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A new thiol-oxidizing agent, diamide, (CH3)2NCON=NCON(CH3)Z, is shown to 
stoichiometrically oxidize glutathione (GSH) within the human red blood cell to the 
disulfide (GSSG). Conversion of GSH to GSSG is very rapid, even at l-4’. No inter- 
ference with cellular function is observed as shown by almost complete regeneration 
of GSH after incubation with gluoose at 37”, and no alteration in hemoglobin, osmotic 
fragility or cell density is found. 

Some time ago we introduced methyl pbenyldiazenecarboxylate (azoester I) as a 
reagent for,the oxidation of glutathione (GSH) to the disulfide (GSSG) within the human 
erythrocyte (1). Extensive chemical (2,s) and biological (4,s) studies have led to the 
following scheme forthe behavior of I : 

CGH5N = NCOOCH3 (azoester I) 

GSSG 

‘gH5’ 66H6 C6H5N= NCONHP C6H5NHNHCOOCH3 

(free 
radicals) 

(inert 
hydrocarbon 1 

(u yl&ive 

2 %  co. 49% Ca.49% 
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After consumption of the GSH by reaction with aeoeeter I, -free radicals, 
produced via hydrolysis and reaction with oxygen, oan cause damage to ,the cell. 
Although such damage is both interesting and useful (5), it was desirable to have in 
hand a reagent which would convert GSH to GSSG without forming free radicals in a 
side reaction. The design of the reagent was based on two qualities: (a) resistance 
to hydrolysis in neutral aqueous solution and (b) preference for the hydroxide ion 
reaction with the intermediate diazene (RN=NH) rather than the oxygen reaotion by 

making R astrong eleotron-withdrawing group. 

We here report a reagent which fits these specifications. The compound is 
diazenedicarboxylic acid bis(N, N-dimethylamide), II, for which we prefer the trivial 
name, diamide. Diamide is easily made by the eynthesis of Crawford and coworkers 
(6). It is a yellow, non-hygroecopic crystalliae solid, easily soluble in water and 
organic solvents, and rather stable towards hydrolysis (t 

4- 
is estimated as 3000 

hours at pH 7.4). The overall reaction of diamide with GSH is like that of the azo- 
ester I. (Eq. 1) (397) 

(1) (cH~)~NcoN=Nc~N(cH~)~ + 2GsH + (CH&NC~NHNHC~N(CH,)~ + GSSG 

Diamide II 

A measured volume of diamide in aqueous buffer solution ie added to a cold 
(l-4O) suspension of washed human red blood cells in glucose-isotonic phosphate- 
sodium chloride buffer with rapid m ixing on a Vortex. Final diamide concentrations 
are between 1 - 50 x lo-’ M . After,a few m inute8 at 1-4O, samples are removed and 
analyzed in the usual way by the method of Beutler (8). To permit regeneration of 
GSH within the cell, the treated suspension is incubated at 37O and aliquots are 
removed at intervals for GSH analysie (4). The reeults of eeveral experiments are 
shown in Fig. 1, from which it may be eeen that about 0.6 mole of diamide is 
required to oxidize 1 mole of GSH. The theoretical value for the amount of diamide 
required per mole of GSH ie 0.5. 

Diamide treatment doee not interfere with normal cell funotion as ehown by the 
almoet complete regeneration of GSH after incubation. Afterthe applioation of 
diamide sufficient to oxidize all of the intraoellular ,GSH of red blood o&r, inoubation 
led to OS-9S”/, regeneration of the GSH within 30 m inutee. Larger amounts of diamide 
cawed a lag in the beginning of regeneration and a lower rate of regeneration. However, 
even for a red blood oell sample to whioh a five-fold exoecl6 of dlamide (over that 
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Diomide(pmole/ml R.B.C.) 

Fig. 1. Oxidation of GSH by diamide. 

30 60 120 240 390 
Minutes 

Fig. 2. Regeneration of ;SH after oxidation by diamide. Moles of diamide 

used per mole of GSH in red blood cell sample: (a) 0.5, (b) 0.9, 

(c) 1. 8, (d) 2.4, (e) 3.0. 

required for complete oxidation of the GSH) had been applied, almost BOO/ of the original 
GSH oontent was eventually reformed. These results are illustrated in Fig. 2. 

Diamide treatment of red blood oelle has no obeervable effeot other than the 
intraoellular oxidation of glutathione. A large exoeaa of diamide did not alter the 
hemoglobin (light abeorption epectrum unahangedl , the density distribution of the oelle 
(dialkyl phthalate method) (B), the osmotio fragility (Fragiligraph) (lo), or agglutina- 
bility by poly-Lrlyeine (11). Carbon monoxide loaded red blood cells did not hemolyae 
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after addition of excess diamide in contrast to the marked hemolysis found for such 

cells after the use of a similar quantity of azoester I (5). Heinz bodies were not 

seen in the light microscope nor were small electron-dense bodies seen under 

the electron microscope. In fact, ghosts prepared from diamide treated red blood 

cells appeared to be identical under the electron microscope to ghosts from untreated 

cells. 

Diamide is a useful reagent for the intracellular oxidation of glutathione in a 

wide variety of biological systems. The reaction of diamide with GSH is extremely 

fast and close to the theoretical in stoichiometry within cells. We shall report 

elsewhere on some of the effects achieved with diamide in biological systems (12). 

Azoester I is a useful reagent for intracellular oxidation of GSH for those 

cases in which it is desired to pose a serious chemical challenge (in the absence 

of GSH) to the cellular systems. Diamide II is preferred when it is desired to study 

primarily the effects of a temporary removal of GSH (as GSSG) within the cell. The 

two reagents constitute a pair which should continue to aid efforts to understand the 

biological significance of glutathione. 
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