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In recent years, an inherited metabolic defect has been demon­
strated in erythrocytes from both primaquine-sensitive and favic 
patients.1

The most important features of the erythrocyte abnormality 
are:

1. a marked deficiency of glucose-6-phosphate dehydrogenase, 
(G-6-PD),2-3

2. the instability of reduced glutathione, (GSH),WA6
3. the susceptibility of the erythrocytes to form Heinz bodies 

when incubated with oxidating substances like acetylphenyl­
hydrazine (APH).3'7,8

Minor biochemical alterations were described in several labora­
tories: some enzymes of the glycolytic pathway, like aldolase,3-®’10 
glyceraldehyde-3-phosphate dehydrogenase (GAPD) 319 transchetolase 
and transaldolase11 were investigated and reported to have

* Paper read at the Second Middle Eastern-Mediterranean Pediatric Con­
gress, Ankara, 1961.



<94 The Turkish Journal of Pediatrics

higher activities than normal; GSH-reducatasc activity was also 
shown to be markedly increased.12 Most of the enzymes of the 
glycolytic chain were studied and found to be within the normal 
range.3*9*13 A decrease of catalase activity was recently pointed 
out by Tarlov and Kellermeyer ;14 further, a sharp fall of this 
enzyme was observed during the primaquine-induced hemolytic 
crisis 14 along with the decrease of GSH. Hemolytic crisis .is also 
characterized by the diminution of the erythrocyte content in 
ATP.15

As the decrease of the G-6-PD activity in the hemolysates is the 
most characteristic defect discovered to date, the erythrocyte ab­
normality is generally referred to as G-6-PD deficiency.

The enzyme defect has a racial distribution, with the highest 
incidence among American negroes,16 southern Italians - especially 
Sardinians1 - and Sephardic Jews.17 The erythrocyte abnormal­
ity is responsible for the susceptibility to hemolysis induced by 
many drugs and some vegetable foods: Primaquine,16*18 Atabrine,1 
quinidine,1»19 nitrofurans,20 Phenacetin,1*21 sulfonamides,1*21*22 chloram­
phenicol,1*23 trinitrotoluene,1*24 etc. are able to produce acute 
hemolytic crisis in subjects affected by the G-6-PD deficiency. 
In Italy, Israel and other Mediterranean countries, the clinical 
picture evoked by the erythrocyte abnormality is more often repre­
sented by favism ;1 besides fava beans, peas are very occasionally 
responsible for the production of acute hemolytic episodes.1

As the G-6-PD deficiency represents the common biochemical 
feature of a group of anemias resulting from diverse causes, it was 
considered convenient to propose the unique denomination of “En­
zyme - Deficiency Hemolytic Anemias” (Larizza,25*26 Larizza et al.1)

Even if the mechanism of the hemolysis induced by drugs and 
vegetables is still basically obscure, the available information suggests 
that the GSH deficiency and instability play an important role in 
the destruction of the erythrocytes in the enzyme-deficiency hemolytic 
anemias.

GSH is a protective factor for the erythrocytes preventing the 
transformation of hemoglobin into methemoglobin and sulfhemoglo­
bin,27,28 and protecting the SH - containing enzymatic and stromal 
proteins from the action of oxidating substances. Scheuch et 
al. 29 recently reported that hexokinase and GAPD from normal 
RBC were inactivated by incubation with APH, the phenomenon 
being explained on the basis of the sulfydryl structure of these enzymes. 
Moreover, Rapoport and Scheuch,30 from the same laboratory,
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showed that inorganic pyrophosphatase of rabbit reticulocytes was 
equally sensitive to the oxidating action of APH: much experi­
mental data were recorded in the literature regarding the thiol nature 
of this enzyme.31

Our present intent is to report the results of some investigations 
on the inorganic pyrophosphatase activity of G-6-PD deficient ery­
throcytes during and apart from a hemolytic episode. Data will also 
be presented concerning the instability of inorganic pyrophosphatase 
in fabic erythrocytes.*

Material and Methods
Subjects were chosen among the male patients of the Cagliari 

University Hospital. They were grouped as follows:
1. 8 G-6-PD deficient individuals unaffected by hemolytic crisis,
2. 11 affected by an acute crisis of favism,
3. 10 examined between 7 and 10 days after the hemolytic 

episode.
In all of them the pyrophosphatase content of erythrocytes was 

determined. Samples of blood from the patients of the first group 
were also used to investigate the stability of fabic pyrophosphatase in 
comparison with the normal enzyme. All determinations were carried 
out on heparinized blood.

The methods for the G-6-PD and GSH determinations and for 
the evaluation of the GSH stability were described elsewhere.3,5 
An assay for the inorganic pyrophosphatase determination was used 
based on the measurement of the inorganic phosphorus split from a 
Na-pyrophosphate solution, in the presence of the enzyme. The meth­
ods, both for the preparation of the hemolysate and for the enzyme 
assay, were described in detail in'previous papers.31132

A pyrophosphatase stability test was devised, incubating G-6-PD 
deficient blood at 37 C. with proper amounts of APH. The optimum 
ratio for a discrimination of normal and enzyme-deficient subjects 
was found to be 2 mg. of APH per 1 ml. of whole blood.

Results
As is shown in table 1, the inorganic pyrophosphatase activity 

of G-6-PD deficient erythrocytes is decreased in comparison with the 
normal average value. However, normal and pathological values are 
partially interspersed at the lower limits of the normal area.

♦ More extensive reports on this subject were published in Acta Haematol?'112
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Patients investigated during an acute hemolytic crisis, and partic­
ularly at its beginning, show a marked decrease of the pyrophos­
phatase activity; soon after the cessation of the hemolytic episode, 
along with the reticulocyte crisis, the enzyme content of the RBC 
rapidly increases up to values 3 or 4 times higher than normal. (Table 1.)

Values of inorganic pyrophosphatase activity

(Normal average value: 370.9 units/io® R. B. C.)

TABLE 1

Enzyme deficient Fabic patients Fabic patients
subjects (in crisis) (after crisis)

310 380 780
362 82 960
242 112 1030
178 242 778
155 IO 921
392 43 1310
164 172 730
222 116 1500
— 175 1012
— 224 1210
— 241 —

Average Average Average
253-1 163.3 1023.1

The incubation experiments with APH indicate that pyro­
phosphatase from G-6-PD deficient erythrocytes is very unstable, being 
easily inactivated after 1 and 2 hours at 37 C. (fig. 1) Under the same 
conditions, normal pyrophosphatase does not show any diminution 
of its values.

Discussion
The results of our present investigation indicate that inorganic 

pyrophosphatase of G-6-PD deficient erythrocytes 1) has a lower 
activity than normal and 2) is unstable in the incubation test with 
APH. Moreover, pyrophosphatase 3) shows a critical fall of its values 
when the acute hemolytic process takes place.

The striking similarity of behavior between pyrophosphatase, on 
the one hand, and GSH on the other, is easily understood on the basis 
of the experimental data which prove the sulfydryl structure of the 
enzyme. Inorganic pyrophosphatase is the first SH-enzyme which is 
shown to decrease during thefabic hemolytic crisis; other SH-enzymes, 
like GAPD, lactic dehydrogenase (LD),3'8'10 fructose - 6 - phosphate 
kinase (F-6-PK)13 and glioxalase33 were investigated and found
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to have normal activities. It seems likely that an alteration of 
SH-depcnding enzymes may play an important role in the path­
ogenesis of hemolysis. Until now, determinations were all carried 
out, necessarily, in hemolysates but it is not inconceivable that the 
results obtained in these experimental conditions may not reflect 
the intracellular metabolic situation.

Fig. 1 — Inorganic pyrophosphatase level of erythrocytes before and after 
1 and 2 hours of incubation at 37 C. with acetylphcnylhydrazyne (2 mg./ml. 
of blood). (From Acta Haematologica.)

Many data arc now available concerning the relation of SH- 
compounds to hemolysis. The importance of GSH in preventing the 
oxidation of hemoglobin and the formation of Heinz bodies was 
recently stressed by Allen and Jandl.27 Rapoport et al.29»30 testing the 
stability to APH of some SH-enzymes (hexokinase, GAPD, G-6-PD, 
pyrophosphatase), suggested the idea of a “self-stabilizing chain of 
enzymes” in the erythrocytes: the integrity of enzymatic sulfydryl
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groups would be therefore one of the most important factors in the 
regulation of erythrocyte metabolism.29 It was suggested by Arcsu 
and Congiu 34 that the extractable stromal proteins of G-6-PD defi­
cient erythrocytes have also a lower content of SH groups; they 
would also be oxidated during the hemolytic crisis of favism deter­
mining the formation of disulfide - linkages and the aggregation of 
normally distinguishable protein fractions.34

Our observation of a marked fall of the inorganic pyrophos­
phatase activity in patients affected by favism is a further proof of the 
existing interrelation between oxidation of sulfydryl groups and 
hemolysis. Moreover the instability of inorganic pyrophosphatase of 
G-6-PD deficient erythrocytes supports the idea that a primary alter­
ation of SH-containing compounds has an important place in the 
fabic erythrocyte abnormality: it cannot be excluded that such in­
stability of the free sulfydryl groups might also be the fundamental 
expression of the genic defect.

Summary
Inorganic pyrophosphatase activity of erythrocytes was found to 

be decreased in subjects affected by the glucose-6-phosphate dehy­
drogenase deficiency.

During the acute hemolytic episode of favism, pyrophosphatase 
activity shows a further critical fall.

Pyrophosphatase from glucose-6-phosphate dehydrogenase defi­
cient erythrocytes is easily inactivated when RBC are incubated with 
proper amounts of acetylphenylhydrazine; such instability can be 
used for the detection of the glucose-6-phosphate dehydrogenase 
deficiency.
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