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Urea as a nutrient: bioavailability and role in nitrogen economy

Urea is known to be an end product of mammalian
metabolism and has generally been considered to be of no
metabolic significance. The nitrogen of urea can however
be salvaged through the metabolic activity of the colonic
microflora and is potentially available for further metabolic
interaction and may contribute directly to the effective sup-
ply of nitrogen to the body.
By 1946 it was known that urea was produced almost

exclusively in the liver through the activity of the Krebs-
Henseleit cycle. As an end product of mammalian
metabolism it was considered to be excreted quantitatively
in urine, representing the major form in which nitrogen
was lost from the body. Over the next 10 years, with the use
of isotopic tracers, it was demonstrated that in cats, pigs,
and rats a portion of the urea produced was normally
retained within the system. In 1959 it was shown that
in normal man about 20 to 30% of the urea produced
was retained.' The retention followed hydrolysis, which
was shown to be a product of bacterial, rather than
mammalian, metabolism and could be directly attributable
to the colonic microflora.2 During the 1960s and early
1970s the clinical implications of this phenomenon were

explored in relation to the efficiency of adaptation to low
protein diets, hepatic failure, and renal disease and more

recently to the management ofurea cycle disorders.3 In the
context of animal production, the functional relevance of
salvage of urea nitrogen on the overall nitrogen economy is
established as important, but in clinical circles initial
enthusiasm was not sustained. The clinical response to low
protein diets was not as dramatic as originally anticipated
and a number of potential theoretical problems related to
the interpretation of tracer kinetic studies remained
unresolved.

Urea metabolism
Dietary protein is the main form in which nitrogen is taken
into the body and after digestion amino acids are absorbed
and become a part of the body's metabolic pool. The
amino acids have one of two potential fates: to be utilised
for synthetic purposes and made into the body's own

protein, or to be oxidised as a source of energy for the body
with the amino group being made into end products, pre-

dominantly urea.4 The overall activity of the system is
determined by the demand for protein synthesis which is
under genetic, dietary, hormonal, and other control. The
intensity ofprotein turnover is 10 to 15 times as great as the
dietary intake of protein during infancy and consumes a

large proportion of the daily requirement for energy.5 6
In the normal course of events amino acids contribute to

satisfying the requirements of the body for energy. In
adults the oxidation of amino acids accounts for about 15
to 20% of the energy required. In the fetal lamb, by
comparison, at least 40% of energy is derived from the
oxidation of amino acids, and in situations of maternal
nutrient deprivation this may rise to 60% of total energy.7
It is not clear why there should be such a considerable
dependency in early life upon amino acid oxidation;
apparently an inefficient use of amino acids. There is a

stoichiometric match between amino acid oxidation and
urea formation. In the unstressed fetal lamb, urea forma-
tion is around 12 to 15 mg nitrogen/kg/hour, increasing to
40 mg nitrogen/kg/hour with maternal nutrient depriva-
tion.7 In the human neonate protein oxidation, based on

the measurement of leucine kinetics, is about 9-3 mg

nitrogen/kg/hour,8 similar to direct measures of urea
formation on an established dietary intake, 10 mg nitro-
gen/kg/hour.9 Both are similar to the unstressed fetal lamb,
which implies a similar rate of utilisation of amino acids as
a source of energy in the newborn as in the fetus. This
suggests that the oxidation of amino acid as a source of
energy is a major drive for urea formation. Whereas in the
fetus the large amounts of urea produced can be handled
metabolically, simply by the product moving across the
placenta to the maternal circulation, in the newborn the
renal excretion of such large quantities of urea would
require a free water clearance of considerable magnitude.
Therefore, if the renal capacity is not to be overwhelmed,
there is the need for a substantial portion of the urea
nitrogen to be handled safely. Under usual circumstances
colonic salvage is important for the handling of urea
nitrogen with the nitrogen being returned to the metabolic
pool. The system requires the establishment of a normal
colonic flora. In fasted, young neonates without an
established dietary intake urea appearance, 5-3 mg nitro-
gen/kg/hour,'0 was similar to that in neonates on total
parenteral nutrition who had never had a full dietary
intake, 3*5 mg nitrogen/kg/hour. "I
The rate at which urea nitrogen is salvaged is determined

by the dietary intake of protein in relation to the metabolic
demand for protein synthesis and net protein accretion.
For a fixed demand, salvage increases as intake falls. For a
fixed intake, salvage increases as the demand increases.
Therefore salvage is enhanced when the metabolic demand
increases for either physiological (for example, in preg-
nancy or during childhood) or pathological reasons (for
example, after surgery, in hypersplenism in sickle cell
disease, or during catch up growth).4 12

Dietary urea and urea salvage
Urea is a normal constituent of milk and in the human may
comprise as much as 15% ofthe nitrogen content.'3 Human
milk is relatively low in nitrogen and when account is taken
of the non-protein nitrogen the level of protein intake in
breast fed infants is exceptionally low (0-7 g/100 r11n4) rela-
tive to their rate of growth and overall metabolic demand.
Under these circumstances the metabolic fate of the non-
protein nitrogen components ofthe milk become important.
In a number of studies a single dose of isotopically labelled
urea has been given orally and the recovery of label in urine
measured. In all studies a proportion of label was retained,
varying from 6 to 60%, implying that about 40%/o or oral urea
is retained,'5-18 presumably through hydrolysis and salvage.
When the endogenous production of urea is measured
directly even higher rates of salvage have been obtained, up
to 80% of the rate of urea production.9"I Although none of
the infants in the latter studies could be considered normal,
similar data have been obtained recently in normal breast fed
infants (H A Steinbrecher and A A Jackson, unpublished
observations). Therefore high rates of urea production and
salvage appear to be a normal feature of early infancy.

Fate ofurea nitrogen
The fate of the urea nitrogen remains an unresolved issue.
The more traditional concept presumes that ammonia
derived from urea hydrolysis passes to the liver where it is
either fixed as 'non-essential amino acids' or returned to
urea formation. The demands for non-essential amino
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acids during growth and development is considerable and
may be satisfied in part through a mechanism of this
kind.'2 14 However, there is also evidence that nitrogen,
derived from urea, is fixed by the colonic bacteria into
amino acids and protein and is thereby potentially available
to the host. The implication of this would be that amino
acids (both non-essential and essential) derived from
bacterial synthesis are made available in functionally
significant amounts and contribute to satisfying the amino
acid requirements of the host. There are human'9-21 and
animal22 23 data in favour of this suggestion, but they are
not considered sufficiently strong to carry general opinion
at the present time. The resolution of this point is
important for establishing the adequacy of diets to satisfy
the requirements for nitrogen, amino acid, and proteins.
The possibilities are not mutually exclusive, and either
allows for a significant role of urea salvage in maintaining
normal nitrogen metabolism.

Conclusions
It is now clear that an understanding of urea metabolism
is of importance for appreciating two aspects of
protein/energy interactions during early life. Firstly the
utilisation of amino acids as a major source of energy is
inevitably associated with the formation of large amounts
of urea. Secondly, the nitrogen derived from urea hydro-
lysis might contribute directly to the formation of amino
acids, needed to satisfy the demands for normal growth
and development. It remains for future work to determine
the extent to which this complex interaction functions to
modulate the pattern ofamino acids available to the infant.
When this information is available it will be possible to
determine the extent to which the functional role of the
colon is critical for normal health,24 the particular effect of
gastrointestinal disorders such as diarrhoeal disease, and
the implications for the design of infant formulas.25
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