- 

ditions leads quantitatively to complex J?,:b. 1 
Very similar reactions were observed with hemoulobin, the 

corresponding AHb and BFb complexes exhibitin< the spectral cha- I 
racteristics indicated in Table l.It is noteworthy that, as Mh or 

iib complexes, compounds Rnb and P -JJb are characterized by Soret 

peaks unusually shifted to the red. 

p_yonerties of complexes EMb.and RHb;~oarison with Ebb and Rhb: ) 
Complexes !fQ, and .!Ifb exhibit visible soectra very similar 

to those described for the Mb- and Jib- "ferrihemochromes"(comolexes 
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l3Ab and Bfib)formed by reaction of Mb and Hb with C6115NHNH2(Table 

1) and previously interoreted as Mb or Hb*Fe(III) complexes with 

a C H N=r!H or C6H5N=N- ligand of the iron(2,7).Complexes Bblb and 
6 5 

BHb can be ourified by column chromatoqrawhy and are stable for 

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

the presence of a large excess of sodium dithionite, comwlexes 

%b and BHb are slowly transformed into Mb- or Hb-Fe(II)(oO$ after 

48h).‘Kihen kept at 20°C in aerobic phosphate buffer pH 7.4(O.lP), 

they are slowly transformed into Mb- or Hb-Fe(II1) that give Mb- 

or Hb-F'e(II)CO quantitatively upon dithionite reduction in the 

presence of CO.Complexes lhb and B;Ib are more stable in that sen- 

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

conditions. 

Extraction of the heme of isolated complex 73iib in the condi- 

tions described by Ortiz De Montellano et al.(8)(treatment by 

H2S04 in CH301H and CHC13 extraction)leads to N-ohenyl-orotopor- 

phyrin IX-dimethyl ester with a yield of about &O%.This is in 

agreement with the results wreviously reworted for heme extrsc- 

tion on mixtures coming from reaction of !ib with C6H5NHNH2 in 

excess(8,9).0n the contrary, we were unable to detect the corres- 

ponding i:reen N-methyl-protoporphyrin IX-dimethyl ester when iso- 

lated comolex BHb was treated in the same conditions, iron-proto- 

porphyrin IX-dimethyl ester being the main oigment recovered in 

this case. 

rncmr,ssrobi L 
The aforementioned results give a detailed mechanism for the 

reaction of Mb- or Hb-Fe(I1) or -Fe(III) with CH NHNH2 in aerobic 
3 

conditions(Scheme l).The first intermediate(complex AMb or A,,) 

derives from the oxidation of C!13NHP!H2 by HbFe(II)02 or HbFe(II1) 

leading to CH3N=NH and HbFe(II), and the bindinq of CH N=NH to 
3 

HbFe(II).Complexes AMb and AHb, which are equally obtained by 

direct binding of C!13N=NH to the iron of YbFe(I1) in anaerobic 

m @Fe *C,H,NHNH, E’ 

f 0, 
H:CH@“- N-C,H,-PPIX DME 

HpFeD 
/ 

e NH = NCH, 

Scheme 1 

(Hp, lib or htb, PPIX DME = protoporphyrin-IX- dimethyl ester) 
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conditions, are the first reported alkyldiazene comnlexes of a 

ferrous hemonrotein.The existence of their (Cil??r=XiI)-Fe(IT) bon? 

is further substantiated by a recent isolation and characherisa- 

tion of a porphy'rin-iron(methyldiazene complex; Fe(tetranhe- 

nylporphyrin = TPP)(CH3N=;JH)2, unon reaction of Fe(II)(TPP) with 

CH JJ=NW(P.Aattioni, 
3 

J.P.Mahy, C.Trillet, D.Xansuy, to be published) 

The alkyldiazene ligands are isoelectronic to their oxyqen-con- 

taininq analogues, 

PeII+&R' 

nitrosoalkanes(l2,13) and 02.Their affinity 

13 re'L$O FellLcf/O 

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

alkanes, since contrary to the latter lizands they are easily 

disnlaced b:y CO and even by 02(when O2 is bubbled throueh a 10 - 5,: 

solution of nure complex f&b, it is ranidly transformed into 

HbFe(II)O2) .Vhen Ci13N!1NH2 reacts with :!bFe(III) or ZbFe(II)O2 in 

usual aerobic conditions, comnlex AIJb is only formed as an inter- 

mediate, its concentration deoendin? unon the relative startin: 

concentrations of C!i Ui!N!I! 
3 

2, lib and 02, since its diazene liyand nay 

be exchanged with 02 and since it is further oxidized by 02 into 

comnlex CfIb. 

In the case of the corresnondin? reactions with C6!15KTl?JX2, 

a final complex l?Ab (or Iihb), exhibitin? visible snectra very 

similar to those of EL. --!-ib is also formed, but, in similar condi- 

tions to those mentioned above, no equivalent of complex $Jb was 

ever observed.AccordinFly, no iron(C~iIgM=N'l 
, , 

2 bond is formed 

won anaerobic reaction of C II X=XY and ;Ib- or "b-Fe(II)(b,lL). 
6 5 

This could be related either to a Sreater steric hindrance or a 

lower bindin!; affinity of C6i!51';=?iH compared to Cii :J=N;'.In ? that 

resnect, it is noteworth;r that nitrosoalkanes exhibit a much 

ni.;her affinity for ferrous hemoprotcins and nornhyrins than 

nitrosoarenes(l5).Another major difference between the reactions 

of c:x IJiIW2 
3 

and C6H5NH~JJi2 is the fate of isolated comnlexes Elib 

and 7.' ":!b uoon acidic extraction of the ~~me.~~-DLlenyl-nrotonoro~~rin 

IS is formed in hit:h yields from the latter, as found nrevi ously 

(P,l)) whereas "I-m ethyl-nrotonornhyrin IX could not. be ietect,ei! 

from the former, iron-arotonornhyrin TV hein? mainlv recovered in 

this case. 

?he nrecise struct;lre of comnlexes of tv?e r! is not. :iet. nre- - 
sently clear.Takinr into account that co-inlox P is forme? bv oxi- 

dation of A by Fe(C:J)0K3 or 02, a nossihle structure for it coulc! 

if-Lvolve t.hs binijin:; of either the diazene itself, $‘l I!=F!ii, 
3 

nr it:; 

anion Cii IJ=YJ- 3 to -ib- (or 'Vb-) ?e(III).Vowever, it is 'inoun that 
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oxygen-containing analogues of alkyldiazenes, nitrosoalkanes and 

O2' 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 2 and to understand the different behaviour of 

Band p uoon heme extraction by acidic treatment. 
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