
 Folate - vitamin B9 - or its synthetic analogue folic 
acid is essential for numerous metabolic functions such 
as biosynthesis of RNA and DNA, repair of DNA and 
methylation of DNA processes that are central in the 
maintenance of the integrity of the genome and the 
cells in the body. There is great interest in assessing 
the potential for changes in folate intake to modulate 
DNA methylation both as a biomarker for folate status 
and as a mechanistic link to developmental disorders 
and chronic diseases including cancer1. Folate also acts 
as a cofactor in many other vital biological processes, 
e.g. methylation of homocysteine and coupling with 
vitamin B12 metabolism. It is especially important 
during periods of rapid cell division and growth, e.g. 
in pregnant women. Folate status and folate deficiency 
is most conveniently diagnosed by analysis of the 
plasma/serum folate concentration2, which is closely 
correlated to the erythrocyte folate concentration3.

 In the diet, folates exist as polyglutamates and 
need to be enzymatically converted into folate 
monoglutamates by folate reductase in the jejunal 
mucosa in order to be absorbed. In contrast, folic 
acid is absorbed two-fold better than folates. Natural 
food folates are quite unstable compounds, so that 
losses in vitamin activity can be expected during food 
processing. In vegetables, up to 40 per cent of folates 
can be destroyed by cooking and in grains/cereals, up 
to 70 per cent of folates can be destroyed by milling 
and baking2,4.

 Folate/folic acid is not per se biologically 
active, but is converted into dihydrofolate (by the 
enzyme dihydrofolate synthetase) in the liver and 
into tetrahydrofolate by dihydrofolate reductase; 
this reaction is inhibited by the anti-metabolite 
methotrexate. Tetrahydrofolate is converted 
into 5,10-methylenetetrahydrofolate by serine 

Indian J Med Res 136, November 2012, pp 725-728

Commentary

725

Intestinal absorption of folic acid - new physiologic & molecular aspects

hydroxymethyltransferase5. Tetrahydrofolate as well as 
its methylated forms play a crucial role as methyl(ene) 
donors.

 “Absolute” folate deficiency is most frequently 
due to very low dietary folate intake but may also 
be caused by impaired folate absorption due to 
gastrointestinal diseases or genetic defects in the 
absorption mechanisms. “Functional” folate deficiency 
can be elicited by mutations causing impaired 
activity of folate processing enzymes. Severe folate 
deficiency has serious consequences and may cause 
megaloblastic, macrocytic anaemia, polyneuropathy, 
diarrhoea, cognitive impairment and behavioural 
disorders. Low levels of blood folate lead to increased 
plasma homocysteine, impaired DNA synthesis and 
DNA repair and may promote the development of some 
forms of cancers6. 

 The preventive effect of a high folic acid intake 
against neural tube defects (NTD) is one of the most 
important nutritional discoveries7. Folate requirements 
are increased in life stages with amplified cell division 
such as pregnancy. It is assumed that on a population 
level, nutritional requirements for folate cannot be 
completely covered by a varied diet, as recommended 
by the National Health Authorities in the Nordic 
Countries8. Dietary intake is below recommendations in 
several Western societies, especially in populations of 
low socio-economic status owing to low consumption 
of folate-rich foods, e.g. pulses, citrus fruits, and leafy 
vegetables. It is estimated that an additional intake of 
50-180 μg folate would allow most people to reach the 
recommendations9.

 The most well-known consequences of folate 
deficiency are associated with pregnancy and may 
have serious impact on the foetus and newborn infant. 
Plasma folate and erythrocyte folate both decline during 



pregnancy and postpartum, probably due to increased 
folate demands combined with an inadequate folate 
intake3. From 18 wk gestation to 8 wk postpartum, the 
frequency of low plasma folate <3 µg/l (<6 nmol/l) 
increases from 1 to 19 per cent3. In addition, plasma 
homocysteine levels increase steadily during pregnancy 
and postpartum3. Denmark has not introduced folic 
acid fortification of food. Therefore, the Danish Health 
Authorities has since 1997 recommended 400 μg folic 
acid daily to women of reproductive age one month 
prior to conception and during the first trimester of 
pregnancy10. A survey in 200311 showed that only 13 
per cent of pregnant women followed these guidelines. 
The prevalence of folate deficiency in pregnant women 
in middle- and far-east countries is disturbingly high 
(e.g. Lebanon 25%, Malaysia 15-22%, Turkey 72%) 
as inadequate intake of folate/folic acid is a major risk 
factor for NTD12. In addition, an increased risk of other 
malformations, e.g. cardiovascular defects, urinary 
tract defects and oral clefts has been reported. This has 
motivated many countries to introduce fortification 
of staple foods with folic acid13, which effectively 
has decreased the prevalence of NTD, e.g. in USA 
and Canada14. In most countries, the Recommended 
Dietary Allowance (RDA) for folate is 300 μg/day for 
adults and 400-500 μg/day for women of childbearing 
age and pregnant women15,16.

 In order to maintain an adequate folate status, the 
intake of folates/folic acid should be appropriate and the 
absorption processes of folates/folic acid in the small 
intestine should function properly. The absorption of 
folate has been a subject for intensified investigation 
during the last decade and steadly progress has been 
made to clarify the complex absorption mechanisms. 
The paper of Wani et al17 in this issue casts new light on 
folate absorption in the small intestine. Colonic bacteria 
may synthesize folate and a carrier-mediated, pH-
dependent, folate uptake mechanism was reported in 
human colonic luminal membranes in 199718, and some 
years later this mechanism was further clarified by the 
discovery of the human reduced folate carrier (RFC) in 
the colonic mucosa19. A human proton-coupled, high-
affinity folate transporter (PCFT) was identified in 
2006 and it was demonstrated that a loss-of-function 
mutation in this gene can be the molecular basis for 
autosomal recessive hereditary folate malabsorption20. 
Recently, nuclear respiratory factor 1 has been 
identified as a major inducible transcriptional regulator 
of PCFT gene expression21. Thus folate appears to be 
absorbed both in the small intestine and colon, with a 
decreasing absorptive gradient from jejunum to colon. 

Fig. Plasma folate, erythrocyte folate and plasma homocysteine 
in healthy Danish women during pregnancy and 8 wk postpartum. 
The women took no folic acid supplements (Source: Ref. 3). 
[Reprinted with permission from John Wiley & Sons Ltd., UK: Eur 
J Haematol 2006; 76 : 200-5].
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The long absorptive pathway could be a consequence 
of the very important function of folate in maintaining 
genetic body homeostasis.

 After Roux-en-Y gastric bypass, many patients 
develop folate deficiency. This highlights the 
importance of the high absorptive capacity for folate in 
the acidic milieu in duodenum and proximal jejunum, 
which is eliminated by the operation22. However, a 
daily supplement of 400 µg folic acid is sufficient to 
alleviate deficiency, because the absorptive capacity in 
the remaining part of the intestines is able to compensate 
for the lost absorption in the proximal part of the small 
intestine.

 Folate deficient rats did not thrive compared to 
their folate replete mates17. Severe, long-standing folate 
deficiency may cause gastrointestinal problems and in 
theory this might impair the production of mRNA and 
DNA necessary for synthesis of RFC and PCFT and 
introduce a vicious circle of folate malabsorption. Wani 
et al17 studied the aspects of intestinal folate uptake 
in folate replete and folate deficient rats using the 
technique of intestinal brush border membrane vesicles 
(BBMv) from isolated small intestinal epithelial cells. 
They showed that folate deficiency for a (short) period 
of 90 days in rats caused a physiological and beneficial 
upregulation of the absorptive mechanisms in the 
proximal 2/3rd of the small intestine17. The uptake of 
folic acid was pH dependent with a maximum at acidic 
pH of 5.5. It followed the enzyme kinetics of Michaelis-
Menten consistant with a carrier-mediated transport. 
Further, the uptake was dependent on temperature 
showing a decrease at temperatures below 37°C.

 Young enterocytes are made by division of 
enterocyte “stem” cells at the crypt base and mature 
gradually as they move towards the villus tip where 
they die and are exfoliated. The results of Wani et al17 
showed that folic acid uptake increased with increasing 
maturity of the enterocytes and was highest in the cells 
located at the tip of the villus. This finding was further 
substantiated by significantly higher levels of mRNA 
for RFC and PCFT in BBMV from folate deficient rats 
compared to folate replete rats and increasing expression 
of mRNA for RFC and PCFT in enterocytes along 
the crypt-villus axis. The increase in specific mRNA 
resulted in an increased expression of both the RFC and 
PCFT proteins as confirmed by Western blot analysis. 
Furthermore, using labelled S-adenosylmethionine, 
there was evidence of a decreased methylation rate of 
DNA in folate deficient rats in comparison with their 
folate replete mates.

 In conclusion, this thorough, detailed and 
exhaustive scientific evidence presented by Wani & 
colleagues17 has to a great extent contributed to increase 
our knowledge and understanding of the complexity of 
the intestinal absorption of folic acid. Hopefully, their 
findings can be interpreted and employed to elaborate 
a better prevention and combat against the global 
problem of human folate deficiency.
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