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In spite of the spectacular advances in scientific
medicine which we have witnessed in the last 20
years, there is still a need for information about a
number of fundamental, if quite elementary, matters.
One of these is the chemical composition of the
human body. A knowledge of the quantitative
make-up of the bodies of men, women, and children
in both health and disease is of value for investiga-
tions of the most diverse types, but much of the
information available is the result of guess work
rather than chemistry. It is proposed to describe
the results of an attempt to fill some of the gaps in
our knowledge.
Von Bezold (1857, 1858) was the first to make an

analysis of a human foetus. It weighed 523 g.,
and he determined both organic and inorganic
constituents. During the next 50 years a number of
analyses were made, mostly in Germany and France,
though one paper from Italy and one from Holland
were published. Fehling (1877) studied 21 foetuses
varying in weight from 1 to 3,294 g. He was
interested only in the amounts of water, nitrogen,
and fat, but most workers included inorganic
constituents in their analyses (Brubacher, 1891;
Giacosa, 1895; Michel, 1899; Hugounenq, 1899,
1900a, b; de Lange, 1900; Camerer, 1900a, b,
1902; Soldner, 1903; Steinitz, 1904; Langstein and
Edelstein, 1917). Further data have been provided
by Givens and Macy (1933), who analysed 25
foetuses of various ages for water, ash, calcium,
and magnesium, and lob and Swanson (1934), who
estimated water, fat, nitrogen, sodium, potassium,
calcium, magnesium, phosphorus, and chloride in
17 foetuses weighing between 1-7 and 2,915 g.
Macy and Hunscher (1934), Coons, Schiefelbusch,
Marshall, and Coons (1935) and Garry and Stiven
(1936) took all these figures for the chemical
composition of the human foetus into consideration
in making their calculations of the dietary require-
ments of the mother during pregnancy and lactation.

Several studies of the chemical composition of the
human placenta have been recorded. Full-term
placentae have been analysed for water, nitrogen,
fat, and ash by Higuchi (1909) and by Pratt,

Kaucher, Richards, Williams and Macy (1946).
The amino-acids were studied by Koelker and
Slemons (1911) and the different fatty constituents
by Pratt, Kaucher, Moyer, Richards, and Williams
(1946). Masters and Clayton (1940) were particu-
larly interested in the amount of calcium in the
placenta at different stages of maturity and Hilgen-
berg (1930) in the concentration of iron. These
workers confined their studies to the placenta, and
no parallel investigation of foetuses and placentae
ever appears to have been made.

In the present study 19 human foetuses and full-
term infants have been analysed for nitrogen, fat.
sodium, potassium, calcium, magnesium, phos-
phorus, iron, copper, and zinc, and the iodine in a
number of thyroid glands was determined. Placentae
from 12 of the foetuses were also analysed.

Material
Thirteen immature foetuses, two of which were twins,

six stillborn infants weighing more than 3,000 g., and
12 placentae were obtained through the courtesy of the
staff of Addenbrooke's Hospital and the County
Maternity Hospital, Mill Road, Cambridge. Details as
to foetal ages, sex and weights, and the cause of death
are given in Table 1. Age was assessed by measurement
of footlength (Streeter, 1920), but this and all other
methods are acknowledged to be uncertain, and the
chemical findings have therefore all been related to body
weight. The livers and spleens were analysed separately
from the rest of the body. The thyroid glands of 16 of
the foetuses were sent by post to Miss B. W. Simpson,
Rowett Research Institute, Aberdeen, for the determina-
tion of iodine. The amount ofiodine was also determined
in the thyroid glands from 16 children between birth and
one year, and from 10 older children and three adults.
These glands were removed at post-mortem examination
at Addenbrooke's Hospital.

Preparation for Analysis. The bodies were weighed
as soon after delivery as possible, and dissected on an
enamel tray so that no blood was lost. The livers and
spleens were removed and washed with distilled water,
and the washings were added to the main sample. The
thyroid glands were dissected out and weighed. The
bogdies, together with all the washings, were brought into
solution with HCI as described by Venn, McCance, and
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206 ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 1

DESCRIPTION OF MATERIAL

Approximate Age of Parity
Foetus Sex Foetal Age Weight Mother of Cause of Death
No. (weeks) (g.) (years) Mother

1 (P) M. 17 225 26 ? Hysterotomy
2 and 3 Both 17 227 174 1 Inevitable abortion
(twins) M. 247

(P)
4 (P) M. 19 286 ?? Ante-partum haemorrhage
5 (P) F. 22 400 37 6 Habitual abortion
6 M. 22 478 21 1 Hysterotomy
7 (P) M. 23 673 36 1 Hysterotomy
8 M. 24 787 39 ? Hysterotomy and ovariectomy for carcinoma

of ovaries
9 (P) M. 26 911 34 7 Hysterotomy
10 (P) F. 30 1,718 36 4 Surgical induction
11 (P) M. 32 1,966 41 3 Placenta praevia
12 F. 33 2,295 24 ? Ante-partum haemorrhage
13 M. 34 2,652 35 4
14 (P) F. 34 3,090 21 1 Breech presentation
15 (P) F. 37 3,767 23 1 Eclampsia
16 M. 37 3,105 ?? Unknown
17 F. 39 3,050 ?
18 (P) M. 40 4,375 36 5 Hydrocephalic
19 (P) M. 40 3,994 31 6 Placenta praevia

(P) = placenta analysed.

Widdowson (1947). The livers and spleens were weighed
and chopped up finely with a stainless steel knife.
Weighed portions were taken for the determination of
inorganic iron, and for ashing before the estimation of
the metallic constituents. The remainder, a known
proportion of the whole, was digested with HCI and used
for the determination of nitrogen, phosphorus, and fat.
The placentae were drained as free from blood as

possible, rapidly washed in distilled water and dried on
blotting paper before being weighed. They were
brought into solution in HCI and subsequently treated
exactly as the other material.

Chemical Methods. The chemical methods used for
the determination of nitrogen, fat and inorganic con-
stituents are described by Spray and Widdowson (1950).
The method of Harvey (1935) was used for the iodine
estimations.

The Chemical Composition of the Human Foetus and
Full-term Infant

Protein, Fat, and Water. Fig. 1 shows the total
amounts of fat and protein in each individual foetus,
Fig. 2 the percentages of these substances in the
whole body, and Fig. 3 the percentages of protein
and water calculated on a fat-free basis. These
results emphasize (a) the enormous increase in the
proportion of fat, from less than 1% in the early
stages to over 28% in one full-term infant; and
(b) the decrease in the proportion of water and the
corresponding increase in the proportion of protein

when expressed on a fat-free basis. If the protein
is calculated as a percentage of the whole body
(Fig. 2), the concentration increases till the foetus
weighs about 3,000 g., and then decreases again,
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FIG. I.--Total amounts of fat and protein in the foeta
bodies.

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.26.127.205 on 1 June 1951. D
ow

nloaded from
 

http://adc.bmj.com/


CHEMICAL DEVELOPMENT IN UTERO
because from that stage onwards the increase in fat
is greater than the derease in water. The foetus

is too low. Shohl used all the available data in
arriving at this figure, but the weight of his
'newborn' infant, 2-9 kg. (6 lb. 6 oz.), is rather
low for the average weight of a full-term baby.
Five of the six foetuses weighing more than 3,000 g.
in the present study had more than 12% of fat in
their bodies.

0 0-4 08 1-2 1-6 2-0 2-4 2-8 3-2 3-6 4-0 44 4-6
Body weight (kg)

F}G. 2.-Percentage of fat and protein in the foetal
bodies.

begins to lay down fat when it weighs 800-1,000 g.
By the time it is 3,000 g. the amoumt of fat in its
body is approximately equal to the amount of
protein. Thereafter the fat increases very rapidly
indeed, so that a baby with a birth weight of 4,000 g.
is likely to have about 400 g. more fat than one
which weighed 3,000 g. alfthough it would only
contain about 100 g. more protein.

Previous workers who have aetermined the
protein, fat, and water have devoted their attention
mainly to foetuses in the early stages of develop-
ment. For example, of the 21 foetuses analysed
by Fehling (1877), 17 weighed less than 1,000 g.,
and five of the seven studied by Michel (1899) were
under 700 g. in weight. In fact, only five foetuses
weighing more than 3,000 g. ever appear to have
been analysed for these constituents, and the
beaviest of these was 3,360 g. Of the present series,
si< weighed more than 3,000 g. and three more than
3,360 g. While the older work, therefore, is useful
in indicating the composition of the foetus
during the first few months of intra-uterine life, the
present study gives a better picture of the chemical
make-up of the full-term baby than any previously
made.
The convention in the past has always been to

make an asses t of the foetal age and to relate
the chemical composition of the body to it. If the
results of previous workers for water, protein, and
fat are plotted against weight as in the present series
(Figs. 1, 2 and 3), curves veiy similar in shape are
obtained in the early stages. The s embryos
ever analysed, weighing only a gram or so, con-
tained about 4% ofprotein, 0 -4% of fat, and 95 5%
of water, and the curves in Fig. 2 have been extended
to include these values. On the other hand it
appears that the figure of 12% given by Shohl (1939)
for the average percentage of fat in a baby at birth

0 04 0 1- 2 1-6 20 2-4 2-8 3-2 3-6 4-0 44
Weght (kg.

FIG. 3.-Protein and water (g. per 100 g. of fat-free
body tusse).

Sodium ad Poda_iun. 'It is now generally
taught that the proportion of sodium in the fat-free
body tissue decreases during growth, both before
birth and afterwards, and that this fall is brought
about by a decrease in the fraction of the body
occupied by extracellular fluids (Shohl, 1939). In
Fig. 4 are shown the total amounts of sodium and
potasium in the foetuses analysed in the present
invesfigation, and in Fig. 5 the amounts of these
elements per 100 g. of fat-free body tissue. The
concentration of sodium was rather variable. It
tended to decrease in the early stages, but from the
time the foetus weighed 2,000 g. it was approximately
constant at about 220-225 mg. per 100 g., and this

8-0

7-0

6-0

4-0

o30

2-0'
0

0
4-0'

'0

0 04 0-8 1-2 1-6 2-0 2-4 2.8 3-2 3-6 4-0 4-4 4b
Body weight (kg)

FIG. 4.-Total amounts of sodium and potassium in the
foetal bodies.
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ARCHIVES OF DISEASE IN CHILDHOOD

was also the value found for the concentration of
sodium in the fat-free tissue of the human adult

300.

280,

260,

, 240
0

9 220'

01200'
E

180'

i6o0

140

xx
x x

x x

0 00
K

0 0

00°o

0 04 08 2 lb 20 24 28 32 36 404446
O 0-4 C08 -2 2620 2 4 2 '8 32 3-6 4'0 4.44.6

Body weight (kg)
FIG. 5.-Sodium and potassium (mg. per 100 g. of

fat-free body tissue).

(Widdowson, McCance, and Spray, 1950). These
results seem to be a direct contradiction of the
view which is commonly held at the present time.
There is no doubt that the proportion of extra-
cellular fluids does fall (Fellers, Barnett, Hare, and
McNamara, 1949), and with it the proportion of
extracellular fluid sodium in- the body. It is quite
clear from the work of Harrison, Darrow, and
Yannet (1936), however, that about 50% of the
sodium in the body of the adult monkey, dog, and
rabbit is in the skeleton, and that half of this is
present as an insoluble or undissociated compound
which contributes little if anything to the osmotic
pressure of skeletal water. The same is probably
true of the human adult, and Widdowson et al.
(1950) have obtained some direct confirmatory
evidence. Harrison et al. made some calculations
from the data of lob and Swanson (1934) of the
total and extracellular sodium in the bodies of
human foetuses of various weights, and have shown
that, whereas in a foetus weighing 340 g. the extra-
cellular sodium accounts for 97*5% of the total
sodium in the body, by the time the foetus weighs
2,970 g., only 76% of the sodium in the body is in
the extracellular fluids. It appears that, from the
seventh month of prenatal life onwards, the fall in
the proportion of extracellular sodium is just about
counterbalanced by the increase in the amount of
sodium being deposited in the skeletal tissues.
The concentration of potassium in the fat-free

body tissue increased during intra-uterine life, but
it was always lower than the concentration of
sodium, and the infant at full term contained about
200-210 mg. of potassium per 100 g. of fat-free body
tissue. Shohl's (1939) figure for the concentration

of potassium in the fat-free tissue of a newborn baby
is 190 mg. per 100 g. but it is probable that his
newborn baby was not really mature. Nearly all
the potassium in the human body is in the cells,
and the concentration in the whole body is what
one would expect from a knowledge of the volume
of intracellular water and the concentration of
potassium in it (Harrison et al., 1936). Thus the
concentration of potassium in the whole body
increases in proportion to the increase in cell mass
and the value for the concentration of potassium
in the human adult (Widdowson et al., 1950) is
considerably higher than the present figure for the
infant at term.

Calcium, Phosphorus, and Magnesium. Fig. 6
36
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FIG. 6.-Total amounts of calcium, magnesium, and
phosphorus in the foetal bodies.

shows the total amounts of calcium, phosphorus,
and magnesium in the foetal bodies, and Fig. 7 the
percentages of these elements on a fat-free basis.
The absolute amounts of all three elements showed
a steady increase with increasing weight so that the
full-term infants contained 20 or 30 times more of
each than the foetuses weighing 225 g. or so. The
percentages also increased, the concentration of
calcium at full term being rather more than twice,
and of phosphorus a little less than twice as high
as it was in the smallest foetuses examined. The
concentration of magnesium rose in the early stages,
but remained almost constant in foetuses weighing
2,000 g. and over.

Early investigators who determined the calcium,
magnesium, and phosphorus in the human foetus
did not always give the percentage of fat, so their
figures cannot be compared with those shown in
Fig. 7. If the results previously published for the total
amounts of calcium, magnesium, and phosphorus
in human foetuses are plotted against body weights,
curves similar to those in Fig. 6 are obtained, but
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CHEMICAL DEVELOPMENT IN UTERO

during the past 30 years only one foetus weighing
more -than 1,615 g. has been analysed. Coons et a!.

[0

,0 8

2 0 6'

0-2

(-a0~~~~~~~xx
0 x

0 0o ° ° Mg xIO

no figure approaching the 937 mg. given by Garry
and Stiven (1936) was obtained. Very few whole
bodies have been analysed for iron in the past.
Hugounenq (1899) was particularly interested in this
element and his results fit in much better with the
present series than those of Camerer (1902).
Camerer, whose values are higher than our own,
himself suspected that his samples were con-
taminated with iron. Fullerton (1937) assessed the

0 04 08 12 I6 20 24 28 32 36 40 4446
Body weight (kg)

FIG. 7.-Calcium, magnesium, and phosphorus (g. per
100 g. of fat-free body tissue).

(1935) and Garry and Stiven (1936) took Michel's
(1899) data for a foetus weighing 3,335 g. to
represent the composition of the human infant at
term, but Michel's figures for all three elements
are considerably higher than those shown in Fig. 6
for a foetus ofa similar size. Booher and Hansmann
(1931) analysed the tibiae of newborn infants and
found the proportion of calcium in these bones to
be nearly constant when expressed on a dry fat-free
basis, irrespective of the calcium intake or age of the
mother. They suggested that the composition of
the skeleton is constant, and that variations only
appear when the results for calcium are expressed
as a percentage of the whole body.

It is due to the progressive calcification of the
bones, which have a Ca/P ratio of over 2 that the
Ca/P ratio of the whole body tends to rise as
development proceeds, particularly during the first
seven months or so of intra-uterine life (Fig. 8),
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FIG. 8.-Ca/P ratios.

but three foetuses which weighed 600-900 g. had
ratios as high as two others which weighed over 3,000
g. lob and Swanson's (1934) ratios were equally
irregular. The ratio at term is probably between
I - 7 and 1 - 8, and this was the value found by
Widdowson et al. (1950) for the human adult.

Iron, Copper, and Zinc. The total amounts of
iron and zinc in the whole foetal bodies are shown
in Fig. 9 and of copper in Fig. 10. The quantity of
iron was rather variable in the full-term infants, but

Fe

0 04 08 12 16 20 24 28 32 36 40 4446
Body weight (kg)

FIG. 9.-Total amounts of iron and zinc in the foetal
bodies.
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FIG. 10.-Total amounts of copper in the foetal bodies.

amount of iron in a full-term baby from published
figures for blood volumes and haemoglobin levels,
and his estimate was 450 mg. This is higher than
any of the present series and there is reason to
believe that it is too high (McCance and Widdowson,
1951). The average for the six infants weighing
more than 3,000 g. in this investigation was 273 mg.
How this lower value for the iron in the full-term
foetus affects any theory about the development of
suckling anaemia is discussed by McCance and
Widdowson (1951).
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ARCHIVES OF DISEASE IN CHILDHOOD
No information about the amounts of copper and

zinc in foetal bodies has hitherto been published.
The quantities of iron and zinc per 100 g. of

fat-free body substance are given in Fig. 11, and

12
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FIG. 11.-Iron and zinc in the foetal bodies (mg. per
100 g. of fat-free body tissue).
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FIG. 12-Copper in the foetal bodies (mg. per 100 g.

of fat-free body tissue).

of copper in Fig. 12. The concentrations of iron
and copper tended to be a little higher in the larger
foetuses, but the two biggest contained no more
iron per 100 g. than some of the set ones.
This implies that no lar store of iron is accumu-
lated by the human foetus shortly before birth
(McCance and Widdowson, 1951). The 'concen-

tration' of zinc did not change throughout intra-
uterine life and the increase in total amount
exactly paralleled the increase in body weight.

Table 2 shows the concentration of inorganic
iron, copper, and zinc in the liver and spleen, and
the percenta of the total amount in the body
present in these organs. The results were irregular,
but of the same order for iron and copper whatever
the age and size of the foetus. The liver and spleen
always contained about the same proportion of the
body's iron, copper, and zinc. Roughly speaking,
about one half of the copper, one quarter of the
zinc, and one eighth of the iron in the body was
found in these two organs. If the results shown in
Figs. 11 and 12 are compared vith the values given
in Table 2 it will be seen that the concentration of
iron was about twice, the concentration of zinc
about 10 times, and that of copper 20 or 30 times
as high in the liver and spleen as in the body as a
whole.

Several workers have analysed the livers of
stillborn infants for inorganic iron or for total iron
in the blood-free organ (Adler and Adler, 1931;
Gladstone, 1932; Toverud, 1935; Schairer and
Rechenberger, 1943). Their assessments ranged
from about 30 to 60 mg. of iron in the whole liver.
Steans and McKinley (1937) suggested that the
amount might be much less if the mother's diet had
been deficient in iron. The present values for the
foetuses weighing more than 3,000 g. varied from
11-5 to 51-4 mg. Brfickmann and Zondek (1939)
determined both iron and copper in the livers of
five newborn infants. Their findings for iron varied
from 8-8 to 58-8 mg. per 100 g. and for copper
from l- 2 to 6-9 mg. per 00 g. It will be seen from

TABLE 2
DISTRIBunToN oF INORGANIC FE, Cu, AND ZN IN THE FoETAL BoDIES

Distribution in Liver and Spleen Percentage of the Body's Fe, Cu, and Zn in
(mg. per 100 g.) Liver and Spleen

Weight of
Foetus (g.) Inorganic Fe Cu Zn Inorganic Fe Cu Zn

225 32-9 - 58
227 2-03 11-9 17 17
247 1-53 10-8 14 21
286 20.4 4-12 17-2 16 66 53
673 8-5 4-07 17-7 7 48 43
787 6-8 5-28 14-6 4 46 20
911 30-0 4-62 20-7 19 62 51

1,718 8-70 19-1 69 27
1,966 20-0 4-80 8-7 14 64 43
2,295 19-9 2-58 10-0 10 43 23
3,050 37-0 2-42 6-1 17 29 28
3,090 25-5 3-92 5-1 15 58 18
3,105 10-4 3-83 5-4 5 46 17
3,994 21-1 4-60 9-0 19 58 24
4,375 16-7 6-00 8-7 14 61 27

w -210

.0

* - * * :
~ ~- . . . .
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CHEMICAL DEVELOPMENT IN UTERO

Table 2 that these figures are of the same order as

our own. The amount of zinc in the human liver
does not seem to have been investigated hitherto.

Iodine in the ThyroId Gind
The results of the determinations of iodine are

set out in Table 3. The concentration of iodine in
the thyroid gland was variable from one individual
to another, but there was an increase with increasing
age. The average for foetuses weighing less than
1,000 g. (omitting the pair of twins) was 2-4 mg.

per 100 g. and for those weighing more than 1,000 g.

was 3 1 mg. per 100 g. The average value for the
children below one year was 7-8, for the older
children 19-2 and for the three adults 41-7 mg.

per 100 g. Koneff, Nichols, Wolff, and Chaikoff
(1949) have shown that the concentration of iodine
in the thyroid of the foetal calf increases progres-

sively with age and have postulated that the foetal
thyroid acquires an increased capacity for collecting
and storing iodine. The present findings for the
human foetus would not be a contadiction of this,
and the same process may go on in extra-uterine
life.
One point of interest about the present series of

thyroids from full-term infants is their size.
The human thyroid generally weighs I g. at birth
(B. W. Simpson, personal communication), though

Ekholm and Niemenera (1950), working in Finland,
reported weights ranging from -65 to 3-18 g. for
the thyroid glands of foetuses weighing between
1,250 and 2,500 g. These authors emphasize the
great variability in the weights of the thyroids of
foetuses of the same size. All six of the foetuses in
the present series weighing more than 2,000 g. had
thyroids weighing more than 1 g. and the glands of
four of them weighed more than 2 g. One of the
newborn infants had a grossly enlarged thyroid,
weighing 8-6 g., and a girl of 4 also had one which
was abnormally heavy (6-9 g.). Both these thyroids
contained very low ' concentrations ' of iodine, and
there was Ess iodine in these glands than in those
of other children of simil age. All the foetuses
and children with the enlarged glands came from
Cambridge or the country nearby, and the material
was collected during the years 1944 and 1945.

Composion of the Hmn PIeear
Table 4 shows the percentage composition of the

12 placntae which were analysed. Figures for iron
have been omitted because, although most of the
blood was removed, it is certain that some still
remained, and the values for iron would have been
greatly influenced by the amount of residual blood.
Tbe placental weights did not neessarily follow

the foetal weights, and the largest foetus had a

TABLE 3
ANALYsEs oF IODNE IN Th THYRoID GLAND

Foetuses Infants under I year Children over I year and Adults

Approx. C-'a - C

Age -o0 E -.=. Cd.

(weeks) 0 O 0 '

Twins
17 227 0-8 0-29 Newborn F. 14-0 134 1 F. 12-0 156
17 247 0-04 0-01 ,, M. 4-0 46 Ij M. 14-0 321
19 286 4-0 6-8 F. 0-3 26 2 M. 12-0 312
22 400 1-4 2-5 5 days M. 6-0 51 3j F. 13-0 460

(premature)
22 478 1-5 3 -8 6 days F. 8-0 67 4 M. 39-0 940

(premature)
23 673 6-0 12-3 15 days F. 6-0 107 4 F. 2-0 139
24 787 0-9 4-8 24 days M. 13-0 77 5 F. 34-0 820
26 911 0-5 3-2 2 months F. 2-7 36 6 M. 15-0 805
30 1,718 3-0 24-3 2 ,, M. 13-0 260 6 F. 13-0 597
32 1,966 0-6 59 2 ,, F. 7-6 69 12 F. 38-0 2,810
33 2,295 2-0 45-3 2j ,, M. 18-0 214 21 M. 27-0 5,680
34 2,652 1-2 24-9 2j ,, M. 9-0 112 27 F. 40-0 5,050
34 3,090 8-0 131-0 3 ,, ? 9-6 234 31 M. 58-0 17,300
37 3,767 3-3 111-4 4 ,, M. 5-0 140
40 3,994 0-3 7-9 6 ,, F. 3-0 57
40 4,375 6-0 105-2 7 ., M. 6-0 79

16
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ARCHIVES OF DISEASE IN CHILDHOOD
TABLE 4

C0MPKIsmON OF HuMAN PLAcENrAE
Approximate

foetal age
in weeks 17

Weight of
placenta (g.) 140

Weight of
foetus (g.) 225

Water (g. per
100 g.) 88-

Protein ,, 9
Fat ,, 0-

Na (mg. per
100 g.) 265

K ,, 139
Ca ,, 20-
Mg ,, 7-
P ,, 98
Cu ,, O
Zn ,, O

17
(Twins)

19 22 23 26 30 32 34 37 40 40

488 329 271

227+
247

165 275 570 451 545 927 806 616

286 400 673 911 1,718 1,966 3,090 3,767 3,994 4,375

5 87-8 90 5 85-1 85-3 85-7 86-0 85-1 83-4 88-8 88-1 84-9
7 10-7 8-0 13-1 12 5 12 4 12-1 13-5 14-3 9-9 10-0 13-4
7 0-6 0-5 0-8 0-9 0-7 1-0 0-6 0-8 0-5 1-0 0-6

9
4

17
96

251
149
28-2
6-2

80
0-20
0-85

248
137
20-1
7-5

60
0-13
1-19

232
176
17-8
6-1

89
0-16
1-20

282
163
28-8
8-4
124
0 11
1-10

225
167
26-0
7-6

107
0-18
1 -07

225
172
25-1
7.9

98
0-14
0-79

190
131
29-2
10-0
92
0-11
0-46

225
158
151-5
11-6

187
0-17
1 28

148
149
27-0
6-0

85
0-13
1 00

194
121
48-3
7-4

113
0-10
0 95

207
193
40-0
8-3

132
0-14
1-12

placenta which was very little heavier than that of
a foetus weighing less than half as much. Other
workers (Pratt et al. 1946) also found that
weights of foetuses and placentae did not always
run together.
The placenta is a very watery organ, and the

percentage of water does not appear to be less at
full term than it is earlier in pregnancy. Pratt et al.
(1946), who analysed nine full-term placentae, found
the moisture to vary from 85 to 94% with an
average of 87%". These figures agree very well with
our own. The proportions of protein and fat also
remained of the same order throughout. The
protein and fat in the placentae of the four foetuses
weighing more than 3,000 g. averaged 11 -91o and
0 7% respectively; the corresponding figures for
the other placntae were 1I - 5 and 0 - 7%.

The concentration of calcium in the placentae of
the smaller foetuses was similar to that found by
Masters and Clayton (1940). There was one high
figure in the series, 151 5 mg. per 100 g., from a
34-week pregnancy, and this placenta would
probably have appeared calcified on x-ray examina-
tion. There was possibly an increase in the concen-
tration of phosphorus with increasing age, but on
the whole the mineral make-up altered little and,
except for the calcification of the arteries, which is
probably a sign of degeneration, it is clear that
no changes in the composition of the placenta take
place which are at all comparable with the altera-
tions in the composition of the developing foetus.
At the seventeenth to the nineteenth week of

pregnancy the foetus and its placenta were of

approximately equal weight, and both contained
similar amounts of nitrogen, fat, and potassium.
The foetus contained more of all the other con-
stituents, two to five times as much magnesium,
phosphorus, copper, and zinc and 20 or 30 times as
much calcium. During the last four months the
foetus grows much more rapidly than the placenta
so that at term it weighs five or six times as much.
Tl e concentrations of nitrogen and potassium
remained very similar in both. At full term the
concentrations of magnesium, phosphorus, copper,
and zinc were two to four times as high in the foetus
as in the placenta, the concentration of calcium
between five and 30 times and of fat 25 times as high.

From the results which have been obtained an
estimate has been made of the probable composition
of the body of a premature baby weighing 1,500 g.
(3-1 lb.) and of one weighing 2,500 g. (5 1b.),
compared with that of a full-term infant weighing
3,500 g. (71 lb.). The values are set out in Tables 5
and 6. The outstanding deficiency of the premature
baby is one of fat. The baby weighing 1,500 g.
contains only one-eighth as much fat as a full-term
infant. Most mam an species are born with
only 1-2%' of fat in their bodies, and the full-term
human baby represents the exception in chemical
composition rather than the rule. Widdowson
(1950) has discussed various reasons for this
difference in the composition at birth. The lack of
subcutaneous fat in premature babies is, of course,
well known to those responsible for their care
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CHEMICAL DEVELOPMENT IN UTERO

(Crosse, 1945) and there is no doubt that the layer
of fat beneath the skin is of great value to the
human infant as an insulation against loss of heat.
It is interesting to consider how the newborn of
other species manage to survive without any
subcutaneous fat at all (Thomas, 1911; Widdowson,
1950).
The values given in Table 5 represent the percent-

age composition of the whole body, and not as in
Figs. 3, 5, 7, and 11, the amounts per 100 g. of
fat-free body tissue. Since the proportion of fat in
the body is greater the more mature the foetus,
the lower the concentration of all the other con-
stituents will tend to be when expressed as a
percentage of the whole body in comparison with
the same data expressed on a fat-free basis. This is
well illustrated by a comparison of the curves for
protein in Figs. 2 and 3.

TABE 5
COMPARISON BETwEN PERCENTAGE CxOMposIToN OF

PREMATURE BABIEs AND A FuLL-TERM INFANT

Prema- Prema- Full
ture ture Term

(1,500 g.) (2,50 g.) (3,500 g.)
Protein (g. per l00 g.) 11-6 12-4 12-0
Fat ,, 3-5 7-6 16-2
Water ,, 82-5 773 68-8
Na (g. per 100 g.) 0-23 0-21 0-19
K ,, 019 0-19 0-17
Ca ,, 0-68 0-76 0-81
Mg ,, 0-023 0-024 0-022
P , 0-37 0-43 0-46
Fe (mg. per 100 g.) 7-1 7-4 7-5
Cu ,, 0-32 0- 35 0-39
Zn ,, 1-7 1-6 1-5

TABLE 6
TOTAL AMOUNTS OF VARIOUS CONSTITUENTS rN THE
BODIES OF PREMATU-RE BABIEs COMPARED WrriH THOsE IN

A FuLL-TERM BABY

E El E

= L. ..1..~~~~~cqLTP- E-J -H -

Weight (g.) 1,500 2,500 3,500 43 72
Protein (g.) 160 290 415 39 70
Fat (g.) . 60 200 470 13 43
Na(g.) . 3 50 5 35 6- 75 52 80
K (g.) .. 2-80 4-70 6-00 47 78
Ca(g.) . 10-2 19-0 28-2 36 68
Mg. (g.) . 0- 35 0-60 0- 76 46 79
P(g.) . 5-6 10-8 16-2 35 67
Fe (mg.) . 106 184 262 41 70
Cu (mg.) 4-8 8-8 13-7 35 64
Zn(mg.) . . 26-0 40-0 53-0 49 76

The concentrations of protein, potassium,
magnesium, and iron in the whole body are about
the same whether the infant weighs 1,500 g. or
3,500 g., and the proportion of the body occupied
by cellular tissue, therefore, probably remains fairly
constant at this stage of development. As the
foetus lays down fat the extracellular fluids form a
smaller and smaller fraction of the body and in
spite of the deposition of sodium in the skeleton,
the concentration of sodium in the whole body falls.
A premature baby not only has less calcium and

phosphorus in its whole body than one which is
born at full-term, but it also has less per 100 g. body
weight in spite of the fact that the full-term baby
has so much more fat. The premature baby also
appears to have a slightly smaller concentration of
copper.

Thirteen immature foetuses and six stillborn
infants weighing more than 3,000 g. have been
analysed for nitrogen, fat, sodium, potassium,
calcium, magnesium, phosphorus, iron, copper, and
zinc, and the iodine in the thyroid glands was
determined. The placentae of 12 of the foetuses
and infants were also investigated.
The foetus begins to lay down fat when it weighs

800-1,000 g., and by the time it weighs 3,000 g. the
amount of fat in its body is approximately equal to
the amount of protein (120o). After this the fat
increases much more rapidly than the protein, and
one stillborn infant which weighed 4,375 g. con-
tained 280% of fat.
The concentration of sodium per 100 g. of

fat-free body tissue decreased until the foetal weight
was about 2,000 g., and then remained constant
until term. The value reached was the same as in
adult life. The concentration of potassium in the
fat-free body tissue increased throughout intra-
uterine life, but the concentration in the whole body
altered little from the time the foetus began to lay
down fat.
The concentration of calcium and phosphorus

increased with increasing weight, so that the
percentage of calcium at full term was rather more
than twice and of phosphorus a little less than twice
as high as it was in the foetuses weighing 200-300 g.
The percentage of iron and copper in the foetus

increased with development while that of zinc did
not change. The liver and spleen contained about
one-half of the copper, one-quarter of the zinc, and
one-eighth of the iron in the whole body.
The concentration of iodine in the thyroid

appeared to increase during foetal life and after,
and in the thyroids from three adults was about
20 times as high in those from the immature foetuses.
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214 ARCHIVES OF DISEASE IN CHILDHOOD

At the seventeenth to nineteenth week of
pregnancy the foetus and its placenta were of
approximately equal weight, and contained similar
amounts of nitrogen, fat, and potassium. During
the last four months the foetus grows much more
rapidly so that at ful term it weighed five or six
times as much as its placenta. The "concentrations"
of nitrogen and potassium were similar in both,
but those of fat, calcium, magnesium, phosphorus,
copper, and zinc were aUl higher in the foetus than
in its placenta.

We should like to take this opportunity of thnking
Professor R. A. McCance for his wise encouragemenl
throughout the investigation. We are also very grateful
to Dr. R. F. A. Dean for his help in obtaining the bodies
for analysis, and to Miss B. W. Simpson for making the
iodine analyses.
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