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THE TRANSPORT OF RIBOFLAVIN BY HUMAN PLACENTA!

By JEAN E. LUST, DWAIN D. HAGERMAN, anp CLAUDE A. VILLEE

(From the Research Laboratory of the Boston Lying-in Hospital and the Depariments of Ob-
stetrics and Biological Chemistry, Harvard Medical School, Boston, Mass.)

(Submitted for publication August 10, 1953 ; accepted September 16, 1953)

The human placenta has been shown to have the
ability to transfer thiamin (1), ascorbic acid (2—4),
fructose (5), organic and inorganic phosphate (6),
and, early in pregnancy, glucose (6) from maternal
to fetal blood. No data were available concerning
the concentration of riboflavin in normal maternal
and fetal bloods. Although some analyses had been
performed of the riboflavin content of tissues from
fetal and stillborn infants (cf. Smith [7]), the
riboflavin content of the placenta was unknown.
In this paper are presented the results of riboflavin
analyses of ten normal placentas and of maternal
and cord blood obtained during ten normal deliver-
ies. These analyses suggest that an active meta-
bolic process is involved in the transfer of ribo-
flavin from maternal to fetal blood by the placenta.

METHODS

Samples of maternal blood were collected by venepunc-
ture during full term delivery and samples of cord blood
were obtained immediately after the expulsion of the pla-
centa. The blood samples were permitted to clot normally
and then centrifuged to obtain the serum. The serums were
analyzed by the method of Burch, Bessey, and Lowry (8),
in which separate estimations of free riboflavin (FR),
riboflavin mononucleotide (FMN), and flavin adenine
dinucleotide (FAD) are made. The serums were diluted
ten-fold with 5 per cent trichloroacetic acid for analysis.
The placentas from these deliveries were also analyzed
for free riboflavin, riboflavin mononucleotide and flavin
adenine dinucleotide by the method of Bessey, Lowry,
and Love (9). One Gm. of placenta was minced in a
Waring blendor with 50 ml. of redistilled water and then
diluted with an equal volume of 20 per cent trichloroacetic
acid.

The determinations of riboflavin were made using a
Farrand photofluorometer 2; fluorescein standards of 2.5
and 10 millimicrograms per ml. were used. The analyses
were carried out in the dark at 5° C. and were made in
duplicate or triplicate.

1 This investigation has been aided by a grant from
the Charles A. King and Marjorie King Fund and by an
institutional grant from the American Cancer Society.

2 We are greatly indebted to Dr. Clement A. Smith for
his kindness in permitting us to use his Farrand photo-
fluorometer.
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RESULTS

The results of the analyses of serum are given
in Table I. Fetal (cord) blood at term has a
significantly higher concentration of total ribo-
flavin than maternal blood. This is due to the fact
that fetal blood has about four times as much free
riboflavin as maternal blood yet only half as much
flavin adenine dinucleotide. The amounts of ribo-
flavin mononucleotide (FMN) in both maternal
and fetal bloods are very small. The analyses of
maternal blood are comparable to those found by
Burch, Bessey, and Lowry (8) for normal human
blood. ' '

Analyses of placenta showed that it had an av-
erage of 214 micrograms total riboflavin per 100
Gm. (wet weight) tissue. Of this 205 micrograms
were FAD and only 9 were FMN plus free ribo-
flavin. This is comparable to the amounts found
in rat brain and skeletal muscle by Bessey, Lowry,
and Love (9). These investigators found much
higher concentrations of riboflavin in rat liver,
kidney and heart, but in all tissues, 80 per cent or
more of the riboflavin was present as FAD.

The results of the analyses of serum suggested
that neither free riboflavin nor FAD can diffuse
readily across the placenta and that the placenta
maintains the higher concentration of riboflavin
in fetal blood by splitting FAD to free riboflavin.
To determine whether the placenta had enzymes
for splitting FAD, minced placenta was incubated
in a modified Ringer’s solution (90 mM per L.
Na*, 50 mM per L. K*, 10 mM per L. Mg*, and
40 mM per L. phosphate), to which was added
enough FAD so that the initial FAD concentra-
tion was 300 micrograms per 100 Gm. placenta.
One Gm. of placenta was minced and incubated at
37° C. for one hour with shaking in 100 ml. of solu-
tion contained in 250 ml. Erlenmeyer flasks.

The results of analyses for FAD, FMN, and
free riboflavin before and after incubation are
given in Table II, It is clear that the placenta
has a mechanism, presumably enzymatic, for



TRANSPORT OF RIBOFLAVIN BY HUMAN PLACENTA 39

TABLE I
Riboflavin concentrations in maternal and fetal serum expressed in micrograms per 100 ml. of serum

Flavin adenine
dinucleotide

Riboflavin Total

Free riboflavin mononucleotide riboflavin

Sample Maternal Fetal Maternal Fetal Maternal Fetal Maternal Fetal

1 1.36 3.17 3.00 2.20 0 0.1 4.10 5.40

2 0.68 2.25 2.31 1.74 0.3 0.25 3.29 4.25

3 0.26 2.19 2.70 0.85 0.04 0.6 3.00 3.65

4 0.67 249 3.18 1.99 0 0 3.87 4.47

5 0.25 2.24 2.08 0.83 0.04 0.5 2.37 3.53

6 0.64 2.77 3.33 0.95 0 0.45 3.80 4.15

7 0.18 1.76 1.86 1.09 0.31 0.17 2.35 3.02

8 0.56 1.46 2.25 1.11 0 0.26 2.75 2.83

9 0.50 1.42 1.70 0.96 0.09 0.17 2.29 2.55

10 0.35 1.63 2.34 1.27 0.16 0.28 2.85 3.18

Mean’ 0.55 2.14 248 1.29 0.09 0.28 3.07 3.70

Standard

error +0.12  +0.18* +0.18  +0.16* +0.10 +40.15 +0.20  =0.29%

* p 0.01 and t p 0.05 that the fetal-maternal differences are not significant, calculated by paired t test.

splitting FAD to FMN and FR and that the
amount of FMN and FR formed accounts for the
amount of FAD that disappeared.

DISCUSSION

These experiments show that there is signifi-
cantly more free riboflavin and significantly less
FAD in fetal blood than in maternal blood. The
total amount of riboflavin (FAD + FMN + FR)
is greater in fetal blood than in maternal blood.

These analyses also show that placenta con-
tains large amounts of riboflavin and that, as in
other tissues, most of this riboflavin is present as
FAD. Minced placenta incubated i witro will
split FAD to FMN and FR.

These data suggest that the placenta transfers
riboflavin from maternal to fetal blood by taking
in riboflavin from the maternal blood as FAD,
splitting the FAD and secreting the free riboflavin
into the fetal blood. An alternative explanation,

TABLE II
The conversion of flavin adenine dinucleotide to flavin
mononucleotide and free riboflavin by min
human placenta*

Initial  Final Change
Total riboflavin 362 383 + 21 7
Flavin adenine dinucleotide 292 169 —123 £ 13
Free riboflavin 8 56 4 48+ 3
Flavin mononucleotide 62 161 + 99+ 14

* Values are the averaées of three experiments, expressed
as micrograms per 100 Gm. (wet weight) placenta, =+ the
standard error of the mean change.

that fetal tissues can synthesize the isoalloxazine
ring and thus increase the concentration of free
riboflavin in fetal blood, seems unlikely. Presum-
ably, fetal tissues need FAD, not free riboflavin,
and synthesize their own FAD from the free ribo-
flavin taken in from the fetal blood. In the course
of these experiments one sample of 20-week fetal
liver became available. It was found to contain
670 micrograms of total riboflavin per 100 Gm.
wet tissue, almost all of which was FAD. This
finding is in accordance with the hypothesis that
fetal tissues synthesize their own FAD from ribo-
flavin of the blood.

SUMMARY

1. Photofluorometric analyses of maternal and
fetal serum demonstrated that the concentration
of free riboflavin is about four times as great in
fetal blood as in maternal blood ; in contrast, the
concentration of flavin adenine dinucleotide is
about twice as great in maternal blood as in fetal
blood. The total concentration of all forms of ribo-
flavin, free, mononucleotide and dinucleotide, is
greater in fetal than in maternal blood.

2. Minced placenta incubated in wvitro will split
FAD to FMN and free riboflavin.

3. The data suggest that the placenta transfers
riboflavin from maternal to fetal blood by taking
in FAD from the maternal blood, splitting this to
free riboflavin, and secreting the free riboflavin
into fetal blood.



40 JEAN E. LUST, DWAIN D. HAGERMAN, AND CLAUDE A. VILLEE

REFERENCES

1. Slobody, L., Willner, M., and Mestern, J., Compari-.

son of vitamin B, levels in mothers and their new-
born infants. Am. J. Dis. Child., 1949, 77, 736.

2. Elmly, A., and Becker, C. P., Uber das Verhalten der
Ascorbinsaiire in der Schwangerschaft, unter der
Geburt, Wahrend des Wochenbetts und in den
ersten Lebenstagen des Kindes. Klin. Wchnschr.,
1938, 17, 1432.

3. Lund, C., and Kimble, M., Some determinants of ma-
ternal and plasma vitamin C levels. Am. J. Obst.
& Gynec., 1943, 46, 635.

4. Hamil, B.,, Munks, B., Moyer, E., Kaucher, M., and
Williams, H., Vitamin C in the blood and urine of
the newborn and in cord and maternal blood. Am.
J. Dis. Child.,, 1947, 74, 417.

S. Hagerman, D. D., and Villee, C. A., The transport of
fructose by human placenta. J. Clin. Invest., 1952,
31, 911.

6. Villee, C. A, The regulation of blood glucose in the
human fetus. J. Appl. Physiol., 1953, 5, 437.

7. Smith, C. A, The Physiology of the Newborn Infant,
ed. 2, Springfield, Iil., Charles C Thomas, 1951.

8. Burch, H. B, Bessey, O. A, and Lowry, O. H,
Fluorometric measurements of riboflavin and its
natural derivatives in small quantities of blood, se-
rum and cells. J. Biol. Chem., 1948, 175, 457.

9. Bessey, O. A., Lowry, O. H, and Love, R. H., The
fluorometric measurement of the nucleotides of
riboflavin and their concentration in tissues. J.
Biol. Chem., 1949, 180, 755.



