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VITAMIN A ABSORPTION

S.J. Baker

Abstract

Investigation of the absorption of vitamin A and related substances is
complicated by the multiplicity of forms in which they occur in the diet and by
the possibility that they may be subject to different mechanisms of absorption.
Present knowledge of these meachanisms is inadequate, especially in the case of
carotenoids. Numerous tests of absorption have been developed. The most common
has been the biochemical measurement of the rise in plasma vitamin A after an
oral dose of retinol or retinyl ester, but standardization is inadequate. Radio-
isotope tests based upon assay of serum or faecal activity following oral admini-
stration of tritiated vitamin A derivatives hold considerable promise, but again
standardization is inadequate. From investigations hitherto performed it is known
that absorption of vitamin A is influenced by several diseases, although as yet
the consistency of results and the correlation with other tests of intestinal
function have often been poor. However, the test of vitamin A absorption is
nevertheless of clinical importance as a specialized measure of intestinal function.

10 INTRODUCTION

1.1 Occurrence

Vitamin A is a fat-soluble vitamin found exclusively in animals and animal
products, over ^Ofo being in the liver. Two forms of vitamin A have been found -
retinol (formerly vitamin A,) in mammals, birds and marine fish and 3-dehydro-
retinol (formerly vitamin A0) in fresh-water fish. These two differ only in that
the latter has an extra double bond in the ring. The vitamin occurs predominantly
in the esterified form, but also to some extent as the free alcohol„ All animal
vitamin A is ultimately derived fromcarotenoid provitamins, which are widely
distributed in the plant kingdom. Man can obtain the vitamin either directly
from animal products or by ingesting carotenoids of animal or plant origin.

Apart from its central role in vision, its functions in the body are poorly
understood, but it is necessary for normal growth and reproduction and for inte-
grity of epithelia. The most important result of deficiency of the vitamin is

the production of xeropthalmia, keratomalacia and blindness.
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The study of the absorption of vitamin A is complicated by the variety of
forms of the vitamin and the possibility that different mechanisms are involved
for different forms. Most work has been done with retinol and retinyl esters.

Vitamin A esters undergo some hydrolysis in the lumen of the small intestine.
Pancreatic secretion appears to be important for this and rat pancreas has been
shown to possess a specific retinyl-ester hydrolase which will hydrolyse both
short- and long-chain fatty-acid esters . However, in addition to the pan-
creatic hydrolase, it has been shown in vitro that when everted sacs of rat in-
testine are incubated with retinyl esters some hydrolysis also takes place in the
medium bathing- the mucosal surface. This can be prevented by the addition of

p
enzyme inhibitors". Whether this is due to the activity of cells shed into the
medium, or whether it is due to the contact of the esters with brush-border hydro-
lase of the intact mucosa, is not clear.

Although intraluminal hydrolysis of retinyl esters can be demonstrated in
vitro and in vivo, it is not known whether this is usually recruired for their
entry into the intestinal cell or not. Under certain conditions, fed retinyl
acetate has been demonstrated in the brush-border region, suggesting that it can
enter the cell unchanged ,

In view of the predominant role of bile salts and micelle formation in normal
triglyceride absorption , there has been surprisingly little study of the role of
micelle formation in vitamin A absorption. Gagnon and Daws on showed that bile
fistula rats absorbed less than 1% of a dose of retinyl -acetate 'C whereas
control animals absorbed a mean of 18%. clearly indicating the importance of
bile in normal absorption. David and Ganguly showed that when retinyl esters
were fed to rats, both the esters and retinol could be demonstrated in the mi-
cellar phase and this presumably is the way bile salts influence absorption.

It is not knovm. how the vitamin A enters the cell. It is reasonable to
assume that it does so by diffusion through the lipid phase of the cell membrane,
but this has not been proven. In rats fed retinol or any of a number of retinyl
esters, analysis of the forms inside the mucosal cell shows a uniform pattern of
distribution of retinol and its esters; the parti culate cell fraction contains
retinol and a smaller amount of ester, chiefly palmitate, while the supernatant

2
fraction contains almost equal amounts of retinol and retinyl palmitate .

The following summary would appear to be a reasonable hypothesis based on
observed experimental results (Pig.l), Ingested retinol and retinyl esters enter
the micellar phase in the lumen of the small intestine. Retinyl esters undergo
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partial hydrolysis, the retinol so produced enters the cells along with the

dietary retinol, and the remaining esters enter the cell as such, but are hydro-

lysed inside the cell by the "brush border hydrolase to retinol and fatty acid.
Once inside the cell the retinol is then reconstituted to retinyl ester, chiefly

A
palmitate, by the action of the enzyme retmyl-ester synthetase '. After traver-
sing the intestinal cell the vitamin leaves it \>y an. unknoiim mechanism and is
transported almost exclusively via the lymphatics to the thors,cic duct and thence

7
to the blood stream and body stores - chiefly the liver.

In man it was demonstrated many years ago that vitamin A is absorbed via, the
8 9lymphatic system . More recently Goodman et al. studied the absorption of

labelled retinol and retinyl acetate in 3 humans with thoracic duct fistulae.
They found that the radioactivity appeared in the thoracic duct and that,
irrespective of the form fed, 80$ - 9C% of the label was in retinyl esters with
palmitate predominating. This suggests that the process of absorption of retinol
and retinyl acetate in man is at least broadly similar to that in the experimental
animals,

Retinal (vitamin A aldehyde) can be absorbed as such by the rat. In the in-
testinal cell it is partly converted to retinol and retinyl esters, and to retinoic
acid ' . Retinoic acid in the rs.t is rapidly absorbed and can be demonstrated

12in blood and liver, but disappears after a few hours probably due to its ex-

cretion in the bile . Unlike other forms of the vitamin it enters the portal
blood stream direct and does not appear in the lymph.

A wide variety of carotenoids exist in nature, but only a small number can
be converted by animals and man to vitamin A, The commonest form in human dietary
is b eta-carotene,, Carotenoids are lipid soluble, though less so than vitamin A
and therefore tend to be less readily absorbed,

There are considerable intra-species differences in the ability of various
animals to absorb carotenoids ''« The reasons for this are unknown, but Ganguly
et alo have postulated that this may be due to the presence of specific
receptors present in the mucosal cells of some species but absent in others,,

In vitro studies in the rat show that uptake of beta-carotene is considerably
17increased in the presence of bile acids , suggesting that mixed micelle for-

mation may be important in absorption, but there is very little other information
as to the mode of entry of carotenoids into the mucosal cells.

VJhen '(/-labelled beta-carotene was fed to lymph-fistula rats, labelled
retinyl esters but no labelled carotene could be isolated from the lymph ' „



- 213 -

These retinyl esters had indentical fatty-acid composition whether beta-carotene
or retinol was fed, indicating- that the beta-carotene was probably converted to
retinol in the mucosal cells and then followed the same pathway as the absorbed
retinol „ A similar study was carried out in three human subjects with thoracic

D
duct fistulae . When beta-carotene was fed some appeared unchanged in the
lymph (23% - 30%), but the majority (61% - 70%) appeared as retinyl esters and a
small amount as recfritiall and retinol „ In each case, whether "beta-carotene or

y

retinol was fed, the fatty-acid composition of the labelled retinyl esters was
constant with retinyl palmitate predominating* Thus1 it appears that in man a
small amount of beta-carotene can be absorbed e,s such, but the major portion is
converted to retinol and then esterified within the mucosal cell.

The precise chemical reaction by which beta-carotene is converted to retinol
in the mucosal cell is not known. The various theories have been summarized by

20Gfanguly and Murthy'"" „ The most attractive hypothesis is that of hydrolytic
21cleavage of the central double bond" „ However, if this occurred one mole of

the beta-carotene should give rise to 2 moles of retinol whereas it appears that
?? 171 mole of bet a-- carotene gives rise at most to 1 mole of retinol' „ Olson has

shovm that retinol- ester formation from beta-carotene is stimulated by the pre-
sence of bile salts, but the mechanism of this action is unclear.

Various factors appear to effect the ab so rot ion of carotene. Thus the beta-
carotene in different plants has been shown to be absorbed less than crystalline

23beta-carotene and absorbability varies from source to source . Studies in
Africa have shown that when dietary fat intake is low the absorption of
naturally occurring carotene is poor (less than 5%) » ^u"t when small dietary
supplements of fat are given, absorption improves to the region of 50%. The type
of fat in the diet also appears to be important; the longer the chain length of

o/i
the dietary fatty acids, the poorer the absorption"". The explanation of these
various findings must await further under standing of the mechanism of absorption.

2. TESTS OP VITAMIN A ABSORPTION

P o 1 Plasma test

Vitamin A absorption tests have been based almost exclusively on biochemical

measurement of the rise in Dlasma vitamin A following the administration of an
oral dose of retinol or retinyl ester. The test appears to have been first

2*5
introduced by Chesney and McCoord , who used fish- liver oil as the source of the

vitamin,. Unfortunately, unlike some other tests of intestinal absorption, there
has been little attempt to standardize the test and all sorts of doses have been

O<^ T'7
used ranging from 100,000 I .II.'"1' to 600,000 I.U. , while other investigators
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have used a dose related -to body weight^', The results have "been expressed
either as the absolute rise in the blood level of vitamin A above the fasting
level, or as a percentage increase. Liver disease interferes with the test and
patients with diabetes and atherosclerosis have significantly higher plasma con-

2O
centrations after a test dose than do normal subjects ^, Apart from the dose,
a number of factors may affect the results of the test even in normal subjects.
Among these are the chemical form of the vitamin, its physical state, the type
of meal given with it, the physical activity during the test and the age of the
patient,

Hie importance of the chemical form of the vitamin for studies in man has
received little attention,, Week and Sevxgne found that in males, retinol was
consistently better absorbed than retinyl acetate, which in turn was better ab-
sorbed than the natural esters. However, this finding has not been confirmed,
and Fitagerald et al. found quite similar serum levels using both retinol and
retinyl acetate. Whether there is a difference in absorbability between retinyl

acetate and other longer chain esters is not clear.
When the vitamin is fed in aqueous dispersion (e,g, by the addition of

Tween 00) absorption is considerably increased both in normal subjects and in
28 P̂people with malabsorption ' . This improvement in absorption with the water-

miscible form may be so marked as to abolish the distinction between controls
and subjects with malabsorption J. The use of the water-miscible form in tests
of intestinal function would therefore be best avoided.

Whether the dose is given alone, or with a fatty meal, makes considerable
differencej ''. Thus when ?50,000 I.U. of vitamin A in 1 ml of arachis oil and
200 ml of milk was fed to 5 normal subjects, the mean peak rise was 521 I.U.,
and when the same dose was given with a meal containing 50 g of fat the mean
rise was 1320 I.U, ,per 100 ml «, The explanation for this? in not clear.

Even moderate exercise during the test has been found to reduce signifi-
cantly the height to which the blood level rises in the test ' . On the other

29hand, Kahan ^ was not able to confirm this finding. Nevertheless, until the
point is finally settled, it would seem wise to keep subjects resting during the
time the test is performed.

Age has some effect on the result of the test. When a dose related to

body weight is used, children have a lower peak rise than adults, a finding
29which may be correlated with the higher plasma lipoprotein level of adults .

The reproducibility of the test has been studied by only two groups of
workers. Hillman and Becker performed ten tests in the same subject with
150,000 I.U. of vitamin A in oil and found marked variation in the 4-hour plasma
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level, rfc is possible that the variation might have been less if the dose had
been given with a meal. Kahan , using a dose of 7,500 I.U. /kg body weight in
oil, together with a standard meal, also found fairly wide variation in duplicate
tests in 26 adults without evidence of intestinal disease. Nevertheless, in this
study, all results were still within the normal range.

In addition to variations in the test itself, certain conditions in the
body, unrelated to intestinal absorption, may affect the serum curve. Thus
children with nephrotic syndrome have a much higher and more long-lasting peak
concentration folloiidng1 an oral test dose than do normal subjects, possibly due
to failure of storage in the liver . Conversely, when body stores are low,
there may be a falsely flat curve due to rapid uptake from the blood stream,

?n
even when intestinal absorption is normal

It is clear that at present there is no uniformly accepted vitamin A plasma
absorption test and each investigator must therefore standardize the test for
his own use,

2. 2

There are no available reports of studies of plasma concentrations following
labelled vitamin A administration in the literature. In our laboratory we
studied the absorption of a physiological dose of tritiated vitamin A acetate -
11,12 H. A dose of 2,000 I.U. (20 ij,Ci) was given with 250 ml of milk. Blood was
sampled at 2, 4 and 6 hours and the radioactivity measured. 12 normal subjects
had peak values ranging from 1.2$ to 3«7/£ of the dose per litre of plasma.
However, at this dose there wa,s considerable overlap between controls and people
with mal absorption, indicating that the test was not diagnostically very useful,
Potentially, however, the method has considerable advantage over the biochemical
estimation, in that only the newly absorbed vitamin is measured. It would appear
to be worth while further exploring the usefulness of this test with larger doses
of the vitamin,

2»3 Faecal balance - biochemical

Biochemical faecal balance studies have- been scarcely used at all in mail.
?8The only available report is that of Earnes et al.'"" , who gave a dose of 7»500

I.U. of vitamin A per kg of the body weight and estimated the amount appearing
in the faeces over the next 3 days. The mean excretion in 12 control subjects
was 12.2$ with a range from 0.3% to 50$,
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2.4, Paeoal balance - radioaotive .

Baker and Mathan^ studied the faecal excretion 'of the label after an oral
dose of 2,000 I.U. of trrtiated vitamin A acetate. 13 normal adult subjects
absorbed 61% - 100$ of the dose with a mean absorption of 80$, while subjects
with malabsorption had a mean excretion of 59$«

Sivakumar and Reddy38 fed 3,500 I.U. of labelled retinyl acetate to five
healthy children and found 99$ absorption, but in eight children with fever the
absorption ranged from 31$ to 91$ with a mean of 74$. These authors suggest
that fever depresses vitamin A absorption. However, in view of our findings in
adults, further studies on the absorption of this?, dose by normal children would

seem to be indicated,,
Pereira and Begum^ fed 100,000 y,g of retinyl acetate - 11,1? H (14. 5 uCi)

to six young children and measured the excretion in the stools. They found a
mean absorption of 74«5$ °f ^e dose (range 6^$ - 79$)-

3, CONDITIONS AFFECTING VITAMIN A ABSORPTION

3» 1 Int est inal resect i on

It might be anticipated that intestinal resection, especially of the proximal
small intestine where the major portion of fat absorption occurs, would produce
interference with vitamin A absorption, but there are few reports of this.
Althausen et al. describe a patient who had all but 2 ft of upper jejunum re-
moved for regional ileitis, and vitamin A absorption was found to be only
22$ to 36$ of normal. Unfortunately there was no preooerative study, so it is
impossible to know whether this poor absorption was the result of resection or
of the primary disease. On the other hand Booth et al. report a man from
whom all but the proximal 3 or 4 feet of jejunum was removed in whom vitamin A
absorption as tested according to the method of King and Wootton was normal,
even though there was marked steatorrhoea. This patient clearly indicates tha.t
vitamin A and triglyceride absorption are independent of each other.

3.2 Pancreatic disease

McCoord et al., using 7,000 I.U. of vitamin A per kg of body weight,
found that 13 children with fibrocystic disease of the pancreas absorbed the
ester form poorly, whereas absorption of retinol was normal. The absorption
of the ester form was improved by the addition of pancreatic extract, suggesting
that deficiency of pancreatic secretion was at least one factor responsible for
the malabsorption. Whether this was due to the absence of the pancreatic
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esterase, or due to defective micellar formation, is not clear.
Subjects with pancrea,tic resection have been reported to have a low rise

in plasma vitamin A unless large doses of nancreatic extract are given with the
A ft

test dose '''. On the other hand, we have studied five subjects with chronic
pancreatitis using the radioactive faecal balance technique and a small dose of
vitamin A (2,000 I.U.)• All had normal absorption of the test dose including
one subject with a faecal fat excretion of 57 g/day. The explanation for our
normal result and the abnormal results of Kasper and McCoord et al. is pro-
bably to be found either in the size of the dose employed or in the type of the
test. Both Kasper and McCoord et al. used the plasma test, and a low result in
this test can result if the rate of absorption is reduced even though total in-
testinal absorption may be normal,

3»3 Coeliac disease

A number of investigators have reported flat vitamin A absorption curves in
subjects with coeliac disease" ' ". The original description of the use of

05
the vitamin A absorption test probably included children with this condition ,
though at that time the precise diagnosis of coeliac disease was' more difficult,
McCoord et al. found that, contrary to the situation with fibrocystic disease,
the test gave abnormal results with both retinyl ester and retinol, indicating,
as is now well known, that the defect is an absorptive one and not one of intra-

48luminal digestion. Adlasberg et al. , studying adults with coeliac disease,
found some improvement in the absorption of vitamin A when patients were in
remission but their absorption was still well below normal, probably indicating

that the remission was not comDlete0

3 .,4 Tropi cal sprue
^9Gardner and Perez-Santiago'7 used a dose of 300,000 I.U. of oily vitamin A,

given in the fasting state, to study control subjects and patients with tropical
sprue. As a group the sprue pa.tients had a much lower rise in serum concen-
tration than did the controls. After prolonged treatment, which included folic-
a.cid therapy, this defective absorption continued.

Bayless et al. reported that 80$ of 144 subjects with sprue in Puerto
Rico had an abnormal vitamin A absorption test, layrol et al. also report
defective vitamin A absorption in all of 3 subjects with tropical sprue.

Using the radioactive faecal balance technique we have studied absorption
in 27 patients with tropical snrue. As a grout) the mean absorption was lower
than in control subjects, 13 having absorption outside the normal range.



3.5 Comparison with other tests of intestinal function

Several investigators have compared vitamin A absorption tests with other
5?

tests of intestinal function, Legerton et ale compared the result of a
vitamin A absorption test with the mean three-day excretion of faecal fat on a
60g intake. They found that the peak vitamin A level in general paralleled the
fat absorption although there were exceptions. Unfortunately the dose and form
of vitamin A employed is ststed only in terms of a proprietary preparation.
Other investigators have found low -peak values of plasma vitamin A in
apparently normal subjects. Wormsley , using a test dose of 350»000 I«U° of
retinyl palmitate in arachis oil given half an hour a.fter breakfast, studied 45
normal subjects and 4? with steatorrhoea. He found that 2£$ of normal subjects
had abnormal vitamin A absorption and 1$% of subjects with steatorrhoea had
normal vitamin A absorption. These results indicate that the test is not useful
as a screening test for steatorrhoea. This lack of correlation does not however
reduce its clinical importance - it is still a test of a specialised intestinal
function that can provide a, useful addition to the investigatory armamentarium
of the gastroenterologist and nutritionist.

4. CONCLUSIONS -*
Present knowledge regarding the normal mechanisms of vitamin A and carotenoid

absorption is inadequate and the subject urgently requires further study. This
is .especially so with regard to carotenoids as these are the major source of
vitamin A for man.

Numerous variations of the biochemical plasma vitamin A test have been

employed by different investigators'. Standardization of this test would be
highly desirable,,

Very little use has been made of radioactively labelled vitamin A for
absorption tests, jret these hold considerable promise., More work needs to be
undertaken on both serum and. faecal excretion methods to develop standardized

absorption tests.
No tests of labelled beta,~ca,rotene have been used in clinical practise. If

such a test were to become readily available, it yrould have greater nutritional
significance than tests of vitamin A absorption.
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