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M ETHEMOGLOBIN, once formed within normal human erythrocytes,

can be reduced to oxygen-carrying hemoglobin by mechanisms that

require the generation of reduced pyridine nucleotides and an intact electron

transport system. One mechanism, extensively studied by Kiese3’4 and Huen-

nekens5’6 and their associates, involves the transfer of electrons from reduced

triphosphopyridine nucleotide (TPNH ) to methylene blue or an unknown

natural cofactor and then to a heme enzyme. TPNH is the preferred reduced

pyridine nucleotide in this system.6 The reduced enzyme can then reduce

either methemoglobin, oxygen or cytochrome c. Another system, suggested

by Gibson7 and demonstrated recently by Scott,8’#{176} involves the transfer of

electrons from reduced diphosphopyridine nucleotide ( DPNH ) to methemo-

globin, oxygen, cytochrome c or a dye, 2,6-dichlorobenzenone indophenol, in

the presence of a diaphorase-like enzyme. The rate of this reaction with

TPNH is only about 10 per cent of the rate with DPNH.#{176} The present report

describes investigations of these two systems for the reduction of methemo-

globin to hemoglobin in normal human erythrocytes, in erythrocytes deficient

in glucose-6-phosphate dehydrogenase ( G-6-PD ) activity, and in erythrocytes

of a patient with congenital methemoglobinemia of an enzymatic type.

MATERIALS AND METHODS

\Vhole blood, anticoagulated with heparin, was obtained from six normal adults, from

six adult Negro males whose erythrocytes were found to be deficient in G-6-PD activity

by an enzymatic assay10 and from a 35 year old Puerto Rican woman with congenital

methemoglobinemia of an enzymatic type.11 The Negro males were either healthy sub-
jects or patients without anemia or evidence of hemolysis under treatment for pulmonary

tuberculosis with isoniazid, paraammnosalicylic acid or streptomycin. One subject with

G-6-PD deficient erythrocytes was found to have hemoglobin S trait on paper electro-

phoresis of his hemoglobin.

Erythrocytes were obtained from these blood samples by centrifugation and washing

at 4 C. three times with three to four volumes of isotonic sodium chloride-sodium phos-

phate buffer solution, pH 7.3 (nine parts 0.9 per cent sodium chloride solution and one
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part 0.11 M sodiuni phosphate buffer, pH 7.3). The washed erythrocytes were incubated

at room temperature for 20 minutes after they were resuspended in an equal volume of

1.0 per cent sodium nitrite in the same isotonic solution. This procedure resulted in the

conversion of essentially all of the hemoglobin to methemoglobin. The erythrocytes were

then washed five times with eight to ten volumes of tile isotonic sodium chloride-sodium

phosphate buffer solution with centrifugation at 4 C. A 25 per cent suspension of the

treated and washed erythrocytes in the same buffer solution was prepared and the actual

volume of packed erythrocytes was determined. Four-ml. portions of the erythrocyte

suspension were added to 25-ml. Erlenmeyer flasks containing 2 ml. of isotonic sodium

chloride-sodium phosphate buffer solution ( equal volumes of 0.9 per cent sodium chloride
solution and 0.11 NI sodium phosphate buffer, pH 7.3) in which were dissolved the desired

substrates and 0.5 mg. per ml. of penicillin and of streptomycin. The flasks, loosely stop-

pered with cotton plugs, were incubated at 37 C. in a Dubnoff metabolic shaker-incubator

oscillating 92 cycles per minute. At intervals during the incubation, aliquots of each

suspension were removed for the determination of the concentration of methemoglobin

by the method of Evelyn and Malloy12 as described previously.11 After 6 hours of in-

cubation, a sufficient volume of a solution of methylene blue, 0.5 mg/mI. of isotonic

buffer solution, was added to provide 0.12 �tmoles of methylene blue per ml. of erythrocytes.

DPNH-diaphorase assay: Hemolysates of washed, nitrited erythrocytes were prepared

by diluting packed erythrocytes 1 :20 with distilled water and centrifuging for 10 minutes

at 10,000 x g. The assay was performed by the mnethod described by Scott8 after deter-

mining the total hemoglobin concentration in the supernatant hemolysate by the cyan-

mllethemllOglObin method. Reduction of the dye, 2,6-dichlorobenezenone indophenol, was

deterniined by observing the decrease in absorbancy at 600 m,� in a Zeiss PMQ II spec-

trophotonleter at 25 to 27 C. The contents of tile 1 cm. light path cuvettes, in a total

volume of 3 ml., are indicated in figure 3. The change from the initial absorbancy reading

was plotted against time for a blank cuvette without hemolysate and for the cuvette

containing hemolysate equivalent to 3.25 mg. of methemoglobin. The latter curve was

corrected for a small decline in absorbancy that was observed in a cuvette without DPNH

but with hemolysate. DPNH was obtained commercially and its concentration in a

freshly prepared solution was determined from tile absorbancy at 340 m�. Under these

conditions, the rate of reduction of the dye with and without hemolysate was reproduci-

ble and nearly linear over a 20-minute period.

TPNH-methemoglobin reductase assay: Because of the lability of this system5 and be-

cause of interference in the assays resulting from the presence of methemoglobin in

hemolysates of nitrited erythrocytes, untreated erythrocytes were employed for these

determinations. Thrice-washed erythrocytes were suspended in an equal volume of 0.9

per cent sodium chloride solution and were hemolyzed by freezing in a dry-ice alcohol

bath and thawing under tap water two times. After centrifugation at 10,000 x g for 10

minutes, the concentration of hemoglobin in the supernatant solutions was determined.

Assays of these hemolysates for TPNH oxidase, cytochrome c reductase and methemo-

globin reductase activity were performed as described by Huennekens et al.5 TPNH and

cytochrome c were obtained commercially. Crystalline hemoglobin, prepared by the

method of Drabkin,13 was treated with an approximately equal volume of 1.0 per cent

sodium nitrite for 1 hour at room temperature. The material was dialyzed for 48 hours
at 4 C. against 2.8 M phosphate buffer, pH 6.8, to prepare crystalline methemoglobin.
TPNH oxidase activity was measured by observing the decline in absorbancy at 340 mp.

in a cuvette containing 110 1imoles of sodium phosphate buffer, pH 7.4, 0.30 p.mole of

TPNH, 0.027 p.mole of methyiene blue and hemolysate containing 4.5 mg. of hemoglobin.

The total volume of the reaction mixture was 3.0 ml. Cytochrome c reductase activity

was determined by including 0.20 1tmole of cytochrome c in the cuvette and following the

appearance of the reduced cytochrome c band at 550 m�c. Methemoglobin reductase

activity was calculated from the increase in absorbancy at the 575 mj.c band of oxyhemo-

globin when 0.13 ttmole of crystalline methemoglobin was included in the cuvette. The

observed changes in absorbancy were corrected for non-enzymatic oxidation of TPNH or
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Fig. 1.-Reduction of methemoglobin to hemoglobin during incubation of sus-

pensions of normal erythrocvtes and ervthrocytes of a patient with congenital methe-

inogtobinemia before and after addition of methviene blue.

reduction of cytochrome c or methemoglobin by including cuvettes from which ilemoiysate

was omitted. The reactions were followed for 11 milinutes at 25 to 27 C. and the reaction

rates were calculated from the linear portions of the curves and were expressed as change

in absorbancy at the indicated wave length per minute per gram of hemoglobin. The

large amount of hemoglobin added with the hemolysates nlade it impossible to increase

the concentration of hemolysate above that equivalent to 4.5 mg. of hemoglobin in the

assay for TPNH oxidase activity. However, the reaction rates were proportional at lower

concentrations of hemolysate. Duplicate determinations performed with a hemolysate on

the same day agreed within 15 per cent.

RESULTS

Data from a typical experiment performed with normal erythrocytes and

with erythrocytes from the patient with congenital methemoglobinemia are

presented in figure 1. In the presence of glucose or inosine, progressive re-

duction of methemoglobin to hemoglobin occurred in the normal erythrocytes,

but failed to occur in the erythrocytes of the subject with congenital methe-

moglobinemia. After 6 hours of incubation, the addition of methylene blue

produced an acceleration of methemoglobin reduction in normal erythro-

cytes during the subsequent hour of incubation and resulted in the rapid
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Fig. 2.-Reduction of methemoglobin to hemoglobin during incubation of sus-

pensions of normal erythrocytes and ervthrocytes deficient in glucose-6-phosphate
dehydrogenase activity before and after addition of methylene blue.

reduction of methemoglobin in the erythrocytes of the patient to nearly the

same level as in the normal cells. In figure 2 are shown the results of a

similar experiment conducted with normal and with G-6-PD deficient erythro-

cytes. The rate of reduction of methemoglobin was essentially identical in the

two types of cells during the first 6 hours. However, the marked acceleration

of methemoglobin reduction produced in normal erythrocytes upon the addi-

tion of methylene blue did not occur in the G-6-PD deficient erythrocytes.

Since it was not possible to differentiate clearly between a deficient genera-

tion of reduced pyridine nucleotides and a deficiency in a methemoglobin

reductase system in intact cells, it became necessary to study the two mecha-

nisms in hemolysates. In figure 3 are presented the data from representative

determinations of the DPNH-utilizing diaphorase-like system. Rapid and

equal reduction of 2,6-dichlorobenzenone indophenol was observed with the

riitrited hemolysates of normal and of G-6-PD deficient erythrocytes when

compared to the non-enzymatic reaction between DPNH and the dye in the

blank. In contrast, the nitrited hemolysate of the erythrocytes of the patient

with congenital methemoglobinemia showed impaired reduction of the dye,

even less than in the blank. This latter situation probably resulted from the
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Fig. 3.-Assay of DPNH-diaphorase activity. Cuvettes contained indicated

amounts of nitrited hemolvsate, DPNFI, 2,6-dichlorobenzenone indophenol (2,6-

DBI), trishydroxymethyl aminomethane buffer, pH 7.6 (TRIS), and sodium

ethylene-diaminetetraacetate (EDTA) in a total volume of 3.0 ml., while the blank
contained no hemolysate.

oxidation of the chemically reduced dye by tile methemoglobin in the hemo-

lysate in the absence of the activity of the enzyme present in the normal and

tile G-6-PD deficient hemolysates.

The results of experiments performed with untreated hemolysates to de-

termine tile activity of the TPNH-utilizing methemoglobin reductase sys-

tem are summarized in table 1. It is apparent that the activity of this System

was reduced by about 50 per cent in the hemolysates of G-6-PD deficient

erythrocytes but was essentially normal in hemolysates of erythrocytes of

the subject with congenital methemoglobinemia.

DISCUSSION

The experiments performed with intact human erythrocytes have confirmed

the inability of erythrocytes from a subject with congenital methemoglobin-

emia to reduce methemoglobin to hemoglobin upon incubation with suitable

substrates in the absence of an autoxidizable dye, such as methylene blue.

Since the ability of the erythrocytes of the patient with congenital methemo-

globinemia to metabolize glucose and inosine was shown to be normal,1’
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566 ERNEST R. JAFFE

Table 1.-TPNH Oxidase, Methemoglobin Reductase and Cytochrome c Reductase
Activity in Hemolysates of Human Erythrocytes

TPNH Methemoglobin Cytochrome
Oxidase Reductase Reductase

Subjecth Activityt Activityt Activityt

Normal individuals

S.F. 1.06 1.55 5.59

E.J. 1.15 2.68 9.86

E.J. 1.06 2.35 9.45

N.K. 1.15 1.51 7.16

N’I.R. 0.98 1.47 5.42

E.G. 1.20 1.68 7.46

B.L. 1.04 2.06 6.09
B.L. 1.08 1.87 6.84

Average ± S.D.� 1.09 ± 0.07 1.90 ± 0.44 7.23 ± 1.66

G-6-PD-deficient subjects

L.G. 0.51 1.02 2.89

C.w. 0.47 1.22 3.41

P.J. 0.45 1.02 3.71

J.C. 0.25 0.80 2.94

AM. 0.49 0.96 2.71

D.G. 0.56 0.99 3.21

Average ± S.D.j 0.46 ± 0.11 1.00 ± 0.14 3.14 ± 0.37

Congenital mllethemoglobinemia subject

ED. 1.03 1.86 7.80

ED. 1.01 2.24 7.43

- #{176}Each pair of initials represents a differentindividual. Where initials appeartwice, the

determinations were performed on erythrocytes from the same subject on different days.

tActivity expressed as change in absorbancy per minute per Gm. of hemoglobin, cor-
rected for a blank, at 340 m�, for TPNH oxidase, at 575 me., for methemogiobin reductase

and at 550 m� for cytochrome c reductase.

Average of all determinations in the group ± standard deviation.

these observations are consistent with the concept that in at least one type of

congenital methemoglobinemia of the enzymatic type there is a defect in

electron transport from reduced pyridine nucleotides to methemoglobin.

Further support for this conclusion is derived from the observed defect in

the DPNH-utilizing diaphorase-like methemoglobin reductase system (fig.

3) and the normal TPNH-methemoglobin reductase system (table 1) demon-

strated in hemolysates. It is apparent, therefore, that even in the presence of

adequate supplies of reduced pyridine nucieotides, these erythrocytes are

unable to reduce methemoglobin to hemoglobin without the assistance of a

substitute electron transport system that is provided by methylene blue.

Under the conditions of the experiments described here, where only the

reduction of methemoglobin to hemoglobin was studied, erythrocytes defi-

cient in G-6-PD activity were capable of reducing methemoglobin as rapidly

as were normal erythrocytes upon incubation with glucose or inosine. Similar

results were reported by Dawson et al.14 However, the marked acceleration

of methemoglobin reduction that resulted from the addition of methylene

blue to normal erythrocytes did not occur in the G-6-PD deficient erythro-
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METHEMOGLOBIN REDUCTION 567

cytes. The methemoglobin reductase system that is accelerated by methylene

I)lue is known to utilize TPNH preferentially,5’#{176} so tile limited acceleration

observed in erythrocytes incapable of reducing TPN to TPNH as readily as

normal cells would be expected. Tile limited enhancement of methemoglobin

reduction by methylene blue in such enzyme-deficient erythrocytes has been

reported before.’41#{176} A test for detecting erythrocyte G-6-PD deficiency based

on this phenomenon has been described and studied by Brewer et al.17 Tile

normal reduction of methemoglobin to hemoglobin in intact G-6-PD de-

ficient erythrocytes in the absence of methylene blue observed in the present

studies and previously’415 is compatible with the finding that the DPNH-

utilizing diaphorase-like methemoglobin reductase system was normal in

nitrited hemolysates (fig. 3).

The studies recently reported by Brewer et al.19 are at variance with the

finding of normal reduction of methemoglobin in G-6-PD deficient erythro-

cytes. These investigators followed the formation and conversion of methemo-

globin after the addition of varying concentrations of sodium nitrite to

samples of whole blood mixed with acid-citrate-dextrose ( ACD ) solution.

They observed a less rapid fall in the concentration of methemoglobin in

G-6-PD deficient erythrocytes than in normal erythrocytes that was statistical-

ly significant when the highest concentration of sodium nitrite ( 9 x 1O� M)

was employed. However, since these experiments involved both the formation

and the reduction of methemoglobin, they did not permit the evaluation of

mechanisms that may protect against the formation of methemoglobin. For

example, the decreased concentration and the instability of reduced gluta-

thione ( GSH ) in G-6-PD deficient erythrocytes may limit the ability of

glutathione peroxidase to protect against oxidation of hemoglobin to met-

hemoglobin.20’2’ A direct effect of GSH in protecting hemoglobin against

oxidation22’23 has been implied. However, the presence of glutathione peroxi-

dase and its protective effect in hemolysates of human erythrocytes24 and a

direct protective effect of GSH in the oxidation of hemoglobin to methemo-

globin23 have been questioned. The deficiency of catalase activity reported

to exist in G-6-PD deficient erythrocytes2#{176} might also impair protection

against methemoglobin formation, although the importance of this mechanism

has been questioned recently.27 It must he emphasized, therefore, that the

studies reported in this paper were designed to evaluate the reduction of

methemoglobin to hemoglobin within erythrocytes in the absence of residual

oxidizing agents and in hemolysates under optimal conditions.

The meaning of the apparent decrease in tile activity of the TPNH-utiliz-

ing methemoglobin reductase observed in henlolysates of G-6-PD deficient

ervthrocytes remains uncertain. An even more striking deficiency in TPNH-

nlethemoglohin reductase activity ��‘as reported by Bonsignore et al.25 in

erythrocytes from seven Sardinian subjects of a family with favism. L#{246}hr

and Wailer29 found that the TPNH-methemoglobin reductase system in

G-6-PD deficient erythrocytes was nearly normal when measured by the

oxygen uptake in a hemolysate in which TPNH was generated by exogenous

glucose-6-phosphate dehydrogenase. In contrast, in the present studies and

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/21/5/561/571264/561.pdf by guest on 19 M

ay 2023



568 EBNEST R. JAFFE

EMBDEN-MEYERHOF PATHWAY
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enzyme

Glucose- 6-PQ.� �-6-Phosphogluconate

6 - Phosphogluconic Acid -0- Ribulose -5-PQ�

HEXOSE MONOPHOSPHATE SHUNT

Fig. 4.-Pathways for the reduction of methemoglobin to hemoglobin in human

erythrocytes that are dependent upon generation of reduced pyridine nucleotides.

in the ones reported by Bonsignore et al., the methemoglobin reductase was

assayed with exogenous TPNH and was determined as TPNH oxidase, met-

hemoglobin reductase and cytochrome c reductase activity. An apparent

deficiency in TPNH-methemoglobin reductase activity in cord blood has

been reported.3#{176} It will be necessary to isolate the TPNH-methemoglobin

reductase system from normal and G-6-PD deficient erythrocytes in order

to confirm or refute the apparent diminished activity of this system in the

enzyme-deficient erythrocytes, to evalute the role of possible inhibitors and

to attempt to resolve the present discrepancies.

The studies reported here have provided further evidence that in intact

normal human erythrocytes, as �veil as in intact G-6-PD deficient erythrocytes,

the major pathway for the reduction of methemoglobin to hemoglobin prob-

ably proceeds by way of a DPNH-utilizing diaphorase-like system (fig. 4).

The required DPNH is produced during glycolysis by way of the Embden-

Meyerhof pathway upon conversion of glyceraidehyde-3-phosphate to 1,3-

diphosphoglycerate through the activity of triosephosphate dehydrogenase.

The lactic dehydrogenase reaction can also generate DPNH, but only when

lactate is present at a high concentration. The pathways for the generation of

DPNH do not appear to be impaired in G-6-PD deficient erythrocytes in the

absence of hemolytic agents, such as acetylphenylhydrazine.3’ An increase in

the concentration of methemoglobin in G-6-PD deficient erythrocytes has

Dot been found, although the concentration of DPNH in these enzyme-de-

ficient erythrocytes was reported to be decreased.2#{176} Normal reduction of met-

hemogiobin, therefore, would be anticipated in erythrocytes deficient in 0-6-

PD activity. In one type of congenital methemoglobinemia, the DPNH-

utilizing diaphorase-like system appears to be deficient in the erythrocytes,

despite adequate sources of DPNH. A recently reported case of congenital

methemoglobinemia may be the result of deficient generation of DPNH in

ervthrocytes with normal DPNH-diaphorase activity, but a strikingly low
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concentration of 0511.12 Tile importance of GSH for the reduction of met-

hemoglobin remains uncertain. Patients with hereditary absence of GSH in

their erythrocytes apparently do not have methemoglobinemia.33 if the

TPNH-methemoglobin reductase were a physiologically important pathway

for the reduction of methemoglobin, normal reduction of methemoglobin in

0-6-PD deficient erythrocytes would not have occurred. Conversely, a

deficiency of DPNH-diaphorase activity in the erythrocytes of the patient

with congenital methenioglobinemia should not result in complete inability

to reduce methemoglobin to hemoglobin. The TPNH-utilizing methemoglobin

reductase may be an auxiliary or reserve system for the reduction of met-

hemoglobin. Although it was suggested that ionic iron might act as the natural

cofactor,t this System �tPP�ars to require another artificial electron carrier,

such as methylene blue, to become fully effective in reducing methemoglobin

to hemoglobin. In 0-6-PD deficient erythrocytes, where generation of

TPNH l)y way of the Ilexosemonophosphate shunt pathway is decreased, the

activity of the TPNH-methemoglobin reductase is impaired. This decreased

capacity to reduce methemoglobin, however, ma� not only be due to a de-

ficient source of TPNH, but, Perllal)s, may also result from a defect in the

lllethemoglol)in reductase system itself.

SUMMARY AND CoNcLusioNs

The 1)�1t11��’tys for the reduction of methemoglobin to hemoglobin that are

dependent “P#{176}’1the generation of reduced 1)Yri(iilie ii ucleotides were studied

in normai htimaii er�throcytes, in erythrocytes deficient in 0-6-PD activity

and ill erythrocytes of a subject with congenital methemoglobinemia. Re-

duction of methemoglobin, produced by treatment with nitrite, occurred at

equivalent rates in normal and 0-6-PD deficient erythrocytes, but failed to

occur iii the erythrocytes of the patient with congenital methemoglobinemia

upon incubatioii with glucose or inosine. The DPNH-utilizing (liaphorase-hke

system was normal in hemolvsates of 0-6-PD deficient erythrocytes, but was

markedly deficient in hemolysates of ervthrocvtes of the subject with con-

genital methemoglobinemia. The marked acceleration of methemoglobin

reduction that occurred uPoll the addition of methylene blue to normal eryth-

rocytes and to tile ervthrocytes of the woman with congenital methemo-

globinemia did not occur with 0-6-PD deficient erythrocytes. The TPNH-

utilizing methemoglobin reductase system was normal in hemolysates of

erythrocytes of the patielit with congenital methemoglobinemia, but was re-

(bleed to about 50 per cent of normal activity in hemolysates of 0-6-PD de-

ficient erythrocytes.

The reduction of methemoglobin to hemoglobin in intact normal and 0-6-

PD deficient human erythrocytes probably proceeds by way of a DPNI-1-

utilizing, diaphorase-like system that is deficient in the erythrocytes of one

type of congenital methemoglohinemia. The TPNH-utilizing methemoglohin

reductase appears to be a reserve system that requires an artificial electron

carrier, such as methyleiie blue, to become fully effective in reducing met-

hemoglobin to hemoglobin. The TPNH-methemoglobin reductase system is
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impaired in 0-6-PD deficient erythrocytes not only because of a deficient

source of TPNH, but, perhaps, also because of a defect in this methemoglohin

reductase system itself.

Su�a�wiio IN INTERLINGUA

Le sequentia del reactiones in Ic reduction de methemoglobina ad in hemo-

globina, dependente del generation de reducite nucleotidos de pyridina, es-

seva studiate in normal erythrocytos human, in erythrocytos a carentia de

activitate de dishydrogenase de glucosa-6-phosphato, e in erythrocytos ab un

patiente con congenite methemoglobinemia. Le reduction de methemoglobina

sub le effecto de un tractamento con nitrito occurreva con equivalente in-

tensitates in erythrocytos normal e a carentia de dishydrogenase de glucosa-6-

phosphato. Jib non occurreva in ie erythrocytos ab le patiente con congenite

metiiemoglcbinemia post incubation con giucosa o inosina. Le systema dia-

phorase-simiie utilisante reducite nucleotido de diphosphopyridina ( DPNH)

esseva normal in hemolysatos de erythrocytos a carentia de dishydrogenase de

glucosa-6-phosphato sed esseva marcatemente deficiente in hemolysatos de

erythrocytcs �ib Ic subjecto con congenite methemoglobineniia. Le marcate

acceleration del reduction de methemoglobina que occurreva post le addition

(IC hl,ii� methyienic a erythrocytos normal e etiam a erythrocytos ab le patiente

coil congenite metbemoglohinemia non occurreva in erythrocytos a carentia

(Ic dishydrogenase de giucosa-6-phosphato. Le systema de reductase (le met-

henioglohina utilisante reducite nucleotido (le triphosphopyridina ( TPNH )

esseva normal in hemolysatos de erythrocytos ab le patiente con congenite

niethemoglobinemia sed esseva reducite per circa 50 p’�� cento ab le nivello

IlOlillill ill hemolysatos de erythrocytos a carentia de dishydrogenase de

glucosa-6-phosphato.

Le reduction de methemoglobina ad in henioglobina in intacte normal

ervthrocvtos human e in intacte erythrocytos human a carentia de dishy-

drogenase de glucosa-6-phosphato progrede probabilemente via un systema

diaphorase-simile utilisante DPNH, le qual es defective in Ic erythrocytos

de tin typo de congenite methemoglobinemia. Le reductase de methemoglohina

utilisante TPNH pare esser un systema de reserva que require tin portator

artificial de electrones-como hlau methylenic-pro devenir plenmente ef-

ficace in reducer methehmoglobina a hemoglobina. Le systema de reductase de

methernoglobina utilisante TPNH es defective in erythrocytos a carentia de

dishvdrogenase de glucosa-6-phosphato, non solmente a causa de un defective

fonte de TPNH sed prohahilemente etiam a causa de tin defecto in iste

svstema (le reductase de methemoglobina mesme.
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