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Vitamin D and its metabolites in human
breast milk
H L J MAKIN, D A SEAMARK, AND D J H TRAFFORD

Steroid Laboratory, Department of Chemical Pathology, The London Hospital Medical College

It is rare for Western breast fed babies of mothers
with adequate dietary vitamin D* to get rickets,'
although there have been reports of decreased bone
mineralisation2 and a few cases of clinical rickets3
in breast fed infants without vitamin D supplemen-
tation. The relation between maternal vitamin D
status and the concentration of vitamin D and its
metabolites in the neonate at parturition has been
shown with respect to 25-hydroxyvitamin D3 (25-
OHD3) in humans,4 and sheep, and more recently
in cows5 with respect to 25-OHD3, 24, 25-dihydroxy-
vitamin D3 (24,25(OH)2D3), and 25, 26-dihydroxy-
vitamin D3 (25,26(OH)2D3). A direct relation
has been shown between 25-OHD concentrations
in maternal plasma and concentrations in the plasma
of suckling infants, implying that metabolites of
vitamin D can be transferred from mother to child
in breast milk.6

Since maternal breast milk is a major source of
vitamin D in unsupplemented breast fed infants, a
number of studies have been carried out on the
antirachitic activity of human breast milk (HBM).
Attempts have also been made to correlate this
activity with the concentration of vitamin D and its
known metabolites. Early estimates of the con-
centration of vitamin D in HBM varied widely
(4-2-90 IU/l (105-2250 ng/l)) and were based on the
use of non-specific bioassays or colorimetric assays
after saponification or organic solvent extraction,
or both. Since HBM does not apparently contain
adequate quantities of vitamin D, supplementation
of HBM with 400 IU (10 000 ng) vitamin D/day
has been recommended.7
By analogy with some steriod hormones that are

found in urine conjugated to sulphuric acid, it has
been suggested8 that vitamin D sulphate may be
present in HBM. The sulphate conjugate which is

*When it is not required to distinguish between ergocalciferol
(D2) and cholecalciferol (D3) the term vitamin D is used.

more water soluble is less likely to have been found
in organic extracts and may therefore have been
ignored in previous assays of vitamin D in HBM.
In addition vitamin D sulphate has been syn-
thesised9 and found in the urine of rats given large
doses of ergocalciferol9 and cholecalciferol.10 In
these studies HBM was extracted with ethanol, the
'sulphate' was precipitated with barium hydroxide,
and saponified, after which the vitamin D was
estimated by an antimony trichloride colour reaction,
indicating a concentration of 950 IU/l (23 750 ng/l).
Unesterified vitamin D in the lipid fraction was
estimated as 15.7 IU/l (393 ng/1). In a subsequent
investigation by the same group,1" 'vitamin D
sulphate' was measured by bioassay using a vitamin
D deficient rat tibia healing method,'2 and a con-
centration of 780 IU/l (19 500 ng/l) was reported.
Using the non-specific quantitation method and
relying solely on barium hydroxide precipitation
for the isolation of 'vitamin D sulphate' was un-
reliable since this method did not provide definitive
identification ofwhat was being measured.
Vitamin D sulphate was synthesised9 and was

shown to separate clearly from vitamin D during
thin layer chromatography (TLC)13 and on LH 20
columns.'4 After ethanol extraction, and on this
occasion insertion of a TLC separation of vitamin
D sulphate, concentrations of 25 000 ng/l of vitamin
D sulphate were reported in HBM.13 Character-
isation of the vitamin D formed after solvolysis of
the isolated vitamin D sulphate was carried out
using gas liquid chromatography (GLC). The
vitamin D sulphate was quantitated using a non-
specific methylene blue colorimetric reaction used
for the estimation of sulphates. These observations
were subsequently independently confirmed,' but
concentrations of the water soluble conjugate of
vitamin D were lower than previously reported
(10 000-17 000 ng/l (400-680 IU/1)), although the
method was the same as that previously described
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(using the antimony trichloride colour reaction for
quantitation).8 This group' also reported that
concentrations of vitamin D sulphate were highest
in HBM collected within 3-5 days from the start of
lactation and fell thereafter to a value that remained
constant for up to 42 days of lactation.

Subsequent experiments by LeBoulch et al.
using the LH 20 separation method14 and radio-
actively labelled vitamin D and vitamin D sulphate
suggested that mammary glands of lactating rats
contained vitamin D sulphate which could be
hydrolysed by newborn suckling pups.5-17 Despite
the wealth of published material suggesting an

important role for vitamin D sulphate, what is clear
from a modern analytical point of view is that all
the work on 'vitamin D sulphate' up to this point in
1980 relied on relatively non-specific colorimetric
reactions and simple separation techniques. In none

of the published work had the so called 'vitamin D
sulphate' been unequivocally characterised and it
was far from clear that the more polar peak that
separated from vitamin D on TLC or LH 20 was
actually vitamin D sulphate at all.

In recent years with the application of more
sophisticated separation techniques and specific
methods of quantitation, the previously reported
work on the presence of large amounts of vitamin
D sulphate in HBM has not been confirmed. A
preliminary report18 using high pressure liquid
chromatography (HPLC), subsequently confirmed
in a full report,19 failed to detect vitamin D sulphate
in whey from HBM. Added tritiated vitamin D
sulphate put through the isolation procedure was

recovered (77.6%) after the final HPLC stage.
Added unlabelled vitamin D sulphate could be
detected but no vitamin D sulphate was found in
concentrations greater than 1000 ng/l (40 IU/1) in
the milk whey from HBM collected from 6 women,
1-8 days postpartum (that is, the time according to
previous reports that vitamin D sulphate was at its

maximum concentration'). In addition Leerbeck
and Sondergaard20 failed to show any vitamin D
activity after saponification of the water soluble
fractions prepared as described previously,8 13
although the saponification procedure used may
have been destructive. Other workers, however,
(Makin et al. unpublished data) using HPLC, chemi-
cal modification, and gas chromatography mass
spectrometry have also failed to detect vitamin D
sulphate at values in excess of 500 ng/l (20 IU/l) in
any of the samples of HBM examined.
LeBoulch et al.21 recently published a reappraisal

of their previous work using HPLC showing that
there was vitamin D sulphate in a pooled extract
from 3 litres ofHBM. Unfortunately no quantitative
data was given. A published report using HPLC22 had
given values for vitamin D sulphate of 720-880 IU/l
(18 000-22 000 ng/l), but this method used a reverse

phase HPLC system for separation in which the
vitamin D sulphate was eluted from the HPLC
column at a retention time of approximately 1 m
after injection-a point where impurities from the
solvent injection and non-specific polar material from
the extract also elute. In addition no evidence was

given for theidentity ofthepeak used forquantitation.
It is therefore becoming clear, on the evidence so far
published, that vitamin D sulphate is not present
in HBM in concentrations above 500 ng/l (20 IU/l)
and that previous reports of the presence of large
quantities of a water soluble conjugate of vitamin D
in HBM were erroneous.

Vitamin D sulphate has been synthesised by 2
independent groups23 24 by 2 different chemical
procedures. After careful characterisation by mass

spectrometry, nuclear magnetic resonance, infrared
and ultraviolet spectroscopy, and HPLC it was

shown, using a number of biological assays-
intestinal calcium transport, bone calcium mobilis-
ation, and calcification of epiphyseal plates-that
vitamin D sulphate had no antirachitic activity in

Table Vitamin D metabolite concentrations in human breast milk (ng/l)
Metabolite Greer et al.25 Hollis et al.26* Reeve et al.27 Hollis28**

Ergocalciferol 41 51 43
40

Cholecalciferol 338 115 2800
25-OHD2 ND(<20)* 101 131

ND(<500) 311
25-OHD3 163 151 203
24,25(OH)2D 52 ND(< 21)
25,26(OH)2D 30
1,25(OH)2D ND(< 3) 5.2 ND(<0 * 6)

*Mean of values reported for whole milk and milk whey; **mean concentration before (left column) and after (right column) ultraviolet
irradiation of mother.
ND= not detectable above concentration (ng/l) given in parenthesis.
25-OHD2=25-hydroxyvitamin D2; 25-OHD3=25 hydroxyvitamin D3; 24,25(OH)2D=24,25 dihydroxyvitamin D; 25,26(OH)2D=25,26
dihydroxyvitamin D; 1,25(OH)2D =a-25 dihydroxyvitamin D.
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rats. Large oral doses of vitamin D sulphate given to
vitamin D deficient rats caused only a small increment
in the values of25-OHD.24

Analysis of HBM for the presence of non-
conjugated metabolites has produced equivocal
results. The Table summarises the recent values
reported by 3 groups.25-28 From the results of
Hollis et al.,26 Reeve et al.27 and Hollis28 it is clear
that even though the concentrations of vitamin D
do not exceed 15 IU/l, the values of 25-OHD,
which is a more potent antirachitic agent than
vitamin D itself, are sufficiently high to provide an
extra 30-60 IU/l, giving a total antirachitic activity
for these 2 metabolites alone of some 45-75 IU/l,
depending upon the antirachitic value ascribed to
25-OHD.27 As may be expected, the concentration of
1 oc, 25-dihydroxyvitamin D (1,25(OH)2D) in HBM
is shown to be very low26 or undetectable.25 28
Hollis28 has recently published an improved analy-
tical procedure for the estimation of ergocalciferol,
cholecalciferol, 25-OHD2, and 25-OHD3 in HBM
and has shown that oral administration of ergocalci-
ferol to, or ultraviolet irradiation of the mother
increases the concentration of the appropriate
vitamin D and its 25-hydroxy metabolite in the
milk. Ultraviolet irradiation increased the mean
cholecalciferol concentration by a factor of 200 (see
Table).
Some points, however, remain to be made.

Although it has been shown that synthetic vitamin D
sulphate has no biological activity when fed to
vitamin D deficient rats, it has not been shown that a
similar situation pertains in humans. It is also
possible that breast fed infants do not require
vitamin D to absorb calcium in a similar fashion to
that described in suckling rat pups,29 where intestinal
1,25(OH)2D receptors were absent until weaning. It
must also be noted that vitamin D sulphate is un-
stable and it may therefore be necessary to examine
fresh HBM to detect this conjugate. Neither Hollis
et al.18 19 nor Makin, Seamark and Trafford (unpub-
lished data) were able to detect vitamin D sulphate
in HBM in concentrations in excess of 1 ng/ml and
0.5 ng/ml respectively. Assuming these reports are
correct and assuming a recovery of 500%, the
extraction of 3 litres HBM21 would yield around
500 ng of vitamin D sulphate which could easily be
detected in the HPLC and ultraviolet systems used.

Paediatricians should therefore be aware that the
suggestion that large quantities of vitamin D sulphate
are present in HBM is largely a myth3O and that while
vitamin D sulphate may be present in HBM in small
concentrations, unless hydrolysed to vitamin D it
probably contributes nothing to the total anti-
rachitic activity of HBM. There is no evidence to

support the presence of appreciable amounts of
water soluble vitamin D in HBM and thus the
question of whether or not HBM needs to be
supplemented so that breast fed children received
the recommended 400 IU of vitamin D per day still
needs to be considered.

Further work needs to be carried out to obtain
more data on the precise concentrations of con-
jugated and unconjugated vitamin D metabolites
present in HBM, to confirm the absence of any
hitherto unknown or ignored antirachitic factor, and
thus to provide the information necessary to decide
whether HBM alone provides sufficient antirachitic
activity to prevent rickets in all or some breast fed
infants. If the data given in the Table are correct and
no further antirachitic activity can be ascribed to
HBM, infants must consume around 8 1 of HBM per
day (7-14 times the normal daily intake) to reach the
recommended daily intake of 400 IU. It has been
suggested that the incidence of nutritional rickets is
higher than has been supposed,31 and Finberg32 has
recommended daily supplementation of HBM with
400 IU of vitamin D, observing that this level of
supplementation is relatively inexpensive, without
risk, and convenient. The question of whether or
not to supplement HBM is still controversial and
the proof that vitamin D sulphate is not present in
appreciable amounts in HBM has not resolved this
controversy. It is probably fair to say that term
infants of mothers with adequate dietary vitamin D
can survive on unsupplemented HBM without
considerable deficiency in bone mineralisation.
There may, however, be a case for giving vitamin D
supplements to children of mothers without adequate
dietary vitamin D, preterm infants, infants with
pigmented skin, and those from deprived social
backgrounds.
Some of the work described here (Makin et al., unpublished
data) was supported by a grant to HLJM from the Wellcome
Trust for which we are very grateful. We thank Professor
R D Cohen and Dr N Martin who read this manuscript and
made helpful suggestions.
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