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Extract

Clearance in plasma of pteroylglutamic acid (PGA) was determined in human adults and newborns.
The doses of PGA given to adults were 7.5 and 15 pg/kg and those given to newborns were 15 and
30 ug/kg of body weight, respectively. Microbiological assays using Lactobacillus casei determined the
total folate in serum as well as the amount of unchanged PGA following intravenous administration
of PGA. Excretion of folate was determined in adults and newborns receiving 40 ug PGA/kg intra-
muscularly.

Clearance of folic acid in plasma was found to be much more rapid in newborns than in adults
(figs.1 and 2). Less folate was excreted in the urine by the newborns (table I) which indicated that
rapid clearance of folic acid in plasma in the newborns was due to rapid tissue uptake of folate.

Speculation

The rapid tissue uptake of PGA in newborns indicates the markedly increased demand for folic acid in
the neonatal period and during the period of early infancy, when there is a rapid rate of cell replication
and growth. This finding explains the rapid fall of serum [20] and blood folate levels [16] in the first
few months of life when the increased demand for folate is not met by the dietary folate. Further
studies are needed to determine folate stores in newborns, the dietary intake of folate by newborns, and
the folate requirement of newborns and infants.

Introduction was any block in the utilization of folic acid in the new-
born period when the folate level in serum was very
Reported studies [21] have shown that the peak folate  high [5, 9, 16, 20].
level in serum after an intramuscular dose of PGA was
lower in newborns than in adults, suggesting a more
rapid clearance of folic acid in the newborn infant. The

experiments reported in this present paper were de-

Materials and Methods

signed to study the clearance of folic acid in plasma in
the newborn and to see whether the rapid clearance
was due to rapid tissue uptake or increased loss in the
urine. They were also designed to see whether there

Subjects were 12 normal adult volunteers (hospital
personnel) and 9 normal full-term newborns (6-12
days old) [25]. The technique of blood collection and
the source of folic acid for standard and test doses have
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been described [21]. The PGA was administered to the
adults through an antecubital vein; all blood samples
for study were taken from the opposite arm. The PGA
was administered to the newborns through a scalp vein
and samples for study were taken by heel prick. One -
1.5 ml of blood were taken by heel prick for assay of
folate in serum. The duration for collection of blood
was generally about 60 sec.

Excretion of folate was determined in a 6-h urine
sample following intramuscular administration of 40
1g PGA/kg. A period of 6-h was chosen because it was
easier and more practical in the newborns. The intra-
muscular route was chosen in preference to the intra-
venous route because of ease of administration and be-
cause data for intramuscular PGA were needed for
another project [21]. Adults emptied their bladder and
then received the test dose of PGA. Urine was collected
6 h after administration of the test dose. Test doses were
given to the newborns shortly after they had voided;
individual 6-h urine samples were collected in brown
bottles by external drainage. All urine and serum
samples were kept at ~20° and were assayed within 3
weeks.

Serum folate was determined by L.casei microbio-
logical assay using a minor modification of the tech-
nique of WATERs and MoLLix [23]. Serum was stored
at —20° and reconstituted with ascorbic acid powder
(5 mg/ml of serum) on the day of assay. The folic acid
assay medium was obtained commercially [26].

Stable serum folate was assayed in the same manner
as the folate, using L. casei except that no ascorbic acid
was added to the serum, buffer, or culture media. The
major part of the folate in serum is heat labile and un-
less protected by ascorbic acid will be destroyed during
the process of autoclaving for deproteinization and sub-
sequent sterilization [6, 11, 12, 23]. The amount of
stable folate determined in all subjects before PGA in-
jection was less than 2 ng/ml (mostly less than 1 ng/ml).
After intravenous administration of PGA, the detect-
able amount of stable folate is almost identical to that
obtained by assay with Streptococcus faecalis [22]. The
assay for stable folate in serum was used in preference to
S. faecalis assay because it was easier and more econo-
mical and would allow the simultaneous determination
of total, stable, and labile serum folate in the same run
of assay (using the same standard, culture media, and
organism).

Results

Plasma Clearance of Intravenously Administered PGA

The clearance of PGA was determined in 12 adults
and 9 full-term newborns. Originally, samples of blood
were taken at zero time (just before injection of PGA),

423

5,15, 30, and 60 min after the test dose of 15 ug PGA /kg.
In subsequent experiments, however, since the clear-
ance curve of plasma in newborns was very low, samples
were taken at 5, 10, and 20 min and an attempt was
made to give smaller doses to the adults (7.5 ug/kg) and
larger doses to the newborns (30 ug/kg), to see whether
we could obtain comparable curves. Figure 1 shows the
clearance of stable folate in serum (unchanged PGA)
and figure 2 shows the rise in serum L. case? activity after
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Fig.1. Clearance rates of intravenously administered
doses of PGA in plasma. The stable folate in serum re-
presents the amount of unchanged PGA. Dotted lines
represent the mean.
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Fig.2. Clearance rates of intravenously administered
doses of PGA in plasma. The original folate levels in
serum have been deducted from the levels obtained
after intravenous administration of PGA to show the
rise in folate levels in serum attributed to PGA. Dotted
lines represent the mean.
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intravenous administration of PGA. Clearance rates of
PGA in the plasma of newborns were much faster than
that seen in adults. The mean rise of serum folate in
adults, 5 min after the test dose (15 ug/kg) was 122.7
ng/ml and in newborns, 26.5 ng/ml. The levels for
stable folate (unchanged PGA) in adults and newborns
were 124.7 and 16.5 ng/ml, respectively. At 5 min, after
a 15-ug PGA/kg test dose, the mean rise in the level of
folate in serum of newborns was 26.5 ng/ml, which was
much less than that found in adults (45.2 ng/ml) after
a test dose of 7.5 ug/kg PGA. In turn, the mean value of
98 ng/ml lound alicr administration of 30 seg PGA/kg in
newborns was less than that found in adults (122.7
ng/ml) alter administration ol 15 ug PGAfkg. Sixty
minutes after intravenous administration of 15 pg
PGA/kg to adults the average rise ol folate in serum
was 21.7 ng/ml and the amount of unchanged PGA
was 18.2 ng/ml (not shown in figures). The decay
curves following administration of 15 ug PGA/kg o
the newborn, shown in figures 1 and 2, appeared more
flat than thosc in adults. ‘This was because most of the
folate had already been cleared from the plasma of the
newborns by the time sample 1 was taken (at 5 min)
(also the time intervals for sampling are different).
Considering the average plasma volume of the adult as
45 ml/kg and that of the newborn as 41 ml/kg [ 18], then
the mean rise of folate in serum of adults receiving
15 pg PGA/kg intravenously at 5 min (122.7 ng/ml),
15 min (62.9 ng/ml), 30 min (36.5 ng/ml), and 60 min
(21.7 ng/ml) represents 36.8, 18.8, 10.9, and 6.5%, of
the injected dose, respectively. In the newborns receiv-
ing 15 ug PGA/kg, the mean rise in serum folate at 5
min (26.5 ng/ml), 10 min (17.5 ng/ml), and 20 min
(9.5 ng/ml) represents only 7.5, 4.8, and 2.6% of the
injected dose, respectively. The mean level of stable
folate in serum of adults receiving 15 ug PGA/kg, at 5,

Table I. Excretion of folate in urine 6 h after intra-
muscular administration’

% Excreted

Adults Newborns
Full-term Premature

31.1 13.5 (4.0, 9)2 8.3 (2.0,9)2
31.7 204 (2.9,9) 16.3 (2.0, 7)
32.2 29.6 (3.4,7) 17.7 (2.1, 9)
34.1 31.8 (3.0,11) —

26.1 — —

Mean 31.0 23.8 14.1

1 Dose was 40 ug PGA/kg.

2 Numbers in parentheses indicate, respectively, the
birth weight, in kilograms, and the age of the subject,
in days, at the time of the experiment.
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15, 30, and 60 min represents 37.2, 19.5, 10.2, and 5.5 %
of the injected dose, respectively. The mean level in the
newborn at 5, 10, and 20 min represents 4.5, 2.8, and
1%, of the injected dose, respectively.

Excretion of Folic Acid in the Urine

Table I shows the amount of folate (L.casei active)
excreted by adults and newborns in urine after an in-
tramuscular dose of 40 ug PGA/kg body weight. Al-
though the number of subjects studied was too small for
statistical evaluation, it appeared that the newborns
tended o exerete a lesser percentage of the adminis-
tered folate in their urine. 'Fable T also shows excretion
rates in three premature inlants for comparison with
those of full-term infants and adults and also (or com-
parison with the reported data [21].

Discussion

The clearance rates in plasma of intravenously injected
PGA change depending on the dose of PGA, the time
of sampling, and the status of the body tissue saturated
with folate [4, 15, 24]. The smaller the dose the more
rapid the initial plasma clearance. It was difficult to
obtain an accurate clearance rate of PGA in plasma in
the newborn from the data shown in figures 1 and 2.
It can be seen that with a high dose of PGA (30 ug/kg)
most of the PGA was cleared from the blood at the time
of the first sampling (only 13.5%, of the injected dose
remained in the plasma after 5 min). When we com-
pared the data of the two groups receiving 15 ug PGA/
kg, we calculated that 36.8%, of the injected PGA re-
mained in the plasma of adults 5 min after administra-
tion, whereas only 7.5% was present in the plasma of
the newborns. The amount remaining in the plasma
of the newborns 5 min after injection of PGA (7.5%,
total folate and 4.5% stable folate) was almost equal
to that remaining in the plasma of adults 60 min after
injection of the same dose of PGA (6.59 total folate
and 5.59 stable folate),indicating a remarkably rapid
clearance rate of PGA in plasma in the newborn.
Since the amount of folate excreted in the urine after
an intramuscular injection of PGA was no greater in
newborns than in adults (table I}, we must assume that
the very rapid clearance of PGA in plasma in newborns
was due to rapid tissue uptake of folate.

Considering the rapid rate of cell replication and
growth in newborns, the discovery of rapid tissue up-
take of folate in newborns is not unexpected. Its magni-
tude and the very large amount of folate required to
slow this rapid clearance, however, was surprising.

The rapid clearance of folate in plasma in newborns,
when the serum folate is higher than in adults [2, 5, 9,
20], eliminates the possibility of any blockage in the
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utilization of folate in the newborn period. If this rapid
tissue uptake of folate by the newborn is taken as an
indication of tissue need, it could explain the sub-
sequent fall of folate levels in serum and blood [16, 20]
in early infancy when the folate supply in the infant’s
diet cannot meet the tremendous demand.

Clearance of folic acid in plasma in man has been
studied by many investigators [1, 3, 7, 8, 10, 13, 14, 17,
19, 24]; however, these have generally been in adults.
HiraTa and ArRakawa [13] have reported clearance of
folic acid in plasma in children, but their study in-
volved, for the most part, patients and older children.
We do not have any data regarding clearance of folate
in older infants and children and we do not know when
the clearance rate becomes comparable to that of adults
or older children. It is safe, however, to assume this
would occur gradually.

This rapid clearance of folate in plasma should al-
ways be considered when interpreting the data in re-
gard to folate clearance, absorption, or excretion in
infancy. No meaningful interpretation of these data
can be made unless data from normal controls of simi-
lar age and weight are available for comparison.

Summary

The clearance of varying doses of pteroylglutamic
(folic) acid in plasma was determined in adults and
newborns. Folic acid that was administered intrave-
nously was cleared much faster in newborns than in
adults. Lower excretion of folate in the urine of the
newborns indicated that this rapid clearance was due
to rapid tissue uptake of folate in the newborns.

References and Notes

1. Baker, H.; Frank, O.; FEINGOLD, S.; ZIFFER, H.;
GELLENE, R.A.; Levy, D.M. and SoBopka, H.:
The fate of orally and parenterally administered
folates. Amer. J.clin. Nutr. 77: 88 (1965).

2. Baker, H.; FrRank, O.; PasHER, I.; ZirreR, H. and
SoBoDka, H.: Pantothenic acid, thiamine and folic
acid levels at parturition. Proc. Soc. exp. Biol., N.Y.
103: 321 (1960).

3. BurterworTH, C.E., Jr.; Naper, H.; PErRez-SAN-
T1AGO, E.; SanTini, R., Jr. and Garbpner, F.H.:
Folic acid absorption, excretion and leukocyte con-
centration in tropical sprue. J.Lab.clin. Med. 50:
673 (1957).

4. CuanariN, I.; Moruin, D. L. and ANpERSON, B.B.:
The clearance of folic acid injected intravenously
in normal subjects and patients with megaloblastic

anemia. Brit. J. Haemat. 4: 435 (1958).

425

5. CHRIsTIANSEN, B.Z.; JorcENsen, E.H. and Kris-
TENSEN, H. P.: The relative hemoglobin, iron, vit-
amin B,, and folic acid values in the blood of moth-
ers and their newborn infants. Danish med. Bull. 9:
157 (1962).

6. FLEmiNG, A. and LeviLLg, G.A.: Folate activity
and ascorbic acid in serum of anemic pregnant
women. Amer. J.clin. Nutr. 22: 642 (1969).

7. Girowoop, R.H. and DELaMORE, J. W.: Observa-
tion on tests of folic acid absorption and clearance.
Scot.med. J. 6: 44 (1961).

8. Grossowicz, N.; ARoNOVITCH, J.; RACHMILEVITZ,
M.; Izak, G.; Sabovsky, A. and BeErcovici, B.:
Clearance of parenterally administered folic acid in
healthy and anemic subjects. J. Lab. clin. Med. 60:
375 (1962).

9. Grossowicz, N.; ARoNOVITCH, J.; RACHMILEWITZ,
M.; Izaxk, G.; Sapovsky, A. and Bercovicr, B.:
Folic acid and folinic acid in maternal and foetal
blood. Brit. J.Haemat. 6: 296 (1960).

10. Hansen, H.A. and Kriewssaur-Parm, H.V.:
Blood folic acid level and clearance rate of injected
folic acid in normal pregnancy and puerperium.
Scand. J.clin. Lab. Invest. /5: Suppl. 69, 78 (1963).

11. HErBERT, V.: The assay and nature of folic acid
activity in human serum. J.clin.Invest. 40: 81
(1961).

12. HerBERT, V.: Aseptic addition method for Lacto-
bacillus casei assay of folate activity in human serum.
J.clin. Path. 79: 12 (1966).

13. HiraTa, K. and Araxawa, T.: Folic acid clearance
and its relation to initial levels of serum folic acid
activity in children. Tohoku J. exp. Med. §7: 249
(1965).

14. HocaN, J. A.; ManiaTis, A. and MaLoney, W.C.:
The serum Lactobacillus caser folate clearance test in
various hemorrhagic disorders. Blood 24:187 (1964).

15. Jouns, D.G.; SeerTy, S. and Burcen, A.S.V.: The
metabolism of tritiated folic acid in man. J.clin.
Invest. 40: 1684 (1961).

16. MaToTH, Y.; PIiNkAS, A.; ZAMIR, R.; MOOALLEM,
F. and Grossowicz, N.: Studies on folic acid in in-
fancy. I. Blood levels of folic acid in healthy infants.
Pediatrics 33: 1271 (1964).

17. MeTz, J.; Stevens, K. ; Krawirz, S. and BranpT,
V.: The plasma clearance of injected doses of folic
acid as an index of folic acid deficiency. J. clin. Path.
14: 662 (1961).

18. Morvrison, P.L.; Blood transfusion in clinical med-
icine, 4th ed., p. 133 (Blackwell Scientific Publica-
tions, Oxford 1967).

19. ScaweiGeRT, B.S.: Folic acid metabolism studies.
III. Intravenous administration of pteroylglutamic
acid and pteroyltriglutamic acid. J.Lab. clin. Med.
33: 1271 (1948).



426

20.

21.

22.

23.

24.

25.

26.

Suojania, A.M. and Gross, S.: Folic acid defi-
ciency and prematurity. J.Pediat. 64: 323
(1964).

Suojania, A.M. and HornaDpy, G.]J.: Folate me-
tabolism in newborns and during early infancy.
I. Absorption of pteroylglutamic (folic) acid in
newborns. Pediat. Res. 4: 412 (1970).

SHojaNIA, A. M. and HornaDY, G. J. (unpublished
data).

WarTers, A.H. and Moruin, D.L.: Studies of folic
acid activity of human serum. J.clin. Path. 7¢: 335
(1961).

YosHiNo, T.: The clinical and experimental studies
on metabolism of folic acid using tritiated folicacid.
III. Plasma clearance in man and organdistribution
in rat following intravenous administration of
tritiated folic acid. J. Vitaminol. I4: 49 (1969).
Informed consent was obtained for all subjects in
this study.

PGA Medium, Baltimore Biological Laboratories.

27.

28.

29.

30.

31.

SHojaniA and HorNADY

We are grateful to Dr. C.P.GeENDRON, Medical
Director of Cyanamide of Canada Limited for
providing us with a highly purified folic acid pre-
paration and a generous supply of Folvite; to Dr.
W.B.MactavisH and pediatricians at St. Boniface
General Hospital for allowing us to study some of
their normal newborns; and to the nursing staff of
the nurseries at St.Boniface General Hospital for
their cooperation.

This paper was presented in part at the XIIth In-
ternational Congress of Hematology, September
1-6, New York, 1968.

Supported in part by National Health Research
Council of Canada Grantno.606-7-133 and medical
Research Council of Canada Grant no. MA-3069.
Requests for reprints should be addressed to: A. M.
Suojania, M. D., Division of Hematology, St. Bc-
niface General Hospital, Winnipeg, Manitoba, Ca-
nada.

Accepted for publication December 10, 1969.



	Folate Metabolism in Newborns and during Early Infancy
	Extract
	Speculation
	Introduction
	Materials and Methods
	Results
	Discussion
	Summary
	References and Notes


