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The presence of fructose in fetal blood was first
definitely established by Bacon and Bell (1).
They found, in agreement with earlier investiga-
tors (cf. Cole and Hitchcock [2] ), that throughout
gestation sheep fetal blood contains an appreciable
amount of a ketohexose which they characterized
as fructose by its optical rotation and by the prepa-
ration of derivatives. Subsequent studies (3) by
other investigators revealed a difference in the
fructose concentrations of maternal and fetal blood,
and demonstrated that sheep placenta actively
transfers fructose into the fetal circulation; how-
ever, no similar evidence for an active transfer of
glucose was obtained. In the human being, Orr
(4) has shown that umbilical cord blood obtained
at the time of birth contains a levo-rotary reduc-
ing sugar which gives a positive Seliwanoff test.
Previous studies in this laboratory (5) have shown
that human placenta actively secretes glucose up
to about the twelfth week of gestation after which
this ability is usually lost. In the course of studies
of the biochemistry of human reproduction, the
amount and source of fructose in human fetal blood
has been investigated. The present report de-
scribes evidence 1) that an infant's blood at the
time of birth contains about 4 mgm. per cent of
fructose, while at the same time the maternal blood
contains less; and 2) that the full-term human
placenta can secrete fructose.

METHODS

Analytical. Blood was obtained from the mother and
from the umbilical cord immediately following delivery
of the placenta, using the usual mixture of ammonium
and potassium oxalate as an anticoagulant. For fructose
analyses, blood proteins were precipitated by adding an
equal volume of 20 per cent cold trichloracetic acid to
the blood. For the determination of total reducing sugars
("glucose") the method of Nelson was used (6).

1This investigation has been aided by grants from the
Charles A. King and Marjorie King Fund and from Win-
throp-Stearns, Inc.

Using the resorcinol method of Roe as modified by
Higashi and Peters (7), control experiments with pure
standard solutions of glucose and fructose gave quanti-
tative, reproducible results. With this procedure glucose
gives only 0.9 per cent as much color as an equivalent
amount of fructose. A few fructose analyses were also
done by the diphenylamine method described by Kendrick
(8). In this procedure glucose gives 3 per cent as much
color as fructose does, so that a larger correction is re-
quired for the amount of glucose present and reacting as
fructose. In addition, the diphenylamine method gave
much higher fructose values than those obtained concur-
rently by the resorcinol method. For these reasons the
resorcinol method was used in the majority of the
analyses.
In vitro studies. Placenta slices weighing about 200

mgm. were incubated in Warburg vessels at 37.5° C.
with an atmosphere of 100 per cent oxygen. The medium
was a modified Krebs-Ringer phosphate buffer containing
90 mM/L. Na+, 50 mM/L. Ke and 10 mM/L. Mg+ with
100 mgm. per cent glucose added as a carbohydrate sub-
strate. The pH of the buffer was 6.9 at the beginning of
the experiment and 6.9 + 0.1 at the end of the two-hour
incubation.
Analyses of the medium for total reducing sugar and

fructose were performed as described above for blood.
Chromatographic methods. The trichloracetic acid

filtrates of cord blood were extracted with ether to re-
move the organic acid and concentrated in vacuo to a
suitable volume. The residues were placed on Whatman
No. 1 filter paper and descending chromatograms were
developed using 3:3: 1 ethyl acetate, water and acetic
acid (9). Aniline oxalate was used as a color reagent for
locating the sugars on the chromatograms.

RESULTS

The blood analyses are summarized in Table I.
In accordance with the results of other investi-
gators (cf. Smith [10] ), the fetal blood sugar con-
tent was found to be significantly lower than the
maternal (S.E. of the mean difference = 2.8, P
less than 0.01). However, the fructose level of
the cord blood was 45 per cent higher than that of
the maternal blood (S. E. of the mean of the dif-
ferences 0.2; P less than 0.01). Thus the term
human placenta can apparently transfer fructose
by some active process into the fetal blood stream.
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TABLE I

Fructose and glucose content of human fetal
and maternal blood

Fructose Fructose
(resorcinol (Diphenyl- Glucose
method) amine (Nelson)

method)

Maternal blood 2.9*I0.1 (18)t 8.6 (4) 8846 (9)
Cord blood 4.2 +0.3 (20) 10.4 (4) 74+7 (9)

* All values as mean 1: the standard error in mgm./100
ml. blood.

t The number in parentheses indicates the number of
experiments.

Incubation in vitro demonstrated that placenta
does secrete fructose, as summarized in Table II.
Although the amounts of fructose secreted are not
large, it is clear that placenta possesses the en-
zyme system, presumably a fructose-6-phosphatase,
required for this process.
An alternative hypothesis would be that the

higher level of fructose in the fetal blood is brought
about by the secretion of fructose by the liver of
the fetus. To test this, incubation experiments
were performed' using rat liver slices instead of
placenta slices in the system described above.

.4

z

.22

These experiments showed that no fructose is se-
creted by rat liver and render unlikely the hy-
pothesis that human fetal liver can secrete fructose.2

It is well known that the resorcinol and di-
phenylamine procedures are not entirely specific
for fructose so other evidence of the chemical
identity of the substance reacting as fructose was
sought. The absorption spectra of the reaction
products of resorcinol with the unknown sugar
and with pure fructose were compared (Figure 1).
It is clear that genuine fructose and the material
measured in blood as fructose give identical prod-
ucts with resorcinol as measured by their spectral
absorption characteristics. More direct evidence

2 These incubations were performed in cooperation with
Drs. A. Renold and A. B. Hastings.

TABLE II

Glucose consumption and fructose production by human
placenta slices incubated in vitro

No. of vessels
Oxygen consumption
Glucose disappearance

Fructose appearance
*Values iS.E.

30 (7 placentas)
1.740.3* ml./gm. dry wt./hr.
8.0d0.4 micromoles/gm. wet

wt./hr.
0.17 i0.03 micromoles/gm.
wet wt./hr.

420 440 460 480 500 520 540

WAVE LENGTH IN mu

FIG. 1. ABSORPTION SPECTRA OF RESORCINOL REACTION PRODUCT WITH FETAL
BLOOD FITRATE AND WITH PURE FRUCTOSE (BECKMAN SPECTROPHOTOMETER,
MODEL D.U.)
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was obtained by paper chromatography. Al-
though the salts and other materials present in
the blood filtrates caused rather erratic behavior of
the samples on chromatography, a clear separation
of the aniline oxalate-reacting material into two
components was obtained. Both these components
moved more rapidly than did pure glucose and
fructose under the same conditions. However,
when pure fructose was added to a blood filtrate
(adult fasting male) that showed no fructose spot
on chromatography before addition of the sugar,
the added fructose moved at a rate identical to that
of the more rapidly moving component of fetal
blood filtrates. This is good evidence that the um-
bilical cord blood does contain appreciable amounts
of fructose. The isolation of fructose and its iden-
tification by classical chemical methods were not
attempted, since the small amount present would
have required extensive manipulation with con-
siderable opportunity for the formation of fruc-
tose by isomerization from the glucose present in
much larger amounts.

DISCUSSION

The resorcinol method for fructose analysis is
not completely specific, but it is possible to make
a correction for the major part of the error, which
is caused by glucose. After this correction has
been applied, values of 1-2 mgm./100 ml. were
found for blood from fasting adult males and non-
pregnant females. Higher values up to 6 mgm./
100 ml. blood were found in non-fasting adults.
At the time of birth, maternal blood contains
about 2 to 4 mgm./100 ml. of fructose while the in-
fant's blood contains more.

Studies on sheep (2) have shown that the fetal
blood fructose concentration is quite high during
the early months of gestation, and possibly there
is a similar high fructose level in human fetal
blood early in pregnancy. However, it is diffi-
cult to obtain sufficient human fetal blood earlier
in pregnancy for analysis and this has prevented
experimental verification of the hypothesis. The
diabetic adult human seemingly utilizes parenteral
fructose with considerably less difficulty than glu-
cose (11). Studies of human fetal tissues have
revealed no striking limitation in their ability to
utilize glucose (12), but perhaps a double supply
of carbohydrate, entering the cells by the action of

two different enzyme systems, is provided for the
fetus as a safety measure to reduce the hazards of
its early intra-uterine life.

SUMMARY

1. Fructose has been identified in human um-
bilical cord blood on the basis of the absorption
spectrum of its resorcinol reaction product and
by its behavior on filter paper partition chroma-
tography.

2. Human umbilical cord blood at the time of
birth contains about 45 per cent more fructose
than does maternal blood at the same time.

3. Human placenta at term is capable of se-
creting small but significant amounts of fructose
when incubated in vitro.
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