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The assay of folic-acid activity of liver
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SYNOPSIS Methods of preparing liver for the microbiological assay of folic-acid activity have been
compared. Maximum values were obtained by incubating an alkaline homogenate of liver in the
presence of ascorbic acid for five hours at 37°C. Most other procedures resulted in significant loss
of folic-acid activity.

Various methods are available for assessing the
folic-acid status of man. These include measure-
ment of the urinary excretion of formiminoglutamic
acid (Silverman, Gardiner, and Bakeman, 1952),
the measurement of the rate of removal of an
intravenous dose of folic acid from the plasma
(Chanarin, Mollin, and Anderson, 1958) and the
microbiological assay of L. casei activity of serum
(Baker, Herbert, Frank, Pasher, Hutner, Wasser-
man, and Sobotka, 1959). The application of these
methods to the study of patients with megaloblastic
anaemia has added considerably to our under-
standing of these disorders. However, it still re-
mains unproven whether an abnormal result with
one or all of these tests always means that there is a
significant reduction in the folic-acid content of the
tissues, and if so, whether this depletion is below
the levels required for the performance of the nor-
mal biochemical processes of the body. This problem
can be answered in part by the measurement of the
folic-acid content of body tissue. The ideal organ is
the liver, since it not only contains by far the largest
amount of folic acid in the body but unlike other
tissues contains enzymes which appear to convert
hepatic folic acid into a form available to micro-
biological assay organisms.
The purpose of this study was to investigate the

conditions under which folic-acid-like materials
could be released from the liver for microbiological
assay. This paper reports some of our results.

MATERIALS AND METHODS

ANIMALS Albino rats weighing 150 to 200 g. maintained
on stock diets were killed by neck dislocation and the
livers transferred into a petri dish.
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PREPARATION OF LIVER HOMOGENATE A weighed aliquot
of liver was placed in a small conical flask containing 5
parts of 0-1 M potassium phosphate buffer and freshly
added ascorbic acid (1 g. to 100 ml.) adjusted to pH 8.
The mixture was frozen in dry ice-acetone and thawed
at 37°C. on two occasions and homogenized in a ground
glass hand tissue grinder.

INCUBATION Incubation was carried out in a water bath
in 20 x 150 mm. tubes. The usual time was five hours
at 37°C. Following incubation the homogenate was made
up with buffer to 25-0 ml. in a volumetric flask, a portion
filtered through No. 1 Whatman paper, and the filtrate
stored at -20TC. for assay.

OTHER PROCEDURES Experiments were carried out in
which the effect on the folic-acid activity of the liver
homogenate of varying the pH of the buffer solution,
the temperature and time of incubation, and the addition
of heat with and without preliminary incubation were
explored.

MICROBIOLOGICAL ASSAY The folic-acid activity of the
filtrate was assayed microbiologically using Str. faecalis
(A.T.C.C. 8043) and Lactobacillus casei (N.C.I.B. 8010)
as the test organisms and the medium described by
Toepfer, Zook, Orr, and Richardson (1951).

EFFECT OF INCUBATION ON RELEASE OF FOLIC-
ACID ACTIVITY FROM LIVER HOMOGENATES

EFFECT OF INCUBATION Homogenates of 18 rat
livers were prepared at pH 8-0. An aliquot of each
homogenate was stored at -20°C. for microbiolo-
gical assay and a second aliquot incubated at 37'C.
for five hours. The results in Table I show that the
mean folic-acid activity of 18 rat livers was 7-3 jug.
per g. before incubation and this increased to
9-0 jug. per g. after incubation, using L. casei as the
test organism.
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TABLE I
EFFECT OF INCUBATION AT 37°c. ON RELEASE OF

LIVER FOLIC-ACID ACTIVITY

Liver Folic-acid Activity'
(Mg./g.)

L. casei Str. faecalis

and with Str. faecalis as the test organism 9 9 ,tg.
per g. The corresponding values at 48°C. were 9 5,ug.
per g. and 64 ,ug. per g. respectively. Thus, higher
values were obtained at 37°C. than at 48°C. An
incubation temperature of 40°C. also gave lower
values than 37°C.

Homogenization alone
Homogenization and incubation for
five hours at 37°C.

'Eighteen livers analysed. The mean values

When assayed with Str. faecc
of the same 18 livers was 4-3
incubation, and this increased tc
incubation.

7-3 4-8 EFFECT OF VARIATION IN VOLUME OF BUFFER Using
9 0 9 0 L. casei as the test organism, slightly higher values

for the folic-acid activity of the homogenate wereare given. obtained when the liver was suspended in 5 parts of
7lis, the mean value buffer as compared with 1 part (Table IV). However,
IKg per g before the more concentrated homogenate gave higher.jig. per g. afe values when Str. faecalis was used as the test9-9 pLg. per g. after

organism.

EFFECT OF TIME OF INCUBATION The results of vary-
ing the time of incubation up to 21 hours are shown
in Table II. Maximum values were obtained after
five hours.

TABLE II
EFFECT OF INCUBATION TIME ON RELEASE OF LIVER

FOLIC-ACID ACTIVITY
Time of Incubation at 37°C. (hours) Liver Folic-acid Activity1

(Og./lg.)

L. casei Str. faecalis

0
2
5

21

7-7
7.9
9.4
9.7

6-8
7-6
9-6
8-9

'Twelve livers analysed. The mean values are given.

TABLE IV
EFFECT OF VARIATION IN VOLUME OF

BUFFER, TEMPERATURE, AND TIME OF INCUBATION ON
RELEASE OF LIVER FOLIC-ACID ACTIVITY

Liver (g.) to Incubation Conditions Liver Folic-acid Activity
Buffer (ml.) (,ug./g.)
Ratio

L. casei Str. faecalis

1:1
1:5
1:1
1 :5

1:1
1 :s

1:1
1 :5

5 hr. at 37'C.

20 hr. at 37°C.

8 hr. at 40°C.

21 hr. at 48°C.

12-4
13-4
9-8
10-3
10-7
11-9
10-5
11-1

12-6 (2)'
122
10-2 (3)'
90
10-6 (2)'
7-7

11 5 (2)'
7-7

'Number of livers analysed. The mean values are given.

EFFECT OF VARIATION IN pH Portions of liver were
homogenized and incubated in buffer solutions at
pH 6-0, 7-0, and 8-0. The folic-acid activity assayed
with L. casei was found to be lower in the homo-
genate prepared at pH 6-0 than at pH 7 0 and 8-0
(Table III).

EFFECT OF HEAT ON RELEASE OF FOLIC-ACID
ACTIVITY FROM LIVER HOMOGENATES

EFFECT OF HEAT ALONE IN HOMOGENATE DILUTED
WITH 25 PARTS ASCORBATE BUFFER Liver homo-
genates were heated at 121°C. for periods ranging
from 15 minutes to two hours. The pH of the

TABLE III
EFFECT OF pH ON RELEASE OF LIVER

FOLIC-ACID ACTIVITY
pH Liver Folic-acid Activity' (t&g./g.)

6-0
70
8-0

7-4
14-1
14-1

'Two livers analysed. The mean values assayed with L. casei are
given.

TABLE V
LIVER FOLIC-ACID ACTIVITY RELEASED BY HEATING

A HOMOGENATE DILUTED 1 IN 25 AT 121 °C.
pH Time Liver Folic-acid Activity (ug./g.)

(min.)
After Heat Alone

L. casei Str.
faecalis

After Incubation
Alone'

L. casei Str.
faecalis

E1FECT OF VARIATION IN INCUBATION TEMPERATURE

Homogenates were prepared from six livers and
aliquots incubated at 37°C. and 48°C. for five
hours. The mean folic-acid activity using L. casei
as the test organism was 10-7 ,tg. per g. at 37°C.

452 120
6-0 20
8-0 15
11-0 120

2-6
5*0
6-0
2-6

1-1
1-3
3.5
09

7.5
8-0
8-6
7.5

'Diluted 1: 5 at pH 8-0 and incubated at 37°C.
2Acetate buffer used.
'Number of livers analysed. The mean values are given.

9-2 (2)'
7.9 (5)3
7 9 (2)39.5 (2)3
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The assay offolic-acid activity of liver

homogenates was also varied from 4-5 to 110. In
each case an aliquot of liver was processed by
incubation at 37°C. at pH 8 as well. The results
(Table V) show that heating gave lower folic-acid
values than the incubation procedure.

EFFECT OF HEAT ALONE IN HOMOGENATE DILUTED
WITH 500 PARTS ASCORBATE BUFFER Aliquots of
three livers were homogenized, diluted with 500
parts of ascorbate buffer at pH 6-0, 7 0, and 8-0
respectively, and heated at 116°C. for 15 minutes.
The results are compared with a fourth aliquot
incubated at 37°C. at pH 8. The results (Table VI)
show that the folic-acid activity of the heated
extracts was lower than that obtained following the
incubation procedure. Assay of the heated samples
gave lower values with Str. faecalis than with L.
casei.

TABLE VI
LIVER FOLIC-ACID ACTIVITY RELEASED

BY HEATING A HOMOGENATE DILUTED 1 IN 500
AT 11 6'c. FOR 15 MINumS

pH Liver Folic-acid Activity' (Mg.1g.)

After Heat Alone A

L. casei .tr. faecalis L

6-0
7 0
8-0

6-3
6-0
40

1-8
2-3
2-4

EFFECT OF INCUBATION FOLLOWED BY HEAT IN
HOMOGENATE DILUTED WITH 500 PARTS ASCORBATE
BUFFER Liver homogenates were incubated at
37°C. for five hours at pH 8-0 and then further
diluted with a pH 6-0 ascorbate buffer so that final
ratio of liver to buffer was 1 to 500. The diluted
homogenate was heated at 116°C. for 10 minutes.
The mean L. casei activity following incubation
alone was 8-6 jug. per g. (three livers) and following
dilution and heat 7-8 ug. per g.

MISCELLANEOUS RESULTS

STABILITY OF FOLIC-ACID ACTIVITY OF LIVER AND
LIVER HOMOGENATES ON STORAGE The folic-acid
activity of homogenates was unchanged when the
assay was repeated after three to six weeks' storage
at -20°C. using L. casei as the test organism.
When the whole liver was stored at -20°C. for

three to six weeks, the L. casei assay values fell from
a mean of 8-5 ,ug. per g. to 7-2 jig. per g. However,
this difference was not statistically significant
(P = 0 06).

EFFECT OF FOLIC-ACID-FREE DIET ON FOLIC-ACID
Ifter Incubation Alone' ACTIVITY OF LIVER When rats were put on a folic-
,. casei Str. faecalis acid-free diet there was a rapid fall in the amount

of folic-acid activity from 7-7 ,tg. per g. to 1 8 ,utg.
6-9 54 four weeks later and to 0-1,Ig. per g. eight weeks

later (Table VIII).

'Three livers analysed. The mean values are given.
'Diluted 1: 5 at pH 8-0 and incubated at 37'C.

EFFECT OF INCUBATION FOLLOWED BY HEAT IN

HOMOGENATE DILUTED WITH 25 PARTS ASCORBATE
BUFFER Liver homogenates were incubated at 37°C.
or five hours at pH 8-0, further diluted with 5 parts
ascorbate buffer and heated at temperatures varying
from 70°C. to 121°C. The folic-acid activity of the
filtrate was assayed. The results in Table VII show
that heating following incubation did not change
the folic-acid activity of the sample significantly.

TABLE VIII
EFFECT OF FOLIC-ACID-FREE DIET ON LIVER

FOLIC-ACID ACTIVITY
Time on Diet (weeks)

0

2
3
4
8

'Number of livers analysed using L. casei. The mean values are given.

DISCUSSION
TABLE VII

EFFECT OF INCUBATION FOLLOWED BY HEAT ON
RELEASE OF LIVER FOLIC-ACID ACTIVITY

OC. Time Liver Folic-acid Activity (jAg./g.)
(min.)

L. casei Str. faecalis

Incubation Incubation Incubation Incubation
and Heat and Heat

70
85
116
121

30-60 4-1
10 85
10 14-6
15 8-6

4-3
8 1

14-3
8-1

4-8
7.9

15-4
7-9

4-0 (8)'
7-1 (15)'

10-3 (2)

7-4 (2)

'Number of livers analysed. The mean values are given.

When rat liver is homogenized in an alkaline buffer
in the presence of a reducing substance, the bulk of
folic-acid-like compounds becomes available for
microbiological assay. The only subsequent pro-

cedures which significantly increased the yield of
folic-acid-like material were incubation at 370C.
at a neutral or alkaline pH (Chang, 1953), and to a

lesser extent heat at a dilution of 1 in 500 at an acid
pH (Fig. 1). This increment was only 20% of the
pre-incubation value, when L. casei was used as the
test organism. There was a slightly greater increment

Liver Folic-acid Activity (gg./g.)

7-7 (5)'
5.7 (4)'
4-7 (4)1
2-0 (4)'
1-8 (4)'
0-1 (5)'
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Varia ble pH Temp. Time
8 - 0

Incubation
time 8 37 2

8 37' 5

6 37 5
pH

7 37 5

Heat 6 121 1/3
Diln. 125 8 121 1/4

6 116 1/4
Heat

Di In. 1: 500 7 116 1/4
8 116 1/4

Incubotion 8 37 5
and heat followed byand ~~~~121 1/4

0 25 50 75 *100
LIVER FOLIC-ACID ACTIVITY

Procedure giving maximum value other results
expressed as percentage of this value.

[IGi. I. The folic-acid activit,v oa'liver honmogeniates treated
in different way-vs comiipared with the,folic-acidactivitv of'ani
aliquot of the samle liver intcubated in ascorhate-phosphate
buJftr pH 8 for five houirs. The latter value has beeli
called 100(%, anad other results are expressed as a per-
centage of this.

when Str. faecalis was used as the test organism,
although the final values were similar with both
organisms. Both an acid pH at a lower dilution and
heat reduced the yield of folic-acid activity from
liver, and both have been employed as part of the
procedure in measuring liver folic acid (Romine,
1960).
Removal of folic acid from the diet resulted in the

loss of more than 98 0,' of the folic-acid activity from
the liver. Thus the bulk of material assayed is folic
acid and its analogues. Since the preparation follow-
ing incubation is equally active for Str.ffaecalis and
L. casei, the compounds are likely to be pteroyl-

glutamic acid and 5-formyl-tetrahydrofolic acid
(folinic acid). Heat alone, without incubation, how-
ever, gave a product active for L. easei but far less
active with Sor. faecalis. The folic acid analogues in
this preparation are probably a mixture of at least
pteroylglutamic acid, 5-formyl-tetrahydrofolic acid,
and 5-methyl-tetrahydrofolic acid. The latter two
compounds are reduced forms of folic acid, hence
the importance of ascorbic acid in preventing their
oxidation and cleavage (Nichol and Welch, 1950;
Chang, 1953).
The changes brought about by incubation of the

liver homogenate remain uncertain. It was suggested
that incubation converted triglutamates to mono-
glutamates. However, this does not explain the
incremental growth for L. casei, since this organism
responds fully to pteroyltriglutamates, although it
may account for the greater increment following
incubation when Str. faecalis is used as the test
organism. Nor can the effect be explained by assum-
ing that the predominant form of folic acid in liver
is the 5-methyl-form, since this, too, is said to be
fully active for L. casei. It is more probable that
incubation releases the folic-acid analogues from
protein-bound complexes (Allfrey and King, 1950).

Finally, these observations apply to rat liver.
Work is in progress to determine whether they also
apply to human liver.
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