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Protein absorption and ammonia production: the effects of
dietary protein and removal of the colon
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1. The effect of increasing dietary protein content on the amount of faecal nitrogen was
measured in six normal subjects and five subjects without functioning colons (three with
ileostomy and two with ileo-rectal anastomosis).

2. There was a significant increase in the amount of faecal N with increased dietary protein
content in the subjects without functioning colons.

3. In normal subjects with intact colons, faecal N content was found to be lower than that
in subjects without colons, and furthermore there was no significant variation with diet.

4. The source of the increase in faecal N with increased dietary protein content in subjects
without functioning colons is discussed and the significance of these findings in relation to the
efficiency of protein absorption is considered.

The improvement in hepatic encephalopathy which follows purgation and enemas
(Schenker, Breen & Hoyumpa, 1974) supports the general belief that the colon is
the primary site of ammonia production in man. The successful treatment of this
encephalopathy and the reduction in blood NHg which results from dietary protein
restriction (McDermott, Adams & Riddell, 1954; Sherlock, Summerskill, White &
Phear, 1954; Sherlock, Summerskill & Dawson, 1956) therefore suggest that variation
in the amount of dietary protein has an effect on the amounts of nitrogenous com-
pounds entering the colonic lumen from the ileum. The extent of this process in man
has never been measured and we have therefore determined the effect of varying
dietary protein content on the amount of nitrogen entering the colon, as part of a
study of the origin of gastrointestinal NHj.

METHODS
Subjects

The six control subjects were either members of the medical staff of the hospital
or patients with no evidence of small intestine or large intestine disease. Ileal N output
was estimated in five other subjects, three with an ileostomy, one with an ileo-rectal
anastomosis following colonic exclusion and one with an ileo-rectal anastomosis
following colectomy, all of whom had undergone operation at least 1 year before this
study and showed no evidence of recurrent disease, ileostomy dysfunction or obstruc-
tion at the ileo-rectal anastomosis. Informed consent was obtained from all subjects.

Diets
All subjects were given a low (40 g/d)- and a high (100 g/d)-protein diet. The diet
were isoenergetic (10-5 MJ/d), and the low- and high-protein diets provided (g/d)
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respectively: protein 40-2, 101-2; carbohydrate 290, 210; fat 133, 136+5. Meals were
prepared in the hospital diet kitchen and given in a general medical ward. The blood
urea concentrations for ten of the eleven subjects were estimated for each diet using
the diacetyl monoxime method (method no. SF4 0co1FC4; Technicon Instruments
Co. Ltd (1964)) using an AutoAnalyzer (Model 6/60; Technicon Instruments Co.
Ltd, Basingstoke, Hants).

A 5 d equilibration period was allowed with each diet for control subjects (Martin
& Robison, 1922), but this was reduced to 2 d for subjects with ileostomies or ileo-
rectal anastomosis because of reduced transit time (Hinton, Lennard-Jones & Young,
1969). After equilibration, faeces were collected for 3 d. The faecal collection was
weighed and homogenized (Laboratory Mixer Emulsifier; Silverson Machines Ltd,
Chesham, Bucks.) with a known weight of distilled water.

N estimations

The N content of paired, weighed portions of faecal homogenate was measured
using a modified Kjeldahl digestion with a mercury catalyst (McKenzie & Wallace,
1954). From this value, the daily faecal N excretion was calculated for each subject
for the low- and high-protein diets.

Statistical analysis of the results was carried out using Student’s ¢ test.

RESULTS

Increasing the amount of dietary protein, in all subjects, resulted in an increase in
blood urea concentration (mean + SE) from 3:63 + 0-31 mmol/l with the low-protein
diet to 5-98 +0'27 mmol/l with the high-protein diet. This increase was highly
significant (paired ¢ test: ¢ 7-925, P < 0-001).

In control subjects neither faecal N excretion (g/d) nor faecal N concentration
(g N/kg faeces) was increased significantly by increasing the amount of dietary protein
(paired £ test: ¢ 2:489, o1 > P > o-05; £ 0:906, 0'5 > P > 04 for low- and high-
protein diets respectively (Table 1)).

Conversely in subjects with nonfunctioning colons, increasing the dietary protein
content resulted in a significant increase in both faecal N excretion (g/d) and faecal N
concentration (g N/kg faeces) (paired # test: ¢ 3-145, P < 0-05; ¢ 3-803, P < 0-02 for
low- and high-protein diets respectively (Table 1)).

DISCUSSION

As this study was not carried out in the strictly controlled environment of a meta-
bolic ward the highly significant increase in blood urea in all subjects on the high-
protein diet was used as a simple indication that they had eaten the increased amount
of protein served to them when they were given the high-protein diet (Addis, Barrett,
Poo & Yuen, 1947).

We have once again confirmed the reports of previous workers (Schamberg, Kolmer,
Ringer & Raiziss, 1913; Reifenstein, Albright & Wells, 1945; Peters & Van Slyke,
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Table 1. Nitrogen content and weight of faeces from normal subjects and from subjects
with an ileostomy or ileo-rectal anastomosis, given low- and high-protein diets providing
40 or 100 g protein|d

Faecal N
Wt of faeces — A \
(g/d) g/d g/kg faeces
Dietary m— ——h P S
protein (g/d) ... 4o 100 40 100 40 100
Normal subjects
J.G. 73 118 1°57 232 21'3 19:8
R.B. 155 179 2°'52 2°49 16°3 139
G.B. 78 125 068 1°43 87 11°4
JL.M.R. 151 106 o057 1°15 3-8 10'9
R.A, 262 97 o080 064 30 66
H.T. 112 196 112 1:66 10'0 85
Mean 139 137 121 161 1075 11°9
Subjects with an ileostomy or an ileo-rectal anastomosis (no functioning colon)
J.H.* 324 372 119 2°90 37 78
R.K. goo 821 208 295 23 36
R.V, 1463 1104 248 392 17 35
EW. 704 493 113 141 16 28
JwW.* 1543 1687 171 202 11 12
Mean 987 893 1-81 264 17 38

* Jleo-rectal anastomosis.

1946; McCance & Widdowson, 1947) that the amount of faecal N is normally un-
affected by variation in dietary protein content. Until now it has been assumed that
the excretion of N from the small intestine into the colon would be similarly unaffected
by variation in dietary protein content. This assumption results from the apparent
efficiency of protein absorption by amino acid and peptide transport systems (Matthews,
1971) and also from the reports on protein absorption by Borgstrém, Dahlqgvist,
Lundh & Sj6vall (1957) and Nixon & Mawer (1970). Using different methods these
workers concluded that intestinal protein absorption was both rapid and efficient,
being 80-90 %, complete in the first 1 m of the small intestine. Furthermore, Nixon &
Mawer (1970) suggested that beyond 1-4 m most of the lumen amino acids would be
endogenous in origin, a statement which is in agreement with the findings of Nasset
(1964). These studies may be criticized because of the small protein loads used, and
more recently, in studies using a simulated meal containing 50 g protein (equivalent
to a standard meal), Adibi & Mercer (1973) found significant quantities of dietary
amino acids and peptides in the ileum. Also, they found no evidence of significant
endogenous amino acid release after a protein-free meal.

In the present study we found a significant increase in ileal N output with increased
dietary protein content in subjects without a functioning colon. Further we found that
this increase takes place whether the ileal N output is expressed as an absolute amount
or as a concentration (g N/kg faeces) thus excluding the possibility that the increased
N output resulted simply from increased faecal bulk (Mendel & Fine, 1912; Whitacre,
Willard & Blunt, 1929). In view of Adibi & Mercer’s (1973) finding that the ileum did
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not contain any significant quantities of endogenous amino acids, this increase in ileal
effluent N must result from either increased unabsorbed dietary N or from the increased
quantity of urea diffusing into the jejunum (Fordtran, Rector, Ewton, Soter & Kinney,
1965; Sraer, Rambaud, Bernier & Richet, 1971) as a result of the increase in blood
urea concentration associated with increased dietary protein content. As we found
that ileostomy urea concentration is approximately 70 %, of blood urea (J. A. Gibson,
G. E. Sladen, N. Park & A. M. Dawson, unpublished results) we can estimate the
mean concentration of urea in the fluid delivered to the colon, for the two diets. From
this and the mean daily ileostomy effluent volume of g6o ml/d we can calculate the
amount of faecal N which resulted from urea diffusing into the bowel. On both diets
this would only amount to 4 %, of the total N. Thus the bulk of ileal effluent N results
from dietary residue and not from endogenous urea.

In conclusion we suggest therefore that protein absorption by the small intestine
is not 100 %, efficient and that an increase in dietary protein content results in a signifi-
cant increase in N leaving the ileum. This N consists partly of unabsorbed dietary N
and partly of cellular debris and intestinal secretions (Crane & Neuberger, 1960) but
the increase is most likely to be of dietary origin unless some hitherto unknown
mechanism enables dietary protein to stimulate endogenous N secretion. The differ-
ence between the amount of N in the faeces and that in the ileal effluent indicates
that N is absorbed from the colon probably after bacterial metabolism (Donaldson,
1964; Evans, Aoyagi & Summerskill, 1966; Vince, Dawson, Park & O’Grady, 1973)
as has been found in animals (Bayley, Cho & Holmes, 1974).

These findings confirm the rationale of the current practice of controlling NH;,
production in hepatic encephalopathy by dietary protein restriction.

The authors would like to thank Dr J. C. B. Fenton for his advice on faecal N
estimation. This work was supported by the Research Board of St Bartholomew’s
Hospital, London.
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