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Cobalamins in human pregnancy and lactation
I. L. CRAFT, D. M. MATTHEWS, AND J. C. LINNELL
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mental Chemical Pathology, Westminster Medical School, London

SYNOPSIS Samples of maternal and foetal blood and of human milk, cow's milk, and dried cow's
milk have been analysed for cobalamins by chromatography and bioautography. Plasma cobalamins
in late pregnancy and after delivery differed quantitatively from those in healthy non-pregnant
women. Differences in the proportions of plasma cobalamins were also observed between mothers
and their newborn infants. The findings suggest that methylcobalamin may be a more labile plasma
form of the vitamin than 5-deoxyadenosyl cobalamin. Breast milk from healthy mothers contained
more deoxyadenosylcobalamin and proportionately less methylcobalamin than their plasma.
Cyanocobalamin given parenterally to lactating women was detected in the plasma, and high
concentrations appeared unchanged in the milk. The B12 in fresh cow's milk was found to be largely
5-deoxyadenosyl cobalamin whereas dried milk contained only hydroxocobalamin and a little
cyanocobalamin. The nutritional implications of the findings, and their bearing on problems of
cobalamin transport, are discussed.

Relatively little is known about the role of vitamin
B12 in the developing foetus and the mechanisms by
which it acquires this vitamin from the mother. Early
animal studies (O'Dell, Whitley, and Hogan, 1951;
Grainger, O'Dell, and Hogan, 1954) showed that
B12 deficiency in the mother is frequently associated
with hydrocephalus and other congenital abnor-
malities in the offspring. In man, it has been observed
that patients with pernicious anaemia may be
infertile (Adams, 1958; Sharp and Witts, 1962;
Jackson, Doig, and McDonald, 1967), and even
when conception occurs, a normal pregnancy rarely
ensues without some form of B12 supplementation.

Vitamin B12 is required increasingly by the foetus
as development proceeds. Cobalamins are supplied
via the placenta from the maternal circulation
(Boger, Wright, Beck, and Bayne, 1956; Ball and
Giles, 1964), whose total of B12 may temporarily
fall to a level well below that found in healthy
non-pregnant women. The newborn infant, whether
breast or bottle-fed, obtains its B12 from the milk.
Many workers have estimated total B12 in milk
and in maternal and foetal blood (Karlin and
Dumont, 1955; Baker, Ziffer, Pasha, and Zobotka,
1958; Baker, Jacob, Rajan, and Swaminathan,
1962). Nothing is known, however, about the
individual cobalamins making up the total B12 of
foetal blood or milk, and knowledge concerning the
Received for publication 10 December 1970.

mechanisms of transport of vitamin B12 into milk is
scanty.
The development of a sensitive bioautographic

method for the separate estimation of cobalamins
(Linnell, Mackenzie, and Matthews, 1969a; Linnell,
Mackenzie, Wilson, and Matthews, 1969b) has
enabled us to carry out the present study of the
plasma cobalamins in healthy non-pregnant women,
and in women near term, following delivery and in
the puerperium. In the last group, cobalamins were
estimated in breast milk before and after systemic
B12 administration. In addition, cobalamins were
estimated in samples of liquor amnii and in the
plasma of newborn infants.

Material and Methods

Heparinized blood (10 ml) was taken from 12
healthy non-pregnant women of childbearing age for
the estimation of total B12 and plasma cobalamins.
In four patients approaching term samples of liquor
amnii were collected and venous blood was taken at
the same time. In a further four subjects peripheral
and cord blood was sampled at delivery. Breast milk
(10 ml) was collected from 10 mothers four to eight
days after delivery when lactation was well estab-
lished and venous blood was drawn simultaneously.
In order to study the transfer of cobalamins into
breast milk, two volunteers were given intramuscular
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cyanocobalamin, 100 ,ug and 1 mg respectively, and
samples of blood and milk taken eight hours later.
For comparison, cobalamins were estimated in
several commercial milk preparations and in two
specimens of fresh cow's milk collected by dim light.

All blood samples were collected using syringes
and heparin tubes covered with aluminium foil in
order to protect the B12 coenzymes from photolytic
conversion to hydroxocobalamin. Plasma was

separated within one hour of collection in a dark-
room illuminated only by red light. Samples of
amniotic fluid were handled similarly. Breast milk was
expressed manually in a dark room and all samples
were stored in foil-covered containers at - 200.

Total B12 in plasma and liquor amnii was deter-
mined by radioisotopic assay (Matthews, Guna-
segaram, and Linnell, 1967). The Euglena method
(Hutner, Bach, and Ross, 1956) was used for the
assay of total B12 in milk since it was found that the
high fat content interfered with binding in the radio-
isotopic method. Individual cobalamins were esti-
mated by the chromato-bioautographic method
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previously described (Linnell et al, 1969a,b).
Deoxyadenosylcobalamin was not routinely separ-

able from hydroxocobalamin in this study and is
referred to as Co-OH B12. However, a method for
separating deoxyadenosylcobalamin from hydroxo-
cobalamin has subsequently been developed (Linnell,
Hussein, and Matthews, 1970) and has permitted
the separate estimation of these two cobalamins in
one or two cases.

Results

Total plasma B12 and plasma cobalamins in 12
healthy non-pregnant women are shown in Table I;

the values fall within the normal range published
previously (Linnell et al, 1969a). The separate
estimation of hydroxocobalamin was undertaken in
two subjects and the results indicated that approxi-
mately 10% of the plasma total B12 was present in
this form.
Plasma cobalamins in eight subjects at or ap-

proaching delivery are shown in Table II. The

Subject Age Plasma Cobalamins (pg/ml)l Ratio

Total B12 MeB1, CNB12 Co-OHB1, MeB1,/Co-OHB1,

HM 21 380 250 0 130 1-9
GB 25 450 340 0 110 3 1
AO 26 375 280 0 170 1 6
DM 27 375 250 40 85 2-9
JB 28 265 175 0 90 19
EP 26 490 280 0 210 1-3
AW 21 250 160 15 75 2-1
MM 40 320 215 0 105 2-0
DS 31 440 330 0 110 3-0
JG 19 460 305 50 105 2-9
MY 16 550 435 0 115 3-8
JJ 29 600 300 75 225 1-3

Mean ( SE) 25-8 413 277 15 128 2-3
n = 12 (± 76) (+ 22) (+ 7) (+ 14) (+ 02)

Table 1 Plasma cobalamins in normal female subjects of childbearing age

1MeBI2 =rmethylcobalamin, CNB1, cyanocobalamin, Co-OHB1, = deoxyadenosylcobalamin + hydroxocobalamin

Subject Age Plasma Cobalamins (pg/mI) Ratio

Total B1, MeB,2 CNB12 Co-OHB,2 MeB21/Co-OHB,2

BK 23 220 147 0 73 2-0
CB 25 190 127 0 63 2-0
TG 25 300 225 0 75 3-0
SM 24 210 120 0 90 1-3
DH 30 600 346 39 215 1-6
EA 36 330 195 13 122 1-6
RS 30 355 230 0 125 1-8
GC 18 250 123 17 110 1-1

Mean (± SE) 26-4 307 189 8-6 109 1-8
(n = 8) (± 47) (+ 28) ( 5S0) (+ 17) (+ 0 1)

Table II Plasma cobalamins at or approaching delivery
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Cobalamins in human pregnancy and lactation

plasma total B12 (mean 307 pg/ml) was less than that
in controls (mean 413 pg/ml) but the difference was
not significant. However, the methylcobalamin
levels (mean 189 pg/ml) were considerably lower
than the control values (mean 277 pg/ml), the
difference being statistically significant.

Results in the group of lactating mothers are seen
in Table III, and a chromato-bioautogram from the
milk and plasma of one subject is shown in Figure
1. The plasma total B12 (mean 490 ± 56 pg/ml) was
not significantly different from that of the controls
although the Me/Co-OH ratio was slightly raised
(this difference was not quite significant at the 5%
level). A comparison of both total B12 and Me/Co-
OH ratio in the full-term and lactating women
revealed highly significant differences between the
groups. Total B12 in the milk from seven of the 10
mothers was higher than the plasma level but as a

group (mean 605 ± 185 pg/ml) this increase was not
significant since individual values varied widely. The
proportion of Co-OH B12 was markedly higher in
milk than plasma and a statistical comparison of the
Me/Co-OH ratios showed the difference to be highly
significant (p < 0-001). Separation of cobalamins in
three milk samples using the second solvent system
indicated that the proportion of hydroxocobalamin
was less than 5% of the total milk B12.

Information concerning the transfer of cobalamins
into breast milk was obtained following the paren-
teral administration of cyanocobalamin. Figure 2
shows that the rise in cyanocobalamin in the milk
was greater than that in the plasma at either dosage
and accounted for much of the increase in total B12.
Following I mg cyanocobalamin intramuscularly
the plasma total B12 rose to four times the pre-
dosage level but the milk B12 level went up more than
10 times. Similar results were obtained after the dose
of 100 ,ug. While it is uncertain to what extent con-

Me-B,2 -S
.I.

CN-B2 h-#

Co-OH B12

Origin

e_

Plasma Milk

Fig. 1 Chromato-bioautogram ofplasma and milk
cobalamins in a normal mother. A trace of cyanocobala-
min may be seen in the plasma, although none was
detected in the milk.

centration changes in the milk parallel those in
blood, the experiment nonetheless shows that
parenterally administered cyanocobalamin is trans-
ferred into the milk on a substantial scale.
Plasma cobalamins in the newly delivered infant

Subject Age Days Plasma Cobalamins (pg/ml) Milk Cobalamins (pg/ml)
after
Delivery Total Ratio Total Ratio

B1,2 MeB,2 CNB12 Co-OHB12 MeB,21Co-OHB12 B1,2 MeB12 CNB,, Co-OHB,, MeB,2/Co-OHB,,

YJ 23 6 905 638 54 213 3-2 1,480 845 0 635 1-4
AA 27 5 405 286 24 95 3 1 530 350 0 180 1.9
ES 18 4 530 398 0 132 3-4 20 8 0 12 0-7
EB 36 4 555 417 0 138 3-2 780 445 0 335 1-3
JC 27 6 365 313 0 52 6-0 320 183 0 137 1-3
PE 24 7 335 250 0 85 3 0 420 240 0 180 1-3
PA 25 4 - - - - - 1,860 990 125 745 1-3
NC 28 4 330 283 0 47 6-0 500 375 0 125 3-0
JA 25 4 475 407 0 68 6-0 80 46 0 34 1-4
MF 18 8 510 380 0 130 2-9 60 35 0 25 1-4

Mean (+ SE)
25-1 52 490 375 8-7 107 4-1 605 352 12 5 241 15

n = 10 (±59) (+39) (±63) (±18) (+04) (±185) (±106) (±12-5) (±81) (±02)

Table III Plasma and milk cobalamins during lactation
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Fig. 2 Appearance ofcyano-
cobalamin in breast milk
following parenteral administra-
tion. P = plasma; M = milk.

Fig. 3 Plasma cobalamins in
maternal andfoetal blood
ld= Me-B1i, U = CN-B,2

El= Co-OH B12
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Cobalamins in human pregnancy and lactation

are shown in Figure 3. Total B1, in cord blood was
50%-100% above the maternal level, and the pro-
portion of methylcobalamin also was slightly but
consistently higher. Small amounts of cyanocobala-
min were detected in blood from three of the four
mothers and their respective infants but levels were
within the normal range. In three of the subjects
samples from the umbilical artery were assayed
alongside those from the umbilical vein, but no
significant difference was observed in either total
B1, or plasma cobalamins.

Results in the four samples of amniotic fluid
revealed no consistent pattern. In two the total B12
(205, 145 pg/ml) was similar to the plasma level (210,
190 pg/ml). The third specimen had a high B12
concentration (1,160 pg/ml), five times that of the
plasma, while in the fourth the total B12 was low (10
pg/ml) although the plasma level was quite normal
(300 pg/ml). Chromatographically, a single spot
corresponding to Co-OH B12 was detected in the two
samples with the higher total B12 but in the two
remaining specimens no cobalamins were detected
even when loading of the chromatogram was in-
creased. These results appear similar to the chro-
matographic findings in normal urine (unpublished)
where the B12 is almost certainly present as hy-
droxocobalamin.

Parameter Groups Compared" t P

A vs B 0-43 > 0-5
TotalB1, AvsC 1-31 0-2>p<03
concentration B vs C 4-17 < 0-001

C (plasma) vs C (milk) 0-60 > 0-5

A vs B 1 11 0-2 > p < 0 3
A vs C 2-07 0-05> p < 0-1

Me/Co-OH B vs C 4-63 < 0-001
C (plasma) vs C (milk) 5-50 .4 0-001

Me-B12
concentration A vs B 2-65 0-01 > p < 0-02

Table IV Statistical comparison ofgroups using Student's
t test

A= non-pregnant controls (n = 12), B = subjects at parturition
(n = 8), C = subjects in puerperium (n = 10)

Total B12 concentrations in eight samples of
branded milk food diluted as for a week-old infant
gave the results in Table V. Two of the products
were described as 'half-cream', the remainder as 'full
cream'. All were derived from cow's milk. The fat
content appeared to make little difference to the
total B12 which in seven out of eight ranged from
2,000 to 4,000 pg/ml prepared feed. The remaining
product was a tinned liquid whose total B12 was

Product Cream Total Bl, Concentration

Whole Product pg/ml Feed'

Cow and Gate-half cream Half 24-4 ng/g 2,900
National dried-half cream Half 36-4 ng/g 4,000
S.M.A. Full 16-8 ng/g 2,200
Ostermilk-One Full 24-6 ng/g 3,300
Ostermilk-Two Full 35 6 ng/g 3,500
Cow and Gate-full cream Full 22-2 ng/g 2,400
National dried-full cream Full 29-3 ng/g 3,000
Carnation (liquid) Full 1-6 ng/ml 450

Table V Total vitamin B12 content of infant milk foods

"Feed prepared as for 1 week infant

approximately one-sixth the mean value of the
powdered milks. Chromatography was carried out
on product no. 1; Co-OH B12 and a little cyano-
cobalamin were detected. Since the products were
exposed to light during processing and again in
preparing feeds it may be assumed that the major
portion of the total B12 was present as hydroxo-
cobalamin.
Chromatography of two samples of fresh cow's

milk revealed the presence of a single spot with the
Rf of Co-OH B12. Neither methylcobalamin nor
cyanocobalamin was detected.

Discussion

Changes in total serum BL, during pregnancy and in
the puerperium have been thoroughly studied by
many workers (Karlin and Dumont, 1955; Boger
et al, 1956b; Boger, Wright, and Bayne, 1957;
Izak, Rachmilewitz, Stein, Berkovici, Sadovsky,
Arnovitch, and Grossovicz, 1957; Baker et al,
1958; Baker et al, 1962; Low-Beer, McCarthy,
Austad, Brzechwa-Ajdukiewicz, and Read, 1968;
Hibberd and Spencer, 1970; Jathar, Kamath,
Parikh, Rege, and Satoskar, 1970). The normal
picture is ofa slowly declining blood level, steepening
somewhat towards term but rising again rapidly and
spontaneously after delivery. Our results accord with
this pattern and show the difference in total plasma
B1, between full-term and lactating groups to be
highly significant. Concurrent with this change is an
alteration in the proportion of the plasma cobala-
mins making up the total B12, Before term there is
placental transfer of the vitamin to the foetus and,
compared with the mother, there is a raised level of
methylcobalamin in the foetal plasma. Following
delivery lactation commences, and a mixture of
cobalamins appears in the breast milk in which the
proportion of methylcobalamin is lower than that in
the mother's plasma. Together these observations
may explain the postpartum rise in maternal plasma
Me/Co-OH ratio. Previous evidence (Linnell et al.

453

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.24.5.449 on 1 July 1971. D
ow

nloaded from
 

http://jcp.bmj.com/


I. L. Craft, D. M. Matthews, and J. C. Linnell

1969b, Linnell, Hoffbrand, Peters, and Matthews,
1971) suggests that methylcobalamin may be a more
labile plasma component than deoxyadenosylcobal-
amin, a contention which is supported by the present
findings.

Rappazzo, Salmi, and Hall (1970) found the total
B12 of various foetal tissues, including bone marrow,
spleen, and thyroid, to be significantly higher than
that of identical adult tissues. The foetus receives its
B12 via the placenta but the reasons for the higher
total B12 and the raised proportion of methylco-
balamin in foetal plasma are not clear. Active
transport processes or binding phenomena could be
responsible. Flodh (1968) has suggested that B12 may
be transferred to the foetus as methylcobalamin.
Kumento, Lopez, Luhby, and Hall (1967) have
described a plasma B12 binder peculiar to blood of
the newborn, although it may be identical to a
protein isolated from the serum in polycythaemia
vera. Should the B12 binding proteins have, as seems
possible, different affinities for the various cobala-
mins and their coenzymes, Kumento's binder may
have especial significance in the maintenance of the
raised methylcobalamin in the foetal plasma.
The newborn infant is dependent on the milk to

meet its continued B12 requirement. The present
results in breast milk sampled four to eight days
after delivery show that the increase in Co-OH B12
largely accounts for the rise in total milk B12 above
the plasma level. Whether this alteration is due to
interconversion of cobalamins or to preferential
binding of deoxyadenosylcobalamin by the milk is
not known. Metz, Zalusky, and Herbert (1968) found
that breast milk contained a potent binder for folate
and that orally administered folic acid attained
considerably higher levels in breast milk than in the
serum, albeit after a delay of some hours. Studies on
the B12-binding capacity of milk from different
species (Glass, 1963) indicate, however, that total
B12 correlates poorly with binding capacity (eg,
cow's milk, total B12 approximately 3,000 pg/ml,
B12 BC 5,000 pg/ml; breast milk, total B12 approxi-
mately 600 pg/ml, B12 BC 80,000 pg/ml). The
possibility that interconversion of cobalamins takes
place during membrane transport is shown by the
finding that cyanocobalamin is partly converted to
deoxyadenosylcobalamin during intestinal absorp-
tion (Peters, Linnell, Matthews, and Hoffbrand,
1971). Some cyanocobalamin, however, escapes
conversion, appearing as such in the peripheral
blood (Linnell et al, 1971). The present experiments
show that unchanged cyanocobalamin can also pass
from blood to milk.
The mother's B12 intake is normally adequate both

for herself and her child and the maternal plasma
total B12 declines only after prolonged lactation

(Shapiro, Alberts, Welch, and Metz, 1965). The
total B12 concentration of the milk falls progressively,
but this is compensated by the mother's increasing
milk output. Karlin (1954) recorded mean values
from two mothers which showed a decline of 400 pg
B12 per millilitre milk in a period of eight months but
the average daily milk output rose by over 400 g in
the same time. The breast-fed baby receives a
mixture of B12 coenzymes in which deoxyadenosyl-
cobalamin may predominate. The child reared by
bottle obtains its B12 largely as hydroxocobala-
min, although generally at higher concentration.
Hence an infant of 1 to 2 weeks taking some
800 ml milk a day would obtain perhaps 0-5 ,tg B12
if breast fed against a daily 2 5 ,tg from modified
cow's milk. Were the total B12 intake considered
alone it might appear that the breast-fed child was
at a disadvantage by comparison with its bottle-fed
contemporary. However, the significance of the high
coenzyme levels in breast milk may be to furnish the
infant with a form of the vitamin immediately usable
by the actively growing tissues. It is known that the
newborn are deficient in many enzyme systems,
which develop only slowly over the first few weeks or
months of life. Little is known of the B12-dependent
enzyme systems at this time but it may be assumed
from the progress made by the majority of bottle-fed
children that an ability to utilize hydroxocobalamin
normally exists from the earliest age. Children suffer-
ing from a rare inborn error of B12 metabolism, how-
ever, may not be so capable of handling hydroxo-
cobalamin or cyanocobalamin. Such a case was
described recently (Mudd, Levy, and Abeles, 1969,
Levy, Mudd, Schulman, Dreyfus, and Abeles, 1970)
where a 4-week-old child presented with a combined
homocystinuria/methylmalonic aciduria which was
exacerbated by parenteral cyanocobalamin. The
infant died at 71 weeks. Postmortem studies revealed
abnormally low levels of deoxyadenosylcobalamin
in both liver and kidney coexisting with a deficiency
of methyltetrahydrofolate methyltransferase. While
it is unlikely that a child with such manifold bio-
chemical lesions could survive, had breast-feeding
been employed it may well be that the deficiency in
cobalamin coenzymes might, at least in part, have
been remedied.

This work was supported by grants from the Well-
come Trust and Glaxo Laboratories Limited. We
are most grateful to Dr R. J. Wrighton for providing
certain samples and much helpful information. Our
sincere thanks are due to the volunteers who partici-
pated in this study, to Miss Heather Mackenzie and
Mr H. A-A. Hussein for skilled technical assistance,
and to Mr P. W. Pramod for so ably undertaking the
Euglena B12 assay.
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