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Vitamin B12 and Folate Activity in Normal
Human Platelets

By H�vicr J. WEISS, Ai� Kiiiix �m VIcroR HERBERT

LTHOUGH the vitamin B12 and folate contents of human erythrocytes and

leukocytes have been established, information regarding the content of

these vitamins in normal human platelets is lacking. The results of studies to

determine these values are presented here.

METHODS

Preparation of platelets. Venous blood from normal male and female subjects, ages 20-40,

was mixed (9: 1) with 1 per cent EDTA in 0.7 per cent saline in siliconized tubes and centri-
fuged at 2500 rpm in a PR-2 centrifuge for 3 minutes to obtain platelet-rich plasma (PRP).

Subsequent centrifugations were at 3000 rpm and 4 C. for 30 minutes. A platelet button
was obtained by centrifuging the PRP, and the platelets were washed 7 times with one-half

the plasma volume of cold .05M imidazole-buffered isotonic saline, pH 7.3, containing
0.1 per cent EDTA, in siliconized, graduated McNaught tubes. Where necessary, contami-

nating red cells were removed during the washings.

Vitamin B12 studies. The washed, packed platelets from each of 16 normal subjects were

suspended in isotonic saline in a final concentration of 1 per cent (V/V) and the platelets

counted by phase microscopy. The suspension contained no leukocytes and 0-30 red cells
per 10� platelets. In order to extract vitamin B12 in a soluble form suitable for microbiologi-
cal assay, the platelets were disrupted by ultra-sonic vibration. This was achieved by

sonicating 2 ml. of the platelet suspension, immersed in ice, for 5 minutes at maximal
amplitude.0 After this procedure, no platelets or platelet fragments were seen by phase
microscopy. The sonicate was then centrifuged at 24,000 g for 30 minutes at 4 C. and the
supernatant removed and stored for 2-10 days at -20 C. Vitamin B12 activity in the super-

natant was assayed microbiologically, in a 1: 10 flask dilution, using Euglena gracilis as the

test organism1 and the B12 activity in platelets expressed as either pg per 108 cells or pg per

ml. of packed platelets.
Folate. Washed, packed platelets were suspended, in a 1 per cent V/V concentration,

in 0.05 M phosphate buffer, pH 6.2, containing 0.5 per cent ascorbate. The suspensions
were sonicated, centrifuged and the supernatants stored as described for B,2 assay. Folate
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Table 1. - Vitamin B1, and Folate Values

Vitamin B12 Folate

pg per ml pg per pg per ng per ml ng per ag per
Subject packed pits 1O� pits ml serum packed pits 10’ pits ml serum

1 2100 5.5 341 70 0.18 11.6
2 1000 2.8 481 60 0.17 8.5

3 1100 - - 40 - 9.8
4 1600 - 345 80 7.7

5 1000 2.8 542 60 0.16 -

6 1200 3.2 209 50 0.13 5.7
7 1400 - 402 170 - 13.6

8 1600 5.6 430 40 0.14 5.5
9 1200 3.7 288 40 0.12 8.5

10 1100 3.1 801 60 0.16 6.7

11 1200 2.9 650 70 0.17 15.6

12 1100 - - __ - __
13 1900 5.7

14 1100 2.7

15 1100 2.4

16 600 1.2 - -

Mean 1268 3.5 67 0.15
S.D. 372 1.4 36 .02

Range 600-2100 1.2-5.7 40-170 0.11-0.18

activity in the supernatants was assayed microbiologically using Lactobacillus casei.2 In
order to obtain values which could be read from the linear portion of the standard curve,

1.0 ml. aliquots were assayed and results were expressed as ng. per ml. of packed cells.

Failure to add ascorbate to the suspension media resulted in markedly lower folate activity,
as previously reported for serum.3 Platelets underwent marked clumping in the ascorbate

buffer so that it was not possible to count them. To estimate the platelet folate content, the
number of platelets in the 1 per cent ascorbate suspension for each subject was assumed to

be the same as that in the 1 per cent saline suspension prepared on the same day for B12
determination.

RESULTS

Vitamin B1,

Total B1, activity (Table I). The mean platelet B12 concentration in 16 nor-

mal subjects was 1268 pg. per ml. of packed cells, with a range of 600-2100.

The mean platelet B12 content, calculated from the platelet count of the 1 per

cent suspension, was 3.5 pg. per 108 platelets, with a range of 1.2-5.7. There

was no correlation between serum and platelet B12 activity (p > 0.10). In 2

patients with Glanzmann’s thrombasthenia, platelet B,2 concentration was nor-

ma! ( 1100 and 1500 pg. per ml. packed cells).

Folate

( a) In 11 subjects, the mean platelet folate concentration was 67 ng. per ml.

of packed platelets, with a range of 40-170. The mean folate content was 0.15

ng. per 108 platelets, with a range of 0.11 to 0.18. The linear correlation be-

tween serum and platelet folate was significant at the .10, but not the .05,

level of probability ( {r}8 = .553).

(b) Effect of incubating platelets with plasma prior to assay: platelets were

washed 7 times, suspended in a 1.5% (V/V) concentration in ascorbate buffer
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Table 2.-B1, and Folate Values in Blood Components

B,, Folate

pg/mi
packed cells pg/1O’ cells

ng/ml
packed cells ng/1O’ cells

Platelets
1268

-- ---
(600-2100)

3.5
-

(1.2-5.7)

67

(40-170)

0.15

(.11-18)

RedCells
205�

-

(72-512)

1.774t 3168

(166-640)

2.68t
-

White Cells

Serum

7680�

7920�

472�

(103-925)

384�

(100-800)

3966

(245-665)

547’s

(263-1028)

102

(5-25)

27.31:� �

#{176}Calculated from values reported as pg/l0’ cells on the assumption that 0.50 ml of

packed leukocytes contain 10� cells.14
tCalculated from values reported per ml of packed cells on the assumption that 1.0 ml

packed red cells contain 1.2 X 10’� cells.

Figures shown denote mean and range of values.

and sonicated. 2.5 ml. of the sonicate was incubated with 0.04 ml. of platelet-

free plasma from a normal subject at 37 C for 90 minutes. The ratio (V/V)

.04

of plasma to platelets in the incubation mixture was 2 5 < 015 = 1.17. As a

control, platelet sonicate was incubated with saline. The samples were then

centrifuged at 24,000 g for 45 minutes and the supernatants assayed for folate

activity. The contribution of the plasma, determined separately, was subtracted

and platelet folate activity calculated. The results showed that incubation of

the platelet sonicate with plasma does not increase the measured folate activity.

Values Obtained in Extracts Prepared by Freeze-Thawing

Platelet suspensions from 3 subjects were either sonicated or frozen and

thawed 3 times, using a dry ice-acetone mixture, and then centrifuged to

obtain extracts. Sonication was 1.5-2 times as effective as freeze-thawing in

disrupting platelets, as determined by the amount of protein present in the

extracts. Extracts obtained by freeze-thawing contained an average of 80 per

cent of the B12 activity and 125 per cent of the folate activity found in those

obtained by sonication.

DIscuSSIoN

The B12 concentration in platelets is about sixfold that in the erythrocyte,4

one-sixth that in the leukocyte,5’6 and 3 times that in serum7 (Table 2). The

contribution of platelets to whole blood B12 activity would, however, be small

under normal circumstances. In whole blood whose platelet count was 300,000

per cu. mm., the B12 activity contributed by platelets would be 6-21 pg. per ml.

In contrast to B12, the concentration of folate activity in platelets is only
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1/5 that in red cells8 (Table 2). In whole blood whose platelet count was

300,000 per Cu. mm., the folate activity contributed by platelets would be

0.4-1.7 ng. per ml. Toennies et al.9 reported that the measured folate activity

in erythrocytes was strikingly increased if the cells were incubated with plasma

prior to disrupting them by osmotic lysis. This was confirmed by Hoffbrand et

al.8 Toennies et al. also found that the folate activity of stromal-free red cell

extracts was increased by incubation with plasma and postulated the exist-

ence of a plasma factor which converted red cell folate to a more active form.9

In the present study, no such plasma activation could be demonstrated for

the folate present in platelet extracts.

B12 and folate activity can only be assayed as soluble vitamins and, hence, it

was not possible to assay the small pellet which remained after the sonication

procedure. It is possible, therefore, that the actual platelet B12 and folate con-

tents are higher than those reported here, a reservation which would also

apply to previous studies in which these vitamins had been extracted from

cells and tissues.

In human folate and B12 deficiency, large megakaryocytes with multi-

segmented nuclei are often seen. The thrombocytopenia which may occur in

these conditions is presumably the result of impaired megakaryocyte matura-

tion due to defective DNA synthesis, similar to the maturation defect in eryth-

rocytes and leukocytes. Like the mature red cell, the circulating platelet con-

tains no DNA and only small amounts of RNA1#{176}and lacks, therefore, the

major requirement for both B12 and folate. As in the red cell, however, the

platelet contains both vitamins in appreciable amounts. Whether they serve

any useful function in the circulating platelet is not clear. In pernicious anemia,

the circulating platelet may be functionally abnormal.11”2 The recent report

that platelets are capable of protein synthesis also suggests a B12 and folate

l 5.16

SUMMARY

The vitamin B12 and folate content of human platelets have been determined.

The B12 concentration was sixfold that in red cells and one-sixth that in leuko-

cytes. In normal whole blood, with a platelet count of 300,000 per cu. mm.,

the B12 activity contributed by platelets would be 6-21 pg. per ml. The con-

tribution of platelets to the folate activity of normal whole blood averaged

0.4-1.7 ng. per ml. The folate activity in platelets was one-fifth that in an

equal volume of red cells, but unlike red cell folate, was not increased by in-

cubating platelet extracts with plasma.

SUMMARIO IN

Esseva determinate le contento de vitamina B12 e de folato in plachettas human. Le con-

centration de B12 esseva sex vices illo trovate in erythrocytos e un sexte illo in leucocytos.

In normal sanguine total-con un numeration de plachettas de 300,000 per mm��le con-

tribution de plachettas al activitate total de B12 esserea inter 6 e 21 pg per ml. Le contribu-

tion del plachettas al activitate folate in normal sanguine total esseva inter 0,4 e 1 ,7 ng per
ml. Le activitate de folato in le plachettas esseva un quinto de illo trovate in le mesme vol-

umine de erythrocytos. Tamen, per contrasto con lo que vale pro folato erythrocytic, le
folato palchettal non esseva augmentate per le incubation de extracto plachettal con plasma.
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