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LABORATORY TECHNIQUES

Effect of haemolysate preparation on
measurement of red cell folate by a radioisotopic
method

C R Gilois, J Stone, A P Lai, A S Wierzbicki

Abstract
The effects of varying the method of
preparation of haemolysates on the
measurement of red cell folate concen-
tration were investigated using the
Simultrac kit. The concentration of
ascorbic acid did not have any significant
effect on the assayed concentrations of
folate, but lower concentrations were
obtained when the incubation time was
increased. Folate was stable for 14 days in
cells when they were stored at 4°C and for
seven days at - 25°C, but instability was
increased by storage in ascorbic acid, by
the use of stored (4°C) ascorbic acid, and
by preparing the haemolysates by freeze-
thaw cycling. It is recommended that
haemolysates should be diluted in fresh
ascorbic acid, at a concentration of 10 g/l,
incubated for 60 minutes in the dark and
stored at - 20'I250C before being assayed.
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The quantitation of erythrocyte tetra-
hydrofolic acid (folate) derivatives depends on

several factors, including the methodology of
the radioisotopic assay. The most important
are heating and acidification of folate during
the extraction process and the pH of the
binding reactions during the adsorption of
folate on to the carrier proteins.6 Other factors
include the preparation and storage of the
samples before the assay. The degree of
haemolysis and the period of frozen storage
influence the amount of folate measured by
radioisotopic assays. The oxidation state of
the pteridine ring, the carbon derivative on the
N-5 position,7 and the number of glutamate
moieties89 have also been suggested as factors
which may explain the interassay variability
due to their effect on the affinity of folates for
milk binding proteins.
The purpose of haemolysate preparation is:

(a) to extract folate from the cells; (b) to
hydrolyse the polyglutamates'0 to mono-

glutamates (the form of folate measured by
radioisotopic assays); (c) to provide a suitable
pH for the endogenous enzymes to hydrolyse
polyglutamates; (d) to dilute the folate to
within the optimal area of the assay curve; (e) to
protect the monoglutamates from oxidation.
Haemolysates are prepared by diluting whole
blood under reducing conditions and incu-

bating the preparations to allow the endogen-
ous conjugases to hydrolyse the folate and to
convert the polyglutamates to mono-
glutamates. Haemolysates are stored at - 20-
25'C until use.
There is no uniformly accepted procedure

for the preparation of haemolysates (table 1),
and the interlaboratory variability is large. We
examined the effects of different haemolysate
preparation procedures on the measurement of
red cell folate concentrations using a solid
phase, boil, dual assay kit.

Methods
The sample size for the study was calculated"
to allow methodological differences to be ren-
dered insignificant (p < 0 05) while allowing a
difference of 20 ig/l to be detected between
sample means of the groups studied. Twelve
samples were necessary for the study.
The Becton Dickinson solid phase, boil, dual

assay (Simultrac) folate assay kit was used
according to the manufacturer's recommended
protocol. Samples were counted on a Crystal II
gamma counter and the results were calculated
using the data reduction unit with a log/linear
function.

In each study 12 blood specimens preserved
with EDTA sent to the laboratory were select-
ed at random and haemolysates prepared. For
practical reasons different pools of samples
were used for each study.
The effect of ascorbic acid concentration on

folate concentrations was studied by using
haemolysates prepared on the day of venesec-
tion (day 1) and divided into 3 aliquots after
dilution at 1/21 in fresh ascorbic acid.
Individual aliquots were diluted in 2 g/l, 5 g/l,
or 10 g/l ascorbic acid. All samples were
incubated for 90 minutes in the dark, stored for
seven days at - 25°C, and assayed on day 8. All
haemolysates were prepared for the ensuing
studies using a 1/21 dilution in 2 g/l ascorbic
acid.
The effect of varying the haemolysate

incubation time on folate concentrations was
examined in three sets of lysates by (a)
immediate freezing; (b) incubation at 20°C for
90 minutes; (c) incubation for 180 minutes. All
samples were stored at - 25°C. All samples
were assayed on day 8. Ensuing studies used an
incubation period of 90 minutes at room tem-
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Use of radioisotopic method to measure red cellfolate

Table 1 Haemolysate preparation procedures for commercial kits*

Ascorbic acid Storage procedurefor
Manufacturer Kit concentration haemolysates

Amersham plc B12/folate 10 g/l (sodium Freeze immediately
"dual assay" salt)

Immunodiagnostics Ltd Combostat II 2 g/l Incubate at 20-25°C for 90
minutes in dark

Becton Dickinson Simultrac 2 g/l Incubate at 20-25°C for 90
Immunodiagnostics Ltd minutes in dark

Biorad Laboratories Ltd Quataphase 4 g/l Freeze whole blood until
assay

*All samples stored at - 25°C.

perature, in the dark, and storage at - 25°C.
Red cell folate stability was assessed by

preparing haemolysates on day 1 and then
preparing subsequent specimens from the
original EDTA specimen (stored at 4°C) after
seven and 14 days. All samples were assayed on
day 15.
The stability of folate in whole blood stored

inEDTA at - 25°C for seven days was assessed
by preparing a set of haemolysates on day 1.
The original EDTA samples were stored at
- 25°C and a second set of haemolysates was
prepared after seven days. All samples were
assayed on day 8.
The stability of folate stored in ascorbic acid

at - 25°C was examined by assaying sets of
haemolysates after one, seven, and 21 days
storage at - 25°C, respectively. One set of
haemolysates was subjected to a freeze-thaw
cycle (three hours at room temperature) and
compared with a set kept at - 25°C after eight
days to assess the stability of the folate to
temperature cycling.
The effect of ascorbic acid stability on folate

concentrations was assessed by using
haemolysate prepared under standard condi-
tions using (a) fresh ascorbate, (b) seven day old
ascorbic acid-stored at 4°C; (c) seven day old
ascorbic acid stored at - 25°C. All were assayed
after eight days.
A matched pair t test was used to analyse the

results when two treatment groups were
present, and a two way analysis of variance was
used when more than two groups were present.

Results
The results are summarised in table 2. There

was no significant difference between folate
concentrations when the concentration of
ascorbic acid was in the range of 2 g/l to 10 g/l.
Significant differences were obtained when the
time of haemolysate incubation was reduced or
increased. Increased incubation time resulted
in a decreased amount of folate.

Folate was stable in red cells stored at 4°C
over a period of 14 days and preserved with
EDTA. Similarly, cellular folate stored at
-25°C did not show any deterioration over
seven days. When folate was stored in ascorbic
acid at - 25°C, however, significant differences
were obtained after one, seven, and 21 days of
storage. Folate concentrations were lower after
seven days of storage than after one day; they
were similar to the concentrations at day 1 after
21 days of storage. Freeze-thaw cycling result-
ed in a significant fall in folate concentrations.
There was an overall difference between the
ascorbic acid storage methods; increased con-
centrations of folate were obtained with ascor-
bic acid stored for seven days at 4°C, but there
was no significant difference between freshly
made and frozen (- 25°C) stored ascorbic acid.

Discussion
Ascorbic acid within the range of 2 g/l and
10 g/l produced the same degree of hydrolysis
over a period of 90 minutes, and no significant
differences were obtained between the folate
concentrations measured at these different con-
centrations. Variation in incubation time,
however, affected the amount of folate assayed.
This suggests that the hydrolysis and the
conversion of polyglutamates to mono-
glutamates was incomplete after 90 minutes. A
fall in the measured concentrations occurred
because the affinity of the monoglutamates for
the binding proteins is lower than that of the
polyglutamates.9 Similar results have been
reported by Bain et al using the same kit.'2 A
study of the effect of the incubation time on the
functional biological activity as measured by L
casei showed that the folate concentration fell as
conversion proceeded, plateauing after 40 min-
utes (when a 10 g/l solution of ascorbic acid was
used), and indicating that complete conversion
has occurred.'3 A 2 g/l solution has a similar

Table 2 Effect of haemolysate preparation on measurement of red cellfolate concentrations

Statistics

SE F233 p value

1 Ascorbic acid concentration:
Concentration (g/l) 2
Mean (pg/l) 266

2 Incubation times:
Time (minutes) 0
Mean (pg/l) 287

3 Storage in EDTA for 14 days at 4°C:
Day 1
Mean (pg/l) 246

4 Storage in EDTA for seven days at -25°C:
Day 1
Mean (pg/l) 220

5 Storage in ascorbic acid for 21 days at -25°C:
Day 1
Mean (pg/l) 213

6 Stability of folate to temperature cycling:
Storage Normal
Mean (pg/l) 305

7 Ascorbic acid stability:
Age and storage Fresh
Mean (pg/l) 313

5
271

90
267

7
254

7
226

7
200

10
266

180
259

14
254

2-4 1-1 >0 05

1*9 58 4 <0-01

3-1 2-6 >005

21
225

Freeze/thaw
298

7 days at 4°C: 7 days at 25°C:
352 317

17 507 <001

<0*01

3-3 41 6 <0 01

Assay

>0-05
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though slower time course. The affinity of
binding proteins for polyglutamates increases
at high concentrations offolate and decreases at
low concentrations,9 and the incubation effect
seems to be negligible when low folate concen-
trations were measured.'4

Cellular folate stored in EDTA at 4°C was
stable over a period of 14 days, confirming the
findings of previous studies. 4 Similarly,
cellular folate stored at - 25°C did not show
any deterioration over seven days of storage.
Significant differences were obtained between
one, seven, and 21 days of storage, however,
when folate was stored in 2 g/l ascorbic acid at
- 25°C. During hydrolysis a mixture of
monoglutamates are probably formed with
varying amounts of glutamate moieties and
some hydrolysis occurs during storage, thus
changing the monoglutamate composition and
the oxidation state of the haemolysate prepara-
tion. Different monoglutamates are known to
vary in binding affinity for the milk proteins,9
so it is not surprising that differing results are
obtained. Storage could also cause the forma-
tion of monoglutamate isomers or the forma-
tion of formyl monoglutamates, which also
vary in avidity for the binding proteins.9

Freeze-thaw cycling also affects the folate
concentration measured as the additional thaw-
ing period changes the monoglutamate to
polyglutamate ratio causing a fall in measured
folate concentrations.
The age of the ascorbic acid had an import-

ant effect on the folate concentrations. Liquid
ascorbic acid probably deteriorates and
becomes less effective as a reducing agent and
so less hydrolysis occurs compared with fresh
or frozen ascorbate. More polyglutamates are
bound and, therefore, concentrations of folate
increase.
The findings of this study provide a basis to

explain the interlaboratory variability in the
measurement of red cell folate concentrations
as shown by the external quality control
schemes. Little improvement can be expected
unless preparative techniques are standardised.

This and other studies9'3 suggest that users of
the Becton Dickinson solid phase folate assay
kit should prepare their haemolysates from
whole blood stored at 4°C for no more than 14
days. The haemolysates should be diluted in
freshly made ascorbic acid at a concentration of
10 g/l on the day of the assay and incubated for
a minimum of 60 minutes in the dark. If a
repeat estimation is necessary it should be
performed on a freshly prepared sample.

We thank Becton Dickinson for donating the kits for this study
and Mr D Fish from North Manchester General Hospital for
some useful advice. We also thank Mrs L Dudderidge for typing
the manuscript.
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