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Editorials

Short-Chain Fatty Acids in the Colon

Recent studies on the role of short-chain fatty acids (SCFA) in the colon have
led to a better understanding of colonic function in health and disease. Bacterial
fermentation of carbohydrates in the large intestine produces SCFAs such as
acetic acid, propionic acid and butyric acid, which are the major organic anions
in the faeces. 1 More than half the faecal solids are bacteria- and there are several
hundred species of colonic bacteria; almost all of which are non-sporing,
anaerobic rods. 3 Bacteroids and bifidobacteria are the main species involved in
fermentation." The principal end-products of fermentation of carbohydrates in
the human colon are acetate, propionate and butyrate? and the gases hydrogen,
carbon dioxide and methane. As acetic acid, propionic acid and butyric acid are
estimated by steam distillation" they are also known as volatile fatty acids (VFA).

The molar ratio of acetate: propionate: butyrate in the human caecum 7,8 is
approximately 70: 20: 10, which is similar to that found in the faeces of humans
and other mammals. 9 While the concentrations of VFAs can be measured readily,
the total amount of small concentrations of SCFAs produced in the human ileum
can only be estimated indirectly by quantification of fermentation substrate, 10

measuring the amount of bacteria excreted in the faeces, IIor calculating SCFA
excretion as a function of production. 12

Most of the SCFAs produced are absorbed by the colon. This process
appears to be passive and increases linearly with increases in concentration. 13

SCFA absorption occurs both by ionic and non-ionic diffusion and is exchanged
for bicarbonate with simultaneous stimulation of water and sodium ion (Na+)
absorption. 14 There appears to be mutual interaction between Na+ and SCFA
for optimal absorption of both. The absorption of the VFAs occurs throughout
the length of the colon, These anions are characteristic of colonic contents and,
therefore, their presence in high concentrations in the ileum accompany colo-
ileal reflux. SCFAs in the ileum act in the same manner as hydrochloric acid in
the oesophagus by stimulating 'secondary peristalsis', thus containing colo-ileal
reflux." The motor patterns and symptoms produced are similar to those seen
in the irritable bowel syndrome which suggests that abdominal symptoms in
some patients may be related to this colo-ileal reflux.

There is evidence to suggest that butyrate, acetate and propionate are major
respiratory fuels for the colonic epithelium. IS Butyrate is consumed preferen-
tially over glucose, ketones, glutamine as well as the other VFAs. Mucosal
blood flow also increases with colonic utilization of butyrate. 16 Because VFAs
are important for colonic mucosal integrity it has been hypothesized that
ulcerative colitis may be an energy deficiency disease resulting from inadequate
availability of butyrate to the colonic epithelium.'? Decreased SCFA in the
stool has been observed in severe ulcerative colitis'" though this may be an
effect rather than the cause of the disease. There is a type of colitis'? accom-
panied by mucosal bleeding and ulceration which follows surgical diversion of
the faecal stream as in the colon distal to a colostomy. Diversion colitis has been
shown to be the result of a deficiency of SCFAs in the inflamed colon 19 and the
absence of fermentation in the excluded recto-sigmoid has been demonstrated
by measuring breath hydrogen following instillation of carbohydrate in the



210 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 2, NO.5

involved colon. Irrigation of the diverted colon with an SCFA solution for six
weeks was associated with healing. Other interesting data have come from in
vitro studies which have established that sodium butyrate inhibits growth of
human colorectal adenocarcinoma cells in culture.P In addition, accelerated
wound healing occurs after colonic anastomosis following irrigation of the
colon with SCFA solutions.?'

SCFA excretion has been shown to be influenced by naturally occurring fibre
sources in the diet. 22 Epidemiological and clinical studies suggest that the risk
of colonic disease is reduced if the faecal output is large. Moreover, there is a
correlation between high fibre diet and a reduced incidence of colorectal
cancer.P Indians are considered to be at low risk for colorectal cancer which
has been attributed to their high fibre diet. The explanation for this may be the
higher production of SCFAs in the Indian compared to the western colon.

SCFAs are end-products of the colonic fermentation of carbohydrates and
are important determinants of large bowel function in man. They are nutritive
to the colonic mucosa and are essential for water and electrolyte absorption.
Being markers for colonic contents SCFAs are sensed by the ileum in colo-ileal
reflux and possibly cause symptoms similar to those seen in the irritable bowel
syndrome. Low concentrations of the volatile fatty acids may also playa role in
the aetiology of ulcerative colitis and large bowel cancer.

REFERENCES
Rubinstein R, Howard AV, Wrong OM. In vivo dialysis of faeces as a method of stool analysis.
IV. The organic anion component. Clin Sci 1969;37:54~.

2 Stephen AM, Cummings JH. The .microbial contribution to human faecal mass. ] Med
MicrobioI1980;13:45-56.

3 Hill MJ, Drasar BS. The normal colonic bacterial flora. Gut 1975;16:318-23.
4 Salyers AA. Energy sources of major intestinal fermentative anaerobes. Am ] Clin Nutr

1979;32:158-63 .
. 5 .Wolin MJ. Fermentation in the rumen and human large intestine. Science 1981;213:1463-8.
6 Jouany JP. Volatile fatty acid and alcohol determination in digestive contents, silage juices,

bacterial cultures, and anaerobic fermentors contents. Sci Aliment 1982;2:l31-44.
7 Florent C, Flourie B, Leblond A, Rautureau M, Bernier JJ, Rambaud JC. Influence of chronic

lactulose ingestion on the colonic metabolism of lactulose in man (an in vivo study). ] Clin
Invest 1985;75:608-13.

8 Kamath PS, Phillips SF, Zinsmeister AR. Short-chain fatty acids stimulate ileal motility in
humans. Gastroenterology 1988; 95:1496--1502.

9 Cummings JH. Short-chain fatty acids in the human colon. Gut 1981;22:763-79.
10 Miller TL, Wolin MJ. Fermentations by saccharolytic intestinal bacteria. Am] Clin Nutr

1979;32:164-72.
11 Smith CJ, Bryant MP. Introduction to metabolic activities of intestinal bacteria. Am] Clin

Nutr 1979;32:149-57.
12 Fleming SE, Rodriguez MA. Influence of dietary fibre on faecal excretion of volatile fatty

acids by human adults. ] Nutr 1983;113:1613-25.
13 Ruppin H, Bar-Meir S, Soergel KH, Wood CM, Schmitt MG Jr. Absorption of short-chain

fatty acids by the colon. Gastroenterology 1980;78:1500-7.
14 Fleming SE, Arce DS. Volatile fatty acids: Their production, absorption, utilization, and roles

in human health. Clin GastroenteroI1986;15:787-814.
15 Roediger WE. Utilization of nutrients by isolated epithethial cells of the rat colon. Gastroen-

terology 1982;83:424-9.
16 Kvietys PR, Granger DN. Effect of volatile fatty acids on blood flow and oxygen uptake by the

dog colon. Gastroenterology 1981;80:962-9.
17 Roediger WE. The colonic epithelium in ulcerative colitis: An energy-deficiency disease. Lancet

1980;2:712-15.
18 Vernia P, Gnaedinger A, Hauck W, Breur RI. Organic anions and the diarrhoea of inflammatory

bowel disease. Dig Dis Sci 1988;33:1353-8.
19 Harig JM, Soergel KH, Komorowski RA, Wood CM. Treatment of diversion colitis with

short-chain fatty acid irrigation. N Engl ] Med 1989;320:23-8.
20 Whitehead RH, Young GP, Bhathal PS. Effect of short-chain fatty acids on a new human

chain carcinoma cell line (LIM 1215). Gut 1986;27:1457-63.
21 Rolandelli RH, Koruda MJ, Settle RG, Rombeau JL. Effects of intraluminal infusion of short-

chain fatty acids on the healing of colonic anastomosis in the rat. Surgery 1986;100:198-204.
22 Spiller GA, Chernoff MC, Hill RA, Gates JE, Nassar JJ, Shipley EA_ Effect of purified

cellulose, pectin and a low-residue diet on fecal volatile fatty acids, transit time, and fecal
weight in humans. Am] Clin Nutr 1980;33:754-9.

23 Zaridze DG. Environmental etiology of large bowel cancer. ] Natl Cancer Inst 1983;70:389-
400.


