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Widdowson, E. M., Crabb, D. E., and Milner, R. D. G. (1972). Archives
of Disease in Childhood, 47, 652. Cellular development of some human organs
before birth. The total amount of DNA and the protein/DNA ratio have been
measured in the kidneys, heart, liver, and gastrocnemius muscles of 56 human fetuses
and newborn infants of 13-42 weeks' gestational age. The total amount of DNA
in each organ approximately doubled every week up to the 25th; thereafter the rate
of increase was slower. The protein/DNA ratio in each organ increased rapidly in
the last 10 weeks of intrauterine life. Before 30 weeks there was some increase in the
protein/DNA ratio in the kidneys, heart, and gastrocnemius muscles, but no signifi-
cant change in the liver. In 5 small-for-dates infants the protein/DNA ratio was

normal, whereas the total DNA tended to be low.

The cellular growth of the brain of the human
fetus (Winick, 1968; Dobbing and Sands, 1970;
Dobbing, 1970), and of the placenta (Winick,
Coscia, and Noble, 1967), have been investigated
systematically by chemical means, but other organs
have been neglected. This paper reports observa-
tions on the growth of the human kidneys, heart,
liver, and gastrocnemius muscles before birth.
Total DNA was used as an index of the number of
cells in the internal organs and the protein/DNA
ratio as an index of the mean cell size. The
quantity of DNA was taken to indicate the number
of nuclei in the gastrocnemii, and the protein/DNA
ratio the relation between cytoplasm and nucleus.

Materials and Methods
Organs from 28 fetuses delivered by hysterotomy for

the therapeutic termination of pregnancy, and from 28
fresh stillborn and livebom infants who died within the
first week of life were collected. All the fetuses were
normal on clinical judgment. Infants with major
congenital abnormalities or rhesus incompatability were
excluded. Five of the liveborn infants were small for
their gestational age, and this was presumably due to
nutritional deprivation before birth. Specimens were
also collected from 5 adults, 2 men and 3 women, aged
39 to 75 years, for comparison.
The kidneys, heart, liver, and gastrocnemii were

collected within one hour of death from the fetuses,
weighed to the nearest mg, wrapped in plastic film

Received 21 November 1971.

('Snapwrap'), frozen in liquid nitrogen, and stored
at -20 °C until analysed. The same organs were
collected from the liveborn infants and adults at
necropsy (which was usually performed within 24 hours
of death), weighed, and portions were then treated
similarly.
The frozen organs were reweighed and were then

thawed sufficiently to be homogenized, but the gastroc-
nemii were ground to a powder in liquid nitrogen.
Portions of all the thawed, homogenized tissues were
taken for determination of protein and DNA. Protein
was precipitated from one sample with 10%/ trichloro-
acetic acid, and nitrogen was determined on the precipi-
tate by the micro-Kjeldahl method (Chibnall, Rees, and
Williams, 1943). DNA was extracted by a modification
of the method of Zamenhof et al. (1964) using 10%
trichloroacetic acid at the final stage and a temperature
of 90 °C for liver and 70 °C for other tissues. The final
determination was made as described by Burton (1956).

Results
Fig. 1-4 show the total DNA and the protein/

DNA ratios (mg protein/mg DNA) in the gastro-
cnemii, kidneys, heart, and liver plotted against
gestational age. A semilogarithmic plot to the
base 2 was used for the total DNA, since this was
considered to be the best way of expressing the
numbers of dividing cells. The amount of DNA
in the muscles and internal organs approximately
doubled each week between the 14th and 25th
week of gestational age. Thereafter the rate of
increase became slower and the range of total
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FIG. 1.-Total DNA and protein/DNA ratio in the
gastrocnemii, of human fetuses and newborn of 13 to 42
weeks' gestational age. Small-for-dates infants are shown

by open circles.

DNA in an organ at any given gestational age

became wider. The total amount of DNA in the
liver at each stage of gestation was greater than the
amount in the other three tissues because of its
larger size. The amount of DNA per unit weight
however was always highest in the kidneys, and
lowest in the skeletal muscles.

There must be a large increase in the amount of
DNA in the organs after birth, for at term the total
DNA in the fetal kidneys, heart, and liver was less
than 20% of the adult values. In the adult kidneys
the mean value was 736 mg, range 505-830 mg;

in the heart 253 mg, range 193-355 mg; and
in the liver 3862 mg, range 2770-4600 mg. The
total DNA of adult gastrocnemii cannot be given
because the whole muscles were not weighed.
The protein/DNA ratio in each organ increased
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FIG. 2.-TotalDNA andprotein/DNA ratio in the kidneys
ofhuman fetuses and newborn of 13 to 42 weeks' gestational
age. Small-for-dates infants are shown by open circles.

rapidly in the last 10 weeks of intrauterine life.
Before 30 weeks there was a significant increase in
the protein/DNA ratio in kidneys, heart, and gastro-
cnemii, but no significant change in the protein/
DNA ratio of the liver. The mean ratios (mg
protein/mg DNA) in the adult organs were for the
kidneys 45, range 38-64; for the heart 189, range

141-234; for the liver 56, range 52-64; for the
gastrocnemii 198, range 121-280.
The total DNA of the kidneys, heart, liver, and

gastrocnemii of the 5 small-for-dates infants was

below or in the lower part of the normal range.

The protein/DNA ratio of the same organs in these
infants was distributed evenly within the normal
range.
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FIG. 4.- Total DNA and protein/DNA ratio in the liver
of humanfetuses and newborn of 13 to 42 weeks' gestational
age. Small-for-dates infants are shown by open circles.

30 40 is heterogenous, containing both hepatic and haemo-
poietic tissue. A chemical approach to cellular

A ratio in the heart
growth can take no account of the differential

42 weeks' gestational growth of the different kinds of cells within an
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was used for the protein/DNA ratio to make the
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ein/DNA ratio of 1968; Dobbing, and Sands, 1970; Dobbing, 1970;
in this study as Winick et al., 1967; Winick and Noble, 1966).
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roportional to the clearly demonstrated two types of cellular growth
167), so that the in the kidney, heart, and liver of the human fetus,
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tal liver, however, the 14th and 25th weeks of intrauterine life the
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cells in all three organs were dividing rapidly and
at a similar rate. In the last 10 weeks there was
a rapid growth in cell size. At this time the cells
were still dividing, but more slowly, and at term
all three organs had still got less than 200% of the
number of cells characteristic of the adult. The
cells of the kidney and liver, however, had almost
achieved their final size, while those of the heart
were approximately half as large as adult cells.
The rate of increase in DNA in the gastrocnemius

muscles between the 14th and 25th weeks of gesta-
tion was similar to that in the internal organs and,
as in them, the rate fell off towards term as the
protein/DNA ratio began to increase more rapidly.
Even at term, however, the amount of cytoplasm
associated with each nucleus was only 60% of that
in the muscles of the adult.
The small-for-dates infants had no deficit in the

size of cells in the kidney, heart, and liver, but in
each case the number of cells was in the lower part
of the normal range. The same was true of the
number of nuclei in the gastrocnemii. Similar
observations have been made in experimental
work on animals (Winick and Noble, 1966;
Widdowson, 1971). If the results of animal work
can be extrapolated to man, then it is probable that
if there is a ceullar deficit resulting from malnutri-
tion in utero this cannot be corrected postnatally.

We thank Professor J. A. Davis for his encouragement
and our colleagues in the Department of Gynaecology
and Pathology for their co-operation which made this
study possible. R. D. G. Milner is grateful to the

Medical Research Council and the Research Grants
Committee of the United Manchester Hospitals for
financial support.
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