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I N 1955 Beutier et al.1 reported that in certain persons hemolytic anemia
caused by primaquine is associated with a lowered glutathione concentra-

tion in the erythrocytes. In 1956 Carson, et al.2 showed that these patients

have decreased glucose-6-phosphate dehydrogenase ( G-6-PD ) activity in

their erythrocytes. These defects are interrelated and genetically determined;

most probably they are transmitted by a sex-linked gene of intermediate

dominance.3 Hemolytic anemias caused by other drugs by a similar mechanism

have also been reported.4

A few reports on enzymes in platelets56 have recenfly appeared but only

one reference to G-6-PD could be found. Ramot, et al.7 described lowered

G-6-PD activity in platelets of patients who had “primaquine sensitive” eryth-

rocytes.

An investigation of the G-6-PD activity in platelets was undertaken to

ascertain if there is a defect in G-6-PD activity in some thrombocytopenic

states.

METhODS AND MATERIALS

Zinkham’s8 modification of Kornberg and Horecker’s#{176} method of measuring C-6-PD was
used. Ten milliliters of venous blood were collected in a one per cent solution of disodium

ethylenediamine tetra-actetate ( 1 part EDTA to 9 parts blood), using siliconized needles

and syringes. The blood was centrifuged for 10 minutes at 400 C in an International

Centrifuge PR-2 at 4#{176}C. Two milliliters of platelet plasma were aspirated into a siliconized

tube. From this a specimen was taken for a platelet count using one per cent EDTA as a

diluent. The center square mm. on both sides of a Spencer Bright Line, Improved Neu-

bauer Counting Chamber, 1/10 mm. deep was counted under a phase microscope and the

result multiplied by 1000 to give platelets per cmm. In this plasma only an occasional red
blood cell was present. No white blood cells were seen. The platelet rich plasma was then
centrifuged at 4#{176}C. at 1500 G for 15 minutes. The supernatant plasma was discarded. One

milliliter distilled water was added to the platelet button, mixed well, and frozen. After

one-half hour the platelet suspension was thawed at 37#{176}C. and centrifuged at 4#{176}C. again

at 1500 C for 10 minutes. In some experiments in which washed platelets were used, one
milliliter cold saline was added to the platelet button obtained from the platelet rich plasma.

The platelets were resuspended in saline and centrifuged at 4#{176}C. at 1500 C for 15 minutes.

The supernatant was discarded and the washing was repeated. One milliliter distilled water

was added to the platelet button. This washed-platelet suspension was frozen, thawed, and

centrifuged in the same manner as the unwashed-platelet suspension. In other experiments

the supernatant plasma and the saline, used to wash the platelets, were saved for measure-

ment of G-6-PD activity.

Thirty-six milliliters of whole blood mixed with 4 milliliters of EDTA solution were taken
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Table 1.-Glucose-6-Phosphate Dehydrogenase Activity of Platelets from

Patients with Thrombocytopenia

C. R.

E. We.

A. H.

25

71

58
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#{176}Sigma Chemical Company, St. Louis, Mo.

Patient Diagnosis Platelet Count x mo�
G-6-PD Units
Platelets x 1O�

l)Lli#{176} 40

A.L.f 24

AL. 24

J.Z. AL. .35 85

A.B. AL. 49 74

E.Wa. AL. 11 37

0 Disseminated lupus erythematostis.

fAcute leukemia.

from each of three normal indivi(hmals. Platelet rich 1)h15fl11 was Ohtaifle(l as (leScrihed

previously. On aliquots of the platelet rich plasimia, platelet counts were (lone and G-6-Pl)

activity was measured.

The following were added to a 3 ml. cuvette in a model I)U Beckman Spectrophotometer:

1.0 ml. 0.19M tris ( hydroxymethi ) aminomethamme buffer, pH 8.5; 1.5 ml. (listille(I water;

0. 1 nil. 0.3N1 NIgCl.,; 0.1 ml. 0.02N1 glucose-fl-phosphate ( (li-SO(liumlI or di-potassium salt ) ;

0.1 ml. enzyme source ( supernatant of platelet-water mixture ) ; 0.2 ml. 0.002M triphos-

phopyri(hnhmcleotide ( TPN ), pH 6.8. The change in optical density ( 0.1). ) per minute

lWtWeeIl 5 and 15 minutes after tla reaction was started by the addition of TPN was

recorde(l. Readings were miiade at 340 �t.

The results were expressed as units of G-6-PI) per billion platelets using the following

formiiula:1#{176}

A 0.1). ‘minute 1 10
________�- x � x

0.001 Platelet Count X 10�’ 1

RESULTS

Control studies showed that there was no increase in absorption when either

the TPN, glucose-6-phosphate, or the enzyme source was omitted from the

reaction mixture.

In 52 normal individuals the amount of G-6-PD p�’� billion p1�iteIets was

150-350 units.

In 27 P�ttiem1ts with thromhocvtopenia, (lue to various causes, only six were

found who had lowered concentration of the enzyme (table 1). Five of these

p�1t1ents had acute leukemia. The concentration of the enzyme varied from
37 to 85 units. Only J. Z. had therapy before our studies. None of these five

p�ttients went into remission; SO therefore, studies could not he (lone when
the�’ were hematologically or clinically normal.

One patient, C. R., a white woman whose platelet count was 40,000 per

cu. mm., had disseminated lupus erythematosus (D.L.E.). At the time she was

studied she was pregnant. Another patiemit, C. M., a negro woman who was

pregnant and had thrombocytopenia (platelet count 58,000 per cu. mm). ac-

companving D.L.E., had a normal concentration of C-6-PD in her platelets

(282 units).

ln the coimrse of this investigatiomi, three Patients with “primaquine semmsitive”

ervthrocytes were found. Confirming the work of Ramot et al.,7 the coneentra-
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tion of G-6-PD was decreased in the platelets as well as in the erythrocytes

(table 2) . None of the families were available to us for study.

The concentration of the enzyme was normal in three patients with aplastic

anemia and in three with idiopathic thrombocytopenic purpura. It was normal,

also, in the following diseases : chronic lymphatic leukemia, chronic myelogen-

ous leukemia, Hodgkin’s disease, and myelofibrosis of the bone marrow, (one

case of each).

Table 3 shows that the highest concentration of G-6-PD was found when

unwashed frozen platelets were used for the measurement. \Vashing did not

appear to be necessary since the plasma did not contain any G-6-PD activity.

The higher values for platelet G-6-PD found in our laboratory compared with

those published by Ramot et al.7 (normal 127.2 ± 38.5 units per platelets x
10k) is probably attributable to our routine use of unwashed platelets.

The level of G-6-PD activity is independent of the total number of platelets

on which the measurement is done. Aliquots of the same platelet rich plasma

containing different total number of platelet gave comparable units of G-6-PD

activity (table 4).

DIscussIoN

In afl five of the patients with acute leukemia that we studied, the concentra-

tion of G-6-PD was decreased in the platelets. In four of these, the activity of

G-6-PD was also measured in the erythrocytes and was found to be lower than

our normal value of 149.9-216.5 units per 100 ml. of packed, washed red cells.

Bertino et al.’1 recently reported that this enzyme was decreased in the leuko-

cytes of patients with acute leukemia. Previously Pisciotta and Daly12 had

Table 2.-”Primaquine Sensitive” Patients

Units of Glucose-6-Phosphate
Dehydrogenase

Patient Sex Race
Age
yrs. Platelets x 10’

Per 100 ml.
Red Blood Cells

P.R.
G.C.

J.S.#{176}
Normal

F
F

F

N
N

W

10

27

27

88

73

141

150-350

83

20

104

149.9-216.5

5’This patient also had uremia.

Table 3.-Comparison of Glucose-6-Phosphate Dehydrogenase Activity of

Platelets under Various Test Conditions

Units G-6-PD per Platelets x 10#{176}

Unwashed, Frozen Platelets 243

Washed, Frozen Platelets 106

Platelet Poor Plasma 0

Supematant Saline from

Platelet Washings 0

Without TPN 0

Without C-6-P 0

Without Enzyme Source 0
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Table 4.-Glucose.6-Phosphate Dehydrogenase Activity of Platelets Using

Various Amounts of Platelet Rich Plasma

Ml. of Platelet Total Number of Units G-6-PD per
Ricn Plasma Platelets x 10#{176} Platelets x 10�

Control #1 4 2.352 235

2 1.176 302

1 0.600 305

Control #2 2

1

0.5

0.728

0.334

0.184

310

330

255

Control #3 2

1

0.5

0.884

0.444

0.220

197

248

238

shown that the concentration of reduced glutathione in the leukocytes of

patients with acute leukemia was decreased.

In 11 of 12 patients with uremia, the G-6-PD activity in the platelets was

normal. The only patient in this group with thrombocytopenia (83,000 plate-

lets per cu. mm. ) had 158 units per 10� platelets. The patient with decreased

enzyme activity in the platelets was a Jewish woman who probably had

primaquine sensitive” erythrocytes ( 141 units in the platelets and 104 units

in the erythrocytes ) . Her platelet count was normal ( 206,000 per cu. mm.).

She was included with the “primaquine sensitive” patients. Only two patients

with uremia had a normal concentration of G-6-PD in their erythrocytes.

\Ve have no satisfactory explanation for the decreased amounts of G-6-PD in

the platelets of the patient with systemic lupus. Decrease of the enzyme in the

erythrocytes, leukocytes, and platelets in patients with acute leukemia de-

serves further study.

The decrease of the enzyme in the erythrocytes of patients with uremia could

not be correlated with the degree of anemia. One patient with a hemoglobin of

15.6 Cm. per 100 ml. had an enzyme concentration of 133 units, whereas another

patient with 5 Gm. of hemoglobin per 100 ml. had an enzyme concentration of

176 units.

SUMMARY

The concentration of glucose-6-phosphate dehydrogenase (G-6-PD) was

found to be 150-350 units per billion platelets in 52 normal individuals. In 21

of 27 patients with thrombocytopenia the enzyme was found in normal con-

centrations.

Of the six cases showing thrombocytopenia with lowered enzyme concentra-

tion, five were examples of acute leukemia and one of disseminated lupus

erythematosus.

In three individuals with “primaquine sensitive” erythrocytes the defect in

the 1)latelet C-6-PD was also present.

The significance of the lowered enzyme activity in the six patients with

thrombocvtopenia is not known.
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SUrtlrsfAmo IN INTERLINGUA

Esseva trovate que le concentration de dishydrogenase �le glucosa-6-phos-

phato amontava a inter 150 e 350 unitates per milliardo plachettas in 52 sub-

jectos normal. In 21 de un gruppo de 27 patientes con thrombocytopenia, nor-

mal concentrationes del enzyma esseva trovate.

Ex le sex casos de thrombocytopenia con hasse concentration del enzyme,

cinque esseva casos de leucemia acute e un un caso de disseminate lupus

erythematose.

In tres subjectos con erythrocytos a “sensitivitate primaquinic”, le defecto

in le enzyma plachettal esseva etiam presente.

Le signification del reducite activitate enzymatic in le sex patientes con

thrombocytopenia non es cognoscite.
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