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Y ACHNIN ET AL.1 HAVE SHOWN that normal human erythrocytes

treated with certain proteolytic enzymes, cholera vibrio filtrate, influenza

virtms and periodate iomi were made susceptible to acid lysis in compatible hu-

man serum similarly in sonic respects to paroxysmal nocturnal hemoglobinuria

(PNH) red cells.

It was subsequently ol)served,24 that normal red cells treated with certain

proteohytic enzymes show low acetyichohinesterase ( AChE ) activity and nor-

mal activity of certain other intracellular amid stromal enzymes. Decreased

AChE activity has been the most consistently demonstrated biochemical ab-

normality in PNH red cells;5’� however, there is no evidence that AChE de-

ficiency by itself leads to increase susceptibility to hemolysis.

It has been observed7 that treatment with AET (2-aminoethyhisothiouro-

nium bromide ) or cysteine, under suitable experim’nental conditions, also results

in “pseudo-PNH” cells with similar, though not identical, susceptibility to

hemolysis in acidified serum.

The aim of this paper is to report the results of some enzymatic investiga-

tions carried out on normal red cells treated with the above-mentioned sulfhy-

dryl compotmnds.

MATERIALS AND METHODS

The normal blood was drawn using heparin as anticoagulant from healthy blood donors

and immediately centrifuged at 3000 r.p.m. for 15 minutes. The plasma was collected and
stored at 4 C. until use. and the red cells were treated with the AET and cysteine solutions

as previously described.0 � The red cell glucose-6-phosphate-dehydrogenase (G-6-PD)
activity was determined according to Kornberg and Horecker8 (C-6-PD test Boehringer) on
whole blood; this was obtained by adding 1 volumme of autologous plasma to 1 volume of

untreated or treated packed red cells.

The red cell AChE activity was measured by the manometric Warburg technic according

to De Sandre et al.9

The red cell 02 uptake in the presence of methylene blue was determined by the

manonietric Warburg technic according to Oka and Puranen.1#{176}
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For the red cell glycolytic activity determination, 1 volume of packed red cells was added

to 1 volume of Ringer-bicarbonate solution; 1 .8 ui1. of this suspension were incubated at 38

C. in a Warburg apparatus. After an equilibration period-i.luring which the flasks were

gassed with 95 per cent N., + 5 per cent C09-at zero time, 0.2 ml. of 2.5 per cent

aqueous solution was added from the sidearm. so that a glucose final concentration of 250

mug. per cent was achieved. The lactic acid production was estimated by difference, froni

the values obtained at 0 and 60 minutes, in duplicate; the quantity of lactic acid was

determiiined in each saniI)le l)y triplicate enzymatic determination, according to the method

of Scholz et al.m1 (lactic acid-test Boehringer).
Ham’s acid heniolvsis and Crosby’s thirombin tests were performed as described

previously. � and the intensity of the hemolysis obtained was estimi�ated photonietrically.

EXPERIMENT

The experiment was performed with the red cells of five donors. On each donor’s red

cells the AChE activity’, C-6-PD activity’, 0., uptake in the presence of methylene blue, amid
lactic acid production in the presence of glucose were determined. These investigations were

carried out simultaneously on 3 aliquots of each sample: ( 1 ) red cells untreated, but sub-

jected to the washings and the incubation at 37 C. as undergone by treated red cells;7 (2)

red cells treated with AET; ( 3 ) red cells treated with cvsteine.

Statistical ai�alysis was performed on the data obtained-that is, initially the analysis of
variance with two criteria of classification and. subsequentl�-, the Dumican new niultiple range

test.12

The treated red cells were also submitted to Ham’s acid hemolysis test and Crosby’s

thrombin test.

RESULTS

The results are summarized in Table 1, from which the following can be

observed:

1. The AChE activity of tile normal red cells treated with AET and cysteine

was significantly lower (p < 0.001 ) than that shown by the same untreated

red cells. The fall of enzyme activity was significantly greater (p < 0.001 ) in

AET-treated than in cysteine-treated cells.

2. No statistical difference between tile erytiirocytic G-6-PD activity values

obtained in untreated and treated red cells was observed.

3. The 02 uptake in the presence of methyhene i)lue of the red cells treated

With AET and cysteine was significamithy lower ( p < 0.001 ) than that of the

same untreated red cells, and the decrease was significantly greater ( p <

0.001 ) in AET-treated than in cysteimie-treated red cells.

4. The production of lactic acid in the presence of glucose of untreated and

treated red cells was extremely variable from case to case; nevertheless, this

enzymatic activity was miot significamitly compromised (p > 0.20) in treated red

cells.

5. No quantitative correlation was observed betweemi the intensity of hemol-

ysis of treated red cells in Ham’s acid hemolysis test and Crosby’s thrombin

test and the degree of suppression of their AChE activity.

DIscussIoN

The in vitro susceptibility to acid lysis of AET- and cysteine-treated normal

red cells invites comparison of their enzymatic behavior with that of PNH red

cells. The former, just like PNH erythrocytes, show low AChE activity, and in
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Lactic Acid
Production
j�g./h./mg.

0.416

±0. 101

0.550

±0.091

0.432

± 0. 131
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\Ve are greatly in(lebted to Drs. P. Lucchelhi and NI. Turn for helpful advice on the
statistical analysis of our data.

Table 1.-Summary of the Enzyme Activities Observed in Untreated and in AET.

and Cysteine.Treated Normal Red Cells

G-6-PD
AChE milliunits/ O� Uptake

QCO� 1O’RBC QO�

34.16 155.12 0.637

±0.65� ± 1.99 ±0.042

5 8.46 158.18 0.133

±1.31 ±7.74 ±0.026

5 19.28 174.58 0.386

±0.72 ± 15.15 ±0.035

No. of
Cases

Untreated normal 5
red cells

Normal re(l cells

treated with AET

Normal re(1 cells

treated with cysteine

#{176}Nlcan ± SE.

both cases no quantitative correlation is observed between the intensity of acid

hemolysis and the degree of suppression of AChE activity. Moreover, like

PNFI erythrocytes, treated red cells display normal G-6-PD activity amld lactic

acid production in the presence of glucose. However, the 02 uptake in the

presence of methylene blue, which is normal or increased imi PNH erythro-

cytes,1� is depressed in treated red cells; these results suggest a fundamental

difference between treated and PNH erythrocytes.

The abnormality of treated red cells is probably not due to a selected

eilzymatic lesion. Nevertheless, treatment with the above-mentioned sulfhydryh

compounds does not cause destruction of all red cell enzymes, as shown by the

limiding that the overall activity of the Embden-Meyerhof pathway is normal.

Thus, in spite of the fact that treated red cells have no precise counterpart in

human disease, further studies to determine the nature of their abnormality are

imidicated. This would perhaps help to understand the still unknown cause of

some phenomemia such as the susceptibility of certain red cells to acid lysis.

SUMMARY

Some enzyme activities of normal himmami red cells treated with AET amid

cysteimie have been investigated. Treated red cells showed low acetyichohines-

terase activity and low 02 uptake in the presence of methylene blue; on the

contrary, ghucose-6-phosphate-dehydrogenase activity and lactic acid produc-

tion in the presence of glucose were found to be normal. Results are briefly

discussed.

SUMMARIO IN INTERLINGUA

Certe activitates ‘enzymatic de IiOrmah erythrocytos human tractate con

bromumro de 2-aminoethyhisothiouronium e cysteina esseva investigate. Tractate

erythrocytos manifestava tin basse activitate de acetyichohinesterase e un

basse acceptation de 02 in le presentia de blau methylenic. Del altere latere,

Ic activitate de glucosa-6-phosphato-dehydrogenase e he production de acido

lactic imi Ic presentia de glucosa se monstrava normal. Le resultatos es com-

memitate brevemente.
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