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Several studies were undertaken to determine factors affecting 

serum folate in women using oral contraceptives.    In each of these 

studies serum folate was measured using Lactobacillus casei and the 

"aseptic addition method" (Herbert,   1966). 

To study the effect of oral contraceptives on serum folate,   four 

young women using oral contraceptives and two not using them were 

fed a constant diet for  11 days.     The diet contained 0. 055 mg of folate 

and we administered a daily supplement of 0. 1 mg of pteroylglutamic 

acid (PGA).    Blood for serum folate analysis was drawn on day 3 or 4 

and on day 10.    Serum folate in three of the four women using oral 

contraceptives dropped below normal and below the folate levels of 

the control subjects by day 10. 

The effect of the menses on serum folate levels was studied in 

two subjects using bral contraceptives and in a control subject.    Blood 



was drawn during the menses and either one or two weeks before and 

after the menses.     The control subject and a subject using the contra- 

ceptive Ovulen (0. 1 mg mestranol,   1 mg ethnodiol diacetate) showed 

no change in serum folate associated 'with the menses.      A subject 

using the contraceptive Ovral (0. 05 mg ethinyl estradiol,   0. 5 mg 

norgestrel) consistently showed a drop in serum folate during the 

menses,   suggesting that this change may be peculiar to some contra- 

ceptives including Ovral. 

We performed a series of studies with a single subject for ten 

months.    In these studies the subject received a supplement of the 

water soluble vitamins which included 0. 1 mg of PGA.    Since serum 

folate levels in the subject were below normal,   this study in conjunction 

with the aforementioned constant diet study suggests that 0. 1 mg of 

PGA taken orally may not be adequate to maintain normal serum folate 

levels in women using oral contraceptives. 

Sera causing inhibition of the "aseptic addition" assay for folate 

were found among women using oral contraceptives.    We suggest that 

there may be a correlation between this inhibition and an inability to 

absorb folate properly.    Supplementation with PGA in the subject 

studied above may have corrected this inhibition and possibly the defect. 

A study investigating the validity of adding ascorbic acid 

(5 mg/ml of serum) before storage to sera used for folate analysis 

showed a stimulation of the folate activity with added ascorbic acid. 



The folate samples were as stable without the added ascorbate as with 

it for three months. We concluded that ascorbate should not be added 

to folate samples before they are stored frozen. 

We found that the inhibition of the L.   casei "aseptic addition 

method" caused by some sera can be eliminated by using 0. 05- and 

0. 1-ml of serum in the assay medium and by mixing the incubated 

assay with a vortex mixer and glass beads. 
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THE EFFECT OF ORAL CONTRACEPTIVES ON SERUM 
FOLATE LEVELS IN WOMEN 

INTRODUCTION 

The effect of oral contraceptives on folate status has been the 

subject of much contradictory literature since the first report shewing 

a deleterious effect was published in 1968 (Shojania et al. ,   1968). 

Lower levels of serum folate and altered folate metabolism were 

found when women using oral contraceptives were compared with con- 

trol subjects (Shojania et al. ,   1968; Shojania et al. ,   1971; Wertalik 

et al. ,   1971; Luhby et aL ,   1971).     Other  researchers found no differ- 

ences (Spray,   1968; Maniego-Bautista and Bazzano,   1969; McLean 

et aL ,   1969; Kahn et aL ,   1970; Pritchard et aL ,   1971).    A decreased 

ability to absorb dietary or polyglutamic folate has also been shown 

among women using oral contraceptives (Strieff,   1970; Nechels and 

Snyder,   1970),    Shojania et al.   (1971) obtained contradictory results 

when studying folate absorption in similar women.    Stephens et al. 

(1972) found a decreased ability to absorb folate in women using oral 

contraceptives before they were given saturating doses of folate but 

not afterward. 

In reviewing the literature,  we found no studies of the  effect of 

oral contraceptives on folate status in women who were receiving a 

diet of known folate content.     This led us to undertake such a study. 



The first study reported in this thesis investigated the effect of 

oral contraceptives in women receiving a constant diet containing the 

amount of folate recommended by the National Research Council (1968). 

Results from this study raised several questions that at the time were 

not answered in the literature.    These questions pertained to (i) the 

effect of the menses on serum folate status,   particularly in women 

taking oral contraceptives; (ii) the significance of sera causing an in- 

hibition of the assay used to determine folate; (iii) the possible connec- 

tion between inhibitory sera and oral contraceptive therapy; and 

(iv) the effect on serum folate of other vitamins such as ascorbic acid 

and vitamin B/ that are involved in folate metabolism and whose 

metabolism are also affected by oral contraceptives.     Pilot studies 

were undertaken to suggest answers for these questions and to deter- 

mine some direction and guidelines for further research. 



REVIEW OF LITERATURE 

Folic Acid 

The term folic acid was originally given to a vitamin-like factor 

isolated from spinach leaves by Mitchell,   Snell and "Williams (1941). 

Since this early designation various substances having similar biol- 

gical activity have been isolated.    All of them are derivatives of the 

basic molecule pteroylmonoglutamic acid (PGA) (Figure 1). 

The tentative rules of the International Union of Pure and Applied 

Chemistry (1966) state that folic acid should be used as a generic term 

for all of the derivatives of pteroylglutamic acids.    However,   through 

traditional usage the term folic acid continues to be used as a synonym 

for PGA as well as in the generic sense.    Because of this confusion 

the term folate has become the widely preferred generic name.    In 

this thesis folate and folic acid, will be used interchangeably in the 

generic sense.   The specific chemical name -will be used whenever any 

individual related molecule is being discussed. 

PGA is rare in nature and probably occurs only as a transitional 

compound.     However,   synthetic folate is in the form of PGA.     Folate 

usually occurs naturally as a conjugate with from one to ten glutamic 

acid residues attached to the glutamic acid portion of pteroylmono- 

glutamic acid.    This attachment is via an unusual gamma linkage 

rather than the usual alpha bond.     The hexa- and hepta-glutamic 
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Figure 1.    Structure of pteroylglutamic acid (PGA) and its principal conjugate 
pteroylheptaglutamic acid (adapted from Rosenberg and Godwin,   1971). 



folates occur most often in nature.     Enzymatically active folate is 

the reduced form,   tetrahydrofolic acid (THFA),   which may be either 

a mono- or polyglutamic (conjugated) folate.     The structures and 

nomenclature of folate are summarized in Figures  1 and 2. 

Function 

Folate functions in single carbon transfer.    Methyl,   formyl, 

hydroxymethyl and formimino groups can be carried by THFA on either 

the 5 or  1 0 position or balanced between the two positions in a five- 

membered ring (Figure 2).     These forms of folate function as co- 

enzymes in the metabolism of amino acids and in the synthesis of 

purines and pyrimidines.     Vitamins B^.   B/ and ascorbic acid play 

an important part in the complex metabolic pathways with which folates 

are associated. 

The principal biochemical reactions involving folate are: 

1.     Amino acid metabolism 

a. The interconversion of serine ^S glycine.     This reaction is 

vitamin B^, dependent.    In this reaction THFA is methylated to 

IsP-Nl O-methylene THFA,   a compound essential for deoxyribo- 

nucleic acid (DNA) synthesis. 

b. The catabolism of histidine —^glutamic acid.    In this reaction 

an intermediate compound formiminoglutamic acid (FIGLU), 

loses its formimino group to THFA,   yielding glutamic acid and 
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indicate the N^ and/or N*0 site of attachment of the 
1-carbon (R) units listed in the table above for which THFA 
acts as a carrier (Adapted from Herbert,   1970). 



N5-formimino THFA. 

c.   The  synthesis of methionine from homocysteine.     Vitamin BIT 

is required in this reaction.    N   -methyl THFA contributes a 

methyl group to homocysteine yielding THFA and methionine. 

2.     Nucleic acid synthesis 

a. Synthesis of purines by contributing carbon atoms 2 and 8 to the 

purine ring. Carbon atom 8 is contributed by N -N -methenyl 

THFA while carbon atom 2 comes from N10-formyl THFA. 

b. Synthesis of pyrimidines by the methylation of deoxyuridilic 

acid to deoxythymidylic acid.     Both a methyl group and a 

hydrogen atom are donated by methylene THFA yielding dihydro- 

folate. 

Human Requirement and Deficiency 

The adult requirement for folate as PGA appears to be approxi- 

mately 50 (jig daily (Herbert,   1968).    Allowing for less than 100% 

absorption the recommended dietary allowance is 0. 4 mg for adults, 

0. 05 mg-0. 1 mg for infants,   0. 2-0. 3 mg for children,   0. 8 mg during 

pregnancy and 0. 5 mg during lactation (Food and Nutrition Board, 

National Research Council,   1968).     The requirement for folate depends 

upon metabolic activity and cell turnover rates.     Thus,   the require- 

ment for folic acid is higher during infection,   which increases 

metabolic activity,   and during periods of physiologic growth such as 
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infancy,   adolescence and pregnancy.    Physiologic or pathologic condi- 

tions such as tissue repair,   increased synthesis of blood (as in preg- 

nancy,   blood loss or hemolysis),   and rapid gro-wth in malignant tumors 

will also augment folate requirement (Herbert,   1970). 

A deficiency of folate will eventually affect all tissues.    But 

because the folate requirement hinges on cell turnover rate the 

deficiency is first apparent in such rapidly dividing tissues as bone 

marrow and gastrointestinal, lining.    Hence the most obvious symp- 

toms of deficiency are megaloblastic anemia and leucopenia,   as well 

as changes in the lining of the intestine which may interfere with 

absorption. 

Assessment of Folate Status 

Folate status in humans is judged by: 

1. Hematological changes in the blood and bone marrow. 

2. Microbiological assay of folate activity in body fluids and tissues. 

3. Urinary excretion of FIGLU. 

4. Studies on intestinal absorption and plasma clearance of fdates. 

Hematological changes accompanying.folate depletion are caused 

by disordered maturation of both erythroid and myeloid cells in the 

bone marrow,   leading ultimately to both megaloblastic anemia and 

leucopenia.    Bone marrow biopsies during folate deficiency are 

characterized by the presence of giant metamyelocytes and 
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megaloblasts.     The peripheral blood reflects these changes by the 

presence of polylobed neutrophils and macrocytes.     Platelet develop- 

ment is occasionally affected causing thrombocytopenia.     These 

hematological changes can be clouded by deficiencies of iron or vitamin 

B12 in conjunction with a folate deficiency. 

Chemical methods for folate assay are as yet too insensitive to 

determine the small amounts of folic acid present in plants and 

animals.     Thus the use of microorganisms with different growth re- 

quirements for the various forms of folate has become extremely 

important both in determining folate status and in differentiating 

between the folate forms.     The four organisms used to assay folate 

are:    Streptococcus faecalls,   Pediococcus cerevisial,   Lactobacillus 

casei and Leuconostoc citrovorium.    Of these L.   casei is the most 

sensitive and has the widest range of response.    It is the only organism 

that can utilize N^-methyl THFA and folate conjugates having one or 

two glutamic acid residues.    Since these forms predominate in human 

blood,   L.   casei is the preferred test organism for determining folate 

in serum and whole blood.    Polyglutamates with more than three 

glutamic acid residues linked to the pteroic acid are not available to 

any of the organisms without first removing the additional glutamic 

acid residues with conjugase. 

Approximately 90% of the folate activity in blood is in the 

erythrocytes.    Erythrocyte folate can be measured by determining 
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the difference between serum and whole blood folate activity.     Red 

cell folate is less subject to diurnal variations and better reflects 

tissue levels than does serum folate.     However,   studies on experi- 

mental folate depletion show that serum or plasma folate levels 

respond to changes well before any other commonly used criteria for 

the measurement of folate status (Figure 3)   (Herbert,   1970).     This 

makes the assaying of serum folate preferable in studies where small 

and relatively rapid changes are being monitored and where clinical 

deficiencies are not involved. 

Folate metabolism may be assessed by the measurement of 

urinary FIGLU,   an intermediate in the degradation of histidine (see 

Metabolism lb).    If THFA is not available,   conversion of FIGLU to 

glutamic acid cannot occur and the resulting accumulation of FIGLU 

is excreted in the urine.    A loading dose of L-histidine accentuates 

any defect that may be present.     Urinary FIGLU can be measured by 

electophoretic,   chromatographic and spectrophotometric methods. 

Excessive urinary excretion of FIGLU shows only that folate metab- 

olism has been impaired.    Usually this is due to a lack of folates,   but 

may also be due to a lack of enzymes involved in FIGLU metabolism 

or to a vitamin BIT deficiency. 

Folate absorption studies are most commonly performed by 

comparing serum or plasma levels following the oral or intravenous 

administration of folic acid.     The amount subsequently excreted in the 
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Figure 3. Biochemical and hematological sequence of events in 
experimentally induced dietary folic acid deprivation 
in man (from Herbert,   1970,  p.   1434). 
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urine is taken as an indication of tissue saturation.    Absorption studies 

after small intravenous doses are another method for estimating folate 

status.    When tissue stores are depleted,   folate clearance occurs 

much more rapidly and lower than normal folate levels are present in 

the serum after 15 minutes. 

Information found in the preceding section on folic acid has been 

recently reviewed by Rosenberg and Godwin (1971),   Hibbard and Hib- 

bard (1968),   Rothman (1970),   Herbert (1970),   and Blakely (1968). 

Oral Contraceptives 

Oral contraceptives are generally made up of synthetic orally- 

active estrogenic and progestinic compounds which are usually taken 

either in combination or sequentially over a 21- to 28-day period. 

Most preparations contain 0. 05 to 0. 1 mg of ethinyl estradiol or 

mestranol,   and a progestin in a dose appropriate to its potency.   In 

combination-type preparations the two hormones are usually taken 

together for 21 days beginning five days after the first day of the 

menses or seven days after the last dose,.    This provides a 28-day 

cycle with three weeks of treatment and one week off.    During this 

week off the menses occurs.     The sequential tablets provide estrogen 

for 20 or 21 days with a progestin added during the last five days. 

As with the combination-type contraceptive the next course is started 

seven days after the last dose or five days after the onset of the 
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menstrual flow. 

Although there are several possible 'ways in which estrogen and 

progestin compounds could interfere with fertility,   the estrogen- 

progestin preparations,   as currently used,   act as contraceptives by 

inhibiting ovulation.    This is done through inhibition of the secretion of 

gonadotropic hormones by the pituitary gland.     The estrogen in the 

oral contraceptive inhibits the secretion of follicle-stimulating hor- 

mone (FSH) while the progestin inhibits the release of luteinizing 

hormone (LH).    Without the release of FSH,   follicular growth is 

largely suppressed and the reduction of LH would probably prevent 

maturation of the follicle even if sufficient growth could occur.    How- 

ever,   it is reasonable to conclude that the estrogenic compound in 

most of the widely used oral contraceptives is the important factor 

in inhibiting ovulation and the progestin is included to insure that with- 

drawal bleeding will be prompt and physiological (Astwood,   1970). 

The composition of the oral contraceptives referred to in this paper 

are given in Appendix I. 

Serum Folate and Folate Metabolism:    Effect 
of Oral Contraceptives 

Low levels of serum folate and folate-responsive megaloblastic 

anemia are common in pregnancy.     This deficiency is usually attri- 

buted to an increased requirement of folate caused by a combination 



14 

of parasitism by the fetus and an increase in blood volume,   accom- 

panied by an inadequate intake of the vitamin.    However,   it has been 

frequently suggested that changes in folate absorption or metabolism 

may also contribute to the low levels of serum folate (Rothman,   1970). 

The suggestion that oral contraceptive therapy produces a 

pseudopregnancy prompted several groups to investigate the effect of 

these drugs on folate metabolism.    Paton (1969) and Streiff (1970) 

reported cases of megaloblastic anemia in women taking oral contra- 

ceptives.     Shojania et al.   (1968) •were the first to show that serum 

folate levels were significantly lower (P < 0. 001) in women using oral 

contraceptives.    Their control group of 24 women had a mean serum 

folic acid level of 6. 44 + Z. 3 7 ng/ml and the 62 women taking oral 

contraceptives had a mean level of 4. 46 + 1. 69 ng/ml.     This report 

was quickly contradicted by Spray (1968),  who found no general 

tendency for women taking oral contraceptives to show lower folate 

levels in plasma and in red cells.    In Spray's study the 19 women 

receiving oral contraceptives had a mean plasma folate level of 6. 2 

(range 1. 4-14) ng/ml and a mean red cell folate level of 205 (range 

70-360) ng/ml.    The 34 control women showed a mean plasma folate 

of 5. 2 (range 2. 5-10) ng/ml and a mean red cell folate of 191 (range 

80-470) ng/ml. 

Several reports appeared after the one by Spray (1968) showing 

that oral contraceptives have no obvious influence on folate 
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metabolism.    Maniego-Bautista and Bazzano (1969) found no differ- 

ence in the serum folate levels of a group of 51 women who had been 

using Ovulen for at least six months,   and a group of 48 control women. 

McLean et al.   (1969) found no significant difference in serum 

folate between a group of 39 women using either Ortho-Novum or 

Ovulen and a control group of 17 women.    Their subjects were from a 

similar socio-economic background and had similar dietary patterns. 

Among the subjects taking oral contraceptives 30% had borderline 

levels of serum folate (3-5 ng/ml) as opposed to 24% of the control 

subjects.    No deficient levels of serum folate (0-3 ng/ml) were present 

in either group.    Women taking the higher estrogen therapy tended to 

show lower serum folate concentrations.    There was no significant 

relationship between the length of oral contraceptive therapy and the 

serum folate level. 

Kahn et al.   (1970) did not observe particularly low serum folate 

levels or signs of tissue folate depletion in 14 patients taking either 

Ortho-Novum or Ovral.    These patients were all in a lower socio- 

economic status where folate deficiency is prevalent in the last tri- 

mester of pregnancy. 

Pritchard et al. (1971) in one study showed no significant differ- 

ence between the plasma folate levels of a group of 55 women taking 

oral contraceptives and a control group of 57 women.    Pritchard per- 

formed a second study on five women who had megaloblastic anemia 
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of pregnancy and were given oral contraceptives immediately after 

delivery to suppress lactation.    They were given first 100 [ig of 

mestranol and 2 mg of norethindrone three times per day and then 

switched to a normal oral contraceptive regime.    A control group 

was composed of puerperas who had megaloblastic anemia during 

pregnancy,  but were not using oral contraceptives.     The hemoglobin 

and reticulocyte counts of both groups rose at comparable rates and 

reached similar levels.    The anemia was corrected within a few weeks 

in all cases,   control and experimental,   suggesting that the oral 

contraceptives did not appear to interfere with the response to dietary 

folates.    Pritchard et al. ,   however,  mention a more recent case of 

one woman with puerperal megaloblastic anemia who failed to respond 

to a regular diet while taking six tablets a day of the oral contracep- 

tive Ovulen.    The details of this case were not given. 

The more recent reports again show changes in folate metaba- 

lism with oral contraceptive therapy.    Shojania et al.   (1971) published 

a review of their extensive studies on folate absorption,   status and 

metabolism of patients using oral contraceptives.    A group of 176 

women using combination-type oral contraceptives had a mean serum 

folate level of 4. 2 + 1. 77 ng/ml.    This was significantly lower 

(P < 0. 001) than the mean for the  140 control subjects,   6. 2 + 2. 6 ng/ 

ml.    Red cell folate was also significantly lower in the contraceptive 

group and urinary excretion of FIGLU after a histidine load was 
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increased when compared to the control group.    These changes showed 

a definite correlation to duration of therapy.    In 31 women who stopped 

taking the oral contraceptives,   a rise in serum and red cell folate and 

a fall in urinary excretion of FIGLU occurred within three months 

after stopping the therapy. 

Two other reports seem to support the persistent findings by 

Shojania et aL (1968 and 1971).    Wertalik et aL (1971) found a mean 

serum folate level of 6. 6 + 3. 5 ng/ml in 14 oral contraceptive users 

as opposed to a mean of 12. 9 + 6. 3 ng/ml in the control group 

(P < 0. 01).    Luhby et al. (1971) found changes in several folate para- 

meters among users of oral contraceptives.     Of Z0 women using oral 

contraceptives,  five had elevated urinary FIGLU levels after a hista- 

dine load,   four subjects had low serum folate and three had low whole 

blood folate.     These indices were normal in all control subjects.     The 

abnormal FIGLU excretion was only partially corrected by 0. 2 mg of 

PGA given intramuscularly each day for ten days.    The levels were 

completely corrected in seven days after a daily oral dose of 5 mg of 

PGA.    Another subject using oral contraceptives had severe folate 

deficiency as shown by bone marrow and blood megaloblastosis,   ele- 

vated FIGLU excretion and low serum (2. 2 ng/ml) and whole blood 

(18.8 ng/ml) folate levels.     This subject showed suboptimal hemato- 

logic responses to ten day courses each of 0. 1 and 0. 2 mg of intra- 

muscular PGA.    Response was complete,   however,   after oral doses 
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of 2 mg of PGA daily for ten days. 

Stephens et al. (1972) found no overall difference in the fasting 

levels of serum folate in users of oral contraceptives as compared 

■with a control group.     They did,   however,   find other changes.    Women 

were studied on days 5 and 20 of the menstrual cycle,  which repre- 

sented,   respectively,   the lowest and the highest concentrations of 

exogenous and endogenous  sex hormones during the menstrual cycle. 

On day 5 in the contraceptive cycle,   the day immediately preceding 

the next course of tablets,   the maximal excretions of the synthetic 

sex hormones had occurred.    Control subjects and the majority of 

women using oral contraceptives showed no significant differences 

between days 5 and 20,    But the group of women taking the oral con- 

traceptive Gynovlar had significantly lower serum folate levels on 

day. 5 (5. 36 + 0. 54) than on day 20 (7. 63 + 0. 46).    Stephens et aL 

also studied Minovlar,   Lyndie and Norinyl 1,   but the number of sub- 

jects using each preparation was too small to determine whether or 

not it caused a similar discrepancy between day 5 and day 20, 

If there is in fact a change in folate usage with oral contraceptive 

therapy,   the change is either not universally present or so mild that 

it does not cause serious deficiencies in the majority of women using 

oral contraceptives.     These conflicting data are summarized in Table 

1.     Several theories have been proposed as   to why the apparent 

changes are not universally detrimental.    Shojania et al.   (1971) 



Table  1.    Summary of data found by researchers studying the effect of oral contraceptives on serum 
 folate levels.  

 Serum Folate Levels (ng/ml)  
Subjects Using Control Significant 

Author Oral Contraceptives Subjects Difference 

Shojania (1968) 4.46 + 1.69 (62)a 6.44 + 2.37 (24)a 

Spray (1968) 6. 2b (19) 5. 2b (34) 

McLean (1969) <3. 0. None (39) <3. 0 None (17) 
3. 0 - .5. 0   30% 3. 0 - 5. 0 24% 

Shojania (1969) 3.9 + 1.87 (123) 5.8 + 2.1 (38) 

Pritchard (1971) 8. 0b (57) 8. lb (55) 

Wertalik (1971) 6.6 + 3.5 (14) 12.9+ (?) 

Shojania (1971) 4.2 + 1.77 (176) 6.1+2.23 (39)e 

6.3 +2. 6 (101) 

Stephens (1972) Day 5C   5.89 + 0. 41           (43)                      5.79 + 0.42           (23) 
 Day 20'd 6,84 + 0.33 (4.3.)    6. 1 0 + 0. 59 (23)  

^Number of subjects 
Plasma values 
Day 5 of menstrual cycle,   during menses,  when women taking oral contraceptives were "off the pill". 
Day 20 of menstrual cycle when women taking oral contraceptives were "on the pill". 

eShojania had two sets of control women:   one (39) from a physician's private patients and the other 
(101) from among hospital personnel.'   There was no significant difference between these two groups. 

P < 0. 001 

None 

None 

P < 0. 001 

None 

P < 0. , 01 

P < 0. 001 
P < 0. 001 

None 
None 



20 

suggested that they consistently found lowered folate levels in oral 

contraceptive users because they were dealing with large numbers of 

subjects and because a relatively large percentage were on prolonged 

therapy.     The folate intake also may have been marginally adequate 

in the population they studied.    The study was done in Winnepeg, 

Canada, where,   due to long cold winters and short summers,   the 

consumption of fresh fruits and vegetables is generally low.    Thus, 

the average folate intake is lower than it would be in a similar socio- 

economic group elsewhere.     Consequently,   any impairment in folate 

absorption or metabolism would be demonstrated more quickly and 

more universally in their population. 

Effect of Oral Contraceptives on Folic Acid Absorption 

Streiff (197 0) performed a clinical study on seven women being 

treated for folate deficiency anemia which they developed while taking 

oral contraceptives.     Five of these patients,   who were given a normal 

hospital diet for ten days,   showed no response to the dietary folic 

acid.    However,   all five women showed rapid hematologic response 

to an oral dose of 250 \ig of monoglutamic folate (PGA) while still 

taking oral contraceptives.     The remaining patients had hematologic 

responses merely upon discontinuation of the oral contraceptive.     Be- 

cause of these results Streiff  investigated the absorption of the conju- 

gated form of folic acid in oral contraceptive users.     The polyglutamic 
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or conjugated form of folate is the most prevalent form in the diet. 

Before it can be absorbed the conjugated glutamic acid residues must 

be removed (Rosenberg and Godwin,   1971; Bernstein et al. ,   1970). 

Absorption tests were performed on nine volunteers who had been 

taking oral contraceptives for at least one   year and on nine women 

who had either never taken oral contraceptives or had discontinued 

their use at least six months prior to the tests.    All of the women had 

normal serum folate levels and none were anemic.    For the absorp- 

tion tests the subjects first received a 200 p.g dose of monoglutamic 

folate and then the molecular equivalent of polyglutamic folate.   The 

use of oral contraceptives did not affect the absorption of monoglutamic 

folate but caused a 50% decrease in absorption of the polyglutamate. 

Daily administration of 5 mg of monoglutamic folate for three days 

prior to testing,   in order to assure adequate stores,   did not affect the 

results. 

Nechels and Snyder (1970) also noted two cases of megaloblastic 

anemia in users of oral contraceptives which responded to monoglu- 

tamic folate but not to dietary folate.    There was no evidence of 

generalized malabsorption in these two patients,   but they showed a 

pronounced decreased ability to absorb a dose of polyglutamic folate. 

Four normal volunteers were given control tests for the absorption 

of both monoglutamic and polyglutamic folic acid.    They were then 

treated with two cycles of oral contraceptives and retested.    During 
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the control period the absorption of the monoglutamic and polyglutamic 

folate was equivalent in all four volunteers.    After oral contraceptive 

therapy the subjects showed no isighificant change in either their fast- 

ing serum folate or in their ability to absorb monoglutamic folate. 

However,   all four volunteers showed a marked decrease in absorption 

of polyglutamic folic acid. 

McLean et al. (1970) found no significant difference between the 

absorption of mono- and polyglutamic folates in pregnant women.     The 

levels of estrogen and progesterone found during pregnancy are much 

higher than the levels found in users of oral contraceptives.     In spite 

of the high levels,   the hormones in pregnancy do not seem to selec- 

tively affect the absorption of polyglutamic folate,   as do steroid 

contraceptives.    These results suggest that orally administered syn- 

thetic estrogens and progestins may affect absorption of folate quite 

differently than their naturally occurring counterparts. 

Shojania et al.   (1971)  did not consistently find malabsorption of 

polyglutamic folate in users of oral contraceptives.     They performed 

absorption tests on seven women using oral contraceptives and on five 

control women.    Both groups had been given a loading dose of mono- 

glutamic folate to saturate their tissues.    The absorption of poly- 

glutamic folate in five of the women using oral contraceptives who had 

normal serum folate levels was similar to that in the control subjects. 

Two women taking oral contraceptives who had lower serum folate 
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levels before loading showed inhibited absorption of polyglutamic 

folate.    These two women were tested again two months after discon- 

tinuing the oral contraceptives.    Although there was no evidence of a 

general malabsorption syndrome in these subjects they still showed an 

abnormal absorption of polyglutamic folate.    Shojania et al. suggested 

that these two cases might represent a mild form of malabsorption 

syndrome rather than a response to oral contraceptive therapy. 

Like Streiff (1970),   Stephens et aL (1972) found that the users of 

oral contraceptives,   without presaturation,   showed significantly de- 

creased peak levels of serum folic acid after absorption tests using 

polyglutamic folate.     There was no significant difference between con- 

trol subjects and users of oral contraceptives in absorption tests 

using the monoglutamic acid form.    However,   contradicting Streiff, 

but like Shojania (1971),   Stephens et al. then used a presaturation dose 

of 1 5 mg/day monoglutamic folate for four days prior to the absorp- 

tion tests.    After this presaturation,   results from a polyglutamic 

folate absorption test showed no significant difference between the 

peak levels of folic acid in control subjects and in those using oral 

contraceptives.    There was no- correlation between a subject's fasting 

level of serum folate and his ability to absorb polyglutamic folate 

without presaturation. 

Streiff and Greene (1970) reported results of an in vitro study 

on the inhibition of conjugase by commonly used drugs.     Conjugase is 
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required for the breakdown of polyglutamic folate to its monoglutamic 

form which must take place before the folate can be absorbed.     The 

study showed a 100% inhibition of conjugase by mestranol,   a 51% 

inhibition by norethindrone and a 24% inhibition by chlormadinone. 

These three drugs are commonly used estrogenic or progestinic agents 

in oral contraceptives. 

Stephens et al.   (1972) studied the in vitro effects of synthetic 

estradiol,   progesterone and esterone on conjugase.     None of these 

synthetic steroids caused any inhibition.     However,   progesterone and 

esterone per se are not used in oral contraceptives.     Estradiol is used 

in oral contraceptives,   but usually in the form of ethinyl estradiol or 

a more complex derivative (Physicians Desk Reference,   1972). 

Several suggestions have been made to explain why the apparent 

malabsorption of polyglutamic folate does not equally affect all users 

of oral contraceptives.    Streiff (1970) and McLean (1969) suggest that 

possibly the seven-day rest period in the oral contraceptive cycle 

allows some women to absorb sufficient folate to prevent deficiency 

while having no effect in others.    Streiff (1970) also suggests that the 

average dietary intake among Americans may be far greater than 

needed.     Therefore,   even if the polyglutamic folate absorption were 

cut in half,   the total intake would still be sufficient to prevent defi- 

ciency in most women.    Nechles and Snyder (1970) suggest that the diet 

of the average American woman may contain sufficient unconjugated 
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folic acid (in milk,   for example) to maintain an adequate folate level 

in spite of impaired polyglutamic folate absorption.     Oranges and 

orange juice are also good sources of unconjugated folates (Streiff, 

1971).     Nechles and Snyder proposed that possibly either an increase 

in requirement or a decrease in the consumption of these foods over a 

long period of time might be sufficient to cause a clinical deficiency 

of folate in oral contraceptive users. 

Stephens et al.   (1972) feel that there is no true malabsorption 

of polyglutamic folate in women taking oral contraceptives,  but rather 

a more rapid clearance of folate from the blood which is apparent when 

the tissues are not completely saturated.    However,   if this were true 

it would seem likely that the differences would be apparent following 

absorption of both the mono- and polyglutamic folate forms. 

Ascorbic Acid,   Folate,   and Oral Contraceptives 

Ascorbic acid plays an important part in folic acid metabolism 

by protecting both the reducing enzyme,   folic acid reductase,   and the 

reduced enzymatically active end-product,   THFA,   against oxidative 

destruction (Wohl and Goodhart,   p.   277,   1968; Herbert,   p.   1433,   1970). 

Rivers and Devine (1972) suggest that oral contraceptives 

depress plasma ascorbic acid,  but do not seem to increase urinary 

excretion of the vitamin.    In view of the possibility of altered ascorbic 

acid metabolism and of its essential role in folate utilization,   it is 
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conceivable that folate levels may be affected by changes in ascorbate 

status in users   of oral contraceptives. 

Vitamin B^,,   Folate and Oral Contraceptives 

The enzyme,   hydroxymethyltransferase,   which catalyzes the 

conversion of serine to glycine,   yielding N   -N^O methylene-THFA, 

is vitamin B/ dependent.    Presumably the -NH^ group of serine is 

bound (on the enzyme surface) to pyridoxal phosphate before the (3 

carbon is transferred to THFA.    N5-N10 methylene-THFA is essential 

for DNA synthesis.    Hence vitamin B^ becomes closely involved in 

DNA synthesis and the folate metabolic cycle.     The deleterious effect 

of oral contraceptives on 3/ metabolism is well documented and has 

recently been reviewed by Brown (1972).    As with ascorbic acid,   it 

is possible that adjustments in B/  status may affect folate usage in 

users of oral contraceptives. 

Microbiological Determination of Folate 

A method for determining serum folate using L.   casei as the 

assay organism was developed by Baker et al.   (1959) and revised by 

Herbert (1961).    L.   casei was chosen as the assay organism in 

preference to either S.   faecalis or L.   citrovorum because its growth 

is markedly stimulated by human serum.     The other two organisms 

grow only slightly on serum,   and do not differentiate between normal 
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and deficient subjects (Herbert,   1961). 

A second method,   the "aseptic addition" technique,   has been 

developed more recently by Herbert (1961 and 1966).       The "aseptic 

addition" method is now widely used because of its greater ease and 

reproducibility.    Unlike Herbert's "standard method, " the sera in the 

"aseptic addition" assay are not autoclaved,  but are added aseptically 

to the assay medium after autoclaving.     This not only helps protect 

the highly labile folate,   but also prevents precipitation of the serum 

proteins thus eliminating interference with the turbidimetric reading 

of the assay.    Two more important advantages to the method are that 

it allows the use of higher concentrations of ascorbic acid in the assay 

medium and that it requires only 0. 3 ml of serum. 

Both Herbert (1961) and Spray (1964) reported that ascorbic acid 

stimulated the growth of L.   casei.     The stimulatory effect of ascorbic 

acid  added to the assay medium is cancelled by adding the same 

amount of ascorbic acid to both the standards and to the experimental 

sera.    However,   this does not necessarily take care of the effect of 

high amounts of ascorbic acid which may be naturally present in the 

serum or which is added to help preserve folate during storage. 

In studying the effect of serum factors other than folate on the 

"aseptic addition" assay,   Cowan,   Hoffbrand and Mollin (1966) found 

an inhibition by certain sera.     This inhibitory effect was accompanied 

by striking changes in the growth patterns of L.   casei.     When 
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inhibition occurred the organisms agglutinated to form a button at the 

bottom of the tube leaving a clear supernatant.    If the serum was not 

inhibitory the organisms tended to be dispersed throughout the tube 

and toward the end of the incubation period were visible as a fine 

suspension throughout the fluid.     Cowan et al.   found that some inhibi- 

tion may occur with 0. 1 ml of serum in the assay medium,   but that 

generally 0. 2 ml was the least amount needed to produce an easily 

detectable inhibition.    A serum concentration of 0. 05 ml did not seem 

to inhibit growth sufficiently to deviate from the normal growth curve. 

The inhibition was eliminated if the serum proteins were precipitated 

by heat extraction,   as is done in the "standard" L.   casei assay.     Thus, 

the inhibitory substance would appear to be a protein or attached to 

the protein fraction. 

Cowan et al.   (1966)  found a marked correlation between an 

inhibitory serum and certain folic acid related disease states and 

conditions.     The sera from all subjects tested who had either idio- 

pathic steatorrhea (22 subjects) or tropical sprue (8) had an inhibitory 

effect.    Also three out of 11 normal pregnant women and three of six 

patients with megaloblastic anemia of pregnancy had inhibitory sera. 

The sera of two out of six patients with liver disease caused similar 

inhibition of the folate assay.    None of the normal control subjects or 

patients with other diseases,   such as nutritional megaloblastic 

anemia and pernicious anemia,   had inhibitory sera.    In addition, 



29 

the sera for three patients with idiopathic steatorrhea who had been 

taking a gluten-free diet for several years,   behaved like normal sera 

and the sera of another patient caused much less inhibition after three 

months on a gluten-free diet.    Cowan et al.   suggest that the presence 

of an inhibitory serum may be used as a diagnostic tool and that it 

need not affect the validity of the "aseptic addition" method because 

the inhibition is only markedly present when the higher serum concen- 

trations were used. 

A recent article (Fleming et al. ,   1971),   published after this 

thesis was well in progress,   substantially revises the "aseptic addi- 

tion" technique.    Most of the changes instituted are similar to changes 

that we found necessary in order to use the original "aseptic addition" 

method. 
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METHODS AND MATERIALS 

Study I.     The Effect of a Constant Diet Containing 0. 055 mg of Folic 
Acid Plus a 0. 1 mg Supplement of PGA on Folate in 

Users of Oral Contraceptives 

The conflicting literature on the effect of oral contraceptives on 

folate metabolism led us to believe that giving subjects a constant diet 

of known composition,   something which had never been done,  might 

clarify differences in the folate metabolism of women using oral 

contraceptives.    Thus the effect of a known intake of folic acid on 

serum folate was investigated in conjunction with a study on the effect 

of oral contraceptives on the diurnal variation in tryptophan metabol- 

ism and vitamin B^ status in women. 

Subjects 

Six young women,   four who were using combination type oral 

contraceptives (experimental) and two women who were not using these 

drugs (control) served as subjects.    They were all in good health, 

ranged in age from 22 to 31 years and either attended or were em- 

ployed by Oregon State University.    During the study which lasted 11 

days the subjects were all at different phases in their menstrual cycle. 

Their vital statistics are presented in Table 2.     The subjects main- 

tained their normal activities. 



Table 2.   Vital statistics of the six women subjects participating in Study I:   The effect of a constant diet containing 0. 055 mg of folic acid and a 

supplement of 0. 1 mg PGA on the serum level of this vitamin in users of oral contraceptives. 

Subject 
Age 
yrs 

Body 
Weight 

kg 

Height 
cm 

Oral 
Contraceptive1 

Use of current 
-   '':''.'   -c contraceptive 

months 

Day of menstrual 
cycle 

Sample 1    Sample 2 

Length ( 
Menstrual 

days 

3f 

Cycle 

Time blood 
was drawn 

Sample 1    Sample 2 
(Day 3/4)    (Day 10) 

Control: 

Cl 22 73.7 165 None — 19 26 32 1200 1700 

C2 31 51.4 177 None — 17 24 28 1700 1200 

Experimental: 

E3 24 71.4 178 Ortho-Novum 1 5 12 19 28 700^ 1700 

E4 27 61.7 173 Ortho-Novum 2 12 12 19 28 700d 1700 

E5 24 80.0 163 Ovulen 21 12 6b 13 28 1700 1200 

E6 26 64.2 169 Ovulen 21 2 28 7b 28 1200 1700 

Composition per tablet of steroid contraceptive used:   (E = estrogen; P = progestin) 
Ortho Novum 1, E = 0. 05 mg mestranol and P = 1 mg norethindrone; Ortho-Novum 2, E = 0. 1 mg mestranol and P = 2 mg norethindrone; 
Ovulen 21, E = 0. 1 mg mestranol and P = 1 mg ethynodiol diacetate. 

Blood sample drawn during menses when no oral contraceptive was taken. 

Previous O. C.  Therapy:   Subject E3,  intermittently over 2-yr period; Subject E4,  other kinds intermittently over 4-yr period; Subject E5, 
other kinds for 16 months previous to present therapy; Subject E6,  14 months with a break of 5 months between previous and present therapy. 

d 
Drawn on day 4.   Blood from remaining subjects was drawn on day 3. 

OJ 
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Diet 

A constant diet was prepared and served to the subjects under 

the supervision of a nutritionist in the Nutrition Research Laboratory, 

School of Home Economics,   Oregon State University,     The meals were 

served at 0700,   1Z00 and 1700 hours.     The diet,   shown in Table 3, 

met the recommended dietary allowances proposed by the Food and 

Nutrition Board,   National Research Council (1968) except for iron 

(17. 4 mg) and vitamin B, (1. 9 mg).    It supplied approximately 0. 055 

mg of folate as determined from published food composition tables 

(Toepfer. et al. ,   1951),    After the first blood sample was obtained the 

subjects took an additional oral dose of 0, 1 mg of PGA daily in three 

equal portions at meal times. 

Procedure 

Blood samples for serum folate analysis were drawn before one 

of the three meals on day 3 or 4 and day 10.    The subjects had been 

without food for at least 13 hours when the blood was drawn at 0700 

hours (day 4) or for four hours when it was drawn at 1200 or 1700 

hours (days 3 and 10).     The times for drawing of blood were random- 

ized for each subject (Table 2). 



Table 3.   Dieta used in Study I:   The effect of a constant diet containing 0.055 mg of folic acid plus a supplement supplying 0.1 mg PGA on the 
serum level of this vitamin in users of oral contraceptives. 

FOOD ITEMS 

BREAKFAST (7 am) LUNCH (12 noon) DINNER (5 pm) g 

Ground beef 100' 
Bread, white 

c, d 
Instant Breakfast      , chocolate 

25 

30 

Non-fat dry milkd 

Orange juice, frozen 100 

reconstituted 
Ice cream, vanilla 100 

Butter6 

Carbohydrate foods e,f 

Folic acid supplement1 g 

c, d 

Ground beef 
Bread, white 
Instant Breakfast^ 

chocolate 
Non-fat dry milk" 
Pears, drained 
Pears, syrup 
Butter6 

Ice cream, vanilla 
Carbohydrate foods6' 
Folic acid supplement 

100b Ground beef 
25 Bread, white 

Instant Breakfast  ' 30 

chocolate 
20 Non-fat dry milk" 
80 Peaches, drained 
20 Peaches,  syrup 

Ice cream, vanilla 
100 Butter6 

Carbohydrate foods 
Folic acid supplement^ 

100D 

25 
30 

20 
80 
20 

100 

Nutrient content of the diet as calculated by using "Composition of Foods" (Watt and Merrill,  1963):   Protein,   127 g; calcium,  1,6 g; iron, 
17.4 mg; thiamine,   1. 3 mg; riboflavin,  2. 7 mg; niacin,  25 mg; ascorbic acid,   127 mg.    The vitamin A content varied from 5160 to 6645 I.U. 
per day, depending upon the amount of butter consumed by the subject to maintain weight. 

b 
Raw weight 

c 
Carnation Company, Los Angeles, California 

d 
Instant Breakfast and non-fat dry milk were placed in a cup and mixed.    Hot water was added to make a beverage. 

e 
Amounts were adjusted for each subject so that her initial weight was maintained. 

f 
This included sugar,  7-Up, gum drops and hard candies. 

g, 0. 033 mg supplement given at each meal after day 3. 

00 
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Study II:    The Effect of the Menses and Vitamin Supplementation on 
Serum Folate in Women Using Oral Contraceptives 

In order to interpret the results obtained in Study I we needed 

to know the effect of the menses on serum folate in women using oral 

contraceptives.    We were also curious about the influence on serum 

folate of other vitamins which appear to be affected by the use of oral 

contraceptives and whose metabolic functions involve folic acid. 

Because most studies on the effects of oral contraceptives on serum 

folate have dealt with a cross section of the population we felt that a 

longitudinal study might provide some new insights. 

Thus,   a series of studies which are summarized in Table 4 

were performed with a single subject (subject A) who had used the 

oral contraceptive Ovral for 11 months prior to the first study.    Her 

vital statistics are presented in Table 5.     The subject had very low 

levels of serum folate at the beginning of the study and her serum 

showed an inhibitory effect on the folate assay.    Blood samples for 

serum folate determination were drawn between 1200 and 1230 at 

weekly intervals,   four hours after a breakfast of coffee and a Carna- 

tion Instant Breakfast (Carnation Company,   Los Angeles,   California) 

made with whole milk.     This breakfast contained (by calculation from 

Toepfer et al. ,   1951) 2. 3 [ig of folic acid.     Supplements taken for 

each individual experiment were begun in the evening after the blood 

was drawn for the previous study.    Supplements were continued for 
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Table 4.    Summary of supplements given subject A. 
Pyridoxine 

Supplementsa Ascorbic Hydro- 
Study   Week   Contraceptive PGA     B-Complext> Acid chloride 

mg mg mg 

IIA 1 +c 0. 1 + 500 
2 + 0. 1 + 500 
3 + 0. 1 + 500 
4 0. 1 + 500 
5 + 0. 1 + 500 
6 + 0. 1 + 500 
7 + 0. 1 + 500 
8 - 0.1 + 1000 
9 + 0.1 + 1000 

10 + 0.1 + 500 
IIB        11 + 0.2 + 500 

12 - 0.2 + 500 
IIC 13 + 

14 + 
15 + 2000 
16 
17 + 
18 + 0.1 
19 + 0. 1 

IID        20-30   No blood 0. 1 + 500 
drawn 

31 No blood 0.2 + 1000 
drawn 

32 + 0.2 + 1000 
33 
34 + 
35 + 
36 + 1000 
37 
38                  + 

 39 + 25_ 

Supplements were taken each day for one week before blood was 
drawn.    A blank means no supplement was taken. 

b 
Composition (Appendix II) 

c 
+ = "on" contraceptive; - = "off" contraceptive. 



Table 5.     Vital statistics of the three •women participating in Study II:    The effect of the menses and 
vitamin supplementation on serum folate in women using oral contraceptives. 

Length of timeQ 
Subject Age 

Body 
Weight Height 

Oral 
Contraceptive3- on O. C.   therapy 

Length of 
Menstrual Cycle 

Experi- 
mental yrs Kg 

A 26 59 

cm 

169 Ovral 11 months 

days 

28 

B' 24 59 179 Ovulen 21 42 months with a 
2 month break 
after 24 months 

28 

Control 

Cc 36 73 179 None 26 

Composition per tablet of steroid contraceptive used:    (E = estrogen; P = Progestin) 
Ovral,   E = 0. 05 mg ethinyl estradiol,   P = 0. 5 mg norgestrel; Ovulen 21,   E = 0. 1 mj 
mestranol and P = 1 mg ethynodiol diacetate. 

O. C.   = oral contraceptive 

Participated in Study HA only. 



37 

one week and the last ones were taken at breakfast the day of the blood 

drawing.    Oral contraceptives were taken each night for 21 days 

following a seven-day rest period during which the menses occurred. 

Blood was drawn on days 7,   14,   21,   and 28 of each cycle.    An effort 

was made not to change dietary patterns during the experimental 

period and a daily food record was kept. 

Study IIA;    The Effect of the Menses on Serum Folate 

This study attempted to find the effect of the menses on folate 

levels in oral contraceptive users.     Of special interest was the one 

week during the oral contraceptive cycle when the hormones were not 

being taken and menses occurs. 

A total of three subjects were included in this study,   one of -whom 

was subject A.    Subject A was given a folate supplement of 0. 1 mg of 

PGA to bring her low folate levels out of the deficient range and to 

diminish the effect of dietary fluctuations.    A B-complex (Appendix II) 

and an ascorbic acid supplement (500 mg) were also given to assure 

adequate amounts of the other vitamins which may be affected by the 

use of oral contraceptives.     To allow for an adjustment period the 

supplements were given for two weeks before the first sample was 

taken.    Following the adjustment period the 0. 1 mg of PGA,   the 

B-complex supplement and the 500 mg of ascorbic acid were continued 

daily for seven weeks.     This interval included one menstrual period 



38 

and six weeks during which the contraceptive hormones were being 

taken.    During weeks 8 and 9 an extra 500 mg of ascorbic acid (1000 

mg total/day) were given to see if the ascorbic acid supplement taken 

during the first seven weeks was directly affecting the folate levels. 

This period included one menses (week 8) and one week of taking 

contraceptives.    Week 10 was the same as the first seven weeks.    A 

summary of supplements given subject A is included in Table 4. 

Two other subjects,   one using Ovulen 21  (subject B) and a control 

subject (C),   using no oral contraceptives,  were also tested for the 

effect on folate levels of either the menses or the oral contraceptive 

rest period including menses.    Both subjects were eating self-selected 

diets.    Subject B had been using Ovulen 21 for 3-1/2 years with a two- 

month break after two years.    A B-complex supplement without folate 

was being taken (Appendix II).    Blood samples for serum folate 

analysis were drawn between 1600 and 1630 four hours after eating, 

on day 21 of one cycle and days 7 and 21 of the next cycle.    Samples 

from subject C,  who was not using oral contraceptives,  were taken in 

the fasting state between 0700 and 073 0.    They 'were drawn a few days 

before the onset of menses,   seven days later on about the last day of 

menses,   and again one week later.    Subject C was not taking any sup- 

plements.     Vital statistics for subjects A,   B,   and C are given in 

Table 5. 
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Study IIB;    The Effect of a 0. 2 mg PGA Supplement 
on Serum Folate in Subject A 

For two weeks subject A took 0. 2 mg of PGA plus the B-complex 

and ascorbic acid supplements taken during the first seven weeks of 

Study IIA.     The two week period included one week of taking contra- 

ceptives and a menses (samples 11 and 12,   Table 4).    The extra folate 

was given to see if the level of serum folate could be brought into 

normal range and to see if 0. 1 mg of PGA was a sufficient dose to 

cause a change in serum folate levels. 

Study IIC:   The Effect of Stopping All Supplements and then 
Supplementing with 2000 mg of Ascorbic Acid or 0. 1 mg 

of PGA on the Serum Folate of Subject A 

Subject A was taken off all supplements including folate supple- 

ments to see how long the serum folate would take to return to original 

levels (samples 13 through 17,   Table 4).    During one of these weeks 

(sample 15) 2000 mg of ascorbic acid were given daily to see if this 

would affect the folate decline.    After this five week period,   subject A 

was given 0. 1 mg of PGA alone to see if the effect of the dose was the 

same when not taken in conjunction with the B-complex and ascorbic 

acid supplements (samples  18 and 19,   Table 4). 
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Study IID:   The Effect of Stopping Supplements on the Serum Folate of 
Subject A after a Ten Week Period of Supplementation with 0. 1 mg 

of PGA B-complex,   and 500 mg of Ascorbic Acid and a 
Two Week Period of Supplementation with 0. 2 mg of 

PGA,   B-complex and 1000 mg of Ascorbic Acid 

After a three-month period when no samples were drawn,   parts 

of Study IIC were repeated -with subject A.    During ten weeks of these 

three months the subject took 0. 1 mg of PGA,   plus the B-complex 

supplement taken previously and 500 mg of ascorbic acid each day. 

For two weeks prior to the first blood drawing (sample 32) 0. 2 mg of 

PGA plus the B-complex supplement and 1000 mg of ascorbic acid 

were taken.    This supplementation was the maximum which had been 

given previously.    All supplements were removed after the first sam- 

ple was taken.    No supplements were taken for the next three weeks 

(samples 33,   34,   and 35).    During the fourth week (sample 36) a daily 

dose of 1000 mg of ascorbic acid was taken to see if this would affect 

the expected downward trend in serum  folate.     The next two weeks 

(samples 37 and 38) were again, free from supplementation.    During 

the final week (sample 39) the subject took a daily supplement of 25 mg 

of vitamin B/  (pyridoxine HC1).     This dose was approximately the 

amount present in the B-complex supplement given previously. 
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Study III;   Inhibition of the Folate Assay by Serum Samples of 
Subject A and Other Women Using Oral Contraceptives 

Sera from subject A were spot-checked for inhibition of the 

L.   casei "aseptic addition" asaay by using 0. 1 and 0. 2 ml of serum in 

the assay medium.    Growth at these two levels was compared both 

visually and spectrophotometrically.    Sera from 12 other women were 

also checked for assay inhibition in the same manner.     Of these  12 

women,   six were using oral contraceptives and ranged in age from 22 

to 31 years.    The other six women ranged in age from 22 to 63 and 

were not using oral contraceptives.    However,   the 63 year old woman 

had been using Premarin,   a conjugated estrogen compound,   intermit- 

tently for severl years. 

Study IV:   Methodology 

Because of procedural problems encountered during Studies I, 

II and III,   two studies on the L.   casei "aseptic addition" assay for 

serum folate were conducted. 

Study IVA;    The Effect of Ascorbic Acid During the Storage of Serum 
Samples for the Determination of Folate Activity 

A single sample of serum was divided before storage into 1-ml 

portions.     Half of these portions was stored,   as were all of the experi- 

mental samples without added ascorbic acid.     The other half was 
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stored with 5 mg of ascorbic acid added per ml of serum as is most 

often done in folate assays (Blakley,   1969,   p.   37).    Both sets were 

then frozen at -10oC until assayed at intervals during the following 

three months. 

Study IVB:   The Effect of Sera Which Cause Inhibition in the 
L.   casei "Aseptic Addition!' Assay for Folic Acid on the 

Folate Values Obtained from this Assay 

Sera from subjects in Study I and subject A in Study II were used 

to study the effect of sera causing assay inhibition on the folate values 

obtained from the L.   casei "aseptic addition" assay.    The effect of an 

inhibitory serum -was examined by comparing final folate values that 

were obtained with assays in which 0. 05 ml,   0. 1 ml and 0. 2 ml of 

either inhibitory or non-inhibitory sera were used. 

Statistical Methods 

The significance of differences between samples for a single 

individual or between individuals was calculated according to Student's 

t test. 

Assay Protocol 

Folic acid concentrations in all serum samples were determined 

using Lactobacillus casei as the assay organism.     The procedure was 

based on the "aseptic addition" method of Herbert (1966) with the 



43 

following modifications. 

Preparation of Serum 

Blood was drawn into vacutainer tubes containing no anticoagu- 

lant.    After the blood stood at room temperature for three hours the 

serum was removed with a disposable pipette and frozen at -10oC 

until it was assayed.    After Study I,   the samples were divided into 

approximately 1-ml portions and frozen to prevent repeated freezing 

and thawing of the sera.     Either 0. 1 ml and 0. Z ml or 0. 05 ml and 

0. 1 ml of serum were used in assays for Study I,   depending upon 

whether or not the serum caused inhibition of the folate assay.    In 

Studies II,   and IVA,   all samples were assayed using 0. 05 ml and 0. 1 

ml of serum per tube.     Samples were run in duplicate at two levels 

giving a total of four tubes per sample per assay.    A minimum of 

three assays were run on each sample. 

Standards 

Stock standards were made up as directed but were divided and 

frozen in individual 5- or 15-ml portions.     These standards were 

thawed only once and any remaining was discarded.    The three final 

standards (10~     ,   10"   ,   10"    ng/ml) were made up from a 15 ml 

portion, of stock standard II (10      ng/ml) and were divided into 10 ml 

portions and frozen,   each portion again being thawed only once.    If 
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the three final standards were not used within a month,   they were 

discarded and fresh standards -were prepared.     Standards were at first 

run in duplicate (Study I) and later in quadruplicate. 

Phosphate Buffer 

The phosphate buffer was refrigerated without added preserva- 

tive.    If any solute crystallized it was redissolved before use by 

placing the bottle containing the buffer in warm water. 

Assay Medium 

Lactobacillus casei broth (Difco Laboratories,   Detroit,   Mich. ) 

was used as maintenance medium.     The assay medium used was 

Bactofolic Acid Casei medium (Difco Laboratories,   Detroit,   Mich. ), 

which was made up the day of the assay by simply adding deionized 

water and stirring.    Both dry mixes 'were stored in a desiccator. 

Aseptic Addition Assay 

Test tubes (20 mm by 150 mm) and foam stoppers were used 

for the assays intead of either Erlenmeyer or Micro-Fernbach flasks. 

The assays in Study I were autoclaved at 15 lbs pressure for 30 min- 

utes and in the subsequent studies at 1 5 lbs pressure for five minutes. 

This changeseemed to make little if any difference in the final results 

since a standard curve was always run with each assay.    Assays were 



45 

consistently incubated for 17 hours,     The contents of the tubes were 

mixed using a vortex mixer and glass beads,    A Spectronic 20 (Baush 

and Lomb Inc. ) set at 640 nm was used to read turbidity.    Duplicate 

positive and negative blanks were included in.each assay.    The nega- 

tive blank,   which had only the assay medium and ascorbate buffer,  was 

used to zero the instrument.     The absorbance of the positive (inocu- 

lated) blank was subtracted from the absorbance of each standard and 

sample before calculating the final folate values. 

Normal Values 

For interpretation of results,   Herbert (1966) gives the following 

values,   as obtained by the "aseptic addition" method for the L.   casei 

assay of folate activity in human serum. 

Low 3 ng/ml 

Suggestive of deficiency 3-4. 9 ng/ml 

Borderline low 5-6. 9 ng/ml 

Normal 7-15. 9 ng/ml 

Borderline high 16-25 ng/ml 

High 25 ng/ml 
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RESULTS AND DISCUSSION 

Study I;   The Effect of a Constant Diet Containing 0. 055 mg of Folic 
Acid Plus a 0. 1 mg Supplement of PGA on Serum 

Folate in Users of Oral Contraceptives 

The results for Study I are presented in Figure 4.    After receiv- 

ing a diet containing 0, 055 mg of folic acid plus a daily supplement of 

0. 1 mg of PGA for at least seven days,   control subjects Cl and CZ 

had increased serum folate levels (P < 0. 001 and 0. 01,   respectively). 

The folate levels in experimental subjects E3,   E4 and E6 dropped 

(P < 0. 001 for each subject).    An increase in serum folate was ob- 

served in only one experimental subject,   E5.     However,   the response 

is not certain because her serum caused severe inhibition of the folate 

assay.     This was not discovered early enough in the assaying proce- 

dure to deal with correctly.     (See Study IVB:    The effect of sera which 

cause inhibition in the "aseptic addition" assay for folic acid on the 

folate values obtained from this assay. )   At the completion of the study 

(day 10),   three of the four experimental subjects,   E3,   E4 and E6, 

had lower serum  folate levels than did the two control subjects,   Cl and 

CZ.     Experimental subject E5 had a serum folate level comparable to 

the control subjects after receiving the constant diet and PGA 

supplement. 

Before too much significance can be placed on these results 

several of the subjects must be discussed individually because of 
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O Sample from day 3 

D Sample from day 10 

V^ Cl C2 J V_ E3 E4 E6 

Control    Subject Experimental    Subjects 

Figure 4.   The changes in serum folate levels in women using oral contraceptives and in control subjects after receiving a constant diet supplying 0. 055 mg 
folic acid plus a supplement of 0. 1 mg of PGA.    Samples taken on day 3 reflect the subjects previous diet while samples drawn on day 10 reflect 
the influence of the experimental diet and supplement.    Subjects received no supplement on days 1 and 2.    aThe result for the day 3 sample of 
subject E5 is doubtful due to an inhibition of the folate assay by her serum. 
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variables which were present during the study.     Experimental subject 

E6 appeared to show the same downward response to the diet and 

supplement as did subjects E3 and E4.     However,   the second (day 10) 

sample for subject E6 was taken at the end of her menses and thus,   at 

the end of the period in her contraceptive cycle when she does not take 

hormones.     Therefore,   the lower value for the second sample could 

be due to the change in hormonal levels or to the loss of blood during 

the menses rather than being a response to the diet and supplement. 

Only two other subjects taking Ovulen 21,   the contraceptive used by 

subject E6,   have been tested for the effect of the menses on folate 

levels.    One of these women was subject B in Study IIA and the other 

was reported by Stephens et al.   (1972).    Although neither of these 

women showed a significant decrease in serum folate during the men- 

ses,   a general tendency can hardly be postulated.     Subject E6 should 

have been checked individually to be sure that there was not a drop in 

serum folate during the menses,   as Stephens et al.   (1972) found in 

women using Gynovlar and we found in one woman using Ovral (see 

Study IIA:    The effect of the menses on serum folate). 

The sera of experimental subjects E4 and E5 contained a sub- 

stance which inhibited the L.   casei "aseptic addition" assay for folate. 

As a result of this inhibition the values for subject E4 may be slightly 

low,  but are probably close to the true value because the inhibition 

was not as severe as with subject E5 and the values were based on data 
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taken from both 0. 05- and 0. 1-ml serum levels.    Since the samples 

were assayed equally,   the inhibition did not affect the relationship 

between the day 3 and day 10 samples for subject E4.    We can there- 

fore be confident that she did actually show a drop in serum folate 

during the experimental period. 

Unlike the other experimental subjects,   the serum folate of 

subject E5 increased during the study.     There are several possible 

explanations for this result.    Because the serum caused inhibition of 

the assay,   the value for the first (day 3) sample is derived from only 

one assay at the 0, 1 ml serum level.    Thus,   this value is not reliable 

and is,   at best,   approximate.    Although the value for the second (day 

10) sample may be slightly low,   it is more likely to be near the true 

value because it includes data from several assays at both the 0. 05- 

and 0. 1-ml serum levels.    Therefore,   the first sample may,   in fact, 

have been higher than the second,  but may not have been assayed 

accurately.    A second explanation may be that the day 3 sample is low 

due to the menses,   since it was taken at the end of this period in the 

oral contraceptive cycle. 

The inhibition of the assay by the serum of subject E5 may give 

yet another explanation for the apparent increase in folate.     Cowan 

et al.   (1966) suggest that the presence of assay inhibition may be 

closely related to idiopathic steatorrhea or to tropical sprue.    In these 

diseases there is often a greater malabsorption of dietary folate than 
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of PGA.    The malabsorption symptoms of tropical sprue are usually 

relieved by treatment with PGA (Bernstein et al. ,   1970; Hoffbrand 

et al. ,   1970).     This differential absorption is similar to the response 

found in at least some women using oral contraceptives (Streiff,   1970; 

Nechels and Snyder,   1970; Stephens et aJL ,   1972). 

Shojania et al.   (1971) suggested that some women taking oral 

contraceptives may also have a mild malabsorption syndrome that is 

not related to the oral contraceptives.    Possibly there is a link be- 

t-ween the malabsorption occurring in some users of oral contracep- 

tives and in patients with tropical sprue or idiopathic steatorrhea. 

In any of these situations a person who has a relatively low serum 

folate level resulting from poor absorption of dietary folate may 

respond dramatically to the sudden addition of 0. 1 mg of PGA to her 

diet.     The inhibitory serum of subject E5 may indicate an added 

malabsorption problem not necessarily related to the oral contracep- 

tives.     The supplementary PGA   may have helped correct or have 

bypassed this additional malabsorption problem giving subject E5 a 

sudden unaccustomed increase in folate that was reflected in the 

second (day 10) value. 

A variable which may have affected the results from all of the 

subjects is the possibility of a circadian rhythm in folate metabolism. 

Since blood was drawn from the subjects randomly at 1200,   and 1700 

hours on day 3 or 0700 hours on day 4 and 1200 or 1700 hours on day 
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10,   the two samples for each subject were not drawn at the same time 

of day (Table 2).    No studies on circadian rhythms in folate metabol- 

ism could be found in the  literature.    However,   Frank and Baker 

(1968) state that blood samples for folate determination may be drawn 

at any time and Fleming et al.   (1971)   suggest that samples be taken 

after at least a two-hour fast.    If existent,   this variable is probably 

of minor importance in this study. 

If you look at only the control subjects or only the experimental 

subjects (except E5) there appears to be an inverse relationship 

between the day 10 serum folate level and the mean daily caloric 

intake required for weight maintenance in each subject (Table 6). 

Table 6.    Serum folate level on day 10 and caloric intake required to 
maintain weight. 

Serum Folate                    Kcal required to 
on day 10                             maintain weight 

Subject ng/ml (mean/day)  

Control 

Cl 7. 6 2228 
C2 6.0 2810 

Expe rim ental 

E3 4.8 2312 
E4 5.9 2021 
E5 7.6 2178     ■ 
E6 S^J. 2218  

Metabolic activity affects both the folate requirements and the 

caloric requirement.    Hence,   the subject with the lowest caloric 
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requirement would be expected to have the lowest metabolic activity 

and,   in turn,   the lowest folate requirement.    Given an equal folate 

intake and no other folate affecting parameters,   this subject should 

have the highest serum folate levels.     This relationship holds true 

among experimental subjects E3,   E4,   and E6,   but not subject E5, 

and between the control subjects Cl and C2.    However,   the relation- 

ship does not hold true if the control subjects are compared with the 

experimental subjects. 

Table 6 shows that the day 10 serum folate values  for each of 

the three experimental subjects (E3,   E4 and E6) are almost all signi- 

ficantly (P < 0. 001) below the day 10 values for each of the two control 

subjects,   in spite of the fact that subject C2 has the highest caloric 

requirement of all the subjects.   In fact,   the one nonsignificant differ- 

ence when comparing the experimental (except E5) and control subjects 

is between the values for subjects E4 and C2 who have the lowest and 

highest caloric requirements,   respectively.     The difference in 

caloric requirement is almost 800 calories.     The exception to the 

experimental subjects having lower folate levels on day 10 than the 

control subjects is again subject E5 whose final value is as high as 

that of control subject Cl.     These two subjects have approximately 

the  same caloric requirement.     This exception appears to further 

substantiate the idea that subject E5 is being affected by some para- 

meter not affecting the other experimental subjects.    The fact that 
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the correlation between caloric intake and final folate values holds 

among the experimental subjects (except E5) and among the control 

subjects,   but does not hold when comparing the two groups also sug- 

gests that something may be affecting serum folate in those using, oral 

contraceptives which is not affecting the control group. 

Herbert (1968) found that 50 |j,g of PGA was sufficient to rapidly 

produce and to maintain hematologic normality in most adults,  but 

was insufficient to raise serum folate levels to normal when given for 

periods of up to a month.    Herbert feels that this level of PGA is 

probably close to the minimum daily requirement.    Twice this amount, 

0. 1 mg of PGA,  easily raised and maintained normal folate levels 

within a month.    The Food and Nutrition Board of the National Re- 

search Council National Academy of Science (1968) suggests that the 

recommended dietary allowances (RDA) for folate from dietary sources 

is  0. 4 mg.     They state that,   "pure forms of folacin (PGA) may be 

effective in doses less than 1/4 of the RDA. "    Thus the supplementary 

0. 1 mg of PGA alone should have been sufficient to maintain all of the 

subjects at normal levels of serum folate.    In addition to the supple- 

mentary 0. 1 mg of PGA,   there was approximately 0. 055 mg of folate 

present in the diet.     Figure 4 shows that the diet plus  supplement was 

sufficient to raise the serum folate levels of both of the controls,   who 

had relatively low levels on day 3.    These low levels were probably 

due to low intake of folate prior to the study.    As a result of receiving 
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the diet plus supplement subject Cl was raised into what Herbert 

(1966) defines as the normal range (7 ng/ml-15.9 ng/ml) and subject 

C2,   who probably had a higher folate requirement,  was moved up 

further in the borderline low range (5. 0-6. 9 ng/ml).    It may be that 

the diet was not quite as adequate in folate for subject CZ or that 

given a longer time on the diet she too may have reached normal 

levels.     However,   three of the experimental subjects,   all with caloric 

requirements closer to that of subject Cl,   dropped from the normal 

range to either the borderline low range.or,   in the case of subject E3, 

actually into the range suggestive of deficiency (3, 0-4. 9 ng/ml).    Thus 

it appears that the 0, 055 mg of dietary folate plus the 0. 1 mg of PGA 

may not have been sufficient to maintain the serum folate in three out 

of four of the experimental subjects at normal levels. 

There are several possible explanations for the differences found 

between the experimental and control subjects.    The experimental 

subjects may not have been absorbing as much of the dietary folate as 

did the control subjects.    Dietary folate is mostly in the form of poly- 

glutamic folate and as suggested by Streiff (1970) and Stephens et al, 

(1972),   this form may not be as readily absorbed by women using oral 

contraceptives.    If the 0. 1 mg of PGA was by itself inadequate for all 

of the women,   the extra amount present in the diet may have accounted 

for the difference in response.     Thus,   a difference in the ability to 

absorb dietary folate may actually have been measured in this study. 
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The experimental subjects,   however,   may have a higher re- 

quirement for folate than the control subjects.    Shojania et al.   (1971) 

and Luhby et al.   (1971)   suggest that more than a malabsorption prob- 

lem may be involved in the differences in folate metabolism found 

between control subjects and women using oral contraceptives.     The 

level of folate given to the subjects may not have been sufficient for 

the v/omen using oral contraceptives even if they were probably ab- 

sorbing the 0. 055 mg of dietary folate.    The fact that 0. 1 mg of PGA 

has generally been found to be sufficient to maintain healthy individuals 

at normal levels adds weight to this hypothesis.    Most likely,   the dif- 

ference in response was due to a combination of increased require- 

ment and decreased ability to absorb dietary folate in the subjects 

using oral contraceptives. 

Study HA:    The Effect of the Menses on Serum Folate 

Because of the variability of menstrual status of the subjects in 

Study I,   we were interested in knowing the effect of the menstrual 

cycle on. serum folate concentrations.    Taking oral contraceptives 

produces a stable level of estrogen and progestin over most of the 

menstrual cycle.     The exception occurs during the one week in four 

when the hormones are not taken and there is a menses.     This,   there- 

fore,   was the period of greatest interest to us. 



56 

The results for the three subjects studied are shown in Figure 5. 

The control subject C had no significant change in her serum folate 

concentration during the menses even though her serum folate was 

lower on day 5 than on day 12.    The serum folate concentration of sub- 

ject B,  whose samples spanned a whole month,   dropped continually 

during the period.    However,   no change specifically attributable to the 

menses -was demonstrated.    Samples for subject A were taken twice 

under similar conditions.     Each time there was a significant (P < 

0. 001) drop in serum folate concentration during the menses when the 

hormones were not taken.    The serum folate then returned to pre- 

menstrual concentrations within one •week of renewed hormone therapy. 

The serum folate levels for subjects B (8. 0-9. 0 ng/ml) and C (7. 3- 

9. 7 ng/ml) were within the normal range (7. 0-15. 9 ng/ml; Herbert, 

1966) during all three samples.    The levels for subject A,   however, 

were in the range suggestive of deficiency (3. 0-4. 9 ng/ml) during the 

first three weeks (weeks 3-5,   Table 7).    During the second three weeks 

(weeks 7-9,   Table 7) the two non-menses samples were within the 

borderline low range (5. 0-6. 9 ng/ml) and the menses sample dropped 

into the range suggestive of deficiency. 

Further data on the effect of the menses on serum folate in 

subject A is given in Figure 6.    During Study IIA subject A took sup- 

plements in order to minimize outside influences such as dietary fluc- 

tuations,   changes due to deficiency,   and the effect of oral 
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Figure 5.    Changes in serum folate levels during the menses in two women using oral contraceptives and in one control woman.    Subjects A and B who were 
using oral contraceptives had 28 day cycles while the control subject C had a 30 day cycle,    (a) The two sets of samples for subject A were taken 
during consecutive menstrual cycles,    (b) Arrows identify samples taken at the end of the menses in each subject.    These samples reflect the 
influence of the menses on the serum folate levels. 
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Table 7.       Summary of results in subject A of the effect of the menses,  PGA,  ascorbic acid and 
pyridoxine hydrochloride on serum folate. 

Supplements* 
Ascorbic Pyrodoxine Dietary folate Serum 

Week or 
e 

PGA b Acid Hydrochloric weekly totals folate 
Sample No mg            B- •complex mg mg ug ng/ml 

Study IIA: Effect of menses 
1 0.1 + 500 

e 
4.4 

2 0.1 + 500 534 4.8 
3 0.1 + 500 525 4.9 
4 0.1 + 500 487 4.0C 

5 0.1 + 500 499 4.9 

6 0.1 + 500   3.9 

7 0.1 + 500 585 5.3 
8 0.1 + 1000 544 4.0C 

9 0.1 + 1000 420 5.2 
10 0.1 + 500 425 4.4 

Study IIB:  Effect of a 0. 2 mg PGA supplement 
11 0.2 + 500 
12 0.2 + 500 

436 
516 

7.0 
6. lc 

Study IIC: Effect of stopping all supplements and then supplementing with 2000 mg of ascorbic acid 
or 0. 1 mg of PGA 

13 427 6.0 
14 365 5.3 
15 2000 481 6.7 
16 494 7. lc 

17 454 7.0 
18 0.1 --- 8.2 
19 0.1 --- 7.3 

Study IID:   Effect of stopping supplements after a ten week period of supplementation with PGA, 
B-complex and ascorbic acid 

20-30 0.1 + 500 
31 0.2 + 1000 
32 0.2 + 1000 
33 
34 
35 
36 1001 

37 
38 
39 25 

No blood drawn 

13.8 
8.0C 

10.8 
10.5 
8.4 
5.8C 

8.8 
8.8 

Supplements were taken for one week before blood was drawn.    A blank means no supplement taken. 
"Composition (Appendix II) 
CS ample taken during menses interval 

Week or Sample No. indicates sample was drawn on the 7th day of each week.    For example,  for 
weeks 1,  2,  3,  and 4 blood was drawn on days 7,   14,  21,  and 28, respectively. 

information not available 
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contraceptives on other vitamins.    As shown in Table 7,   the extra 500 

mg of ascorbic acid given during weeks 8 and 9 did not cause the levels 

of serum folate to differ significantly from the rest of the base line 

data,  weeks  1 through 7 and week 10.     Therefore,   these two weeks 

were combined with the rest of the base line values for comparative 

purposes.    As can be seen from Figure 6 the mean serum folate dur- 

ing the menses is considerably lower (P < 0. 1) than when the oral 

contraceptives were taken.     This drop in folate during the menses 

continued in subsequent studies (IIB,   C,   and D) using subject A,   as 

shown in Figure 6.     Five out of the six sera measured during the 

menses showed a significant drop in serum folate when compared with 

the equivalent non-menses samples.     The only exception occurred 

during week 16,  which was not significantly different from week 17. 

This inconsistency may have been due to a higher dietary intake of 

folate during week 16 than during week 17 (494 mg and 454 mg, 

respectively). 

Our results seem to correspond to the more comprehensive 

studies reported by Stephens et al.   (1972).      As with control subject C, 

they found that the normal menstrual cycle caused no consistent 

variation in serum folate concentrations.     The changes in their women 

using Gynovlar are similar to those found in subject A.     The study by 

Stephens et al.   measured folate in 17 women using Gynovlar,   but only 

during one cycle.     Fourteen of the 17 showed lower folate levels during 
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the menses.     The serum folate in subject A (using Ovral) was mea- 

sured through six cycles and a drop in serum folate occurred in five 

of them.     Thus,   contraceptives causing this drop will apparently not 

only do so in most people using the contraceptive,  but will probably 

cause the drop consistently in any given person.    Although subject A 

originally had low serum folate concentrations (3. 5 to 4. 0 ng/ml), 

Stephens et al.   did not find a correlation between low folate levels and 

women using Gynovlar.    While no explanation was given for the reac- 

tion caused by Gynovlar,   Stephens et al.   points out that the contracep- 

tive has a relatively high progestin content (3 mg of norethisterone 

acetate).    Although Ovral does not have a particularly high level of 

progestinic agent (0. 5 mg norgesterol),   this component may have a 

higher biological activity than other progestins (Physicians Desk 

Reference,   1972).    Both oral contraceptives have the same type and 

amount of estrogenic agent (0. 05 mg ethinyl estradiol).    Hence,   the 

progestin could still be the deciding factor in causing the drop in serum 

folate concentration during the menses. 

Since there is no clear-cut correlation between the phenomenon 

seen in women using Gynovlar and possibly Ovral and low serum folate 

concentrations,   its significance to the body is unknown and may be of 

slight,   if any,   importance.    However,   we do not know how many oral 

contraceptives  cause a drop during the menses.    If the serum folate 

of women using these contraceptives were measured during the menses, 
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the overall serum folate concentration in women using oral contracep- 

tives could be erroneously lowered.     This could contribute to the dif- 

ferences in serum folate found by some researchers between control 

subjects and users of oral contraceptives.    At least it is clear that 

when studying women using oral contraceptives they should either be 

actually taking the hormones or they should be screened for the drop 

during the menses before they are included in a study. 

Study IIB:   The Effect of a 0. 2 mg PGA Supplement on 
Serum Folate in Subject A 

Although 0. 1 mg of PGA was insufficient to raise the serum 

folate concentration of subject A to normal levels in ten weeks,   0. 2 

mg did so within one week (Table 7,   week 11).     The serum folate level 

was raised from 4. 4 ng/ml during week 1 0 to 7. 0 ng/ml during week 

11.     Conservatively estimated the diet of subject A probably contained 

between 50 and  70 |j.g of folate per day.    Due to the difficulty in cal- 

culating dietary folate,   these values can only be approximations and 

may be low.     This amount of dietary folate is probably of borderline 

adequacy for a normal person.    Although fairly normal,   the diet of 

subject A tends to contain much more milk and much less bread than 

the "normal American diet" (Turner,   1970,   p.   6).     This would have 

some effect on the folate content.    However,   the "average American 

diet" is probably also low in folic acid,   since a diet low in fresh fruits 
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and vegetables and whole grain cereals tends to be low in folate. 

Apparently,   as with three out of the four women using oral contracep- 

tives in Study I,   0. 1 mg of PGA plus the dietary folic acid was 

inadequate to maintain normal serum folate levels in subject A during 

the first ten weeks. 

The 0. 2-mg supplement of PGA plus the dietary intake of folate 

during week 11 was adequate,   but may have been so only after the 

prior ten weeks of daily supplementation with 0. 1 mg of PGA.     Luhby 

et al.   (1971) found that women with megaloblastic anemia or low folate 

levels who were using oral contraceptives required more than the 

common therapeutic doses (0. 1 to 0. 2 mg) of PGA to correct the prob- 

lem within the usual period of time,   ten days.     This was true even if 

these levels of PGA were administered intramuscularly.     Our findings 

on subject A tend to support this implication that women taking oral 

contraceptives may require more folate than is usually necessary to 

correct deficiencies,   at least -when taken orally. 

Adding the extra 0. 1 mg of PGA in Study IIB (weeks  11 and 12, 

Table 7) shows clearly that this dose is large enough to cause a mea- 

surable change in serum folate within one week.     Thus,   the change in 

subject A from the original 3, 5 mg/ml of folate to the levels present 

during the first ten weeks in Study IIA was probably due to the PGA 

and not to the other vitamin supplements being administered. 



64 

Study IIC:   The Effect of Stopping All Supplements and then 
Supplementing with 2000 mg of Ascorbic Acid or 0. 1 mg 

of PGA on the Serum Folate of Subject A 

The results of Study IIC were totally unexpected.     After the 

serum folate concentration in subject A was raised to normal levels 

with 0. 2 mg of PGA,   we expected it to fall back to abnormal levels 

upon the cessation of all supplements.    As shown in Table 7,   Study 

IIC,   this did not happen.     The folate concentration at first appeared 

to drop (week 13 and 14) and then to rise again to almost 7 ng/ml 

where it remained for three weeks (weeks  15,   16,   and 17).     The 

sample for week 16 was the only one taken from subject A during the 

menses that was not significantly lower than its non-menses counter- 

part,   sample 17. 

The folate content of the diet for weeks  13 through 17 is indicated 

in Table 7.    During this period the concentration of serum folate 

generally seems to follow the pattern of dietary intake rather than 

dropping progressively,   as had been expected.    If the serum folate 

was responding to the dietary intake there appear to be some discrep- 

ancies during weeks  15 and 16,  both of which should have been higher 

than week 17.    However,   during week 15,   2000 mg of ascorbic acid 

were taken each day and this may have affected the value.     Week 16 

represented a menses and would be expected to be relatively low in 

subject A.    In fact,   the higher intake of folate from the diet during 
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week 16 relative to week 17 may at least partially explain why these 

samples broke the usual pattern of a significant drop in serum folate 

during the menses. 

The addition of 0. 1 mg of PGA without the other supplements 

simply raised the folate concentration above its new relatively stable 

level of 7 ng/ml.    In this study it is impossible to tell what effect the 

2000 mg of ascorbic acid may have had on the serum folate levels. 

There are at least three possible explanations for the unexpected 

results found in Study IIC.     The first possibility is that the B-complex 

supplements taken during the first 12 weeks may have affected folate 

metabolism in such a way that there was an increased requirement for 

folate.    In this case the serum folate concentration would be held 

abnormally low relative to the amount of folate being ingested.    If the 

B-complex supplements were removed the serum folate would be 

higher,   possibly even if the intake were lower.     However,   this hypo- 

thesis is highly unlikely in view of Study IID.     If the B-complex vita- 

mins were affecting the folate in this manner the reintroduction of 

them should again lower the  serum folate levels.     When these vitamins 

were again taken for three months for Study IID much higher,   not 

lower,  folate levels were obtained. 

The results in Study IIC could also be explained by the correc- 

tion of malabsorption syndrome.    Possibly the supplementation with 

PGA during the first 12 weeks (Study IIA and B) corrected some 
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malabsorption problem.     ThLs allowed subject A to absorb most of the 

folate present in her diet during weeks 13 through 19,   and the folic 

acid in the diet alone,   if properly absorbed,   was sufficient to maintain 

normal serum folate concentrations.    Support for this hypothesis 

comes from the observation that subject A,   like subjects E3 and E4 

in Study I,   had a serum which inhibited the folate assay at the begin- 

ning of Study II.    Cowan et al.   (1966) suggest that the presence of this 

type of inhibition may be indicative of tropical sprue or idiopathic 

steatorrhea.    Possibly a similar malabsorption syndrome occurs in 

some women using oral contraceptives.     The fact that the inhibition 

has also been found in some samples from normal pregnant women 

and in a greater percentage of those from women with megaloblastic 

anemia of pregnancy (Cowan et al. ,   1966),   lends further support to 

some connection between a malabsorptive state and oral contracep- 

tive s. 

In the samples from subject A inhibition of the assay was 

visually obvious through week 6.    By sample 9 the presence of inhibi- 

tion was doubtful and it had disappeared by week 12.     The assay 

inhibition never recurred in samples from subject A throughout the 

rest of the studies.     Cowan et al.   found that assay inhibition did not 

occur when tropical sprue was corrected or when,   in the case of 

idiopathic steatorrhea,   the patient was taking a gluten-free diet for 

several months.    This indicates that when the malabsorption is 
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corrected the inhibition will also disappear even though,   as in the 

case of idiopathic steatorrhea,   the sensitivity probably still remains. 

Thus,   it seems reasonable to think that when the inhibition of the 

assay ceased in subject A,   some sort of malabsorption of folate may 

also have been corrected. 

A third possible explanation for the results in Study IIC lies in 

the discrepancy between the pre- and post-saturation absorption of 

polyglutamic folate found by Stephens et al.   (1972).     This hypothesis 

may actually be related to the second explanation.    In this case the 

0. 2 mg of PGA administered for two weeks following 11 weeks of 

supplementation with 0. 1 mg of PGA,   may have been sufficient to have 

had the same effect as the saturation doses (15 mg of PGA/day for 

four days) administered by Stephens et al.   (1972).      Then,   as found by 

Stephens,   subject A may have been able to absorb normal amounts of 

dietary folate.    This would allow her to maintain normal levels from 

dietary sources alone.    Stephens et al.   (1972) and Shojania et al.   (1971) 

performed the absorption tests within 24 to 48 hours after stopping 

the loading or saturation doses.    Thus there is no indication as to how 

long the effect of the saturation dose would last.     Whether the dietary 

intake would be sufficient to maintain the saturation effect over a 5 to 

7 week period as in Study IIC is questionable.     However,   as suggested 

in the second explanation,   the saturation dose may actually be 

correcting some malabsorption problem and this correction could 
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conceivably be maintained by dietary folate once the folate was 

properly absorbed. 

Study IID:    The Effect of Stopping Supplements on the Serum Folate of 
Subject A After a Ten Week Period of Supplementation with 0. 1 mg 

of PGA,   B°complex and 500 mg of Ascorbic Acid and a Two Week 
Period of Supplementation with 0. 2 mg of PGA,   B-complex 

and 1000 mg of Ascorbic Acid 

Study IID was intended to be a repetition of Study IIC.    As shown 

in Table 7 weeks 32-39,   the results were entirely different.    The sup- 

plements given to subject A during the three months prior to study IID 

were the same as those taken during the three months leading up to 

study IIC.    However,   it is obvious that she reacted to them differently. 

After taking 0. 2 mg of PGA daily for two weeks in Study IIB the serum 

folate concentration of subject A was approximately 7 ng/ml.    In Study 

IID her level following the 0. 2 mg of PGA daily for two weeks was  13.8 

ng/ml.     The dietary intake had remained in the same range as in 

Studies IIA and IIB.     A regression analysis done on samples 32,   34, 

and 38 (Figure 7) shows that there is a significant drop in folate with 

time (P < 0. 001).    Samples 33 and 37 taken during the menses show 

the same decline but at a significantly lower level (P < 0. 001). 

Sample 36,   taken after one week of supplementation with 1000 mg of 

ascorbic acid per day,   and sample 39,   taken after one week of supple- 

mentation with 25 mg pyridoxine HC1 per day,   do not lie within the 

confidence limits of the regression curve.     They are,   therefore, 



13 

12 

II- 

10 

9 

8 

^   7. 

i 6 

E 
& 

CO 
4- 

2- 

69 

Figure 7. 

0 26 mg. 

0 lOOOmg. 
ASCORBIC 
ACID 

I 
32 

i 
33 34 35 36 37 

i 
38 

i 
39 

Weekly    Samples 

Changes in the serum folate of subject A upon cessation of 
supplements after a ten-week period of supplementation with 
0.1 mg of PGA,   B-complex (Appendix II),   and 500 mg of 
ascorbic acid and a two-week period of supplementation with 
0. 2 mg of PGA,  B-complex and 1000 mg of ascorbic acid. 
Arrows indicate samples taken during the menses.    Circled 
points represent samples which were drawn after the indicated 
special supplements were taken daily for one week.    The 
equation of the regression line is:   y = 13. 76 + [ -. 754(x)] 
r = 0. 809   N = 41   P = 0. 001. 
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probably significantly different from the other samples. 

The period between weeks  1 and 12 in Studies IIA and B is 

approximately equal to the period between the end of Study IIC and the 

beginning of Study IID in both duration and supplementation (Table 7). 

The rise in folate between weeks  1 and 12 was approximately 2. 5 ng/ 

ml.     However,   the rise between Studies IIC and IID was 6 or 7 ng/ml. 

This difference tends to support the hypothesis that some time during 

Studies IIA,   B or C,   a malabsorption problem was corrected.     Thus, 

subject A was storing the supplemental folate between Studies IIC and 

IID rather than using it to meet daily requirements,   as she appeared 

to be doing during Study IIA. 

Upon cessation of all supplements in Study IID,   a sharp decline 

in serum folate concentration occurred.     This decline is not surpris- 

ing in view of the high level of serum folate reached by subject A. 

The decline is probably simply a response to the loss of supplemental 

folate.    Given long enough,   the decline would probably have continued 

until the supplemental stores were used up and the folate concentration 

reached the level maintained by diet alone.    At this point the decline 

probably would have leveled. 

Sample 36 represents a week of daily supplementation with 1000 

mg of ascorbic acid. Whether the drop during this week is due to the 

ascorbic acid or to something else is unclear. In Study IIA the added 

ascorbic acid during weeks 8 and 9 did not appear to affect the results, 
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nor is a change obvious when 2000 mg were administered during week 

1 5 in Study IIC.     The effect of high intakes of ascorbic acid on folate 

levels in women using oral contraceptives will have to be studied fur- 

ther for clarification. 

The implications of sample 39 lying outside the confidence limits 

for the regression curve are also unclear.    During this week 25 mg of 

pyridoxine HC1 were taken each day.    Since the study was not contin- 

ued beyond week 39,  we do not know if the apparent flattening of the 

downward curve is due to the pyridoxine HC1.     This leveling of serum 

folate may actually be an expected one,   as the folate concentration 

approaches the level maintained by the daily dietary intake.    However, 

we can be fairly confident that the supplemental pyridoxine HC1 does 

not drastically suppress serum folate levels. 

Study III:   Inhibition of the Folate Assay by Serum Samples 
of Subject A and Other Women Using Oral Contraceptives 

Inhibition of the folate assay caused by the serum of subject A 

was clearly visible up to the sample collected during week 6.    By week 

9 its presence was doubtful when checked visually and the inhibition 

was definitely not noticeable by week 11.     The inhibition was not de- 

tected by spectrophotometry beyond sample 6. 

A check for the presence of inhibitory sera in all the samples 

assayed for folate in this laboratory to date shows that of seven 
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women using oral contraceptives,   three had inhibitory sera.    Among 

six women who were not using oral contraceptives,   only one had an 

inhibitory serum.    This one was an older woman who had been taking 

Premarin,   a conjugated estrogen compound,   intermittently for the 

past several years.     There appears to be a relationship between 

inhibitory sera and both pregnancy and the malabsorption syndromes,, 

tropical sprue and idiopathic steatorrhea (Cowan et al. ,   1966).    Our 

results suggest there may also be a relationship between the use of 

estrogenic and/or progestinic substances and the production of a sera 

which is inhibitory to the "aseptic addition" assay for folate. 

Study IVA:    The Effect of Added Ascorbic Acid During the Storage of 
Serum Samples for the Determination of Folate Activity 

The results of Study IVA are shown in Table 8 and Figure 8. 

Table 8.     The effect of added ascorbic acid during the storage of 
 serum samples for the determination of folate activity. 
Length of                   Without added              With added 
storage3-                   ascorbic acid          ascorbic acid" 

days         ng/ml          ng/ml       

1                                     6.57 7.97 
16                                    7.30                            8.50 
28                                    8.25 9.52 
36                                    9.02                          10.25 
81                                     6.45 7.85 
88 5. 85 7. 05 

a 
Stored frozen 
5 mg of ascorbic acid/ml serum 

Diffe rence 

40 
20 
27 
23 
40 
20 
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Figure 8.    The difference between serum folate levels of a sample stored 
with and without added as corbate plotted against time.    The 
equation for the regression line is y = 1. 29 + (-0. 000208x) 
r = 0. 079     N = 6. 
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Although portions of the same sample were used throughout the 

study,   the folate values obtained for them are not constant because the 

standards were deteriorating.    This at first caused a lowering of the 

standard curve and as a result increasing values.    This problem was 

later   corrected by making fresh standards each month.     This insta- 

bility in the standards did not affect the relationship between the two 

portions being compared since in each assay the portions with and 

without ascorbate were read from the same standard curve.    Each 

time the samples were assayed,   the portion with an added 5 mg/ml 

ascorbic acid had a significantly higher value for folate than did its 

counterpart without added ascorbate (P < 0. 01).     The average differ- 

ence was  1. 28 ng/ml.     We teasoned that if ascorbic acid was heeded 

to protect folate during storage,   the portion without ascorbic acid 

would have progressively lower values with time while the portion 

with added ascorbic acid would remain stable.     Thus the difference 

between the two portions would increase with time.    Figure 8 is a 

plot of the differences against time.    A regression analysis showed 

there was no change in the differences over the three months tested. 

Thus,   we concluded that within three months the samples are equally 

stable with or without added ascorbic acid.    Since,   like Herbert (1961) 

and Spray (1964),   we show an apparent stimulation when 5 mg/ml of 

ascorbic acid is added,   it seems preferable to store samples without 

added ascorbate.    Because the addition of ascorbic acid during storage 



75 

is a common procedure these findings may point to a source of the 

large discrepancies in serum folate values found among, laboratories. 

The stimulatory effect of added ascorbic acid during storage 

raises the question of whether large amounts of endogenous ascorbic 

acid would have the same effect.    Data on serum folate levels in 

subject A during weeks 8,   9,   15,   and 36 (Table 7) in Study II,   when 

1000-2000 mg of ascorbic acid were taken daily,   do not suggest a 

marked stimulatory effect.     The validity of using these data as an 

indication of the effect of endogenous ascorbic acid is of course ques- 

tionable because of the difficulty in separating the in vivo effect of the 

ascorbic acid on folate metabolism from its in vitro effect on the 

L.   casei assay for folate.    However,   the amount of ascorbic acid 

which is added during storage (5 mg/ml) is at least 200-fold the 

amounts present in serum even under saturated conditions (Burch, 

1961).     Thus,   if a stimulatory effect were present from endogenous 

ascorbic acid it would probably,   although not necessarily,   be less 

noticeable than the effect from the added ascorbate.    This question 

must be investigated under controlled conditions to be answered 

reliably. 
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Study IVB:   The Effect of Sera Which Cause Inhibition in the 
"Aseptic Addition" Assay for Folic Acid 

Inhibition of the folate assay caused by a serum can be easily 

seen after incubation,  before the assay tube is mixed.    The inhibited 

assay sample at the 0, 2 ml serum level tends to be clear with the 

test organism clumped at the bottom.    A normal serum analyzed at 

three levels (0, 05,   0. 1,   0, 2 ml) will show an increasing turbidity 

with the organisms suspended throughout the assay tube.    When the 

assay samples are stirred a normal sample will mix completely and 

the organisms will be suspended evenly.    An inhibited assay sample 

will exhibit clumps and strings of cells upon stirring.     These aggre- 

gates cannot be broken even by prolonged shaking or stirring. 

As shown by Table 9,   the clumping caused by an inhibitory 

serum, results in lower values at the 0, 2 ml level than at the 0. 1 ml 

level (P < 0. 05 for samples Aa and Ad,   P < 0. 01 for all other 

samples).     The samples for each subject were taken a week to ten 

days apart.    Among those who had inhibitory sera the discrepancy 

between the  0, 1 and 0. 2 ml levels was consistent from one week to 

the next. 

Of the noninhibitory sera,   six show no significant difference 

between the 0. 1 and 0. 2 ml serum levels.    In two other samples,   Cla 

and C2b,   there is a significant difference in value between the two 

levels (P < 0. 05).     However,   in the case of Cla the 0. 2 ml level has 
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Table 9.    Effect of different levels of serum in the assay medium on 
folate concentration of inhibitory and non-inhibitory sera. 

Folic Acid Differences 
ng/ml between two 

Sample 0. 1 ml 0. 2 ml levels of sera      Significance 

Inhibitory Sera: 

E5ac 5. 3 3.8 1. 5 < 0. 01 

E5b 7. 3 4. 8 2. 5 < 0. 01 

E4a 9.0 7. 0 2. 0 < 0. 01 

E4b 5. 8 4.7 1. 1 < 0. 01 

Aa 6. 0 5. 4 0.7 < 0. 05 

Ab 4. 2 3. 5 0. 7 < 0. 01 

Ac 3.9 3. 4 0. 5 < 0. 01 

Ad 7. 1 5.8 1.3 < 0. 05 

Non-inhibitory Sera: 

Cla 6.3 

Clb 7.6 

7. 1 

7.6 

0. 8 

0. 0 

< 0. 05 

N.S. 

E3a 7. 5 7. 5 0. 0 N.S. 

E3b 4. 7 4, 8 0. 1 N.S. 

E6a 6.9 7. 1 0.2 N.S. 

E6b 5. 0 5. 1 0. 1 N.S. 

C2a 5. 2 5.6 0. 4 N.S. 

C2b 6. 0 5. 7 0. 3 < 0. 05 

Numbers and large letters indicate subjects.    Small letters indicate 
separate samples drawn from the same subjects at 7-10 day intervals. 

^N.S. = not significant. 
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the higher rather than the lower value.    In each case other samples 

from the same subject show no significant difference between values 

from the two levels.     Thus the differences found in samples Cla and 

C2b are probably due to assaying errors. 

We found no consistent difference with either inhibitory or 

noninhibitory sera between the values from the 0. 05 ml and the 0. 1 

ml serum levels when the assay was mixed with a vortex mixer and 

glass beads.    However,   a difference persisted at the 0. 2 ml serum 

level with inhibitory sera even when this mixing procedure was used. 

Cowan et al.   (1966) described the inhibition reaction as an 

inhibition in the growth of the test organism,   L.   casei.     We believe 

that there may not actually be an inhibition of growth but simply the 

agglutination of cells which cannot be broken and evenly dispersed. 

Thus,   turbidity is changed and the readings are lower.    If these cell 

clumps could be separated then accurate readings could be obtained. 

Cowan et al.   (1966) found that inhibitory sera assayed using 

0. 05 ml of serum did not show a deviation from the normal growth 

curve.     We found that the cells easily dispersed when tubes contain- 

ing only 0. 05 ml of the inhibitory serum were mixed.    Apparently the 

agglutinating factor at this level is not present in a high enough con- 

centration to cause problems. 

Thus,   for an inhibitory serum the samples should be assayed 

using the 0, 05 and 0. 01 ml serum levels.    Since results from the 
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0. 2 ml serum level were consistently low this level should not be 

used with inhibitory sera.    If the tubes containing 0. 05 and 0. 1 ml 

of serum are mixed carefully with a  vortex mixer and several glass 

beads until clumps of cells are no longer apparent,   these levels 

should give reliable results. 
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Appendix Table I-A.    Composition of oral contraceptives. 

Oral Contraceptive Estrogen Progestin 

1 mg ethnodiol diacetate 

0. 5 mg norgestrel 

1 mg norethindrone 

2 mg norethindrone 

1 mg norethisterone acetate 

1 mg norethisterone acetate 

2. 5 mg lynestrol 

1 mg norethisterone 

Ovulen 

Ovral 

Ortho-Novum 1 

Ortho-Novum 2 

Gynovlar 

Minovlar 

Lyndiol 2. 5 

Norinyl 1 

0. 1 mg mestranol 

0. 05 mg ethinylestradiol 

0.05 mg mestranol 

0.1 mg mestranol 

0. 05 mg ethinylestradiol 

0. 0   mg ethinylestradiol 

0. 075 mg mestranol 

0. 05 mg mestranol 

Composition of Ovulen, Ovral and Ortho-Novum 1 and 2 (Physicians Desk Reference,  1972); 
Gynovlar, Minovlar, Lyndiol 2.5 and Norinyl 1 (Stephens et ah ,  1971). 
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APPENDIX II.    COMPOSITION OF B-COMPLEX SUPPLEMENTS 

Appendix Table II-A.     Composition of B»complex used by subject Ac 

6^2 25 meg 
Biotin 25 meg 
C 500 mg 
Calcium Pantothenate 100 mg 
Choline 100 mg 
Folic acid" 0. 1 mg 

Inositol 
Niacinamide 
PABA 
Pyridoxine 
Riboflavin 
Thiamin 

100 mg 
100 mg 
30 mg 
10 mg 
10 mg 
10 mg 

B-complex with C,   Nu-Life Vita-Nutri. 
Calif. 

Gides,   Inc. ,   Long Beach, 

Whenever subject A received 0. 1 mg of PGA and the B-Complex the 
0. 1 mg PGA was actually the 0. 1 mg folic acid included in this 
B-Complex tablet. 

If 0. 2 mg of PGA was given with the B-Complex then 0. 1 mg was 
from the B-Complex and 0. 1 mg was in a separate tablet (Folic acid 
(0. 1 mg/tablet),   Nu-Life Vita-Nutri.    Gides,   Inc. ,   Long Beach, 
Calif. ). 

When 0. 1 mg of PGA was given without the B-Complex the 0. 1 
mg PGA was also in the form of the separate tablet. 

Appendix Table II-B.    Composition of B-Complex used by subject Bc 

Ascorbic acid (C) 
Calcium pantothenate 
Niacinamide 
Pyridoxine hydrochloride (B/) 
Riboflavin (B2) 
Thiamine mononitrate (Bj) 

300 mg 
10 mg 
50 mg 

5 mg 
10 mg 
15 mg 

Allbee with C multivitamins. 
Co.,   Richmond,   Va. 

A.   H.   Robbins 


