


A BIOAUTOGRAPHIC TECHNIQUE FOR ASSAY OF

FOLIC AND FOLINIC ACIDS

BY

JOHN S. 0«BRIEN

A THESIS

Submitted to the Faculty of the Graduate School of the 
Creighton University in Partial Fulfillment of 

the Requirements for the Degree of Master 
of Science in Physiology

OMAHA, 1958



V

ACKNOWLEDGEMENT S

This thesis is dedicated to the following persons:

Doctor D. W. Terry, my adviser, whose friendly advice 

and constructive criticisms have made this work possible.

My  hope is that I might attain the high standards of physician, 

scientist and teacher which he has set for me.

Doctor C. M. Wilhelmj, Doctor B. J. Koszewski and Doctor 

J. R. Walsh who have given me considerable advice and encour

agement.

Joanne O ’Brien, my wife, for her patient understanding of 

many late hours and cold suppers and for her loving support.

Acknowledgements are also made to:

Doctor H. P. Broquist, Lederle Laboratories, Pearl River, 

New York, for generous gifts of Leucovorin and a pure culture 

of Leuconostoc citro vorum #8081.

The United States Public Health Service for awarding me 

this grant and supporting this project.

The research personnel at Veterans Administration Hospital, 

the laboratory personnel at the Creighton Medical Dispensary and 

the personnel of the Creighton University Animal Hospital.



vi

TABLE OF CONTENTS

Ackn o w l e d g e m e n t s ......................      v

List of Tables ...................................................  vii

List of I l l u s t r a t i o n s .......................................... viii

I n t r o d u c t i o n ...................   9

Purpose ............................................................  16

Pfceroylglutamate Excretion V a l u e s ..........................   17

Urinary Excretion of the Pteroylglutamates After Adminis
tration of P G A ..................................................  20

Methods and M a t e r i a l s ................................    25

R e s u l t s .....'.................... ................. .............. 4-3

D i s c u s s i o n ..................................    48

S u m m a r y ............................................................  52

B i b l i o g r a p h y ........................................     54



vii

LIST OF TABLES

Table I, Activity of the Various Folic Acid Compounds for
Man and for the Common Assay Organisms ............. 12,13

Table II, Activity of Some of the Folic and Folinic Acid
Compounds for Leuconostoc Citrovorum ..............  15

Table III, Normal Urinary Excretion of PGA and C F .......... 18,19

Table IV, Excretion of Pteroylglutamates After A Loading Dose
in N o r m a l s ...................................  21,22,23

Table V, Stability of Some Pteroylglutamates................ 28

Table VI, Normal Twenty-Four Hour Excretion of PGA and CF in
Fifty-Two Normal A d u l t s .............................  A5,4£>



viii

LIST OF ILLUSTRATIONS

Fig. 1 - Photograph of Growth Z o n e s .........................  33,34

Fig. 2 - Measurement of Growth Zones on Agar Plate ........ 35,36

Fig. 3 - Graph of Standard Growth Curve After Measurement
of Z o n e s ...............................................  37,38



9

INTRODUCTION

TERMINOLOGY:

Throughout this paper the term folic acid refers to that 

group of vitamin compounds known chemically as the Pteroylglu

tamic Acid Group of compounds. The parent compound of this 

group is Pteroylglutamic Acid (PGA). The term folinic acid 

(CF) refers to the chemical compound formyl-tetrahydro pter

oylglutamic acid. This compound differs from the other pteroyl- 

glutamates in that it is necessary to support the growth of 

the organism, Lueconostoc citrovorum. The term Citrovorum 

Factor is synonymous with folinic acid. The synthetically 

synthesized analog of folinic acid is called Leucovorin (Lederle), 

The other compounds of the pteroylglutamic group will be re

ferred to by their chemical names whenever possible.

HISTORY:

Compounds of the folic acid group have had a complex 

history. In 1931, Wills described a factor present in yeast 

which, when given to women suffering from nutritional macrocytic 

anemia, caused a prompt reversion of the condition (l). This 

factor was dubbed the »Wills Factor". In 1938, Day and co

worker s (2) found that a factor was present in liver and 

yeast which would prevent the occurrence of a nutritional 

cytopenia seen in monkeys on a deficient diet. They called 

this factor "Vitamin M". These same authors later showed in
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1945 that this factor was pteroylglutamic acid (PGA). (3 )

Other authors in the same period described similar factors, 

some synonyms which appeared being, "Factor U" (4 ), "Norit 

Eluate Factor" (5 ), "Vitamin Bc " (S), "L. casei Factor" (7 ) 

and "Folic Acid" (8). This latter name, the one commonly 

used resulted from the studies of Mitchell and Snell (8), 

in which they isolated a substance from spinach which stimu

lated growth of Streptococcus fecalis. All these compounds 

are now believed to be either PGA or substances closely re

lated to it.

It is now known that there exist a multiplicity of com-

I
pounds in the folic acid group. These compounds have varying 

activity for man and for the common assay organisms. A list 

of some of these compounds and their activities is given in 

Table I. It will be noted that many different compounds can 

be formed by conjugation of the pteroylglutamic nucleus with 

glutamyl radicals. As a general rule, the greater the number 

of glutamyl radicals, the less active the compound becomes 

biologically. It is possible to increase the biologic activity 

of these "conjugates" by incubating them with certain tissues.

It is felt that these tissues contain enzymes called "conjugases" 

which split off the glutamyl radicals from the pteroylflutamic 

nucleus, thus rendering the compound more active. As can be 

seen in Table I, Lactobacillus casei is better able to respond
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to conjugates than Streptococcus fecalls. However, after the 

number of glutamyl radicals exceeds three, even L. easel loses 

most of its ability to respond. Therefore, in assaying biological 

materials in which the pteroylglutamates are in the bound form, 

it is well to incubate the material with conjugases to get a 

true estimate of pteroylglutamate content. Commercially avail

able conjugases are sold in the form of hog-kidney or chicken 

pancreas (Difco).

In 1948 Sauberlich and Baumann found that the organism 

Leuconostoc citrovorum failed to grow in a media which contained 

all the essential amino acids and vitamins. (23) After addition
I

of small amounts of yeast or liver, luxuriant growth occurred.

The organism responded to PGA but only in huge doses. They 

termed the factor which promoted the growth of Le. citrovorum 

the Citrovorum Factor. (CF) It was later shown by these same 

workers (24) that oral or parenteral administration of PGA 

caused a marked increase in urinary CF. Thus it appeared that 

this compound was related to PGA and that PGA might be a pre

cursor of CF. It was also observed that CF was more effective 

than PGA in reversing the toxic effects of aminopterin. (25,26)

It was later shown that CF was a formyl derivative of PGA 

having the formula 5-formyl, 5, 6, 7, 8, tetrahydro-PGA. (27,28) 

Workers at Lederle laboratories then synthesized this compound 

and named it Leucovorin. (27) It has since been reported that
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ACTIVITY OF THE VARIOUS FOLIC ACID COMPOUNDS FOR MAN AND 

__ FOR THE COMMON ASSAY ORGANISMS*

TABLE I

COMPOUND MAN L. easel S. fecalis

pteroylglutamic acid (PGA) 100** 100** 100**

pteroyl-DL-glutamic acid 58(12) 57(12)

pteroyl-gamma-glutamyl 
glutamic acid

70(11) 63(11)

pteroyl-alpha-glutamyl 
glutamic acid

♦ d o ) 0.8(11) 0.5(11)

pteroyl-alpha, gamma-glutamyl 
diglutamic acid

0 . 9 ( H ) 1.2(11)

pteroyl-alpha-glutamyl alpha glutamyl 
glutamic acid

5.1(11) 0.6(11)

pteroyl-gamma-glutamyl alpha glutamyl 
glutamic acid

4 . 4 ( H ) 3.6(11)

pteroyl-alpha-glutamyl gamma glutamyl 
glutamic acid

1.4(11) 0.5(11)

pteroyl-gamma-glutamyl gamma glutamyl*(l3) 60-80(11) 
glutamic acid

2.4(11)

(pteroyltriglutamic acid)

pteroylheptaglutamic acid t (14) 0.8-1.6(16) 0.55(16)

pteroic acid 0 (15) 0.08(17) 50-100(11,20)

* Taken from Sebrell-Harris (E.L.R. Stokstad) The Vitamins v III, 
p. 143, 1954, Academic Press.' Numbers in parenthesis indicate 
references.

** Value represents % activity.
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ACTIVITY OF THE VARIOUS FOLIC ACID CONFOUNDS FOR MAN AND

___________ FOR THE COMMON ASSAY O R G A N I S M S ________________ _____________

COMPOUND MAN L. easel S. fecalls

TABLE I cont.

N--0 formyl pteroic acid (rhizopterin)
0 (15) 0.001(18) 100(18)

N10 formylpteroylglutamic acid * (15) 100(19) 100(19)

5 formyl 5, 6, 7, 8, tetrahydro * 50(21) 50(21)
PGA, (leucovorin) 

natural Citrovorum Factor T 100(22) 100(22)
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the synthetic product is a mixture of diasterioisomers, one of 

which is the naturally occurring compound. (21) The importance 

of this discovery lies in the fact that Leucovorin is only 

one-half as active as naturally occurring CF in promoting 

the growth of Le. citrovorum. Therefore, since most of the 

reported values for CF are calculated using Leucovorin as a 

standard, they are twice as great as the correct value. Some 

of the more important compounds having activity for Le. citro

vorum are listed in Table II.
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ACTIVITY OF SOME OF THE FOLIC AND FOLINIC ACID COMPOUNDS 

FOR LSUCONOSTOC C I T R O V O R U M ____________

TABLE II

COMPOUND PERCENT ACTIVITY FOR L. citrovorum

pier oyl glut air. i c acid (PGA) 0.002

natural Citrovorum Factor 
(L-form)

100 (22)

5 formyl 5, 6, 7, 8, tetrahydro PGA 50 
(DL form, Leucovorin)

(21)

10-nitroso-Leucovor in 10.6 (21)

Isoleucovorin Chloride 1.0 (21)

Anhydroleucovorin A 1.2 (21)

Anhydroleucovorin B 8.2 (21)

Thymidine 0.2-0.45 (29)

Numbers in parenthesis indicate references



PURPOSE

The purpose of this thesis is twofold. The first intent 

is to give a critical review of the literature written on 

microbiological assays for folic acid and folinic acids; the 

second is to evaluate the bioautographic techniques of assay 

for folic acid and folinic acids.
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PTSOYLGLUTAMATE EXCRETION VALUES 

The literature on the normal excretion of the pteroyl- 

glutamates is not extensive. Since 194-3# when the first report 

on normal excretion appeared, until the present, there have 

been reported only 97 cases of urinary excretion in normal 

individuals. Most of these values were reported without 

taking into consideration the excretion of CF, since this 

compound was not known until 194-9. The majority of the re

ports have not calculated the corrected excretion value of CF, 

that is, in relation to the natural form. The earlier reports

of PGA excretion give values very much higher than later re-
1

ports, probably because their standards of BGA were not pure.

A summary of the reported normal excretion values of the 

pteroylglutamates is given in Table III. Since it was shown 

early that the digestion of urine with conjugases did not 

increase the activity (A3), the excretion of the vitamins 

was known to be in the free form in the urine. Therefore, 

the values given for PGA in Table III represent both free 

PGA and CF.

It appears from this summary that the normal excretion 

of PGA varies between 2-5 micrograms (ug) per 24- hours in 

normal individuals. The value for excretion of CF is not so 

clear, probably due to differences in representing the values, 

that is, in relation to Leucovorin or naturally occurring CF.

The means of different reports vary from 0.4.2-2.6 ug CF/24- hours.
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NORMAL URINARY EXCRETION OF PGA AND CF

Author Number of 24 hour 24 hour
_______ ___ cases PGA (ug) CF (ug)__

TABLE III

Remarks

Wright &  Welch 

1943 (44)

Johnson et al 

1945 (45)

Steinkamp et al

Denko et al 
1947 (47)

Swenseid et al 
1947 (48)

15

4

6

Register &  Sarett 14 

1951 (49)

Spray &  Witts 
1951 (50)

12

10.8*
(3.8-23.8)**

23 (L. casei) 
(11-52)

8 (S. fecalis)

2.34 * 1.08*** 
(Q.07-4.07)

J M J ;
2.5

(2.3-3.1)
£â4_2
2.9

(2.1-4.1) 

4.1
(1.9-6.6 )

5.0
(1.2-10.0)

2.6
(1.6-4.8)

* Mean of values
** Range of values
*** Standard deviation of values
Numbers in parenthesis indicate references.

CF included in 
values. High 
values probably 
due to impure 
standard.

Subjects were on 
controlled diets.
CF included in 
values. Standards 
probably impure.

CF included in 
values.

Value represents 
mean of 5 men on 
restricted diet for 
5 weeks. CF in
cluded in value.

CF included in 
values

CF included in PGA 
values, and not cor
rected to natural 
form.

CF included in 
values.
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TABLE III cont.

NORMAL URINARY EXCRETION OF PGA AMD OF

Author Number of 24 hour 
____cases____ PGA (ug)

24 hour 
. . CF (us)

Remarks

Girdwood 
1952 (51)

4 2.15
(0.27-3.47)

0.71
(0.52-1.12)

PGA values cor
rected for CF.

Fallon &  Dilg 
1956 (52)

10 1.4
(0.6-3.9)

1.3
(0.4-2.3)

CF included in PGA 
values, and not 
corrected to natur
al form.

Jandl &  Lear 

1956 (53)
8 3.93

(1.58-5.94)
0.42

(0.12-0.91)
CF corrected to 
natural form. FA 
values corrected 
for CF content. 

Controlled dietary 
regime.

Bander jee &  Pain 10 4.2 * 0.1 0* l\. 0# 0
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URINARY EXCRETION OF THE PTEROYLGLUTAMATES 

AFTER ADMINISTRATION OF BOA

One approach to the study of suspect pteroylglutamate de

ficiency is to load the patient with BOA and then measure the 

amount excreted in the urine. This method of approach has been 

very successful in the investigation of other vitamin deficiencies, 

for example ascorbic acid and vitamin B 12. However, this test, 

the so-called "loading test", has not given such clear-cut answers 

in folic acid deficiency. This failure is due to lack of sen

sitive techniques for assay, to negligence in measuring OF levels 

after this test and to lack of knowledge of the correlation of 

the results of the loading test with the clinical response. It 

is felt that attention to the folinic acid (CF) excretion after 

the dose may give meaningful results.

Some of the more important considerations in the performance 

of the load test are l) the size of the loading dose of BGA,

2) the route of administration and 3) the length of time of 

sample collection. A  summary of the literature giving normal 

loading values at different dosage levels by different routes 

and for different collection times is presented in Table IV.

As can be seen, the percent of the BGA excreted is generally 

proportional to the administered dose. Also, the parenteral 

route does not give such clear-cut results as does the oral 

route of administration. The times of collection are of interest,
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TABLE IV

EXCRETION OF ITEROYLGLUTAMATES AFTER A LOADING DOSE IN NORMALS

Dose PGA Excretion* % Excreted** OF Excretion
No. of 
cases Ref,

ORAL ROUTE

100 ug PGA 
90% of

4 ug (6 hrs) 
the excreted dose

0.4%
is excreted in the first 6

9

hours.
55

500 ug PGA 9.7 (a) ug 
(5-21) (b) 1

1.94 (a) 
.0-4.2 (b)

6 56

500 ug PGA 60 (6 hrs) 
S. fecalis assay

12% 9 55

1 mg PGA 38 ug 
(23-56) 

S. Fecalis assay

3.8%

(2.3-5.6)
8 56

1 mg PGA | 220 ug (6 hrs) 22% ? 55

2 mg PGA 212 ug 

(114-465)

10.6%
(5.7-23.2)

10 56

2 mg PGA 440 ug (6 hrs) 22% 9 55

4  mg PGA 1.27 mg 

(1.11-1.39) 
L. casei assay

32%

(28-34)

6 57

4 mg PGA 1.29 mg 
(1.14-1.37)

32%

(29-34)

6 57

5 mg PGA 2.45 mg (6 hrs) 49% 9 55

5 mg PGA 2.40 mg (6 hrs) 
(2.1-2.6)

47.5%
(41-52)

5 55

* 24 hour excretion values, unless otherwise indicated. 
** % of administered dose excreted.
(a) MEAN of the values.
(b) The range of the values.
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Dose
No. of

.PGA Excretion* % Excreted** CF Excretion cases Ref.

TABLE IV coat.

ORAL ROUTE

5 mg PGA 1.18 mg (5 hrs) 23.6% 

(0.43-1.9) (8.6-38)
Le. citrovorum and L. casei assay

5 mg PGA 1.31 * 0.44 (c)
S. fecalls assay

5 mg PGA 1.42 mg

(1.3-1.9)
S. fecalls assay

5 mg. PGA

6.9 ug (5 hrs) 11
(1.3-12.0)

58

26% 22 59

28.5% 9 46
Î4.5-37.5)

60.2% 16 603,04 mg 
(1.9-4.2)

Obtained 48 hours after 1 week of PGA S.C. to saturate tissues.

10 mg PGA 3.01 mg 30.1%
(0.8-4.2) (8-42)

S. fecalls & Le. citrovorum assay.

23.8 ug 
(2.9-33.8)

10 mg PGA 4.29 mg 4 0.61 42.9%
(3.16-5.11) (32-51)

Flouromatric assay on children 10-12 years old.

10

6

52

61

10 mg PGA 4.49 * 1.3 mg 44.9 * 13%
S. fecalis and Le. citrovorum assay.

1 4 .0  * 0 .6  ug 10 54

PARENTERAL ROUTE

400 ug PGA I.V. 13.3 ug 3.3% 6 62

(3.2-27) (0.8-6.75)
PGA doses less than 200 ug caused no change in resting levels.

5 mg PGA I.V. 2.02 mg ± 0.27 4Q%

(5 hrs)
59

* 24 hour excretion values, unless othervdse indicated.
** % of administered dose excreted.
(c) The standard duration.
I.V. Intravenous.
S. C. Subcutaneous
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TABLE IV cont.

Dose PGA Excretion* % Excreted**
No. of

OF Excretion cases Rpf
PARENTERAL ROUTE

5 mg PGA I.V. 3.0 mg 
(6 hrs)

60% ? 55

5 mg PGA S.C. 2.67 mg 

(0.1-4.3)
53.4%
(2-86)

14 60

Value obtained 48 hours after 1 week of tissue saturation with 
PGA

10 mg PGA I.V. 7.59 mg j 0.06 75.9 ± 0.6% 14.1 ug * 0.1 10

* 24 --hour excretion values, unless otherwise indicated 
** % of administered dose excreted.
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evidence being presented that approximately 90% of an oral 5 

mg. dose of PGA is excreted in the first 6 hours after admin

istration. (55) However, in patient study it is well to collect 

24 hour samples. It can be seen that as the subjects become 

saturated over a period of time with PGA, greater quantities 

appear in the urine. (60) Therefore, it is of importance to 

know whether or not the patient under study has received any 

treatment with PAG prior to the test dose.

Of interest is the differentiation between malabsorption 

and tissue depletion of the pteroylglutamates. Tissue depletion 

is differentiated from malabsorption by loading up the patient 

with parenteral PGA over a period of 1 week, and then repeating 

the oral test dose. If there still remains a low level of ex

cretion of PGA, then malabsorption is incriminated. (60)

Reported values for the excretion of CF after administration 

of PGA have not been extensive. More work needs to be done in 

this direction, since it has been shown that CF is probably the 

biologically active form of PGA. (23,26,63,65)

In summary, the best approach to the sutdy of the load 

test is the administration of 5 mg. of oral PGA collecting 

the urine for 24 hours immediately after the test dose is given, 

and comparing the response to normals. If malabsorption is 

suspect, then tissue saturation with parenteral PGA for 1 week 

and a repetition of the oral test dose is done, as Girdwood 

suggests. (60)
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METHODS AND MATERIALS

ASSAY METHODS:

lhe assay methods for PGA and OF are chemical, animal 

and microbiological. The chemical methods are fluorometric 

(jj/) or colorometrie (32), The chemical methods are not as 

satisfactory as the microbiological methods in assaying bio- 

logical compounds, since they are not as sensitive. However, 

the fluorometric method has been used in estimating the excre

tion of PGA after a large oral dose. (39) Animal methods were 

used early in the research on the pteroylglutamates, but these 

methods are very crude and have largely been replaced by the 

microbiological methods. The microbiological methods all em

ploy the principle that certain bacterial strains require PGA 

or CF for their growth and will respond proportionately to 

increasing concentrations of these substances by increasing 

their division rate. Indices of the growth response have 

been: 1) the amount of acid produced in the acidometric or 

titnme t r i c  method, 2) increased density produced by the growing 

organisms in the turbidome trie method and 3) zonal diffusion of 

colonial growth around a source of the vitamin on an agar plate 

m  the bioautographic or pad-plate method. All three methods 

supply a media of known constituents in which has been included 

all the growth promoting substances the organism requires with 

the omraission of PGA or CF. To the basal media is then added
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PGA or CF, and the response is measured in the appropriate 

manner after suitable incubation. In the acidometric method, 

dilute alkali is titrated against the acid produced. The 

turbidometric method measures the amount of growth as an in

crease in Optical Density. In the bioautographic method, 

the growth response is obtained by measuring with a vernier 

caliper the diffusion of colonial growth around a paper pad 

containing PGA or CF on an agar plate of the basal media seeded 

with the organism.

The organisms most commonly used for the assay of PGA 

are Lactobacillus casei and Streptococcus fecalis. The re

sponse of these organisms to the different pteroylglutamates 

has been listed in Table I. Note that both these organisms 

respond to CF (folinic acid). Therefore, in order to quan-

the amount of CF present in the material being assayed, 

it is necessary to use a differential organism. Such an 

organism is Le. citrovorum, which will respond to PGA only 

in large amounts, as seen in Table II.

The most commonly used media for the assay of PGA are 

those of Teply and Elvejem (40) for S. fecalis, and Roberts 

and Snell (41) for L. casei.. The media most commonly used 

for the assay of CF with Le. citrovorum is that of Sauberlich 

and Baumann (23). The reader is referred to an excellent 

text on this subject by Gyorgy (42).



At present the method most commonly used is the turbi- 

dometric assay. This has proven to be the most sensitive 

assay technique to date. The acidometric assay has largely 

been discarded since the amount of buffering salts present, 

as in urine, varies from sample to sample, and difficulties 

in titration arise. Although the bioautographic assay tech

nique has not been used in the assay of PGA and CF, we believe 

it is as good as or better than the turbidometrie assay in 

clinical investigation.

STABILITY:

The importance of knowing the stability of the pteroyl- 

glutamates in assaying these compounds is self-evident. Un- 

xortunately, the stability of all of these compounds is not 

known at present. A summary of the current knowledge on this 

topic is presented in Table V. Exposure to air, photolytic 

breakdown and a pH departing from the isoelectric point or 

the pH of formation of these compounds, are the most important 

destructive agents resulting in loss of activity. At an acid 

pH, CF is rapidly converted to imidazoline derivatives (anhydro- 

leucovorin A and B and isoleucovorin chloride). (27) The 

activity of these latter compounds is much less than that of 

CF, as can be seen in Table II. It has been stated that 

natural CF loses about one-third of its activity upon acid 

treatment, while Leucovorin loses 11%. (30) Therefore, it
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TABLE V

STABILITY OF SOME PTEROYGLUTAMATBS 

DESTRUCTION CAUSED BY

COMPOUND LIGHT ATOMOSFKFRIC LOW HIGH REFERENCE

Pteroylglutamic Acid + 
(PGA)

VA XUfh'i

•t

- . -Hä 

■t

___H i  —

•t 31, 32

Tetrahydro PGA 4 4 4 33

10 formyl PGA Xt 34

10 formyl-tetrahydro PGA 444 4 4 4 34,35

5 forrayl-tetrahydro PGA 
(Leucovorin)

27, 34, 3i

Anhydr oleuc o vor in A 4 444 27

Anhydroleucovorin B 4 4 4 4 27

Isoleucovorin Chloride 4 4 - » 27

* Taken from T. H. Jukes, (36 ) Science, 120:324, 1954.



is of importance, in collecting and preserving samples for assay, 

that they be kept under conditions which will prevent losses of 

activity. At present it is felt that for optimal results, col

lection and storage of samples should be in dark brown bottles, 

under toluene, at pH 6.8, at a low temperature, preferably below 

freezing and the samples should be assayed as soon as possible.

The method used in the assay of the pteroylglutamates is 

the bioautographic method. This method utilizes the principle 

that bacterial growth of the assay organism around a paper pad 

containing the vitamin on an agar media seeded with the organism, 

is proportional to the amount of vitamin present. The organism 

used for the assay of PGA is Streptococcus fecalis, while that 

for CF is Leuconostoc citrovorum.

FTEROYLGLUTAMIC ACID BIOAUTOGRAPHIC ASSAY:

A. Organism

Strepuococcus fecalis ¿-8043 ATCC (American Type Culture 

Collection, Washington, D. C . )

Carrying Cultures

A stab is made of the pure culture. This is transferred 

to a sterile agar culture tube containing 10 ml. of 

Bacto-Ieast-Dextrose-Agar (Difco). Four tubes should 

be stabbed and incubated at 37°C. for 24 hours or 

until a streak of growth appears. After incubation, 

transfer the tubes to the refrigerator at 4°, being



careful to keep from freezing. One tube should be 

kept back to insure a pure source of organism. The 

other three tubes are used for inoculation. At the 

end of each month, transfer the organisms as above. 

Inoculum Tpbes

These are tubes of the basic media containing 2 milli- 

micrograms (mug) of FGA/ml. Ten ml. of the final 

strength media are used. Autoclave these for 5 min

utes at 15 pounds and keep at A 0 . They should keep 

for one month. Before transferring the organism, 

warm tb room temperature. Transfer the organisms 

with a wire loop using sterile technique. Incubate 

for 24 hours at 37°, centrifuge at 2,500 REM for 10 

minutes. Wash with sterile saline after dumping off 

supernatant, resuspend the organisms and respin.

Repeat this until 3 washings have been completed. Now 

the organisms are ready to add to the media.

Media

Commercially available media is available (Difco 

"Folic Acid Assay Media"). Weigh out 7.5 gm. of 

media, add 2 gm. of Bacto Agar (Difco) and dilute 

to 200 ml. with distilled water in a 1,000 ml. Erlen- 

meyer flask. Heat in a water bath to melt the agar.



Cool until you are able to press flask to cheek 

without discomfort. (If contamination difficulties 

arise, sterilize media at 15 pounds for 5 minutes).

Add 2 ml. of the washed organisms and swirl gently.

Do not shake as this produces bubbles which inter

fere with the assay. Pour the media into sterile 

Pyrex dishes, 9" x 13.5". Sterilize plates by auto

claving or flaming with a Bunsen burner. The plate 

is then covered with a plate-glass cover 16" x 

1 0 ».

E. Standards

Standards are prepared from a stock standard of 100 

micrograms (ug) of PGA/ml. Dilutions of 20 ug/ml,

15 ug/ml, 10 ug/ml, 5 ug/ml, 2.5 ug/ml, 1 ug/ml,

500 millimicrograms (mug)/ml, 250 mug/ml, 100 mug/ml,

50 mug/ml, 25 mug/ml, 20 mug/ml, 15 mug/ml, 10 mug/ml,

7.5 mug/ml, 5 mug/ml, 2.5 mug/ml, 1 mug/ml, 0.75 mug/ml 

and 0.5 mug/ml are made up with distilled water, 

placed in 50 ml. dark brown bottles, layered over with

2 ml. toluene and kept at A . These will keep for

3 months.

F. Addition of Paper Pads

After the media has solidified, absorbent paper pads 

(#7A-0-E Schleicher and Schuell) are added to the agar

31
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plate after addition of 0.14 ml. of standard or 

unkown to the pad. Place the pad on the media with 

forceps. Run duplicates with each determination.

Wash forceps doubly between unkowns. Work from most 

dilute to the most concentrated when working with 

standards. Replace cover with each addition to mini

mize contamination. Standards are run with each 

assay as conditions vary from run to run.

G. Incubation

Place plate in the incubator at 37° for 18-24 hours. 

Flame that portion of the plate that was handled, 

to minimize contamination.

H. Measurement of Response

The organisms are seen growing around the disks after 

suitable incubation, (Fig. l). Measure the zonal 

growth with a vernier caliper to the nearest tenth 

of a millimeter. Measure both diameters of the circle. 

Measurement is facilitated by inverting the plate 

carefully over a small microscope substage lamp and 

darkening the room. Duplicate measurements are made 

on each sample and averaged, (cf. Fig. 2)

I. Graph

After the readings are completed, construct a graph 

for each assay, plotting mug. of PGA/ml against zone
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Fig. 1 • Photograph of growth zones after incubation 
of S. fecalis ATCG $8043 with different con
centrations of folic acid (PGA). Concentration 
of PGA are: l) 0 mug/ml, 2) 0.1 mug/ml,

3) 0.25 mug/ml, 4) 0.5 mug/ml, 5) 1.0 mug/ml, 
à) 2.5 mug/ml, 7) 5.0 mug/ml and 8) 10.0 mug/ml.
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Fig. 3: Graph of standard growth curve after measure
ment of zones. Incubation time was 20 hours, 

a Unknowns are read off this standard curve.

t



Standard Curve ‘"Growth Zone 
Diameters of Leucognostoc 
Cttrovorum P lo tted  Against 
Known Concentrations o f 
Foltnic Acid (C .F .) .
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diameters of the zones in millimeters. (Fig. 3) Un

knowns are then read from this curve.

CITROVORUM FACTOR BIOAUTOGRAFHIC ASSAY:

A. Organism

Leuconostoc citrovorum ATC #8081.

B. Carrying Cultures 

As in PGA Assay

C. Inoculum Media

These are tubes containing 10 ml. of the final strength 

media with the addition of Leucovorin (Lederle Laboratories) 

to make 2 mug/ml. Other details as in PGA Assay.

D. Basic Media 

Solution A

1) 200 gm. Dextrose
160 gm. Sodium Acetate (anhydrous)
24 gm. Ammonium Chloride

4 .8  gm Potassium Phosphate-monobasic
4 .8  gm. Potassium Fnosphate-dibasic 
0.8 gm. Asparagine
1.6 gm. Glycine

Dissolve (l) in 1 liter of boiling water.

2 ) 800 ml. of 10% casein hydrolysate or 92 gm.
Casamino Acids (Difco).

3) 800 mg. DL Tryptophan. —  Dump separately in a 

small amount of boiling water.

4) 800 mg. Cystine. —  Add a few ml. of concentrated 

HC1 to cystine in a small amount of boiling 

water containing cystine.
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Solution A is to be made up only when making up 

media.

Purine-Pyrimidine Solution

Hake a solution of adenine, guanine and uracil of 

1 mg/ml. Dump into a small amount of boiling water, 

add a few ml. of concentrated HC1. Make up 250 ml. 

Lasts 6 months at X° C.

Xanthine Solution

Make a solution of xanthine 1 mg/ml and dissolve in

a small amount of NaOH. Keep separate.

Salt Solution

1 gm. Fe SOX 
20 gm. Mg SOX 
1 gm. Mn SOX 
1 gm. Na Cl

Dilute to 500 ml. with water. Keep in brown bottle.

Vitamin Solution

10 mg. Thiamin 
20 mg. Fyridoxine 
6 mg. Fyridoxal 

10 mg. Ca. Pantothenate 
10 mg. Riboflavin 
20 mg. Nicotinic Acid 
20 ug. Biotin (in 25 ug vials)

Dissolve in 100 ml. distilled water. Keep in dark 

under toluene at X°. Never keep over 1 month.
Keep separate and add only one day of assay. Add 

1 ml. of vitamins to 100 ml. of double strength
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media.

To make up A- liters of double strength media, 80 ml. 

of Purine-Pyrimidine Solution, 80 ml. of Xanthine 

Solution, AO ml. of Salt Solution and the ingre

dients of Stock Solution A are diluted to A liters 

with distilled water. Adjust the pH to 6 .8  with 

pH meter or Brom-thymol blue. Layer over with 

toluene and keep at A0 . Note that this media is 

listed as double strength media. All assay media 

listed as initial strength is double the final 

strength. Since this is double the initial strength, 

it is quadruple the final strength. This is to 

vacilitate storage of such a large volume.

On the day of assay, add 0.5 ml. of vitamin solution, 

2 gms. of Bacto Agar and 150 ml. of distilled water 

to 50 ml. of the double strength media. Other de

tails as in PGA Assay.

E. Standards

The standards are of the same concentration as "under 

PGA Assay using Leucovorin (Lederle) instead of PGA.

F. Addition of Paper Pads 

As under PGA Assay.

G. Incubation

As under PGA Assay.
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H. Measurement of Response 

As under PGA Assay.

I. Graph

As under PGA Assay, substituting Leucovorin (Lederle) 

for PGA.

MATERIALS:

Patients studied were 50 normal adults ranging in age from 
19-o0 years. They were all in good health and were on unre

stricted diets which were wholly adequate nutritionally. When 

values were extraordinarily high, questioning the subjects re

vealed that they were taking yeast tablets or multivitamin 

tablets, these values were excluded. In assaying some hospital 

patients, a zone of inhibition was seen around the disk. After 

checking the chart, it was found that these individuals were 

on antibiotic therapy. These values, too, were necessarily 

excluded from the study. No division of individuals into 

different sexes was done, since the great majority of these 

subjects were males.

Urine samples were collected for 24 hours in dark brown 

bottles under toluene. These were buffered to pH 6 .8  with 

concentrated NaOH and stored in dark brown 50 ml. bottles 

at 4° C. Assays were performed within 1 week of collection 

in most cases.



RESULTS

In calculating the results, it is important to remember: 

l) S. fecalis responds equally well to PGA or CF and 2) the 

Leucovorin standard is approximately 50% as active for Le. 

citrovorum as the naturally occurring form. Therefore, in 

calculating activity from the total activity for S. fecalis, 

must be subtracted that due to CF in order to get the true 

value for PGA. Also, the value for CF must be reduced by 

half to obtain result relative to the naturally occuring 

form. An example of the calculation method would be: Total 

PGA activity for S. fecalis equals 2.0 ug. CF activity for 

Le. citrovorum equals 0.8 ug. True CF activity equals -g- x 

0.8 or 0.4. ug. True PGA activity equals 2.0 ug. minus 0.4 ug. 

or 1.6 ug. of PGA.

The normal excretion of PGA and CF by normal adults on 

unrestricted diets is given in Table VI. The excretion of 

PGA ranged from 0.00-5.58 ug/24 hours, with a mean value of

1.16 ug. and S. D. of 2 1.41. The number of determinations 

on these 52 urine samples was 160. The average error of the 

method for this number of determinations for these values was 

20%. The average error of the CF method was 18%. Both sets 

of values were corrected, that is, CF was corrected to the 

naturally occurring form and PGA was corrected for CF content.

As will be noted, the value for 24 hour excretion of CF
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in these normal subjects is more constant than that for PGA.

The variability of the excretion of PGA can be explained by 

the fact that the diet of these individuals was not held con

stant. Another more important explanation is the fact that 

CF is probably the metabolically active pteroylglutamate. (23,

26, 63-65) For this reason CF excretion remains more con

stant than does PGA excretion. This is borne out by the fact 

that some subjects had widely varying excretion of PGA (J.D.,

K.I., M.C.) yet their excretion of CF remained in a relatively 

constant range.

In general, the excretion of CF in the same individual on 

different days remained relatively constant with a few exceptions. 

This constancy is also thought to be a reflection of the fact 

that CF is probably the active form of the vitamin and is little 

affected by the dietary changes occurring in these subjects. 

However, the excretion of PGA, as was pointed out, varied 

markedly from day to day in some individuals and is probably 

affected by diet much more than is CF excretion.

As was indicated, the average error for the CF assay and 

the PGA assay methods was 18% and 20% respectively. At higher 

concentrations of these compounds (above 5 millimicrograms (mug)/ 

ml) the error dropped to approximately 10%. At very low levels 

of concentration, as in large dilute urines, xvhere the concen

tration of these compounds fell below 0.5 mug/ml (uncorrected)
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TABLE VI

NORMAL 24 HOIR EXCRETION OF PGA AND CF IN 52 NORMAL ADULTS

24 HOUR CF-UG/2A HOIRS

1. 0.12
2. 0.20 R.O.

3. 0.22
4. 0.24
5. 0.25
6 . 0.28
7. 0.29
8. 0.30 J.D.

9. 0.30
10. 0.30 K.I.

11. 0.31
12. 0.32

13. 0.35 K.I.
14. 0.36

15. 0.36
16. 0.37 S.M.
17. 0.39 H.A.
18. 0.39 B. R
19. 0.40 B.R.
20. 0.40 S.M.
21. 0.41 K.I.
22. 0.43
23. 0.45
24. 0.47 J.O.
25. 0.47 H.A.
26. 0.47
27. 0.48
28. 0.49 J.D.
29. 0.50
30. 0.51 S.U.
31. 0.53
32. 0.54 S.M.
33. 0.57 M.E.
34. 0.57 S.U.
35. 0.62 S.ü.
36. 0.64 J.D.
37. 0.66 S.M,
38. 0.66
39. 0.67 J.H.
40. 0.68 B.R.

TA HOUR FGA-ÏÏG/24 HOIRS

0.20
2.70 R.O.
0.21
0.81
0.43
4.37
3.78

4.34 J.D.
0.35
0.30 K. I.
0.70
0.46
0.13 K. I.
0.36
0.36
0.12 S.M.
0.16 H.A.

2.23 B.R.
0.40 B.R.
0.66 S.M.
1.0-6 K.I.
0.71
2.85

0.15 J.O.
1.11 H.A.

0.91
0.40
1.00 J.D.

0.29
0.00 S.U.

0.53
0.50 S.M.
0.72 M.E.
0.00 S.U.
0.02 S.U.
2.04 J.D.
0.16 S.M.
0.22
3.01 J. H.
1.80 B.R.
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TABLE VI cont.

2A HOUR CF-UG/2A HOURS

Al. 0.72
A2. 0.73
A3. 0.88 S.M.
AA. 0.89
A5. 0.92 J.H.
A6 . 0.93 R.O.
A7. 1.00 J.O.
AS. 1.22 M.E.
A9. 1.29 M.C.
50. 1.31
51. 1.33 M.C.
52. 1.60 B.R.

2A HOUR FGA-UG/2A HOURS

0.08
0 .00
0.55 S.M.
0.00
5.58 J.H.
0.00 R.O.

1.25 J.O.
1.00 M.E.
A.72 M.C.

0.79
0.91 M.C.
5.10 B.R.

Initials indicate determinations on the same individual on 
different days.

Number of urines - 52 
Number of individuals = 32 
Number of determinations B loA

Mean = 0.57A ug/2A hours 
Standard Deviation * ¿0.37 ug/2A 
Average Error = 18%

Number of urines - 52 
Number of individuals = 32 
Number of determinations

=  160
Mean = 1.16A  ug/24 hours 

hours Standard Deviation = ¿1.29 
Average Error = 20%



"the se methods were not satisfactory. The range of adequate 

detection with these methods was from 0.07 mug - 3 ug on a 
weight basis, or from 0.5 mug/ml - 20 ug/ ml. on a volume 

basis. Since the per cent error of the method decreased 

with higher concentrations of the pteroylglutamates, the 

applicability of this method to measurement of urinary activ

ity after a loading dose is obvious.
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DISCUSSION

The bioautographic or large plate method described here 

is the first report of its use as an assay procedure for the 

pteroylglutainates, folic (PGA) and folinic acid (CF). This 

method has been successfully used in the assay of other vitamins 

including riboflavin (60-69), the pyridoxine or B6 group (70), 
biotin, nicotinic acid, pantothenic acid (71) and inositol (72). 

It has been reported as a means of detection of PDA and CF 

with tetrazolium, a substance reduced by growing bacteria to 

colored compounds, but no results using this procedure as an 

assay method were given. (73) No reports have appeared in 

which this method has been used as a routine assay procedure.

In comparing the bioautographic method with the turbido- 

metric methods most commonly used at present, we find as do 

others (66, 73) that the advantages of the plate method are:

1) Simplicity and ease of use. The tube methods are very 

time consuming and exacting and are not suitable for the deter

mination of a large number of simultaneous determinations with 

limited personnel. We have run 22 unknowns and 8 standards in 
duplicate on 1 plate.

2 ) Ability to detect inhibitory compounds. Around each 

disk that contains as inhibitory compound, a clear zone of 

inhibition will be seen in contrast to the greyish background 

of the organism-containing media. The tube method will not



detect inhibition, since there will be no growth, which can 

simply be interpreted as »no PGA or CF present".

) do interference with high salt concentrations. A 

great amount of salts present in the material to be assayed, 

as sometimes occurs in concentrated urine, will not interfere 

with "the plate assay, while with the tur bidome trie assay or 

the titrimetric assay, it may interfere with the results by 

increasing the turbidity or buffering the alkali titrated.

U) Applicability to chromatography. Separation of the 

different pteroylglutamates can be effected by paper chroma

tography and then assayed by bioautography. (73,74.)

The main disadvantage of this method is its lack of sen

sitivity as compared to the tube methods. The tube methods 

are able to detect levels of PGA and CF 10-100 times lower 

than the plate method. The plate method is of little value 

in detecting very low levels of these compounds, which is

essential in most of the chemical research on the pteroyl

glutamates.

Modifications and refinements of this technique would most 

assuredly improve the technique by reducing the error of the 

method, as shown in the riboflavin assay by Simpson (66). 

However, it is felt at this time that sacrificing the simpli

city of the method for increased sensitivity would defeat the 

primary purpose of the method, that being, its potential use
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as a clinical tool in which a large number of determinations 

may be run simultaneously with limited personnel. Although 

it is realized that this method has much to be desired in 

the way of specificity, it is hoped that its simplicity makes 

up for this disadvantage. For more detailed and refined methods, 

including ways this method can be made more specific, referrence 

to Simpson’s technique is made (66).

In consideration of the results obtained with this technique 

in normal adults, it can be seen that the excretion of folinic 

acid (CF) is much more constant from day to day than folic acid 

of FGA. This is understandable, since evidence has been re

ported that CF is probably the active metabolic of the pteroyl- 

glutamates (23, 26, 63-65). This would explain in part its 

lack of variance, theorizing that the conversion of FGA to CF 

proceeds at a uniform rate in the normal. The lability of the 

excretion of FGA is also explained by this hypothesis since 

that portion in excess of bodily need would most probably be 

excreted or degraded in some manner. The diets of these indi

viduals were not held constant, therefore, it is probable that 

the variability of FGA excretion is based in part on this fact.

As this work was intended as a reference to clinical study of 

FGA and CF metabolism, it did not seem advisable to attempt to 

control diets in these individuals, since patients to be assayed 

would not be so controlled.
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xhe importance of the stability of CF excretion in the 

normal individual has not been stressed in the literature.

Since this compound most likely represents the active metabolite, 

it would seem to be the most logical compound to study in 

order to gauge the status of pteroylglutamate metabolism.

K A  on the other hand, most probably representing the pre

cursor of the active form, would not be as representative a 

"meter-stick". That this is suggested in clinical study is 

evidenced by the fact that a patient with nutritional deficiency 

which we had occasion to study, excreted levels of FGA within 

the normal range on three separate days, while the CF excretion

on these days was markedly depressed to barely detectable 

levels.

It is felt therefore, that in further clinical study on 

the metabolism of the pteroylglutamates, that fractionation 

of the "total folic acitvity" of the sample into CF, (cor

rected in relation to the natural form) and FGA, (corrected 

for CF activity) is essential for a basic understanding of 

the metabolism of the pteroylglutamates in the patient being 

studied. It also is our contention that the excretion of CF 

is a more reliable indicator of deficiency than that of FGA, 

due to its probable role as the active metabolite, and also 

due to its relative stability in the normal adult from day 

to day, and from individual to individual.



SUMMARY

1) An introduction to the Pteroylglutamic Acid (Folic 

Acid) (FGA) and Folinic Acid (Citrovorum Factor (CF) Group

of compounds is presented. The stability of these compounds 

under varying conditions is reviewed.

2) Methods for the assay of these pteroylglutamates are 

briefly reviewed. The principles employed in microbiological 

assay of these compounds, the organisms involved and the 

types of assays used are given.

3) Normal urinary excretion values of the pteroylglu

tamates is summarized from the literature. Resting levels 

and excretion after a loading dose are included.

A) A simple bioautographic method for the assay of FGA 

and CF in urine is outlined in detail.

5) The average error of the FGA Assay method presented 

was 20% for 160 determinations, while the error of the CF 

Assay was 18% for 164 determinations. The detectability of 

these methods ranged from 0.5 millimicrograms (mug)/ml. to

20 micrograms (ug)/ml. The error decreased to 10% with levels 

above 5 mug/ml. The advantages and disadvantages of this tech

nique are discussed.

6 ) The results of the 24 hour excretion of FGA and CF 

in normal adults on unrestricted diets are presented. In 32
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normal subjects the 24 hour excretion of PGA ranged from 0.00- 

5.58 micrograms (ug)/24 hours with a Mean of 1.16 and a Standard 

Deviation of * 1.29. A total of 52 urines were studied and 160 

determinations were made. The results for the 24 hour urinary 

excretion of OF in 32 normals ranged from 0.19-1.60 ug/24 hours 

with a Mean of 0.57 and a Standard Deviation of 4 0.37. A 

total of 52 urines were assayed and 164 determinations made.

7) Due to the relative constancy of the 24 hour excretion

of OF from day to day and from individual to individual, as

opposed to the lability of PGA excretion, and also considering

the probable role of OF as the active metabolite, it is felt 1 7

that, measurement of the excretion of CF gives more representative 

values for the extinction of the status of pteroylglutamate 

metabolism in the normal individual, than values for the ex

cretion of PGA.
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